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    The 3rd volume of the book Series “Advances in Cancer Drug Targets” comprises eight chapters written by the leading experts in this field. It is an outstanding collection of well written chapters on cancer drug targets in the field of pharmacology, molecular biology and biochemistry.




    Human neutrophil elastase (HNE) plays an important role in the development of chronic obstructive pulmonary diseases. In chapter 1, Alix et al., explain its involvement in non-small cell lung cancer progression. Natural compounds and/or synthesized agents which antagonize HNE activity have been comprehensively reviewed in this chapter. They also focus on substances (i.e. lipids and derivatives, phenolics) that exhibit an inhibitory bifunctionality towards HNE and matrix metalloproteinases (MMPs), particularly MMP-2.




    The efficacy of cancer-immunotherapy with complement-activating monoclonal antibodies is restricted by over-expression of one or more membrane-bound complement regulatory proteins (mCRPs: CD46, CD55, CD59) that are present on the surface of neoplastic cells. Kirschfink et al., in chapter 2 discuss small interfering RNAs (siRNAs) for post-transcriptional gene knock down of CD46, CD55 and CD59 aiming to sensitize tumor cells.




    Hepatocellular carcinoma (HCC) is the third most common cause of deaths from cancer worldwide. There is growing evidence that the deregulation of Wnt/β-catenin signaling pathway plays a critical role in hepatic oncogenesis and mainly occurs at the early stage of hepatocarcinogenesis. In chapter 3, Kim and Wands have summarized the potential molecular targets related to the Wnt/β-catenin signaling pathway along with their therapeutic applications.




    A major challenge in treating ovarian cancer is to overcome intrinsic and acquired. Chapter 4 by Ahmed et al. presents the recent advances in our understanding of the cellular origin and the molecular mechanisms defining the basis of cancer initiation and malignant transformation with respect to epithelial-mesenchymal transition (EMT) of ovarian cancer cells.




    Due to the high expression of Survivin in various carcinomas, it is one of the key anti-apoptotic proteins. It is also associated with their biologically aggressive characteristics and drug resistance. Bisen et al., in chapter 5 elaborate the efficacy of combination of oxaliplatin and paclitaxel as a potential strategy in controlling HNSCC cell proliferation. This review highlights the fact that the co-treatment of cells with paclitaxel and oxaliplatin results in a significantly higher cytotoxicity as compared to individual single drug treatment.




    Melatonin has oncostatic effects on different neoplasias, particularly on estrogen-dependent breast cancer. The compound acts by interacting with estrogen-responsive pathways, thus behaving as an antiestrogenic hormone. In chapter 6 by Cos et al., evidence is presented that that melatonin could exert its antitumoral effects on hormone-dependent mammary tumors by down-regulating the sulfatase pathway of the tumoral tissue.




    Recent studies have thrown light on the role of mammalian target of rapamycin (mTOR) in the regulation of tumor cell motility, invasion and cancer metastasis. Zhou and Huang in chapter 7 discuss the mTOR complexes and the role of mTOR signaling in tumor cell migration and invasion. The chapter also highlights the findings about the mechanism by which rapamycin inhibits cell migration, invasion and cancer metastasis.




    It has been hypothesised that a phenyl hydroxylamine group linked to a second aromatic moiety generates a pharmacophore which can interact with Ras and inhibit its activation In chapter 8, Peri et al., present reports on the synthesis of a library of small molecules with arylamides and arylsulfonamides groups. They also explain their biological activity to inhibit nucleotide exchange on human Ras.




    I hope that the current book volume, which provides insights into the development of new approaches to anti-cancer therapy for interested researchers and pharmaceutical scientists, will be received with the same enthusiasm as the previous volumes of this Series. I am grateful to the valuable contributions made by the authors. I greatly appreciate the assistance from the editorial staff, particularly Mr. Mahmood Alam (Director Publications) and Mr. Shehzad Naqvi (Senior Manager) for their hard work and determined efforts.




    

      Prof. Atta-ur-Rahman, FRS


      Kings College


      University of Cambridge


      Cambridge


      UK
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      Abstract




      Human neutrophil elastase (HNE), a main factor in the development of chronic obstructive pulmonary diseases, has been recently involved in non-small cell lung cancer progression. It can act at several levels (i) intracellularly, cleaving for instance the adaptor molecule insulin receptor substrate-1 (IRS-1) (ii) at the cell surface, hydrolyzing receptors as CD40 (iii) in the extracellular space, generating elastin fragments i.e. morphoelastokines which potently stimulate cancer cell invasiveness and angiogenesis.




      Since decades, researchers identified natural compounds and/or synthesized agents which antagonize HNE activity that will be described in this review article. Some of these compounds might be of value as therapeutic agents in lung cancer.




      However, it is now widely accepted that lung tumor invasion and metastasis involve proteolytic cascades. Accordingly, we will here mainly focus our attention to natural substances able to display a dual inhibitory capacity (i.e. lipids and derivatives, phenolics) towards HNE and matrix metalloproteinases (MMPs), particularly MMP-2. To that purpose, we had synthesized substances named “LipoGalardin” exhibiting such inhibitory bifunctionality. At last, we will propose an original synthetic scheme for designing a potent biheaded HNE/MMP-2 inhibitor.
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      1. INTRODUCTION: Neutrophil Elastase/α-1antitrypsin Imbalance as a Link between Chronic Obstructive Pulmonary Disease and Lung Cancer




      Cigarette smoke is widely considered as the causative agent in chronic obstructive pulmonary disease (COPD) and lung cancer, two leading causes of death worldwide [1, 2]. This common initiating agent is able to generate in the lung reactive oxygen species resulting in NF-kappa B activation and inflammation [3] but consequences appear distinct in the two diseases. COPD is characterized mainly by matrix degradation, incomplete tissue repair with excessive apoptosis and impaired neovessel formation, while excessive DNA damage and its incomplete repair are hallmarks of lung cancer [2]. However, recent investigations pinpointed that smokers who suffer from COPD appear to be at increased risk for developing adenocarcinoma of the lung, suggesting that it might exist a link between these pathologies [4-6]. Such link between COPD and lung cancer has been clearly evidenced in population based study [7].




