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Ce travail s'inspire des connaissances et de I'expertise acquises par notre laboratoire
dans le domaine de la biologie des tissus conjonctifs. L'ADAMTS2 est une métalloprotéase
requise pour la maturation des collagenes fibrillaires, expliquant son importance dans
I'élaboration et le maintien de la trame fibrillaire de support et des structures conjonctives
dans leur ensemble. L'objectif de nos études était de caractériser de maniére plus précise le
role de 'ADAMTS2 dans des processus physiologiques et pathologiques, et d'en déduire

d'éventuelles applications en thérapeutique clinique.

Nous avons confirmé que I'ADAMTS2 détenait une fonction essentielle au cours de
I'embryogenése et du développement, notamment par son role majeur dans la maturation
des procollagenes fibrillaires de type I et de type III dans la peau et le poumon. Son activité
spécifique a également été mise en perspective avec celle des deux autres aminoprocollagéne
peptidases, les ADAMTS3 et 14.

L'impact de 1'inhibition de ' ADAMTS2 au cours de la formation pathologique de tissu
fibreux cicatriciel a été démontré dans des modeles murins de fibrose hépatique et de
réaction granulomateuse a corps étranger. A ce titre, 'ADAMTS2 apparait comme une cible
thérapeutique d'intérét pour le traitement de toute affection caractérisée par le dépot d'une
trame cicatricielle excessive, dont la fibrose hépatique.

Enfin, le potentiel anti-angiogene de ' ADAMTS2 a été démontré a la fois in vitro et in
vivo. Son efficacité remarquable résulte de son action au cours de plusieurs étapes distinctes
de la formation des néo-vaisseaux. Les mécanismes moléculaires précis par lesquels
I'ADAMTS2 agit sur les cellules endothéliales et l'inhibition de la croissance tumorale restent

a préciser.

De nombreuses questions restent ouvertes et seront abordées selon plusieurs approches
complémentaires.
» D'autres substrats potentiels de ' ADAMTS2 seront recherchés par des techniques de
protéomique différentielle.
> Le récepteur et les mécanismes intracellulaires utilisés par ' ADAMTS2 pour moduler
les propriétés des cellules endothéliales seront identifiés. Ces travaux permettront de

déterminer si ' ADAMTS2, certains de ses domaines, ou éventuellement des molécules

121



1. Conclusions et perspectives

régulatrices des voies de signalisation impliquées, ont un avenir thérapeutique en tant
qu'inhibiteurs de l'angiogenese.

Des inhibiteurs de l'activité ADAMTS2 doivent étre développés et évalués pour leur
potentiel anti-fibrotique dans divers modéles animaux. Plusieurs possibilités existent,
que ce soit sous la forme d'acides nucléiques (ARN interférentiels), d'inhibiteurs
synthétiques ou physiologiques ou d'anticorps bloquants. De tels inhibiteurs
pourraient également étre développés pour les ADAMTS3 et 14.

Enfin, des souris déficientes pour les ADAMTS3 et 14 sont en cours de création. Si elles
sont viables, elles permettront d'évaluer l'impact direct I'absence de ces deux enzymes
in vivo et de préciser d'éventuelles redondances fonctionnelles entre elles et avec
I'ADAMTS2. En cas de probleme de viabilité ou fertilité, une approche par invalidation

conditionnelle sera entreprise.

122



V1. Bibliographie

VI. Bibliographie

Ai J, Smith P, Wang S, Zhang P and Zheng XL. The proximal carboxyl-terminal domains of ADAMTSI13
determine substrate specificity and are all required for cleavage of von Willebrand factor. J Biol Chem
(2005); 280(33): 29428-34.

Ameye L and Young MF. Mice deficient in small leucine-rich proteoglycans: novel in vivo models for
osteoporosis, osteoarthritis, Ehlers-Danlos syndrome, muscular dystrophy, and corneal diseases.
Glycobiology (2002); 12(9): 107R-16R.

Asch AS, Silbiger S, Heimer E and Nachman RL. Thrombospondin sequence motif (CSVTCGQG) is
responsible for CD36 binding. Biochem Biophys Res Commun (1992); 182(3): 1208-17.

Bacharach E, Itin A and Keshet E. Apposition-dependent induction of plasminogen activator inhibitor type
1 expression: a mechanism for balancing pericellular proteolysis during angiogenesis. Blood (1998);
92(3): 939-45.

Baglole CJ, Ray DM, Bernstein SH, Feldon SE, Smith TJ, Sime PJ and Phipps RP. More than structural
cells, fibroblasts create and orchestrate the tumor microenvironment. Immunol Invest (2006); 35(3-4):
297-325.

Bataller R and Brenner DA. Liver fibrosis. J Clin Invest (2005); 115(2): 209-18.

Benhamou JP and Erlinger S. Maladies du foie et des voies biliaires - 3e édition. 206p. (Flammarion, Paris,
1995).

Bhunchet E and Wake K. Role of mesenchymal cell populations in porcine serum-induced rat liver fibrosis.
Hepatology (1992); 16(6): 1452-73.

Bix G, Fu J, Gonzalez EM, Macro L, Barker A, Campbell S, Zutter MM, Santoro SA, Kim JK, Hook M,
Reed CC and lozzo RV. Endorepellin causes endothelial cell disassembly of actin cytoskeleton and focal
adhesions through alpha2betal integrin. J Cell Biol (2004); 166(1): 97-109.

Bix G and lozzo RV. Matrix revolutions: "tails" of basement-membrane components with angiostatic
functions. Trends Cell Biol (2005); 15(1): 52-60.

Blelloch R and Kimble J. Control of organ shape by a secreted metalloprotease in the nematode
Caenorhabditis elegans. Nature (1999); 399(6736): 586-90.

Bode W, Gomis-Ruth FX and Stockler W. Astacins, serralysins, snake venom and matrix
metalloproteinases exhibit identical zinc-binding environments (HEXXHXXGXXH and Met-turn) and
topologies and should be grouped into a common family, the 'metzincins'. FEBS Lett (1993); 331(1-2):
134-40.

Bornstein P and Sage EH. Matricellular proteins: extracellular modulators of cell function. Curr Opin Cell
Biol (2002); 14(5): 608-16.

Borza CM, Pozzi A, Borza DB, Pedchenko V, Hellmark T, Hudson BG and Zent R. Integrin alpha3betal, a
novel receptor for alpha3(IV) noncollagenous domain and a trans-dominant Inhibitor for integrin
alphavbeta3. J Biol Chem (2006); 281(30): 20932-9.

