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system activation and inhibiting alternative pathway conpl enment activation.
BACKGROUNDWH-99143133 NVENTI ON The conpl enent system pl ays a ceMGTAISIBISE6 i n
the clearance of immune Y FIELD OF THE | NVENTION 5 Thi s i nventi-ghd-€l at es
to inhibitors specific to factor D and the use of such 10 15 20 conpl exes
and the i mune response to infectious agents, foreign anti

infected cells and tunor cells. However, conplenent is al sgmmmlmmmﬂml

pat hol ogi cal inflanmation and in autoi nmune di seases. Theretore, 1 nhibition
of excessive or uncontrolled activation of the conpl enent ijmmﬂmwm
provide clinical benefit to patients with such di seases and i The
conpl enent system enconpasses two distinct activation pat hways) «ggghgnat ed
the classical and the alternative pathways (V.M Holers, In Cinics!

| mmunol ogy. Princi pl es anthhibddriscef Om'n@ et Aotividigdry Press; 1996)
363-391). The classical pa Yy 1S a calcruam nagnesr unm dependent cascade
which is normally activated by the formati on of antigen-anti body conpl exes.
The alternative pathway is magnesi um dependent cascade which is activated
by deposition and activation of C3 on certain susceptible surfaces (e.g.
cell wall polysaccharides of 30Sf ~P zZ002 WO 99/42133 2 PCT/ US99/ 03566
yeast and bacteria, and certain biopolyner materials). Activation of the
conpl ement gt TH \AERTIONe! ogical Iy active fragments of conpl ement

pr ot ei ns) a anaphyl at oxi ns and C5b-9 nenbrane attack
conpl e s(IVAC teln tor ti Vi involvin

eURoost e chemoTtiR bvenian felafasm (L iSHRER SORHG 48 fHrordy apR (e)ish af sicBy s
mast cells and endot helial cells, vascular permeability, cytolysis, and

ti ssue i njiphipitoradn dnhibiting £omplement rystemncactivation pndt inhthitieg siternativef or
activation of the alternative conplenent pathway. It cleaves factor B bound

to C3b, gqgmhwayr@mﬂgn@h/a%bwgﬂgwre which is the active conponent of the
al ternati ve pat hway C3/

BACKGROUND OF THE INVENTION

The complement system plays a central role in the clearance of immune

10 complexes and the immune response to infectious agents, foreign antigens, virus-
infected cells and tumér cells. However, complement is ailso involved in
pathological inflammation and in autoimmune diseases. Therefore, inhibition of
excessive or uncontrolled activation of the compiement cascade could provide
clinical benefit to patients with such diseases and conditions.

15 The complement system encompasses two distinct activation pathways,
designated the classical and the alternative pathways (V.M. Holers, In Clinical
Immunology: Principles and Practice, ed. R.R. Rich, Mosby Press; 1996, 363-391).
The classical pathway is a calcium/magnesium-dependent cascade which is
normally activated by the formation of antigen-antibody complexes. The alternative

20 pathway is magnesium-dependent cascade which is activated by deposition and

activation of C3 on certain susceptible surfaces (e.g. cell wall polysaccharides of



10 convertases. Factor D may be a suitable target for inhibiQanessince its
pl asma concentration in humans is very low (1.8 pg/ni)) and B[Bhgffg%oz
shown to be the Iimting enzynme for activation of the alternative

conpl ement Weadaa33 (P.H. | _esavre and H.J. Mill er-Eberhard. PGT/UES3566\p(.
1978; 148: 1498-1510; J.E. Volanakis et al., New Eng. J. Med., 1985; 312:
395-401). 15 The down-regul ati on of conpl erfZent activation has been
denonstrated to be effective in treating several disease indications in

ani mal nodels and in ex vivo studies, e.g. system c |upus erythematosus and
gl omer ul oneplieastiand yacteeiaanet cartain bapstymermateriaisid Activation 0bi9e, ccasplement
8563-8568), rheumatoid arthritis (Y. Wang et al.) Proc. Natl. Acad. Sci.