      Alpha-1 antitrypsin (α-1AT) deficiency caused by the homozygous ZZ allele is responsible for liver disease in children and emphysema in young adults [8, 9]. These individuals have a shorter life span than the general population and lung cancer, an age-related disease, was not detected in patients. However, a 14 fold increased risk of lung cancer was evidenced in non-smokers α-1AT deficiency gene-carriers younger than 60 years of age [10]. Particularly the frequency of M1 allele and PiM1 α-1AT homozygotes in lung cancer patients was found to be significantly elevated as compared to healthy individuals [11, 12]. Alpha-1 Antitrypsin belongs to the serpin family, and it displays the highest affinity among serine proteinases for neutrophil elastase (NE) [13]. To that respect, since decades, the elastase/α-1 antitrypsin imbalance was considered as one pivotal mechanism in the formation of emphysematous lesions characterized by intense elastin fragmentation and airways enlargement [14]. Imbalance between enzyme and inhibitor might originate from genetic deficiency of α-1AT; alternatively, the oxidation of Met 358 in the α-1AT active site markedly impairs its interactions with NE. Also, Matrix Metalloproteinases (MMP), mainly matrilysin, as overexpressed in COPD and lung cancer, can further inactivate native or oxidized α-1AT by proteolysis [15]. Altogether, these mechanisms led to the generation of excess NE in pathological lung tissues. In the search of pathological biomarkers a recent in vivo study pointed out that Aα-Val360, an HNE specific fibrinogen degradation product may represent an ideal indicator for COPD disease severity and progression. This report is considered as the first in vivo data supporting physiopathological role of HNE in COPD [16]. Human NE (HNE: EC 3.4.21.37) gene encodes a 267 amino acid residues preprotein and its transcription is restricted to the promyelocytic stage of granulocyte development. Mature HNE contains 218 amino acid residues and two sites of N-glycosylation have been identified, but isoenzymes display similar kinetic constants with substrate and inhibitors. Enzyme at high concentration: 3 pg/cell is sequestered within azurophilic granules of polymorphonuclear neutrophils (PMN) and its activity is mainly controlled by compartmentalization [17, 18]. The main physiological function of NE, together with reactive oxygen species and other PMN proteases, consists in fighting against microbial action [13, 17]. Activation of PMN with bacterial products and cytokines only minimally influences NE release. On the contrary, frustrated phagocytosis or PMN necrosis as it occurred in COPD, leads to intense release of elastase from cells [17].




      A recent mass spectrometric proteome analysis has evidenced that a histone H2A specific protease (H2Asp), discovered more than 35 years ago and implicated in the truncation of the histone H2A C-tail at V114 in myeloid cells is finally corresponds to HNE [19].




      Several cancers arise from sites of infection and chronic inflammation [20]. The locally concentrated inflammatory cells as PMNs, participate actively in cancer progression and several data indicate that targeting elements of the inflammatory pathways as cyclooxygenase-2 (COX-2) and peroxisome proliferator-activated receptor (PPAR) gamma might be of beneficial value in cancer [21]. Neutrophils are highly concentrated in the alveolar lumen of bronchioalveolar carcinoma and secrete NE through IL-8-mediated mechanism. Importantly, the severity of such neutrophil alveolitis was associated with a poor prognosis [22].




      Massive accumulation of lung tumor-associated neutrophils is linked to bad outcome. Depletion of neutrophils using an anti-neutrophil antibody in a K-ras mutant mouse model of lung cancer significantly reduced the lung tumor number. Quite importantly, crossing neutrophil elastase knock out-mice with the selective inhibitor SB332235Z given orally exhibits main influence on tumor cell and angiogenesis [23].




      The concentration of immunoreactive NE in tumor extracts was also found associated with a poor prognosis in patients with breast cancer [24] and linked to the invasiveness of non-small cell lung cancer (NSCLC) [25]. Importantly, level of free enzyme was correlated with the extent of aortic invasion [26]. Besides, recent data indicated that the prevalence of the NE - 903 (T/T) and (T/G) genotype in its promoter might be indicative of an increased risk of lung cancer [27]. Of note, photodynamic therapy in cancer lung treatment results in a massive recruitment of neutrophils where increased neutrophil elastase activity can be detected by photodynamic therapy [28]; this radiation-induced lung injury can be nearly suppressed by sivelestat (sodium N-[2-[4-(2,2-dimethethyl-propio- nyloxy)phenylsulfonylamino]benzoyl]aminoacetate- tetrahydrate-(ONO-5046 Na) phenylsulfonylamino benzoyl aminoacetate tetrahydrate (ONO-5046 Na)-ElaspolR which, due to its short half life needs to be administrated several times following irradiation [29]. It has to be delineated that this inhibitor proved to also decrease breast cancer growths [30].


    




    

      2. Multifaceted Functions of Neutrophil Elastase in Lung Cancer




      NE is a potent elastolytic enzyme, participating actively in the disruption and perforation of elastic sheets in emphysematous lungs [14]. In the majority of adenocarcinoma of the lung, but also in some squamous cell carcinoma, degradation of elastic fiber is associated with intense deposition of newly form elastotic material [31] which appears disrupted with tumor growth [32]. Elastase-catalysed disruption of the elastic fibers barrier might favor cancer cell dissemination but it can also generate elastin fragments that exhibit cytokine-like properties: i.e. elastokines [33] including morphoelastokines which bind to their receptor, a splicing form of β-galactosidase (S-Gal) also named elastin binding protein (EBP), through a well-defined specific local conformation says a canonical type VIII β-turn [34, 35].




      Elastokines may act at several levels in promoting the progression of lung cancer:




      

        	They can amplify the inflammatory response as displaying potent chemotactic activity for monocytes and to a lesser extent to neutrophils; interaction of elastokines with monocytes and PMNs also leads to increased secretion of gelatinase B and NE, thus creating amplified elastolysis loop. Similarly they can induce the expression of several MMPs by fibroblasts.




        	They are potent angiogenic molecules and stimulate IL-8 production by endothelial cells, a known potent chemoattractant for neutrophils.




        	Finally, they can act directly on cancer cells since elastokines were described to exhibit potent chemotactic activity for Lewis lung carcinoma cells and to stimulate the invasive property of several cancer cell lines through increased MMP expression [36-38].


      




      All these effects are mediated through the binding of elastokines (and/or morphoelastokines) to cognate receptors. A series of EBPs have been identified: elastonectin, a spliced form of S-Gal, galectin-3 and αvβ3 integrin. In fibroblasts, S-Gal, together with two partners: cathepsin A and neuraminidase-1 serves as a chaperone molecule for tropoelastin secretion and elastogenesis. Of note, interaction of morphoelastokines, i.e. elastokines with a X-Gly-X-X-Pro-Gly consensus sequence adopting a canonical type VIII β-turn conformation on Gly-X-X-Pro and a no-turn on X-X-Pro-Gly [31, 35, 39] is able to stimulate the synthesis of tropoelastin. Therefore, elastokines might exhibit a dual influence on elastolysis (and collagenolysis) and over-deposition of elastin as observed in human lung cancer. Studies by Heinz et al. [40] by Maldi TOF/TOF analyses and nano HPLC-nano EST TO MS demonstrated that all three serine proteases from neutrophil were able to release peptides which contain the Gly-X-X-Pro-Gly motif responsible of the chemotactic activity of elastin to neutrophils and its potent angiogenesis activity.