Carmeliet P. Mechanisms of angiogenesis and arteriogenesis. Nat Med (2000); 6(4): 389-95.
Carmeliet P. Angiogenesis in health and disease. Nat Med (2003); 9(6): 653-60.
Carmeliet P and Jain RK. Angiogenesis in cancer and other diseases. Nature (2000); 407(6801): 249-57.

Carragher NO and Frame MC. Focal adhesion and actin dynamics: a place where kinases and proteases
meet to promote invasion. Trends Cell Biol (2004); 14(5): 241-9.

Chantrain C and Declerck YA. Les métalloprotéases matricielles et leurs inhibiteurs synthétiques dans la
progresison tumorale. Médecine/Sciences (2002); 18: 565-75.

123



V1. Bibliographie

Chiquet M, Renedo AS, Huber F and Fluck M. How do fibroblasts translate mechanical signals into
changes in extracellular matrix production? Matrix Biol (2003); 22(1): 73-80.

Clapp C, Martial JA, Guzman RC, Rentier-Delure F and Weiner RI. The 16-kilodalton N-terminal
fragment of human prolactin is a potent inhibitor of angiogenesis. Endocrinology (1993); 133(3): 1292-9.

Colige A, Li SW, Sieron AL, Nusgens BV, Prockop DJ and Lapiere CM. cDNA cloning and expression of
bovine procollagen I N-proteinase: a new member of the superfamily of zinc-metalloproteinases with
binding sites for cells and other matrix components. Proc Natl Acad Sci U S 4 (1997); 94(6): 2374-9.

Colige A, Nuytinck L, Hausser I, van Essen AJ, Thiry M, Herens C, Ades LC, Malfait F, Paepe AD,
Franck P, Wolff G, Oosterwijk JC, Smitt JH, Lapiere CM and Nusgens BV. Novel types of mutation
responsible for the dermatosparactic type of Ehlers-Danlos syndrome (Type VIIC) and common
polymorphisms in the ADAMTS2 gene. J Invest Dermatol (2004); 123(4): 656-63.

Colige A, Sieron AL, Li SW, Schwarze U, Petty E, Wertelecki W, Wilcox W, Krakow D, Cohn DH,
Reardon W, Byers PH, Lapiere CM, Prockop DJ and Nusgens BV. Human Ehlers-Danlos syndrome type
VII C and bovine dermatosparaxis are caused by mutations in the procollagen I N-proteinase gene. Am J
Hum Genet (1999); 65(2): 308-17.

Colige A, Vandenberghe I, Thiry M, Lambert CA, Van Beeumen J, Li SW, Prockop DJ, Lapiere CM and
Nusgens BV. Cloning and characterization of ADAMTS-14, a novel ADAMTS displaying high
homology with ADAMTS-2 and ADAMTS-3. J Biol Chem (2002); 277(8): 5756-66.

Collins T. Inflammation aigu€ et chronique. in Anatomie pathologique. Bases morphologiques et
physiopathologiques des maladies. (eds. RS Cotran, Kumar V and Collins T) 59-104 (Piccin, Padoue,
2000).

Comoglio PM, Boccaccio C and Trusolino L. Interactions between growth factor receptors and adhesion
molecules: breaking the rules. Curr Opin Cell Biol (2003); 15(5): 565-71.

Constandinou C, Henderson N and Iredale JP. Modeling liver fibrosis in rodents. Methods Mol Med (2005);
117: 237-50.

Cotran RS, Kumar V and Collins T. Pathologie cellulaire I: 1ésion cellulaire et mort cellulaire. in Anatomie
pathologique. Bases morphologiques et physiopathologiques des maladies. (eds. RS Cotran, Kumar V
and Collins T) 1-35 (Piccin, Padoue, 2000).

Cotran RS, Kumar V and Collins T. Réparation tissulaire: croissance cellulaire, fibrose et cicatrisation
d'une plaie. in Anatomie pathologique. Bases morphologiques et physiopathologiques des maladies. (eds.
RS Cotran, Kumar V and Collins T) 105-33 (Piccin, Padoue, 2000).

Couchman JR, Chen L and Woods A. Syndecans and cell adhesion. Int Rev Cytol (2001); 207: 113-50.

Crawford JM. The Liver and the Biliary Tract. in Robbins Pathologic Basis of Disease - 6th ed. (eds. RS
Cotran, Kumar V and Collins T) 845-901 (W.B. Saunders Company, Philadelphia, 1999).

Crawford JM. Foie et Arbre biliaire. in Anatomie pathologique. Bases morphologiques et
physiopathologiques des maladies. (eds. RS Cotran, Kumar V and Collins T) 1023-77 (Piccin, Padoue,
2000).

Dagoneau N, Benoist-Lasselin C, Huber C, Faivre L, Megarbane A, Alswaid A, Dollfus H, Alembik Y,
Munnich A, Legeai-Mallet L and Cormier-Daire V. ADAMTS10 mutations in autosomal recessive
Weill-Marchesani syndrome. Am J Hum Genet (2004); 75(5): 801-6.

Danielson KG, Baribault H, Holmes DF, Graham H, Kadler KE and lozzo RV. Targeted disruption of
decorin leads to abnormal collagen fibril morphology and skin fragility. J Cell Biol (1997); 136(3): 729-
43,

Deroanne CF, Bonjean K, Servotte S, Devy L, Colige A, Clausse N, Blacher S, Verdin E, Foidart JM,
Nusgens BV and Castronovo V. Histone deacetylases inhibitors as anti-angiogenic agents altering
vascular endothelial growth factor signaling. Oncogene (2002); 21(3): 427-36.

Deroanne CF, Colige AC, Nusgens BV and Lapiere CM. Modulation of expression and assembly of
vinculin during in vitro fibrillar collagen-induced angiogenesis and its reversal. Exp Cell Res (1996);
224(2): 215-23.

124



V1. Bibliographie

Deroanne CF, Lapiere CM and Nusgens BV. In vitro tubulogenesis of endothelial cells by relaxation of the
coupling extracellular matrix-cytoskeleton. Cardiovasc Res (2001); 49(3): 647-58.

Desmet VJ and Roskams T. Cirrhosis reversal: a duel between dogma and myth. J Hepatol (2004); 40(5):
860-7.