1995; 92: 89patR@nPyeneritel bioldgiealgractipy eritsl of onpimtient proteiné Ce. CSa
Ri nder, J. din. In%est 1995; 96: 1564-1 72)) hyper cut e re?ectl on |§n

or gan transp ( @ﬁﬁg; I

3 SEP 208’\% %ﬁdlgga a}@;J{’y@riryoca?rc]ﬁk-:ls?)l n arc ﬁB %@Eﬂwﬂ&oml S@Aégtw%;h
J. Innunol 19 3 1 064; .H. . epnce, ,1990; 2
146-151 ), f TR cEtsR PN Z?tﬂacwe HerGtany ohefivaton e,
268: H448- H457), and adult respiratory distress syndrone (R Rabinovici et

al., .l ISmumdcrophages, negtropfilss platststs) mastidiells cand endsthelis | catisavasgular
condi tions and autoi mune/ i mrune conpl ex di seases are also closely

associ ated Gpehhegbrm} Engiwysxecémd/ﬁuumirﬁdtyl\/l Hol ers, bid., B.P Mrgan Eur J
Cin Invest., 1994. 24 219-228), including ther rral i njur y, severe asthnma,

anaphyl acti ¢ shocle, C%W\Bl'ﬁen xgﬂ%ésé?f‘b ngﬁ{)r bﬁﬁglef?ﬁ aclidafish o tfe

mul tiple sclerosis, rryast |fer
I I h Lt d ' d .S R T, ENT10N..Th
Prvent i on - SHEHEIVP SRTBREBH T ARDIE < ﬁ%I%’éxﬁéffNC“"é\ Rebqust B.Eab. Srariating fag
the functional activity of factor D conplenent activation in alternative
pat hway conpCebéBb ervmawhinh isrbeiactivecosronaitiaidae attermaling pathway €3/Cas

wel | as honol ogues, anal ogues and nodified or derived forns thereof,
i ncl udi nip | mconegittases.i FdctargbDemay be kesuditable Farget Yor irdiitibn, Simekl its plasma

nol ecul es i1 ncluding p~pt~des, oligonucleotides, |.eptnormetrcs and organic
conpounds V‘“b@ﬁc@hﬂ?étuér‘?ﬂ AGHRhs S 288, IBW)GIKB 'Lfg%nf)uaﬁa'lﬂ% bééﬁ's‘ﬁ'oWh ftf Be #&0
included !~ moi ~ocfonal antibody which bound to factor D and bl ocked its
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Culture Coll o€t 9. MmaterEverhard. 7 Bxp: Med., 1978; 148: 1498-1510; J.E. Volanakis et
al., New Eng. J. Med., 1985; 312: 385-401).

15 The down-regulation of complement activation has been demonstrated to be
effective in treating several disease indications in animal models and in ex vivo
studies, e.g. systemic lupus erythematosus and glomerulonephritis (Y. Wang et al.,
Proc. Natl. Acad. Sci.; 1996, 93: 8563-8568), rheumatoid arthritis (Y. Wang et al.,
Proc. Natl. Acad. Sci., 1995; 92: 8955-8959), cardiopulmonary bypass and

20 hemodialysis (C.S. Rinder, J. Clin. Invest., 1995; 96: 1564-1572), hypercute

rejection in organ transplantation (T.J. Kroshus et al., Transplantation, 1995; 60:
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10801 University Blvd,, Manassas, VA 20110-2209, under Aﬁggsskgp er
HB- 12476, on 24 February 1998. Accordingly, in a first e d nt t he
present invention there is provided an inhibitor of conplenent activation
whi ch binds factor D and at a nolar ratio of about 1.5:1 (inhibitor: factor
D) can inhibit conplenent activation. According to a second enbodi nent of
the present invention there is provided an inhibitor of conplenent
activation which binds to factor D and,at a nolar ratio of less than 80:1
(inhibitor: factor D) can inhibit conpl’enment activation. According to a
third enbodi nent of the present invention there is provided an inhibitor of

compl e iyation which bj t,0 neagi u fact or et ween
(and i ﬁ?%ﬁ%%am%% ‘F’ﬁ'”ﬁ%@ﬂgﬁy'n\d\?nb*‘e"?'g‘eg}%%hga%r}’aﬂ‘i%:' 1§ggor1 hg to
a fourth enbodi ment of the present invention there is provided the

nonocl| oh@P5SaiG4ddly . Meeisamn acalord¢iageeo’ 89¢i 24% Bﬁ%bﬁ?hﬁﬁmedmﬁbhéMpnﬁsent

i nvention there is provided the hybridoma produci ng the nonocl onal anti body

166-32,S_|El¢xpoﬁ\h$sftércﬁémt@t_e afmethcan Aypsiotul 1995 8 pauiaR SNdesnfcehissi on
nunber HB-12476. According to a sixth enbodi mnent of the present invention