      However, NE has a wide repertoire of substrates and is far more than an elastolytic enzyme, being a key actor in the regulation of the cytokine network [13]. Binding of EMILIN1 to α4/α9 β1 integrins can exert an anti proliferative effect on cancer cells. However, its degradation by neutrophil elastase was found to suppress such beneficial influence. Several ECM macromolecules exert such a function as thrombospondins, major proteoglycans as decorin and biglycan as revelt as several α chains of type IV collagen but the influence of the bulk of serine and metallo proteinases secreted by NE has not been carefully studied [41].




      In addition, this enzyme can indirectly, by degrading proteinaceous inhibitors as plasminogen activator inhibitor-1 (PAI-1), α-2 antiplasmin and tissue inhibitor of metalloproteinase-1 (TIMP-1), amplify proteolytic cascades and tumor cell invasiveness. Also, NE was shown to enhance the growth and the progression of cancer cells through the release of VEGF on cell surfaces [42].




      A rather unexpected role of NE in lung cancer has been recently demonstrated. Invalidation of NE gene in mice using the loxP-stop-loxP-K-rasG12D(LSL-K-ras) mouse model of lung adenocarcinoma was shown to delay significantly cancer cells proliferation and tumor growth [43, 44]. The mechanism involved in the deleterious functions of NE was analyzed and revealed that enzyme acted intracellularly following its endocytosis into specific endosomal compartments of epithelial cell lines. At this location, it hydrolyses the adaptor molecule insulin receptor substrate-1 (IRS-1) which liberates a PI3 kinase subunit able to activate the platelet-derived growth factor receptor (PDGFR) leading to increased cell proliferation [43, 45].




      The presence of elastase (EC 34.21.37) was initially restricted to PMN and to a lesser extent to monocytes but in recent years, its expression was evidenced in breast and lung cancer cell lines. This endopeptidase is able to degrade several matrix constituents but elastase was also found to act either intracellularly or at the pericellular level and to modify cancer cell survival and proliferation. Inside invasive breast cancer cells it can induce the proteolysis of a 50 kDa cyclin E protein to a highly reactive 35 kDa shorter form which confers a hyperactivity to the cyclin-dependent kinase 2 (CDK2) protein complex [46]. At the cell surface, elastase produced by these cells can also process CD40 protein which activates downstream TNF receptor associated factor (TRAF) and NF-kappa B [47], a transcription factor which plays a pivotal function in the development and progression of several cancers. Furthermore, NE was reported to hydrolyze phosphatidyl serine receptor, thus impeding resolution of inflammation associated with the removal of dying apoptotic inflammatory cells [48].




      Overall, data available indicate that NE can interfere at several levels in lung cancer progression and thus can be considered as a target. Since decades, researchers focus on isolating or designing NE inhibitors for emphysema that might be equally valuable as anti-lung cancer agents.


    




    

      3. ENDEGNENOUS Neutrophil Elastase Inhibitors




      

        3.1. Proteinaceous Inhibitors




        NE endogenous inhibitors belong to canonical inhibitor families which are characterized by the presence of a convex binding loop, the conformation of which fits ideally the active site of the enzyme [49]. Two of them, namely α-1AT also designated as α-1 proteinase inhibitor (α-1Pi) and human monocyte/ neutrophil elastase inhibitor (HM / NEI) are members of the serpin superfamily [50, 51]. Cleavage of the exposed loop by cognate enzyme within this family leads to the formation of a covalent bond between Ser195 in the active site of the protease and one backbone carbonyl of scissile bond followed by a translocation of the protease and inactivation [52]. α-1AT is synthesized by hepatocytes as a 52 kDa glycosylated protein and is considered as the main NE inhibitor in the lung [53]. In turn, the 42 kDa HM / NEI is a fast acting inhibitor of NE but it exhibits a broad specificity, being able to also inactivate chymotrypsin-like enzymes as cathepsin G. Of note, two reactive sites are present in this inhibitor: Cys344 which corresponds to Met358 in α-1AT and Phe343 which corresponds to the inhibitory site for chymotrypsin-like enzymes [50].




        Three natural occurring NE canonical low-molecular weight inhibitors which belong to the chelonian family of neutrophil serine proteases (NSPs) inhibitor have been identified [49]: the secretory leukocyte proteinase inhibitor (SLPI), the elastase specific inhibitor (ESI) called elafin and its precursor trappin-2 also named pre-elafin.




        SLPI was also designated as antileukoprotease (ALP), mucus proteinase inhibitor (MPI), or bronchial inhibitor. SLPI is an 11.7 kDa highly-cationic hydrophobic nonglycosylated single chain protein containing 107 amino acid residues. It consists of two domains, of about 54 amino acid residues each, both containing a whey acidic protein (WAP)-type four-disulfide core (WFDC) domain, which is the inhibitory domain for the NSPs. SLPI has a very high basic character, and is recovered at high molecular concentration i.e. 8.6 µM in the upper respiratory tract [49, 54].




        Elafin (ESI) which is proteolytically released from trappin-2, was also called skin-derived anti-leukoprotease (SKALP). Elafin is a natural chemotactic molecule for macrophages and neutrophils with potent antimicrobial and neutrophil elastase inhibitor activity. This inhibitor proved to be an acid stable basic peptide with an isoelectric point of 9.7. This 57 amino acid residues protein (6 kDa) has high 1D-sequence [55] and 3D-conformation [56] homologies with the C-terminal half-domain (Arg58-Ala107) of SLPI [57]. Elafin was shown to be a specific strong inhibitor of human leukocyte elastase (HLE) (see Fig. 1A, 1B) and also Refs [58, 59]). The binding of elafin to HNE is very tight with a dissociation constant Ki of 0.6 nM. The N-terminal sequence of elafin contains a domain with glutamine and lysine residues, similar to those of the cementoin domain. Cloning the cDNA of elafin revealed an extra N-terminal noninhibitory domain and the entire corresponding molecule was then named trappin-2. Both elafin and pre-elafin (trappin-2) inhibit NSPs when they are covalently bound to extracellular matrix proteins by tissue transglutaminase [60]. Elafin is in clinical trials for most inflammatory diseases. However, despite its high potency against HNE, it exhibits a short half-life which necessitates successive treatments [61].




        
[image: ]


Fig. (1))


        A. Complex structure of ½ SLPI* and elastase drawn by using the PDB file 2Z7F [57] B. Complex structure of elafin and elastase drawn by using the PDB file 1FLE [59]. In both complexes a specific 2-strands β-sheet is formed by linking one strand from the inhibitor and one strand from the elastase target.


        *½ SLPI = C-terminal domain Arg58 - Ala107of SLPI, which has a biological activity similar to full SLPI and which is highly homologous to elafin.