Desmouliere A, Darby I, Costa AM, Raccurt M, Tuchweber B, Sommer P and Gabbiani G. Extracellular
matrix deposition, lysyl oxidase expression, and myofibroblastic differentiation during the initial stages
of cholestatic fibrosis in the rat. Lab Invest (1997); 76(6): 765-78.

Desmouliere A, Guyot C and Gabbiani G. The stroma reaction myofibroblast: a key player in the control of
tumor cell behavior. Int J Dev Biol (2004); 48(5-6): 509-17.

Distler JH, Hirth A, Kurowska-Stolarska M, Gay RE, Gay S and Distler O. Angiogenic and angiostatic
factors in the molecular control of angiogenesis. O J Nucl Med (2003); 47(3): 149-61.

Engel J and Bozic D. Modules in ECM and adhesion molecules. in Guide book to the Extracellular Matrix,
Anchor, and Adhesion Proteins - 2nd ed. (eds. T Kreiss and Vale R) (Sambrook & Tooze, Oxford, 1999).

Fallowfield JA and Iredale JP. Targeted treatments for cirrhosis. Expert Opin Ther Targets (2004); 8(5):
423-35.

Febbraio M, Hajjar DP and Silverstein RL. CD36: a class B scavenger receptor involved in angiogenesis,
atherosclerosis, inflammation, and lipid metabolism. J Clin Invest (2001); 108(6): 785-91.

Fernandes RJ, Hirohata S, Engle JM, Colige A, Cohn DH, Eyre DR and Apte SS. Procollagen II amino
propeptide processing by ADAMTS-3. Insights on dermatosparaxis. J Biol Chem (2001); 276(34):
31502-9.

Ferrara N. VEGF as a therapeutic target in cancer. Oncology (2005); 69 Suppl 3: 11-6.

Ferrara N, Clapp C and Weiner R. The 16K fragment of prolactin specifically inhibits basal or fibroblast
growth factor stimulated growth of capillary endothelial cells. Endocrinology (1991); 129(2): 896-900.

Ferrara N, Gerber HP and LeCouter J. The biology of VEGF and its receptors. Nat Med (2003); 9(6): 669-
76.

Flanders KC. Smad3 as a mediator of the fibrotic response. Int J Exp Pathol (2004); 85(2): 47-64.

Flannery CR, Zeng W, Corcoran C, Collins-Racie LA, Chockalingam PS, Hebert T, Mackie SA,
McDonagh T, Crawford TK, Tomkinson KN, LaVallie ER and Morris EA. Autocatalytic cleavage of
ADAMTS-4 (Aggrecanase-1) reveals multiple glycosaminoglycan-binding sites. J Biol Chem (2002);
277(45): 42775-80.

Folgueras AR, Pendas AM, Sanchez LM and Lopez-Otin C. Matrix metalloproteinases in cancer: from new
functions to improved inhibition strategies. Int J Dev Biol (2004); 48(5-6): 411-24.

Folkman J. Anti-angiogenesis: new concept for therapy of solid tumors. Ann Surg (1972); 175(3): 409-16.

Folkman J and Hanahan D. Switch to the angiogenic phenotype during tumorigenesis. Princess Takamatsu
Symp (1991); 22: 339-47.

Forbes SJ, Russo FP, Rey V, Burra P, Rugge M, Wright NA and Alison MR. A significant proportion of
myofibroblasts are of bone marrow origin in human liver fibrosis. Gastroenterology (2004); 126(4): 955-
63.

Fowell AJ and Iredale JP. Emerging therapies for liver fibrosis. Dig Dis (2006); 24(1-2): 174-83.

Friedman SL and Bansal MB. Reversal of hepatic fibrosis -- fact or fantasy? Hepatology (2006); 43(2
Suppl 1): S82-8.

Gailit J and Clark RA. Wound repair in the context of extracellular matrix. Curr Opin Cell Biol (1994);,
6(5): 717-25.

Gao G, Plaas A, Thompson VP, Jin S, Zuo F and Sandy JD. ADAMTS4 (aggrecanase-1) activation on the
cell surface involves C-terminal cleavage by glycosylphosphatidyl inositol-anchored membrane type 4-

matrix metalloproteinase and binding of the activated proteinase to chondroitin sulfate and heparan
sulfate on syndecan-1. J Biol Chem (2004); 279(11): 10042-51.

125



V1. Bibliographie

Geerts A. History, heterogeneity, developmental biology, and functions of quiescent hepatic stellate cells.
Semin Liver Dis (2001); 21(3): 311-35.

Geerts A. On the origin of stellate cells: mesodermal, endodermal or neuro-ectodermal? J Hepatol (2004);
40(2): 331-4.

Gelse K, Poschl E and Aigner T. Collagens--structure, function, and biosynthesis. Adv Drug Deliv Rev
(2003); 55(12): 1531-46.

Gerhardt S, Hassall G, Hawtin P, McCall E, Flavell L, Minshull C, Hargreaves D, Ting A, Pauptit RA,
Parker AE and Abbott WM. Crystal Structures of Human ADAMTS-1 Reveal a Conserved Catalytic
Domain and a Disintegrin-like Domain with a Fold Homologous to Cysteine-Rich Domains. J Mol Biol
(2007); 373(4): 891-902.

Ghajar CM, Blevins KS, Hughes CC, George SC and Putnam AJ. Mesenchymal stem cells enhance
angiogenesis in mechanically viable prevascularized tissues via early matrix metalloproteinase
upregulation. Tissue Eng (2006); 12(10): 2875-88.

Gilles C, Polette M, Coraux C, Tournier JM, Meneguzzi G, Munaut C, Volders L, Rousselle P, Birembaut
P and Foidart JM. Contribution of MT1-MMP and of human laminin-5 gamma?2 chain degradation to
mammary epithelial cell migration. J Cell Sci (2001); 114(Pt 16): 2967-76.

Glasson SS, Askew R, Sheppard B, Carito B, Blanchet T, Ma HL, Flannery CR, Peluso D, Kanki K, Yang
Z, Majumdar MK and Morris EA. Deletion of active ADAMTSS5 prevents cartilage degradation in a
murine model of osteoarthritis. Nature (2005); 434(7033): 644-8.

Glasson SS, Askew R, Sheppard B, Carito BA, Blanchet T, Ma HL, Flannery CR, Kanki K, Wang E,
Peluso D, Yang Z, Majumdar MK and Mortris EA. Characterization of and osteoarthritis susceptibility in
ADAMTS-4-knockout mice. Arthritis Rheum (2004); 50(8): 2547-58.