there i rovi ded nocl,onal ,anty . fr %EHS a g or

honol ogrts?g fr%gér"g/o&'??rgggﬁyﬁgﬁrp%lés gﬁ%gg%ﬂg{%%pi’dé? pepﬂol/dg%bge#?g' 6?4‘%
organi ¢ conpound which binds to the sane epitope on factor D as the

ant i bod}”3@6-13Bddiiedraneigniamanaderet ko dre HiorBMUNg&MpRERR AMPIBXENt | ON
there is provided a cell line producing a nonoclonal antibody or fragment

t her eofdisbheds Bradsd Gotd1g asasRarpi Wapeocaipléaenoactyaasntevanbldrody166- 32,
According to an ei ghth enbodi nent of the present invention there is

provid i yerdkc forim hay u i-ahh e i tﬁﬂg man
const an *fgngﬂéﬂgﬁhﬁhé E%hog 5%%% g%??bggyyigé%%%}n ccé#gfng fg'éﬂﬁﬁ th
enbodi nent of the present invention there is provided the chinmeric form
havi ng $£\RSEsSERT aBN 2P HeAFIENS RRRK. 2 PYRRIN GEHERHM. WRISREA, 2B8'ERerTab
fragnent of the nonoclonal antibody 166-32. According to the tenth

enbodi nedcuditist hempitpsentsdaereeist i omybhbrenias prand, decheantphappedgatatival
conposi.tion conprising a therapeutically effective anmount of an inhibitor

accor did\gmerdl EﬁEPY%Odi ~ERrNY e mRE the first to third enbodi ments
togethé$ 53%?1%? é?néceu??gglly a%ceptable di luent, carrier or adjuvant.

Accor di g ﬁiﬁﬁéﬁéﬁfﬁﬂﬁ@vg Qg'nent ok the present invention there is
provid ' Fredmpogsi tion conprising a therapeutically
effective ampunt of a nonocl onal antibody according to the fourth

enbodi nent t dgetiheenien h -Aidsisdertr datnBItPis. aduehbasl © @cterddAtandchiocker or
adj uvant. According to the twelfth enbodi nent of the present inventian

t here i P foNstiped! saqbnidy mfc Eutordal caoplensénti aotiatiopr irsiattgrieativeer apeuti cal |y
ef fective anmount of a nonoclonal antibody or a fragnment, anal ogue or

honol OgRnt/aGIRho Il REPLIIE) TAL LAABIGIARLLEE o REBYY ARSAREE Cadivhn

or gani ¢ conpound according to the sixth enbodi nent together wth a

phar maceutical |y acceptable diluent, carrier, or adjuvant. According to the
t hi rt eéht R ENDOFIUPENtEGFOI He iah\qeﬁf(?‘?iﬁefj h8t éjei”éleﬂr@mehjeéeﬁ a%%(gﬁgi cal
conposition conprising a therapeutically effective amount of a chineric
nmonoc| omethuanglobodly faapoedisnigket 6abhé (ebghindeimbodsmehtmolecaleshingird!ed Fab
fragment according to the ninth enbodi nent together with a pharmaceutically

accept aladdis| beRbnuQabIdE&! ehtddhuvants afecatdhRadepdheis @HIdhaant ho
enbodi ment of the present invention there is provided an inhibitor

accordi t ne _of .t fir t ' e i.tents or a conposition
accordﬁ%gu¥g)%ﬁé @8%%ﬁséﬁ@%&?ﬁ%%%”§ﬁ%%h%%gﬁﬂggggfg§atnent of a disease or
condi tion nedi ated by excessive or uncontrolled acti h% n of th

conpl enent s@§@@ﬁpcﬁﬁ@bﬁdﬁh@d%6”¥%@t**FF%EhFﬁ“%h@dﬂwxg ‘36p Whébgﬁéé%nt
invention there is provided a nonocl onal antibody according to the fourth
or the asitwiake exdrodiementt was ayarempEsi tindn dasigorting 66632 helled dwdniidpma

enbodi ment when used for treatnment of a disease or condition nediated by
excessipgtedakingNeestanabbed WAkt ivsdd i at thd A reonddeMppe GyalrenTolstindi ng to
t he sixteenth enbodi nent” of the present invention there is provided a
nonocl onal anti body or a fragnent, anal ogue or honol ogue thereof, or a
pepti de, oligonucleotide, peptidom netic or an organi c- conpound accordi ng
to the sixth enbodi ment or a conposition according to the twelfth