        Trappin-2 for “TRansglutaminase substrate and wAP domain containing ProteIN” is a member of the trappin family which is defined by an N-terminal transglutaminase substrate domain and a C-terminal four-disulfide core. Trappin-2 is the precursor of elafin, says pre-elafin. It is similarly a 95 amino acid residues unglycosylated cationic protein [55, 62]. This molecule possesses the originality to contain in its N-terminal moiety (amino acid residues 1 to 38) a unique domain, rich in glutamine and lysine residues, containing several separated motifs with the consensus sequence Gly-Gln-Asp-Pro-Val-Lys, i.e. cementoin domain that is able to covalently anchor by transglutaminase-catalysed cross-links trappin-2 to extracellular matrix proteins, as fibronectin or elastin, conferring them protection against proteolysis by NE [49, 63]. The C-terminal inhibitory domain (amino acid residues 39 to 95) or whey acidic protein (WAP) domain containing four disulfide bonds corresponds to the elafin sequence.




        This inhibitor can be further engineered: trappin-2 A62L where the P1 residue Ala62 is replaced by a leucine residue which leads to a polyvalent inhibitor able to inhibit the three elastolytic proteases present in the azurophilic granules of neutrophils: NE, cathepsin G and proteinase-3 [63].




        EPI-HNE-4 is another engineered molecule from phage display of the second Kunitz domain of inter- α inhibitor. It possesses high association constant (kon= 8 x 10-6 M-1 s-1) and extremely low inhibitory constant (Ki = 0.0055 nM) for NE [64].




        All these inhibitors when administered in an aerosolized form appear to protect the lung against NE-mediated emphysematous lesions in different animal models [64-66].


      




      

        3.2. Natural Compounds




        

          3.2.1. Glycosaminoglycans




          We initially reported that polysaccharides obtained by depolarization of heparin by HNO2 behave as tight binding hyperbolic inhibitors of HNE. Oversulfation of an octadecasaccharide by O-sulfation of its quaternary ammonium salt in organic solvent (SO3- / CO2 = 2.62) led to a potent inhibitor with Ki = 73 nM [67]. Of note, this compound could inhibit HNE equally well in its free and adsorbed state on to elastin fibers and could prevent elastase-induced emphysema in lung [68]. However, heparin effect, as noted by Nunes et al. [69], can be related to both substrate structure and inhibitor concentration. For instance, at 50 µM concentration heparin can accelerate TIMP-1 degradation by HNE.




          The ability of heparin and fragments to inhibit HNE has been confirmed and N-sulfate or 6 O-sulfate from the glucosamine residue were found to be critical for inhibition [70].




          Besides heparin, other glycosaminoglycans can interfere with HNE activity as dermatan sulfate (K0.5 = 157.5 nM) or chondroitin 6 sulfate (K0.5 = 16.3 nM) [71] (Table 1). Those compounds can react with the positively charged (arginine residues) clamp-like region at the extremity of the HNE interdomain crevice; potent enzyme inhibition is dependent on sulfate position and size of polysaccharides.




          Heparin displays a pleiad of biological effects, that can interfere with tumor metastasis as being able to inhibit growth factors, their receptors, heparanase or to block platelet - tumor cell interaction [72]. However, its anticoagulant activity represents a major drawback and efforts are now being made in designing “heparinoids” that lack any haemostatic effect while preserving properties that may influence cancer progression. As example desulfation of the two O-sulfate residues of α-L-iduronic acid to 2,3-oxirane intermediate and hydrolysis by lyophilisation of heparin at alkaline pH, leads to a compound which lacks anticoagulant activity, but retains its HNE inhibitory capacity [73].




          Lipophilic derivatives of heparin as deoxycholic-heparin complexes or butanoylated heparin with low anticoagulant activity were found to exhibit an antitumor effect on lung cancer growth [74, 75]. On that line, we introduced an oleoyl moiety to N-desulfated heparin.




          Oleoyl 1,3 heparin which contained one oleic residue per three disaccharide units inhibited HNE with Ki = 0.3 nM; increasing the number of N-SO3- in one compound containing one oleic acid per five disaccharide units, from its tributylammonium salt in dimethylformamide, led to an extremely potent HNE inhibitor with Ki = 0.092 nM [76].


        




        

          3.2.2. Phenolics




          Numerous natural compounds from plant kingdom were found to exhibit HNE inhibitory capacity (for a review see Ref. [77]. Among them are phenolics and we will here focus on two compounds from this subfamily namely a flavonol called (-)-epigallocatechin-3-gallate (EGCG) and caffeic acid phenethyl ester (CAPE). A cup of green tea contains an average of 50 mg of catechins the most abundant of which being EGCG [78]. It was conclusively shown that drinking tea led to angiogenesis inhibition, an effect which was mainly attributed to EGCG [79], that can also impede the migration of bronchial tumor cells [80].




          

            Table 1 Glycoaminoglycans (GAGs) and derivatives as HNE inhibitors.




            

              

                

                  	Name



                  	Formula



                  	Ki



                  	Ref

                


              



              

                

                  	Heparin



                  	[image: ]



                  	73 nM



                  	[67]

                




                

                  	Oleoyl-1,3-heparin



                  	[image: ]



                  	0.3 nM



                  	[76]

                




                

                  	Dermatan sulfate



                  	[image: ]



                  	157.5 nM



                  	[71]

                




                

                  	Chondroitin 6 sulfate



                  	[image: ]



                  	16.3 nM



                  	[71]

                


              

            




          




          Caffeic acid, in turn is widely distributed and recovered in wine, olive oil and coffee; its phenyl ester derivative can be extracted from honey bee propolis [81]. CAPE [82] treatment in vitro and in vivo could reduce inflammatory responses and thus might be beneficial in inhibiting pneumonitis associated with radiation treatment of lung cancer [83]. Nutraceuticals may target several signaling pathways and proteolytic systems [84]. Importantly, EGCG and CAPE can inhibit both HNE and MMP-2 main actors in lung cancer progression [85-87] (see Table 2).




          

            Table 2 Natural Dual HNE/MMP-2 Inhibitors.