Gobron S, Monnerie H, Meiniel R, Creveaux I, Lehmann W, Lamalle D, Dastugue B and Meiniel A. SCO-
spondin: a new member of the thrombospondin family secreted by the subcommissural organ is a
candidate in the modulation of neuronal aggregation. J Cell Sci (1996); 109 ( Pt 5): 1053-61.

Goldberg M, Septier D, Rapoport O, lozzo RV, Young MF and Ameye LG. Targeted disruption of two
small leucine-rich proteoglycans, biglycan and decorin, excerpts divergent effects on enamel and dentin
formation. Calcif Tissue Int (2005); 77(5): 297-310.

Gressner AM, Weiskirchen R, Breitkopf K and Dooley S. Roles of TGF-beta in hepatic fibrosis. Front
Biosci (2002); 7: d793-807.

Guo NH, Krutzsch HC, Negre E, Vogel T, Blake DA and Roberts DD. Heparin- and sulfatide-binding
peptides from the type I repeats of human thrombospondin promote melanoma cell adhesion. Proc Natl
Acad Sci U S 4 (1992); 89(7): 3040-4.

Guyot C, Lepreux S, Combe C, Doudnikoff E, Bioulac-Sage P, Balabaud C and Desmouliere A. Hepatic
fibrosis and cirrhosis: the (myo)fibroblastic cell subpopulations involved. Int J Biochem Cell Biol (2006);
38(2): 135-51.

Halila R and Peltonen L. Purification of human procollagen type III N-proteinase from placenta and
preparation of antiserum. Biochem J (1986); 239(1): 47-52.

Halila R, Steinmann B and Peltonen L. Processing of types I and III procollagen in Ehlers-Danlos
syndrome type VII. Am J Hum Genet (1986); 39(2): 222-31.

Hall NG, Klenotic P, Anand-Apte B and Apte SS. ADAMTSL-3/punctin-2, a novel glycoprotein in
extracellular matrix related to the ADAMTS family of metalloproteases. Matrix Biol (2003); 22(6): 501-
10.

Hamano Y and Kalluri R. Tumstatin, the NC1 domain of alpha3 chain of type IV collagen, is an
endogenous inhibitor of pathological angiogenesis and suppresses tumor growth. Biochem Biophys Res
Commun (2005); 333(2): 292-8.

Hamano Y, Zeisberg M, Sugimoto H, Lively JC, Maeshima Y, Yang C, Hynes RO, Werb Z, Sudhakar A
and Kalluri R. Physiological levels of tumstatin, a fragment of collagen IV alpha3 chain, are generated by

126



V1. Bibliographie

MMP-9 proteolysis and suppress angiogenesis via alphaV beta3 integrin. Cancer Cell (2003); 3(6): 589-
601.

Hanahan D and Folkman J. Patterns and emerging mechanisms of the angiogenic switch during
tumorigenesis. Cell (1996); 86(3): 353-64.

Hanahan D and Weinberg RA. The hallmarks of cancer. Cell (2000); 100(1): 57-70.

Hashimoto G, Shimoda M and Okada Y. ADAMTS4 (aggrecanase-1) interaction with the C-terminal
domain of fibronectin inhibits proteolysis of aggrecan. J Biol Chem (2004); 279(31): 32483-91.

Hashizume H, Baluk P, Morikawa S, McLean JW, Thurston G, Roberge S, Jain RK and McDonald DM.
Openings between defective endothelial cells explain tumor vessel leakiness. A4m J Pathol (2000);
156(4): 1363-80.

Hemmann S, Graf J, Roderfeld M and Roeb E. Expression of MMPs and TIMPs in liver fibrosis - a
systematic review with special emphasis on anti-fibrotic strategies. J Hepatol (2007); 46(5): 955-75.

Hirohata S, Wang LW, Miyagi M, Yan L, Seldin MF, Keene DR, Crabb JW and Apte SS. Punctin, a novel
ADAMTS-like molecule, ADAMTSL-1, in extracellular matrix. J Biol Chem (2002); 277(14): 12182-9.

Hulmes DJ, Kadler KE, Mould AP, Hojima Y, Holmes DF, Cummings C, Chapman JA and Prockop DJ.
Pleomorphism in type I collagen fibrils produced by persistence of the procollagen N-propeptide. J Mol
Biol (1989); 210(2): 337-45.

Huovila AP, Turner AJ, Pelto-Huikko M, Karkkainen I and Ortiz RM. Shedding light on ADAM
metalloproteinases. Trends Biochem Sci (2005); 30(7): 413-22.

Huxley-Jones J, Apte SS, Robertson DL and Boot-Handford RP. The characterisation of six ADAMTS
proteases in the basal chordate Ciona intestinalis provides new insights into the vertebrate ADAMTS
family. Int J Biochem Cell Biol (2005); 37(9): 1838-45.

Ilic MZ, East CJ, Rogerson FM, Fosang AJ and Handley CJ. Distinguishing aggrecan loss from aggrecan
proteolysis in ADAMTS-4 and ADAMTS-5 single and double deficient mice. J Biol Chem (2007).

Ingber DE. Mechanical signaling and the cellular response to extracellular matrix in angiogenesis and
cardiovascular physiology. Circ Res (2002); 91(10): 877-87.

Iredale JP. Models of liver fibrosis: exploring the dynamic nature of inflammation and repair in a solid
organ. J Clin Invest (2007); 117(3): 539-48.

Iruela-Arispe ML, Carpizo D and Luque A. ADAMTSI: a matrix metalloprotease with angioinhibitory
properties. Ann N Y Acad Sci (2003); 995: 183-90.

Iruela-Arispe ML, Luque A and Lee N. Thrombospondin modules and angiogenesis. Int J Biochem Cell
Biol (2004); 36(6): 1070-8.

Iruela-Arispe ML, Vazquez F and Ortega MA. Antiangiogenic domains shared by thrombospondins and
metallospondins, a new family of angiogenic inhibitors. Ann N Y Acad Sci (1999); 886: 58-66.

Issa R, Zhou X, Constandinou CM, Fallowfield J, Millward-Sadler H, Gaca MD, Sands E, Suliman I, Trim
N, Knorr A, Arthur MJ, Benyon RC and Iredale JP. Spontaneous recovery from micronodular cirrhosis:
evidence for incomplete resolution associated with matrix cross-linking. Gastroenterology (2004);
126(7): 1795-808.