enbodi mrent when used for treatnent of a disease or condition nediated by
excessive or uncontrolled activation of the conplenent system According to
the seventeenth enbodi nent of the present invention there is provided a
chimeric Fab fragnment according to the ninth enbodi ment or a chineric
nonocl onal anti body according to the eighth enbodi mrent or a conposition

b b " S 1 o I Y - T




chinmeric Fab fragnment according to the ninth enbodi ment or a chineric
nonocl onal anti body according to the eighth enbodi nent or a (3) 55EP|21@[]2
according to the thirteenth enbodi nent when used for treatnent of

conpl enent - nedi at ed conditi ons associ ated with cardi opul nonary bypass.
According to the twenty second enbodi nent of the present invention there is
provi ded use of an inhibitor according t4 any one of the first to third

Crmecton. S ey BRETEBHoSF o o Rl TR hal oL SRR o rffo s ©
conpl ement Fetygdrgmd9gAccording to the twenty third enbodi ment of the present
invention there is ovr nmonocl onal antr? accordin

e
fourth enbodi menfCOENYHB a@r%gamm%ofdte RiesPEHIERRIRere 5 Praided 'brtow}
di sease or &ﬁmgh I t I f
t he conpl enent Sr{/ng?ég%étﬁig@%ﬁgmﬁé’fa@féf:ﬁ%@a gﬁ%ﬂ? l?“'?gﬁg E[?elgrgb%glj?@rﬁeﬂrltt?'awfcwﬁp
present i noamnhiitcomplementiastiyatiovi ded use of a nonocl onal anti body or a

beptt dor ot o opcogRlingrtg T3 EnbeiheiR bt nd breSerb FRABF et s PAPUELACMERY 1o,
g at o0 by orpae ooy dncont T Lot At fua o o e camm ehent oyat em
chordi ng Yaﬁ ﬁ)ecaf‘\}%‘ﬁ)ﬂtfom é?\tﬂﬁt@f‘nent of the present |n\r/rgnt| on th)e/re is

provi ded use of Acﬁr’drdﬁ%'a(thu'a%ﬁrbﬁﬂrﬁq@ﬁf%t'tha%@&@ﬁt%v@@troh%ér@B p?dvl@ibﬂ' af RPAdrEent
or a chineric nonoclonal antibody accordi ng e el nmbodi ment for

t he prepar &empiement activationiwhichdinds o regiogzof hwgarafaamsaabggve@m (and insludinghamino
medi ated b I d activation of the conplenment system
3 0 SFp 2053&%%;@@ @g %ﬁ%h(ﬁlf\/@nty si xt h enbodi nent of the present

i nvention there Asconhngviodedfounﬁe embodimerit ndfi the tppgsentc meerdiomghdre i hxeovided sthe t 0
third enbodi nents Pr thg ﬁ)epar ation of a nedicanent for treating

conpl ement MRBHORAAIIRAINE7%$ons associ ated with cardi opul nonary bypass.

According to theptdsRiMghto %@ﬂ@@ﬁtb@(ﬁﬁ@@dﬁtﬁ@ﬂr@s@ﬁ mK/é‘r@iorPth@@Glélbrol/rﬂétﬁtﬁé hghidéher e
is provided use of a nonoclonal antibody according to the fourth enbodi ment

for the pr8d¥eRg A nepnogonab antbadie Hb-32 denqsitast atibe AmsHtasnbire Guttere Lrodlection
condi tions opul nonary bypass. According to the twenty
ei ghth enbg@e%?ﬂ%ﬁde@érc?ﬁ%mb%m%zﬁeﬁtb invention there is provided use of a
nmonocl onal ant i béesprding ta afsrxttgefmmdrmeatrzilttmgtn%eotlnmml toereés pronéded ef monoclorsal

pepti de, cle e ar..a ani poun i ng
Fo the si ehEaban: perbriest “Fo0B Babutodie SeBORaR, &L FEEe; BibofRERifng
conpl ement pastidoraimetc 60 atliotganio Tom @mdlvaﬁonobrrrarsttb tn@sdh@pprtdrremarfﬁct@yloa@sthe
According to,the t\gﬁnty ni nt h enbodi nent of the present invention there is
provi ded uéﬁt'bBﬁay 106%i meri c Fab fragment according to the ninth embodi ment