            

              

                

                  	Formula



                  	Trivial Name



                  	Ki (µM)



                  	References

                




                

                  	HNE



                  	MMP-2



                  	HNE



                  	MMP-2

                


              



              

                

                  	
14:1 cis 9



                  	Myristolic acid



                  	NI*



                  	NI



                  	[94]



                  	[97]

                




                

                  	16:0



                  	Palmitic acid



                  	NI



                  	NI



                  	[94, 96]



                  	[97]

                




                

                  	
16:1cis 9



                  	Palmitoleic acid



                  	35 µg/mL



                  	29.3



                  	[94]



                  	[97]

                




                

                  	18:0



                  	Stearic acid



                  	NI



                  	35.2



                  	[94]



                  	[97]

                




                

                  	
18:1cis 9



                  	Oleic acid



                  	9; 16



                  	4.3



                  	[94-96]



                  	[97]

                




                

                  	
18:1trans 9



                  	Elaidic acid



                  	NI



                  	4.4



                  	[94, 96]



                  	[97]

                




                

                  	
18:4cis 9, trans 11, trans 13, cis 15



                  	
cis - Parinaric acid



                  	4



                  	8.1



                  	[95]



                  	[97]

                




                

                  	
18:4trans 9, trans 11, trans 13, trans 15



                  	
trans - Parinaric acid



                  	NI



                  	5.7



                  	[95]



                  	[97]

                




                

                  	[image: ]



                  	Caffeic acid phenethyl ester



                  	37



                  	5.0



                  	[82]



                  	[85]

                




                

                  	[image: ]



                  	(-)-Epigallocatechin-3-gallate



                  	0.4



                  	10.0



                  	[86]



                  	[87]

                




                

                  	[image: ]



                  	Oleoyl-Galardin



                  	8.7



                  	0.14



                  	[101]



                  	[101]

                


              

            




            

              


            




          




          Previous molecular docking simulations indicated that plant phenolics as agrimonlin and pedunculagin were unable to interact with HNE binding sites residues and enzyme inhibition was entirely attributed to “coverage” of enzyme active site [88].




          We therefore undertook a molecular modeling study using AutoDock 4.0 program [89] to perform docking computations (details could be obtained from additional material) at aims to define the molecular interactions between EGCG and CAPE with their target HNE.




          The blind docking of the (-)-epigallocatechin-3-gallate on HNE shows that EGCG interacts preferentially with the catalytic site of HNE. The second docking zone, obtained by using a more precise grid, was therefore centered on the catalytic site to identify the most plausible interaction model.




          The lowest energy model of the EGCG is found inserted into the HNE catalytic pocket (Fig. 2). The interaction of this lowest energy model is characterized by four H-bonds between EGCG and Phe41, Gly193, Ser195 and Val216. Three H-bonds are defined with the backbone of the amino acid residues while one, the H-bond with Ser195, is formed with its side chain. Besides, 14 amino acid residues (Phe41, Cys42, Vall190 to Ser195, Ala213 to Val216, Gly219 and Cys220) form van der Waals contacts with the EGCG.




          
[image: ]


Fig. (2))


          Molecular docking of the interaction between HNE and A. EGCG B. CAPE. The compounds are represented in sticks and HNE is displayed in solvent accessible surface area. The residues having van der Waals contacts with EGCG and CAPE are in red and in green respectively.



          Contrary to EGCG, the lowest energy models of the blind docking with the caffeic acid phenethyl ester is shown not to interact with the catalytic center of HNE (Fig. 2B). CAPE binds next to Arg177, into a small pocket, distant from the catalytic HNE triad, thus being considered as the S6 HNE subsite. The binding mode resulting from the second grid is reported on Fig. (2B). Arg129, Val163, Cys182 and Gln233 are involved in four H-bonds with CAPE. Moreover, van der Waals interactions are present between CAPE and the following 16 HNE amino acid residues: Arg128 to Leu130, Val162 to Thr164, Cys168, Arg177, Arg178, Asn180 to Cys182, His210, Pro230, Ala232 and Gln233.




          Insertion of EGCG into enzyme active site (conventional interaction), as opposed to CAPE that interacts rather at HNE periphery, is in keeping with its higher inhibitory capacity i.e. two log order difference between compounds (Table 2). However, on the contrary to EGCG, CAPE respects the Lipinski’s Rule of Five [90] and thus can further be derivatized to design more potent HNE inhibitors and/or multiheaded protease inhibitors.




          Structurally closely related depside-type polyphenols, previously found in lichens, such as nordivaricatic acid, divarinyl divarinate and trivaric acid have been isolated from the culture of a soil derived fungal strain. Pharmacological evaluations evidenced that trivaric acid displayed a highly potent, selective and reversible HNE inhibition properties [91].


        




        

          3.2.3. Triterpenoids




          A recent short review by Guillaume et al. [92] reports a state of the art on triterpenoid type natural products known as protecting compounds against inflammation in lung diseases such as COPD and also described as potential neutrophil elastase inhibitors. Diverse pentacyclic compounds such as ursolic acid or Oleanolic acid are widely distributed in different fruits including apples and used as nutraceuticals. Ursolic acid and betulinic acid exhibited a good in vitro inhibitory activity against HNE (IC50= 5.51 µM and 6.83 µM, respectively) (Table 3) [93] probably with a competitive and reversible binding mode. The carboxylic acid at the position 28 and the double bond are important structural features for inhibitory activity. The interaction modes of ursolic acid with HNE are localised at the extended substrate-binding domain of HNE at subsites S3, covering S2, S4 and S5, and pointed to the oxyanion hole (Gly193 and Ser195) in the S1 pocket.




          

            Table 3 Pentacyclic Triterpenes as HNE inhibitors.




            

              

                

                  	Name



                  	Formula



                  	IC50 (µM)



                  	Ref

                


              



              

                

                  	Ursolic acid



                  	[image: ]



                  	5.51



                  	[93]

                




                

                  	Betulinic acid



                  	[image: ]



                  	6.83



                  	[93]

                


              

            




          


        




        

          3.2.4. Fatty Acids and Peptide Derivatives




          The presence of several hydrophobic side chains, including a number of Phe and Ala moieties, constitutes one hallmark of the substrate binding cavity of HNE [94].




          In addition, P4-S4 interaction was found to be directed by the presence of clusters of arginine residues responsible of the potency and specificity of many negatively charged inhibitors of HNE. Hydrophobic and negatively charged foci are very close with Arg217 and Arg177 distant from 10 - 15 Å from Ser195 at the catalytic center of the enzyme [66]. These compounds, able to interact simultaneously with both enzyme domains are susceptible to interfere, mostly in a competitive manner with HNE activity. Ashe and Zimmerman first reported that long chain unsaturated fatty acids were HNE inhibitors [94]. The cis configuration as well as the positions of the double bond in C18 fatty acids dictate the potency of the inhibitor and modification of the carboxylic end group to an amide leads to an inactive compound (Table 2 and Refs [95-97]). It was proposed that the carboxylate end group of oleic acid could form a salt bridge with Arg217 while its unsaturation could interact with Phe192. Our own molecular docking in silico experiments confirmed this contention while oleic acid occupying S1 to S5 subsites [95]. Of note, the unsaturated bond in oleic acid was found to bind to Phe192 and Val216 at S3 subsite.




          Fatty acid can be also derivatized at aims to obtain irreversible HNE inhibitor. Either oleic acid or palmitic acid were covalently coupled to peptide halomethyl ketone or benzisothiazolinone-1,1-dioxide [98, 99]. Quite importantly, these compounds could absorb on to elastin (KD = 6.7 x 10-5 M for Palmitoyl saccharin) and could confer to the polymer a nearly total resistance towards proteolysis by HNE [96]. Besides their intrapulmonary instillation was shown to protect mice against emphysema induced by intratracheal administration of HNE [98].