Issa R, Zhou X, Trim N, Millward-Sadler H, Krane S, Benyon C and Iredale J. Mutation in collagen-1 that
confers resistance to the action of collagenase results in failure of recovery from CCl4-induced liver
fibrosis, persistence of activated hepatic stellate cells, and diminished hepatocyte regeneration. FASEB J
(2003); 17(1): 47-9.

Jimenez B, Volpert OV, Crawford SE, Febbraio M, Silverstein RL and Bouck N. Signals leading to
apoptosis-dependent inhibition of neovascularization by thrombospondin-1. Nat Med (2000); 6(1): 41-8.

John H, Radtke K, Standker L and Forssmann WG. Identification and characterization of novel endogenous
proteolytic forms of the human angiogenesis inhibitors restin and endostatin. Biochim Biophys Acta
(2005); 1747(2): 161-70.

127



V1. Bibliographie

Jones GC and Riley GP. ADAMTS proteinases: a multi-domain, multi-functional family with roles in
extracellular matrix turnover and arthritis. Arthritis Res Ther (2005); 7(4): 160-9.

Jost M, Maillard C, Lecomte J, Lambert V, Tjwa M, Blaise P, Alvarez Gonzalez ML, Bajou K, Blacher S,
Motte P, Humblet C, Defresne MP, Thiry M, Frankenne F, Gothot A, Carmeliet P, Rakic JM, Foidart ]M
and Noel A. Tumoral and choroidal vascularization: differential cellular mechanisms involving
plasminogen activator inhibitor type 1. Am J Pathol (2007); 171(4): 1369-80.

Kalluri R and Zeisberg M. Fibroblasts in cancer. Nat Rev Cancer (2006); 6(5): 392-401.

Kashiwagi M, Enghild JJ, Gendron C, Hughes C, Caterson B, Itoh Y and Nagase H. Altered proteolytic
activities of ADAMTS-4 expressed by C-terminal processing. J Biol/ Chem (2004); 279(11): 10109-19.

Kawahara E, Oda Y, Katsuda S, Nakanishi I, Aoyama K and Tomita K. Microfilamentous type VI collagen
in the hyalinized stroma of the hypertrophied ligamentum flavum. Virchows Arch A Pathol Anat
Histopathol (1991); 419(5): 373-80.

Knittel T, Mehde M, Kobold D, Saile B, Dinter C and Ramadori G. Expression patterns of matrix
metalloproteinases and their inhibitors in parenchymal and non-parenchymal cells of rat liver: regulation
by TNF-alpha and TGF-betal. J Hepatol (1999); 30(1): 48-60.

Kramerova IA, Kawaguchi N, Fessler LI, Nelson RE, Chen Y, Kramerov AA, Kusche-Gullberg M, Kramer
IM, Ackley BD, Sieron AL, Prockop DJ and Fessler JH. Papilin in development; a pericellular protein
with a homology to the ADAMTS metalloproteinases. Development (2000); 127(24): 5475-85.

Kuno K, Kanada N, Nakashima E, Fujiki F, Ichimura F and Matsushima K. Molecular cloning of a gene
encoding a new type of metalloproteinase-disintegrin family protein with thrombospondin motifs as an
inflammation associated gene. J Biol Chem (1997); 272(1): 556-62.

Kuno K, Okada Y, Kawashima H, Nakamura H, Miyasaka M, Ohno H and Matsushima K. ADAMTS-1
cleaves a cartilage proteoglycan, aggrecan. FEBS Lett (2000); 478(3): 241-5.

Lambert CA, Colige AC, Lapiere CM and Nusgens BV. Coordinated regulation of procollagens I and III
and their post-translational enzymes by dissipation of mechanical tension in human dermal fibroblasts.
Eur J Cell Biol (2001a); 80(7): 479-85.

Lambert CA, Colige AC, Munaut C, Lapiere CM and Nusgens BV. Distinct pathways in the over-
expression of matrix metalloproteinases in human fibroblasts by relaxation of mechanical tension. Matrix
Biol (2001b); 20(7): 397-408.

Lamireau T, Desmouliere A, Bioulac-Sage P and Rosenbaum J. [Mechanisms of hepatic fibrogenesis].

Arch Pediatr (2002); 9(4): 392-405.

Lapiére CM, Lenaers A and Kohn LD. Procollagen peptidase: an enzyme excising the coordination
peptides of procollagen. Proc Natl Acad Sci U S 4 (1971); 68(12): 3054-8.

Lapiere CM and Nusgens BV. Ehlers-Danlos type VII-C, or human dermatosparaxis. The offspring of a
union between basic and clinical research. Arch Dermatol (1993); 129(10): 1316-9.

Lawler J and Detmar M. Tumor progression: the effects of thrombospondin-1 and -2. Int J Biochem Cell
Biol (2004); 36(6): 1038-45.

Lee NV, Sato M, Annis DS, Loo JA, Wu L, Mosher DF and Iruela-Arispe ML. ADAMTSI1 mediates the
release of antiangiogenic polypeptides from TSP1 and 2. Embo J (2006); 25(22): 5270-83.

Legate KR, Montanez E, Kudlacek O and Fassler R. ILK, PINCH and parvin: the tIPP of integrin
signalling. Nat Rev Mol Cell Biol (2006); 7(1): 20-31.

Lenaers A and Lapiere CM. Type III procollagen and collagen in skin. Biochim Biophys Acta (1975);
400(1): 121-31.

Levy GG, Nichols WC, Lian EC, Foroud T, McClintick JN, McGee BM, Yang AY, Siemieniak DR, Stark
KR, Gruppo R, Sarode R, Shurin SB, Chandrasekaran V, Stabler SP, Sabio H, Bouhassira EE, Upshaw
JD, Jr., Ginsburg D and Tsai HM. Mutations in a member of the ADAMTS gene family cause thrombotic
thrombocytopenic purpura. Nature (2001); 413(6855): 488-94.

128



V1. Bibliographie

Li SW, Arita M, Fertala A, Bao Y, Kopen GC, Langsjo TK, Hyttinen MM, Helminen HJ and Prockop DJ.
Transgenic mice with inactive alleles for procollagen N-proteinase (ADAMTS-2) develop fragile skin
and male sterility. Biochem J (2001); 355(Pt 2): 271-8.