or a chineric nopgkdriyab aas@tenltrp@mboamrstltﬁmrte@nt ferBbroft i€ ploaded®ed! [her
the preparation of a nedicanent for treating npl ement nedi ated conditions

associ at ed PRAYENIHMERSRNR @BtReRY onfiAgRsRt thered! (Wih&h ﬁtﬂdﬁ t9 thersamengnitppesemfactor D
enmbodi nent jofhebhfhoRY fskeidt 1 nvention there is provided a medi canent prepared
according to any one of the twenty second to twenty ninth enbodi ments.
Descri ption of t Aecolirgib agsigith gmbddinérdokthe presdnt invkntion thére iaparovided dhechintaric

e e R I R R T
filled tridegBks represents MAb 166-32. The line marked with filled

di anonds represents 166188. The | i marked with filled s

Fepr esent s Mo 1860 oAy Siedrions o e GiRoe THEMOB 4iers BiArGHRaH TerBingies
Wi th fact ofiorle, RAiNgESMBEseARIisHK te@?éh 2F@ AHukéan (cwan@?egﬂ)'ﬁooﬂﬁé 7l fréégﬁenxnfiﬂﬁés
represents the concentratron of "t he MAbs. shows the inhibition of
al t er nat i vé&opedlanakaptipodp)166r84rol ysi s of unsensr ti zed rabbit red blood cells

(RBCs) by MAb 16 10% n ked
with filled squa?‘(%%?dr e%#%gﬂgen%ﬁm@s%@é%z ﬁ?ﬁ%ﬂiﬁ{r\{ar gdlnvm t'h @P %dg

ci rcl es repharmecautical bampositien ewariging sihenaparically etfeetivecanmouniodf alAbibies -agcb@lingwhi ch
is specific to HV envel ope gl ycoprotein gpl20. The Y-axis represents the %
henol ysis inhibition, as further described in the text. The X-axis
represents the concentration of the MAbs. Fig 3. shows the inhibition of
alternative pathway (AP) henolysis of unsensitized rabbit red bl ood cells
(RBCs) by MAb 166-32 in the presence of 90% human serum The |ine narked
with filled squares represents MAb 166-32. The line marked with filled
circles represents the irrel evant isotype-matched control MAb 30-~-~P
2002 WD 99/ 42133 5 PGINS99/ 03566 G3-519, which is specific to H V envel ope
gl ycoprotein gpl20. The Y-axis represents the % henol ysis inhibition, as
further descrr bed |n t he text The X-axis represents the concentratr on of
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henol ysis inhibition. The X-axis represents the concentration of, the MAbs.
10 Fig. 5 shows the inhibition of alternative pathway (AP) herglwﬁgfo UB?b
166- 32. Henol ysis was augnmented by adding different concentrations o
purified human factor D to a human serum depleted of its factor D by
affinity chramatography using anti-factor D MAb 166-222. The assays were
performed in the presence or absence of 9.3 Nglnl test MAbs. The line

wtn it o ER bR AR hBRFRATIeoaBe G PRAtaRURER adHidq MR

triangl es caperesadjivant he |rreI evant | sotype-mat ched control MAb G3-519. The
' resents

Y- h h Th
concent r a1 on of ARG OIS Fsgents SHRGECAY he MeSP DYSPIAN PAE:br RS ricnt

EAC3b cel | lhéfﬁéc%uﬁbél WPdsﬁ@n Qc,QJrn%ﬂsnng'”éeth@rl béﬁtl@ﬁ 'éﬁféc@% ﬁrﬁél)h?rdfaé%df@élonal
assenbl ed on i ncubation with factor B, factor P and factor

D. Differ eﬁmtlb@dmcgerﬂmattq tbﬁsf,owih embedimed tagethaewis a phaonemuticatizacceptablodigemt, ~

200z PC TN[SjaqrﬁéI[%ﬁgcﬁ&aﬁtdded to the incubation buffer to inhibit the activity

of factor D. ine marked with , filled squares represents MAb 166- 32.