          Long chain unsaturated fatty acids were reported to interfere with the activity of several endopeptidases as gelatinase A i.e. matrix metalloproteinase-2, a key actor in lung cancer progression [97, 100]. Similarly as found with HNE, inhibition of MMP-2 depends on fatty acid chain length and unsaturation (Table 2). Our own in silico experiments indicated that oleic acid could interact with MMP-2 at two sites occupying either the S’1 enzyme pocket or the third fibronectin II domain of the protease (Fig. 3) [101].




          The oleic acid-mediated inhibition of HNE and MMP-2 could thus participate, together with modulation of kinase cascade, to the beneficial influence of olive oil and other nutritional biomarkers in cancer incidence [102-104].
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Fig. (3))


          Interaction of oleic acid with HNE and MMP-2 subsites, a schematic representation.

        


      


    




    

      4. Design of Dual Neutrophil Elastase / mmp Inhibitors




      Dual inhibitors of proteolytic enzyme became a very popular field. For instance a series of 2-benzaldehyde oxime designed on the basis of the structure of Sivelestat and 2-aminobenzoate analogs have been synthetized. Among them a compound bearing a N-OH at R1 and CH3 at R2 appears to exhibit potent inhibitory capacity against HNE and Pr3 with a potential application in the treatment of neutrophilic inflammation diseases [105].




      The combination of several monotargeted drugs or new design of compounds that modulate several targets constitutes nowadays the current paradigm for cancer treatment.




      On that line, we covalently linked oleic acid to Ilomastat, a potent broad spectrum inhibitor of MMPs at aims to potently interfere with the activity of that enzyme class while also inhibiting HNE [106, 107]. Data, as reported on Table 2 indicated that such type of compound could indeed interfere with the activity of both endopeptidases.




      Of note, this compound was similarly able to inhibit plasmin activity and therefore to interfere with several proteolytic cascades involved in lung cancer cells invasiveness [108-111]. However, although these lipidic derivatives might present advantages in terms of tissue penetration, they obviously lack potent HNE-inhibitory potency. Thus, ideally, a potent specific MMP inhibitor needs to be coupled with a potent HNE inhibitor. For these letters small synthetic molecules seem to be more convenient [112, 113].




      In view of gaining a better insight into the pharmacological space of HNE inhibitors and rendering the conception of new chemical entities more efficacious a virtual screening combined with pharmacophore modeling and QSAR analysis were also developed and they proved to match with in vitro experimental inhibition data [114].




      Survey of the literature showed that from a mechanistic point of view HNE inhibition by small synthetic molecules (see Table 4) could be subdivided into three categories:




      

        	Irreversible inhibition with a new chemical bond formation involving the inhibitor and a nucleophilic function of the active site of enzyme. Such kind of inhibition is found in silvelestat (IC50 = 44 nM) developed and marketed in Japan and Korea for the treatment of acute lung injury [115]. However, its therapeutic application is hampered by its toxicity and poor pharmacokinetic properties requiring i.v. administration. Structure-activity relationship studies (SAR) on some 2-aminobenzaldehyde oxime analogs pointed out the importance of the free oxime function, with implication of the hydroxyl moiety via a hydrogen bonding in ligand-enzyme interaction [105].


        A conceptually new heterocyclic system bearing a central boron atom has been recently designed by Portuguese colleagues [116]. A multicomponent reaction involving α-aminoacids, salicylaldehydes and arylboronic acids afforded a collection of tricyclic compounds with a negatively charged central boron atom attached to an iminium and a lactone moiety. Among them the boron containing compound prepared with 4-diethylaminosalicylaldehyde, 2,4-dichlorophenylboronic acid and phenylalanine displayed high (IC50=1.1 µM) HNE inhibition activity. A combination of theoretical, kinetic and analytical experiments allowed the identification of an O-nucleophilic attack of Ser195 on the iminium function followed by lactone ring opening and release of boronic acid, as key-steps in the mechanism of enzyme inhibition.




        	Reversible inhibition with respect to both enzyme and inhibitor was found for some benzoxazine-type compounds [117].




        	The third type of inhibition may be reversible concerning the enzyme but in such case the inhibitor is definitively altered.


      




      

        Table 4 Main classes of Synthetic HNE Inhibitors.




        

          

            

              	Name



              	Formula



              	Ref

            


          



          

            

              	Sivelestat (ONO-5046)



              	[image: ]



              	[115]



            




            

              	Aminobenzaldehyde oxime



              	[image: ]



              	[105]



            




            

              	Boron containing compound



              	[image: ]



              	[116]



            




            

              	Benzoxazinone



              	[image: ]



              	[117]

            




            

              	Coumarin



              	[image: ]



              	[118]

            




            

              	Isocoumarin



              	[image: ]



              	[119]]

            




            

              	Pyrone



              	[image: ]



              	[102]

            




            

              	Kojic acid or


              γ-pyrimidone



              	[image: ]



              	[125-126


            




            

              	
N-benzoylindazole



              	[image: ]



              	[122]

            




            

              	Alvelestat (AZD9668)



              	[image: ]



              	[127]

            




            

              	Dihydropyrimidone



              	[image: ]



              	[131]

            




            

              	N-Hydroxysuccinimide



              	[image: ]



              	[123]

            




            

              	β-Lactam



              	[image: ]



              	[124, 135-138]

            




            

              	Cephalosporin



              	[image: ]



              	[133, 134]

            




            

              	Furoyl saccharin or


              Benzisothiazolinone-1,1-dioxide



              	[image: ]



              	[139]

            




            

              	Thiadiazolidinone



              	[image: ]



              	[140, 141]

            


          

        




      




      Most of the reported inhibitors of this third category are made of lactam or lactone functions containing heterocycles. The above-mentioned functions frequently undergo ring opening by the hydroxyl group of Ser195 to afford an acyl-enzyme, followed by elimination of a conveniently attached leaving group (LG). The intermediate bearing strongly electrophilic function (enone, imine, quinine-methide isocyanate, α-haloketone …) is trapped by the nucleophilic amino acid residue His57 to give the stable inactive enzyme. In all cases the nature of the LG and neighbouring substituents strongly influence the inhibitory potency of inhibitors.




      Among the lactone-type inhibitors conveniently functionalized, coumarin [118], isocoumarin [119], pyrone [120], quinone [121] or N-benzoylindazole [122] compounds proved to be efficient even if lactam derivatives e.g. hydroxysuccinimide [123] or β-lactams [124] are considered as more potent HNE inhibitors. In the quinone series, Lucas et al. [125, 126] improved the HNE inhibitory activity moving from a Kojic acid derivative to the γ-pyrimidone analog (IC50= 18.4 µM and 0.08 µM, respectively). N-Benzoylindazole scaffold proved to be a valuable heterocyclic system for the development of potent HNE inhibitors. Introduction of diverse substituents at position 5 of the indazole moiety afforded HNE inhibitors with 10 to 50 nanomolar inhibitory potency which was further improved by a cyano group at carbon 3 (IC50= 7 nM). [122].