Li SW, Sieron AL, Fertala A, Hojima Y, Arnold WV and Prockop DJ. The C-proteinase that processes
procollagens to fibrillar collagens is identical to the protein previously identified as bone morphogenic
protein-1. Proc Natl Acad Sci U S 4 (1996); 93(10): 5127-30.

Liu CJ, Kong W, Ilalov K, Yu S, Xu K, Prazak L, Fajardo M, Sehgal B and Di Cesare PE. ADAMTS-7: a
metalloproteinase that directly binds to and degrades cartilage oligomeric matrix protein. Faseb J
(2006a); 20(7): 988-90.

Liu CJ, Kong W, Xu K, Luan Y, Ilalov K, Sehgal B, Yu S, Howell RD and Di Cesare PE. ADAMTS-12
associates with and degrades cartilage oligomeric matrix protein. J Biol Chem (2006b); 281(23): 15800-
8.

Liu W, Ahmad SA, Reinmuth N, Shaheen RM, Jung YD, Fan F and Ellis LM. Endothelial cell survival and
apoptosis in the tumor vasculature. Apoptosis (2000); 5(4): 323-8.

Llamazares M, Obaya AJ, Moncada-Pazos A, Heljasvaara R, Espada J, Lopez-Otin C and Cal S. The
ADAMTS12 metalloproteinase exhibits anti-tumorigenic properties through modulation of the Ras-
dependent ERK signalling pathway. J Cell Sci (2007); 120(Pt 20): 3544-52.

Lotersztajn S, Julien B, Teixeira-Clerc F, Grenard P and Mallat A. Hepatic fibrosis: molecular mechanisms
and drug targets. Annu Rev Pharmacol Toxicol (2005); 45: 605-28.

Luque A, Carpizo DR and Iruela-Arispe ML. ADAMTS1/METHI1 inhibits endothelial cell proliferation by
direct binding and sequestration of VEGF165. J Biol Chem (2003); 278(26): 23656-65.

Maillard C, Jost M, Romer MU, Brunner N, Houard X, Lejeune A, Munaut C, Bajou K, Melen L, Dano K,
Carmeliet P, Fusenig NE, Foidart JM and Noel A. Host plasminogen activator inhibitor-1 promotes
human skin carcinoma progression in a stage-dependent manner. Neoplasia (2005); 7(1): 57-66.

Malemud CJ. Matrix metalloproteinases (MMPs) in health and disease: an overview. Front Biosci (2006);
11: 1696-701.

Manso AM, Elsherif L, Kang SM and Ross RS. Integrins, membrane-type matrix metalloproteinases and
ADAMs: potential implications for cardiac remodeling. Cardiovasc Res (2006); 69(3): 574-84.

Masson V, de la Ballina LR, Munaut C, Wielockx B, Jost M, Maillard C, Blacher S, Bajou K, Itoh T,
Itohara S, Werb Z, Libert C, Foidart JM and Noel A. Contribution of host MMP-2 and MMP-9 to
promote tumor vascularization and invasion of malignant keratinocytes. Faseb J (2005); 19(2): 234-6.

Michel JB. Anoikis in the cardiovascular system: known and unknown extracellular mediators. Arterioscler
Thromb Vasc Biol (2003); 23(12): 2146-54.

Midwood KS, Valenick LV, Hsia HC and Schwarzbauer JE. Coregulation of fibronectin signaling and
matrix contraction by tenascin-C and syndecan-4. Mol Biol Cell (2004); 15(12): 5670-7.

Mongiat M, Sweeney SM, San Antonio JD, Fu J and lozzo RV. Endorepellin, a novel inhibitor of
angiogenesis derived from the C terminus of perlecan. J Biol Chem (2003); 278(6): 4238-49.

Munaut C, Noel A, Weidle UH, Krell HW and Foidart J]M. Modulation of the expression of interstitial and
type-1V collagenases in coculture of HT1080 fibrosarcoma cells and fibroblasts. nvasion Metastasis
(1995); 15(5-6): 169-78.

Myllyharju J and Kivirikko KI. Collagens, modifying enzymes and their mutations in humans, flies and
worms. Trends Genet (2004); 20(1): 33-43.

Nakamura H, Fujii Y, Inoki I, Sugimoto K, Tanzawa K, Matsuki H, Miura R, Yamaguchi Y and Okada Y.
Brevican is degraded by matrix metalloproteinases and aggrecanase-1 (ADAMTS4) at different sites. J
Biol Chem (2000); 275(49): 38885-90.

Nicholson AC, Malik SB, Logsdon JM, Jr. and Van Meir EG. Functional evolution of ADAMTS genes:
evidence from analyses of phylogeny and gene organization. BMC Evol Biol (2005); 5(1): 11.

129



V1. Bibliographie

Noel A, Kebers F, Maquoi E and Foidart JM. Cell-cell and cell-matrix interactions during breast cancer
progression. Curr Top Pathol (1999); 93: 183-93.

Noel A, Munaut C, Nusgens B, Lapiere CM and Foidart JM. Different mechanisms of extracellular matrix
remodeling by fibroblasts in response to human mammary neoplastic cells. Invasion Metastasis (1993);
13(2): 72-81.

Noh YH, Matsuda K, Hong YK, Kunstfeld R, Riccardi L, Koch M, Oura H, Dadras SS, Streit M and
Detmar M. An N-terminal 80 kDa recombinant fragment of human thrombospondin-2 inhibits vascular
endothelial growth factor induced endothelial cell migration in vitro and tumor growth and angiogenesis
in vivo. J Invest Dermatol (2003); 121(6): 1536-43.

Nusgens BV, Goebels Y, Shinkai H and Lapiere CM. Procollagen type III N-terminal endopeptidase in
fibroblast culture. Biochem J (1980); 191(3): 699-706.

Nusgens BV, Verellen-Dumoulin C, Hermanns-Le T, De Paepe A, Nuytinck L, Pierard GE and Lapiere
CM. Evidence for a relationship between Ehlers-Danlos type VII C in humans and bovine
dermatosparaxis. Nat Genet (1992); 1(3): 214-7.

Nyberg P, Xie L and Kalluri R. Endogenous inhibitors of angiogenesis. Cancer Res (2005); 65(10): 3967-
79.

Olaso E and Friedman SL. Molecular regulation of hepatic fibrogenesis. J Hepatol (1998); 29(5): 836-47.