The |ine marked Agdordirfgi tol éhd iwvelfth | ensbodierente sfe thiesprbdeint @ReftibA . tharbes Yrovidesd a
rese s . the

ts the % hi bi.t, Th
ot ent at PhATTaseulEL Shpestion "@rpiiting & e dicay  AeHR! SROBY ‘atm TArBeRal | on
from zynosanibbyy MAba 1ielamdnt, aReiEBER dr akdmotdyLe dihbresy, art gr ﬁétﬁxdé/eol@@ﬁwe@mént

pathway in the presence of hunman serum The Productlon a Was neasur ed
by using aﬁe®ﬁ¢@mears §h@n |aQrganicTeRIpopnk agagrdingdtowing eith lembedingent degether fith e ent s
MAb 166- 32, | es represents the irrel evant
| sot ype- coﬁtr ﬁcé%ﬁyé@é&%ﬂe%@ﬁ&ag& @ddrd gérngsents 10 the % inhibition of
C3a production. Atmerditgaxo sthe ethirtesrdint emitddimeabrof ether mvéntion oherehis lp¥dvided Fa g. 8

shows the inhibit of sCSb-9 nod ion.fro nos

Symaan acPidpsliehe RN omp (R iR cAl Ser o 2 SN orddons
human ser ughtibdiyeadebramy b tHereighth §rﬁ§d@hn%nv\@5a AEimsLY Bdb #aagmeﬁi f@oding - theAirs say
15 kit. The line marked with filled squares refresents 166 32. The line

mar ked wi t BMPedimeny togetpen wilh anbaimasutically aerepiable diuedtasamar sbadiyattcont rol  MAb
G3-519. The Y- axizscofdhiyf BSRE fotirtbdith e/ﬁ]bdahﬁéﬁ't bi @B p?éseﬁ%n@on%@f@%ﬁhﬁ?ﬂed dhe

X-axis represents the“concentration MAb I g. shows
i nhi bi ti oningibiter|aceardiag tovany pae nivkg flﬁét@dh%erandﬁnanﬁwmsqomp@%@n aceqdingaioghe

R 0 MRy i 8y P By BCKE, W [ S8
r epr esent s uncontrolled activation of the complement system.

According to the fifteenth embodiment of the present invention there is provided a
monoclonal antibody according to the fourth or the sixth embodiment or a composition according to
the eleventh embodiment when used for treatment of a disease or condition mediated by excessive
or uncontrolled activation of the complement system.

According to the sixteenth embodiment of the present invention there is provided a
monoclonal antibody or a fragment, analogue or homologue thereof, or a peptide, oligonucleotide,
peptidomimetic or an organic compound according to the sixth embodiment or a composition
according to the twelfth embodiment when used for treatment of a disease or condition mediated by
excessive or uncontrolled activation of the complement system.

According to the seventeenth embodiment of the present invention there is provided a
chimeric Fab fragment according to the ninth embodiment or a chimeric monoclonal antibody
according to the eighth embodiment or a composition according to the thirteenth embodiment when
used for treatment of a disease or condition mediated by excessive or uncontrolled activation of the
complement system.



30~EP2002 . 7 the Fab of the MAb 166-32. The Y-axis r e ts the %
henol ysis inhibition. The X-axis represents the concentrati oﬁpﬁ)gﬁh .
Fig. 10 shows the inhibitory effect of MAb 166-32 on factor Din sera from
different aninmal species in alternative pathway henolysis of unsensitized
rabbit 5 RBCs. The line marked with filled squares represents human serum
The line marked with filled circles repM®sents chi npanzee serum The line
marked with fill

mar ked it 1111 SoRdgAE Gof i Saman GEUE cRBIHeR R brs IS FyhéiFon,
mar ked wit imhlbltdrlaecbrdlmgatmmnylsne efpiheﬁuehtosthmiyemhuﬂmestsrmralmmpﬁron raccordieg foitivee

ked wi nt h ked, with
omon 11 an By BESPireE i o SRR o R M bR AR,
henol ysi s bét&bﬂilﬂrhd)r@ﬂ'b e X-axis represents the concentration of MAb

166-32. Fig. 11 shows the reactivity of MAb 166-32 with different
Bacul ovi r us expré@‘@&h"gf@dh@)ﬂlnﬁeQ"ﬂFWW\ﬂ]@férﬁ dheapraseany isveniian itherecs) prpvideta

i ne marke f

i ne mar keofeehaienjtoadBis bedo B R hbodteffl 2 AloBliighscbcibito "7
mar ked wi t Bleventh embotilmeah@ﬁeemsedefpurtm&mrlsoﬂ%@/nﬁlegbm-meﬁlatedlcomcbﬂormaéseclated with
filled, inverted tri | es represents the hybrid protein, FD Hupig. The

| ine mar ke&agxﬂ? ?qarﬁga @i anonds represents the nutant protein, FDNDA. The

l'ine marked w t hAgRRIhgClor thé aWentiGfr édfRBiRnt bethelprésBiht iRvedtieh there2id ﬂlded ahe
line marked with open triangles represents the nutant protein, Y 3