      Covalent NE inhibitors, as prepared as efficient drugs against COPD and lung cancer, might form drug-protein adducts, thus increasing hypersensitivity and risk of toxicity. To that respect alvelestat C25 H28 F3 N5 O4 S (AZD9668) was synthesized as a potential oral candidate [127]. NE affinity (Ki) was found to be at least 10 fold lower then sivelestat and was, thus, suitable for oral dosing. Thus, AZD9668 was checked in phase II clinical trials for patients with bronchiectasis and COPD [128, 129].




      Another important approach to selectively inhibit a particular proteinase is to generate a specific humanized antibody. That has been successfully designed by Liu et al. [130].




      New bicyclic dihydropyrimidinone or dihydropyrimidone (IC50= 6 nM) [131, 132] are potent HNE inhibitors. In the latter case, the molecular docking studies have shown a non-covalent complex of HNE with the inhibitor.




      The dihydropyrimidone compound binds to the active site in the S1 and S2 subsites of the protease leading to a large conformational change in residues located in the S2 subsite. The rearrangement creates a deep, well-defined cavity. The S2 subsite is an unexpected active site with a structural flexibility.




      The constrained and electrophilic character of β-lactam moiety triggered a great interest for such kind of molecules as potent HNE inhibitors. A “double-hit” mechanism for HNE inhibition has been initially proposed with cephalosporins by Doherty et al. at the beginning of the nineties [133, 134]. Following the formation of a Michaelis-complex, the hydroxyl group of Ser195 reacted with the β-lactam carbonyl to afford a tetrahedral intermediate (Scheme 1).




      When LG is a good leaving group, its elimination would be facilitated by β-lactam ring-opening to afford an acyl-enzyme intermediate bearing 3’-methylene group. Then a simple hydrolysis can regenerate active enzyme, or a Michael addition of the His57 to the 3’-methylene function affords a stable HNE-inhibitor complex.




      If LG is a strong leaving group, the nucleophilic attack leads to the opening of the dihydrothiazine ring system giving a sulfinic acid. A salt-bridge between sulfinate anion and His57 of the enzyme could be involved in the stabilization of inhibited enzyme.




      In order to find potent and more stable inhibitors, simple β-lactam derivatives have also been investigated (Scheme 2). Screening of a diversified collection of 3,4-disubstituted β-lactams pointed out that diethyl substituents at C-3 and p-hydroxy-phenylacetate (LG) occupied S1 and S2 pockets, respectively. Substi-tuents at N-1, especially large hydrophobic groups (2-naphthyl, 4-tolylphenyl) occupying the S’1 site enhanced considerably the inhibition of HNE. Enzyme inhibition followed the main scheme as for cephalosporins affording N-acylimine as key intermediate. This latter could either regenerate active enzyme by hydrolysis or react with His57 to give a stable inactive enzyme.




      
[image: ]


Scheme (1))


      Cephalosporin-type HNE inhibitors.



      β-Lactams bearing leaving groups attached directly or via other functionalities to the nitrogen atom have also been proposed as HNE inhibitors [135-137]. In these cases highly electrophilic imine obtained by the loss of the LG was trapped by His57 to afford inactivated enzyme (Scheme 3).




      4-Oxo-β-lactams or 3-oxo-β-sultam derivatives have also been proposed as scaffolds for the design of HNE inhibitors [138].
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Scheme (2))


      General mechanism of HNE inhibition by β-lactams.
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Scheme (3))


      Various leaving-groups bearing β-lactam-type HNE inhibitors.



      Saccharin derivatives with LGs attached to the nitrogen were proposed at the beginning of the eighties [139]. Acylation of Ser195 occurred by the cleavage of the carboxamide group followed by elimination of LG (Scheme 4).




      Furoylsaccharin was found to be the best mechanism-based irreversible inhibitor among the prepared structures.
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Scheme (4))


      Saccharin derivatives as HNE inhibitors.



      Of interest, the presence of fatty acids (as palmitic acid) as LG increased enzyme specificity as well as targeting to insoluble elastin [99].




      Groutas et al. reported a series of 1,2,5-thiadiazolidine-3-one-1,1-dioxyde (A), 4-imidazolidinone (B) and 4-amino-4-imidazolidinone (C) derivatives as HNE inhibitors (Scheme 5). The first sulfonamide function containing ones were developed as highly efficient irreversible inhibitors with S1 and S2 subsite specific functions (R1 and R2, respectively) [140].
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Scheme (5))


      Imidazoline-type HNE inhibitors.



      Replacement of the sulfonyl function by methylene group decreased their reactivity affording reversible competitive inhibitors [141]. Introduction of N-LG group orientated toward S’ subsites allowed to increase the selectivity. The mechanism of enzyme inhibition by A led to a highly electrophilic species formed by chemoselective ring opening and subsequent aza-Grob fragmentation. The N-sulfonylimine could be trapped either by His57 or hydrolyzed allowing irreversible enzyme inhibition or recovering, respectively.


    




    

      Design of Dual HNE-MMP Inhibitors




      Conceptually an efficient dual target-type inhibitor could be built up from a mechanism-based HNE inhibitor attached to a selective MMP inhibitor by using a conveniently selected linker. For selectivity, both individual inhibitors need to be functionalized by appropriate substituents. From a mechanistic point of view, enzyme inhibitory capacity and consequently chemical reactivity of the HNE inhibitor unit should be higher triggering subsequent delivery of the MMP inhibitor moiety. To this end, among the mechanism-based HNE inhibitors β-lactams excel in efficiency.




      In fact, highly constrained β-lactam ring system reacts well with nucleophiles, especially with the hydroxyl group of Ser195. In addition, a great variety of β-lactams is accessible by 2 + 2 cycloaddition from substituted ketenes and imines with good diastereo- and enantioselective [142-144]. R1 and R2 functions introduced by ketene would occupy S1 specific pocket. The MMP inhibitor unit would bear the conventional hydroxamic acid zinc-binding group (ZBG), while P’1 substituents occupy S’1 specificity pocket.




      Concerning the linker, a chemo-enzymatic and an enzymatic approach could be envisaged. For the first one, an ortho carboxylic acid substituted nosyl-oxy (p-nitrobenzenesulfonyl) function as good LG could be attached to the β-lactam nitrogen (Scheme 6).




      The carboxylic acid group could be the anchoring point toward the MMP inhibitor appendage. According to the mechanism-based inhibition, after ring opening of the β-lactam moiety by Ser195, elimination of LG would be facilitated by the electron withdrawing ester function. MMP inhibitor moiety attached to nosyl-type LG inhibits the active site of enzyme.