O'Reilly MS, Holmgren L, Shing Y, Chen C, Rosenthal RA, Cao Y, Moses M, Lane WS, Sage EH and
Folkman J. Angiostatin: a circulating endothelial cell inhibitor that suppresses angiogenesis and tumor
growth. Cold Spring Harb Symp Quant Biol (1994); 59: 471-82.

Paradis V, Dargere D, Bonvoust F, Vidaud M, Segarini P and Bedossa P. Effects and regulation of
connective tissue growth factor on hepatic stellate cells. Lab Invest (2002); 82(6): 767-74.

Peltonen L, Halila R and Ryhanen L. Enzymes converting procollagens to collagens. J Cell Biochem
(1985); 28(1): 15-21.

Presta M, Dell'Era P, Mitola S, Moroni E, Ronca R and Rusnati M. Fibroblast growth factor/fibroblast
growth factor receptor system in angiogenesis. Cytokine Growth Factor Rev (2005); 16(2): 159-78.

Rawlings ND and Barrett AJ. Evolutionary families of metallopeptidases. Methods Enzymol (1995); 248:
183-228.

Reiher FK, Volpert OV, Jimenez B, Crawford SE, Dinney CP, Henkin J, Haviv F, Bouck NP and Campbell
SC. Inhibition of tumor growth by systemic treatment with thrombospondin-1 peptide mimetics. Int J
Cancer (2002); 98(5): 682-9.

Rodriguez-Manzaneque JC, Lane TF, Ortega MA, Hynes RO, Lawler J and Iruela-Arispe ML.
Thrombospondin-1 suppresses spontaneous tumor growth and inhibits activation of matrix
metalloproteinase-9 and mobilization of vascular endothelial growth factor. Proc Natl Acad Sci U S A

(2001); 98(22): 12485-90.

Rodriguez-Manzaneque JC, Milchanowski AB, Dufour EK, Leduc R and Iruela-Arispe ML.
Characterization of METH-1/ADAMTS1 processing reveals two distinct active forms. J Biol Chem
(2000); 275(43): 33471-9.

Roy R, Zhang B and Moses MA. Making the cut: protease-mediated regulation of angiogenesis. Exp Cell
Res (2006); 312(5): 608-22.

Ruggiero F, Roulet M and Bonod-Bidaud C. [Dermis collagens: beyond their structural properties]. J Soc
Biol (2005); 199(4): 301-11.

Rusnati M and Presta M. Extracellular angiogenic growth factor interactions: an angiogenesis interactome
survey. Endothelium (2006); 13(2): 93-111.

Sahin U, Weskamp G, Kelly K, Zhou HM, Higashiyama S, Peschon J, Hartmann D, Saftig P and Blobel
CP. Distinct roles for ADAM10 and ADAM17 in ectodomain shedding of six EGFR ligands. J Cell Biol
(2004); 164(5): 769-79.

130



V1. Bibliographie

Sandy JD, Flannery CR, Neame PJ and Lohmander LS. The structure of aggrecan fragments in human
synovial fluid. Evidence for the involvement in osteoarthritis of a novel proteinase which cleaves the Glu
373-Ala 374 bond of the interglobular domain. J Clin Invest (1992); 89(5): 1512-6.

Sandy JD, Westling J, Kenagy RD, Iruela-Arispe ML, Verscharen C, Rodriguez-Mazaneque JC,
Zimmermann DR, Lemire JM, Fischer JW, Wight TN and Clowes AW. Versican V1 proteolysis in
human aorta in vivo occurs at the Glu441-Ala442 bond, a site that is cleaved by recombinant ADAMTS-
1 and ADAMTS-4. J Biol Chem (2001); 276(16): 13372-8.

Serini G, Valdembri D and Bussolino F. Integrins and angiogenesis: a sticky business. Exp Cell Res (2006);
312(5): 651-8.

Sherlock S and Dooley J. Drugs and the Liver. in Diseases of the Liver and Biliary System (eds. S Sherlock
and Dooley J) 335-63 (Blackwell Publishing Ltd., Milan, 2002).

Shindo T, Kurihara H, Kuno K, Yokoyama H, Wada T, Kurihara Y, Imai T, Wang Y, Ogata M, Nishimatsu
H, Moriyama N, Oh-hashi Y, Morita H, Ishikawa T, Nagai R, Yazaki Y and Matsushima K. ADAMTS-
1: a metalloproteinase-disintegrin essential for normal growth, fertility, and organ morphology and
function. J Clin Invest (2000); 105(10): 1345-52.

Short SM, Derrien A, Narsimhan RP, Lawler J, Ingber DE and Zetter BR. Inhibition of endothelial cell
migration by thrombospondin-1 type-1 repeats is mediated by betal integrins. J Cell Biol (2005); 168(4):
643-53.

Sipes JM, Guo N, Negre E, Vogel T, Krutzsch HC and Roberts DD. Inhibition of fibronectin binding and
fibronectin-mediated cell adhesion to collagen by a peptide from the second type I repeat of
thrombospondin. J Cell Biol (1993); 121(2): 469-77.

Somerville RP, Longpre JM, Jungers KA, Engle JM, Ross M, Evanko S, Wight TN, Leduc R and Apte SS.
Characterization of ADAMTS-9 and ADAMTS-20 as a distinct ADAMTS subfamily related to
Caenorhabditis elegans GON-1. J Biol Chem (2003); 278(11): 9503-13.

Stanton H, Rogerson FM, East CJ, Golub SB, Lawlor KE, Meeker CT, Little CB, Last K, Farmer PJ,
Campbell IK, Fourie AM and Fosang AJ. ADAMTSS is the major aggrecanase in mouse cartilage in vivo
and in vitro. Nature (2005); 434(7033): 648-52.

Stevens A and Lowe J. Les réponses tissulaires aux agressions. in Anatomie pathologique générale et
spéciale. (eds. A Stevens and Lowe J) 57-81 (De Boeck & Larcier, Paris, 1997).

Stocker W, Grams F, Baumann U, Reinemer P, Gomis-Ruth FX, McKay DB and Bode W. The metzincins-
-topological and sequential relations between the astacins, adamalysins, serralysins, and matrixins
(collagenases) define a superfamily of zinc-peptidases. Protein Sci (1995); 4(5): 823-40.