      A second linker strategy could be envisaged by choosing a tripeptide (Leu-Arg -Lys) (Scheme 7) as a sequence that might be cleaved by urokinase in the cancer cell microenvironment delivering individual HNE and MMP inhibitors.
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Scheme (6))


      Dual HNE-MMP inhibitor prototype for chemoenzymatic inhibition.
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Scheme (7))


      Dual HNE-MMP inhibitor with urokinase specific tripeptide unit.

    




    

      CONCLUDING REMARKS




      The “emphysematous experience” is of paramount importance in the design of an elastase inhibitor at aims to fight against lung cancer. As for any pulmonary therapeutics, compounds must display long residence time within lungs [145]. Conjugation of an inhibitor to a large polymer constitutes a way to delay its clearance from lungs. As examples, coupling of a peptidyl carbonate inhibitor to a linear hydrophobic polymer of α, β-poly N(2-hydroxyethyl)-D,L-aspartamide or thiol-specific PEGylation of Alpha-1 proteinase inhibitor considerably improved the pharmacokinetic profile of elastase inhibitors [146]. In that line, the covalent linkage of a synthetic elastase inhibitor to the N-terminal 1-25 amino acid residues of human surfactant B (SP-B) was shown to provide long time protection against emphysema [147]. Eventually such surfactant peptide could be covalently attached to oleoyl-Galardin or more potent biheaded derivatives, to control proteolytic cascades for a long period of time. Also, lentiviral delivery of human Alpha-1 proteinase inhibitor to long-lived alveolar macrophages is another way to modify the pharmacodynamics of elastase inhibitor [148].




      Targeting the inhibitor to matrix macromolecule(s) represents another approach to increase the residence time of elastase inhibitor in the lung as well as to confer a better protective of substrate as elastin to proteolysis. Trappin-2, belonging to the chelonian family of protease inhibitors, is a potent elastase inhibitor; its N-terminal domain contains several Gln and Lys rich repeated motifs that serve as transglutaminase substrates. Importantly, it was demonstrated that trappin-2 (pre-elafin) as well as its C-terminal part elafin, although to a lesser extent, can be cross linked to ECM proteins as fibronectin and elastin by the TGase activity of plasma factor XIII [60]. We already pinpointed the importance of elastolysis in emphysema and lung cancer. Elastokines, i.e. elastin fragments generated by elastase(s) are among the most potent promoters of cancer progression. Our recent data [149] identified a QDEA motif within a 14 mers sequence of S-Gal, an alternative spliced variant of beta-galactosidase, able to strongly interact with tropoelastin and some morphoelastokines such as the VGVAPG motifs repeated several fold in elastin [150, 151]. Small HNE inhibitors could be covalently linked to such a QDEA tetrapeptide sequence to protect lung against elastolysis; besides these compounds might prove efficient in controlling the deleterious action of elastokines/morphoelastokines in cancer acting as antagonist in elastin-S-Gal interaction.




      However, recently, “a bomb was dropped on to the NE fields” demonstrating self-cleavage of NE near its S1 pocket convert single chain (sc) enzyme in two-chain (tc) NE. Most importantly the two-chain enzyme was found to be refractory to inhibition by natural inhibitors as α-1 antitrypsin as well as synthetic small molecules; tc form is remaining active against substrates but it needs to be determined whether it represents an important fraction of NE in lung cancer [152].




      Several pathways are involved in the proteolytic network leading to lung tissue proteolysis and cancer cells invasiveness. We hypothesize that elastin destruction and generated fragments might represent one link between obstructive lung diseases and cancer. NE exhibits potent elastolytic activity but gelatinases, as members of MMPs and cathepsin K, in the cysteine proteinase family also digest extensively elastin. Thus, protection of elastolysis catalysed by the combined action of those proteases appears as a putative therapeutic approach against lung cancer.


    




    

      ADDITIONAL MATERIAL




      

        1. Molecular Modeling and Molecular Graphics




        Molecular docking programs are aimed to predict how small molecules (ligands) are able to bind to a protein (receptor). During the docking procedure, ligands are free to move on the protein surface to find the best binding site. We carried out flexible docking approach that allows the ligand bonds to freely rotate in the docking step.




        We used AutoDock 4.0 program [89, 153] to perform the molecular docking computations. AutoDock 4.0 program evaluates each binding mode through an empirical scoring function, which takes into account van der Waals, electrostatic, hydrogen bond, desolvation and torsional terms. For the results analysis, the lowest energy models are the most plausible binding modes.




        The molecular Fig. (1A, 1B) were generated using RasMol 2.7.5.program [154, 155]. The ½ SLPI-Elastase complex structure (PDB code 2Z7F) [57] and the elafin-elastase complex structure (PDB code 1FLE) [60] were downloaded from the Protein Data Bank [156].




        The molecular Fig. (2A, 2B) were generated using PyMol program [157].


      




      

        2. Ligand and Receptor Preparation




        The structure of both (-)epigallocatechin-3-gallate (EGCG) and caffeic acid phenethyl ester (CAPE) were obtained from PubChem (http://pubchem.ncbi. nlm.nih.gov) [158]. These compounds were prepared for AutoDock 4.0 docking program using the graphical interface AutoDockTools (ADT). The HNE structure (PDB code 1PPF) [159, 57] was downloaded from the Protein Data Bank [156]. All the heteroatoms were removed from the 1PPF crystal structure. Protonation states of all ionizable amino acid residues were computed using PROPKA program [160, 161]. Gasteiger charges were calculated by ADT for all the atoms constituting both the compounds and HNE.


      




      

        3. Docking Protocol




        Affinity grids for each type of atom constituting the compounds, an electrostatic and a desolvation map were calculated by AutoGrid program. Since the binding sites at the surface of HNE for the compounds were not yet known experimentally, we decided to perform blind docking approach. Blind docking consists to take into account the whole protein during the docking computations, in other words the search volume was not restricted to the HNE catalytic site or any other site. The grid size for the blind docking was defined to embed the whole HNE: 126 × 126 × 126 points with a 0.458 Å spacing. A second grid, centered on the site highlighted by the blind docking, was employed to perform more precise computations. For each compounds, the number of points of the second grid was then 124 × 124 × 124 with a separation of 0.203 Å between grid points.




        Four runs of docking were performed using the Lamarckian genetic algorithm (LGA). A maximum number of 250 LGA operations were generated on a single population of 250 individuals for each run of the 250 independent cycles that were set to stop after a maximum of either 2 500 000 energy evaluations or 25 000 generations. The default parameters for the LGA and Sollis and Wet local search were used.




        As a final remark we like to point out that, if the structural level is one of the main goal of a lot of biomolecular computing methods, the dynamical level is of great interest as permitting in particular to follow the flexibility and the dynamical behavior and/or changes in either the free or the bound target molecule, as well as the ligand specific interactions (covalently bound or not.) (see a specific application by Estacio et al. to Human Leukocyte Elastase [162]).
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