Sudhakar A, Sugimoto H, Yang C, Lively J, Zeisberg M and Kalluri R. Human tumstatin and human
endostatin exhibit distinct antiangiogenic activities mediated by alpha v beta 3 and alpha 5 beta 1
integrins. Proc Natl Acad Sci U S 4 (2003); 100(8): 4766-71.

Tabruyn SP, Nguyen NQ, Cornet AM, Martial JA and Struman I. The antiangiogenic factor, 16-kDa human
prolactin, induces endothelial cell cycle arrest by acting at both the GO-G1 and the G2-M phases. Mol
Endocrinol (2005); 19(7): 1932-42.

Tkachenko E, Rhodes JM and Simons M. Syndecans: new kids on the signaling block. Circ Res (2005);
96(5): 488-500.

Tomczuk M, Takahashi Y, Huang J, Murase S, Mistretta M, Klaftky E, Sutherland A, Bolling L, Coonrod
S, Marcinkiewicz C, Sheppard D, Stepp MA and White JM. Role of multiple betal integrins in cell
adhesion to the disintegrin domains of ADAMs 2 and 3. Exp Cell Res (2003); 290(1): 68-81.

Tortorella MD, Burn TC, Pratta MA, Abbaszade I, Hollis JM, Liu R, Rosenfeld SA, Copeland RA, Decicco
CP, Wynn R, Rockwell A, Yang F, Duke JL, Solomon K, George H, Bruckner R, Nagase H, Itoh Y, Ellis
DM, Ross H, Wiswall BH, Murphy K, Hillman MC, Jr., Hollis GF, Newton RC, Magolda RL, Trzaskos
JM and Arner EC. Purification and cloning of aggrecanase-1: a member of the ADAMTS family of
proteins. Science (1999); 284(5420): 1664-6.

Tozer GM, Kanthou C and Baguley BC. Disrupting tumour blood vessels. Nat Rev Cancer (2005); 5(6):
423-35.

131



V1. Bibliographie

Tran KT, Lamb P and Deng JS. Matrikines and matricryptins: Implications for cutaneous cancers and skin
repair. J Dermatol Sci (2005); 40(1): 11-20.

Tsukada S, Parsons CJ and Rippe RA. Mechanisms of liver fibrosis. Clin Chim Acta (2006); 364(1-2): 33-
60.

Tucker RP. The thrombospondin type 1 repeat superfamily. Int J Biochem Cell Biol (2004); 36(6): 969-74.

Tuderman L, Kivirikko KI and Prockop DJ. Partial purification and characterization of a neutral protease
which cleaves the N-terminal propeptides from procollagen. Biochemistry (1978); 17(15): 2948-54.

Tuderman L and Prockop DJ. Procollagen N-proteinase. Properties of the enzyme purified from chick
embryo tendons. Eur J Biochem (1982); 125(3): 545-9.

Uchio K, Graham M, Dean NM, Rosenbaum J and Desmouliere A. Down-regulation of connective tissue
growth factor and type I collagen mRNA expression by connective tissue growth factor antisense
oligonucleotide during experimental liver fibrosis. Wound Repair Regen (2004); 12(1): 60-6.

Ugazio G, Koch RR and Recknagel RO. Reversibility of liver damage in rats rendered resistant to carbon
tetrachloride by prior carbon tetrachloride administration: bearing on the lipoperoxidation hypothesis.
Exp Mol Pathol (1973); 18(3): 281-9.

Vazquez F, Hastings G, Ortega MA, Lane TF, Oikemus S, Lombardo M and Iruela-Arispe ML. METH-1, a
human ortholog of ADAMTS-1, and METH-2 are members of a new family of proteins with angio-
inhibitory activity. J Biol Chem (1999); 274(33): 23349-57.

Veit G, Kobbe B, Keene DR, Paulsson M, Koch M and Wagener R. Collagen XXVIII, a novel von
Willebrand factor A domain-containing protein with many imperfections in the collagenous domain. J
Biol Chem (2006); 281(6): 3494-504.

Vogel WF, Abdulhussein R and Ford CE. Sensing extracellular matrix: an update on discoidin domain
receptor function. Cell Signal (2006); 18(8): 1108-16.

von der Mark K. Localization of collagen types in tissues. Int Rev Connect Tissue Res (1981); 9: 265-324.

Wang P, Tortorella M, England K, Malfait AM, Thomas G, Arner EC and Pei D. Proprotein convertase
furin interacts with and cleaves pro-ADAMTS4 (Aggrecanase-1) in the trans-Golgi network. J Biol/ Chem
(2004); 279(15): 15434-40.

Wang WM, Ge G, Lim NH, Nagase H and Greenspan DS. TIMP-3 inhibits the procollagen N-proteinase
ADAMTS-2. Biochem J (2006); 398(3): 515-9.

Wang WM, Lee S, Steiglitz BM, Scott IC, Lebares CC, Allen ML, Brenner MC, Takahara K and
Greenspan DS. Transforming growth factor-beta induces secretion of activated ADAMTS-2. A
procollagen III N-proteinase. J Biol Chem (2003); 278(21): 19549-57.

Watanabe T, Niioka M, Hozawa S, Kameyama K, Hayashi T, Arai M, Ishikawa A, Maruyama K and
Okazaki I. Gene expression of interstitial collagenase in both progressive and recovery phase of rat liver
fibrosis induced by carbon tetrachloride. J Hepatol (2000); 33(2): 224-35.

Yata Y, Takahara T, Furui K, Zhang LP and Watanabe A. Expression of matrix metalloproteinase-13 and
tissue inhibitor of metalloproteinase-1 in acute liver injury. J Hepatol (1999); 30(3): 419-24.

Yokoyama H, Wada T, Kobayashi K, Kuno K, Kurihara H, Shindo T and Matsushima K. A disintegrin and
metalloproteinase with thrombospondin motifs (ADAMTS)-1 null mutant mice develop renal lesions
mimicking obstructive nephropathy. Nephrol Dial Transplant (2002); 17 Suppl 9: 39-41.

Zhang G, Ezura Y, Chervoneva I, Robinson PS, Beason DP, Carine ET, Soslowsky LJ, lozzo RV and Birk
DE. Decorin regulates assembly of collagen fibrils and acquisition of biomechanical properties during
tendon development. J Cell Biochem (2006); 98(6): 1436-49.

Zheng X, Nishio K, Majerus EM and Sadler JE. Cleavage of von Willebrand factor requires the spacer
domain of the metalloprotease ADAMTS13. J Biol Chem (2003); 278(32): 30136-41.

132