0 S E P 200onocisal ko0 AF R BR0AM {AnBRA Al haeinae theéeﬂfég@megtlc{eh@llgam%mt% th
no coali ngpakéitRtc 3N HRARERARSINIAICEEe Yo HeCsiki hBBAmEIRSE"d Babdsflod e

text. Fi g emat | repr esen ation o € expression vector
pl asmi ds fmco&mgd@thedwejﬁmemodﬂmt whiey) uses e dmatment o samglayentSiediated kondliohs d

Cepresent ERECPENTEIRITRERENES 20 b orot ef 6l emonts (E-P) . 88

i ndi cat ed bel ow. A€peaingbloxies tvwn@f ftrdneentbbuméntodfahapmserﬁedwemtmehe(reilisf prdvidedda neo

genes, as marked. The SV2 sm d con segnents from vari
Jour ces.” pBRISE EATRGRETh SrOPIR EoE AL SERETIABESDS QUG Ios0tEigh anibody
replicati Oaccfoﬂiﬂ@ t@fhbklgﬁfh‘%nfbﬁ@mbﬁfb? é‘@&ﬁ&)s%ﬁ)h&bﬂdlnbrb t\‘\@%ﬂrﬁafeﬁtﬂ%ﬁ‘\bgd?rﬂ&\t(wﬁ@ﬁ))
SV40 DNA, represented wi der hat chi ng and mark contains the S

origin of mdf@réq@ahn@atqf@@mrqlgwmn@ﬁlatpd C@ﬂﬂlpgs qsswaﬁa ith(cardiopempmasy bwms and

d Th
00 ooy BERAAEHAERY Bl A Sty WA ol 08 BN
t he Fd genese iap.inhiBoséoooving teeanyrdne lof thiedirst ¢of thied erebotiniéntse fap dtehprepardtiddPpf a

Fapr esent s AL o Lo RS < @8 Reior Silon et BRaMRis Eror Mhicfgied piifin @Y 07 °°
repr esent s theltomplementMsterh.66- 32. The line marked with filled triangles
represents i sot yRccongar%gthrJ1 ﬁ% tvflleen?y%lrd embodiment of the present invention there is provided use of
a monoclonal antibody according to the fourth embodiment for the preparation of a medicament for
treating a disease or condition mediated by excessive or uncontrolled activation of the complement
system.

According to the twenty fourth embodiment of the present invention there is provided use
of a monoclonal antibody or a fragment, analogue or homologue thereof, or a peptide,
oligonucleotide, peptidomimetic or an organic compound according to the sixth embodiment for the
preparation of a medicament for treating a disease or condition mediated by excessive or
uncontrolled activation of the complement system.

According to the twenty fifth embodiment of the present invention there is provided use of
a chimeric Fab fragment according to the ninth embodiment or a chimeric monoclonal antibody
according to the eighth embodiment for the preparation of a medicament for treating a disease or

condition mediated by excessive or uncontrolled activation of the complement system.



control antibody G3-519. The Y-axis represents % inhibition c@@g%)b/sl S.
The X axis represents the anti body concentration. ~~y 30 02@02
WO 99/ 42133 PCT/ US99/ 03566 9 Fig. 14 shows the inhibition of alternative
pat hway (AP) henol ysis of unsensitized rabbit RBCs. The line marked with
filled squares represents chineric 166-32 1gG The line marked with filled
circles represents cFab/9aa. The line nmécked with filled triangles

ot ot epr oen ACPRISIF Fedwh AR HRR Efbouers AP blesE iffbotin AEBis HiiuRid 19
shows the effafnanhllatoo'écoamltnig-tcﬁ fetfinst td]h%bmﬁdiﬁnéﬁs for thatprapatationoftaeedicamaedyfonm c
functi ons ﬁf i sol ate

it he er]c q wi th human pl asma. Left
vent ri cul afeaiRGCen eg{ ?%%"é‘ '%“S(a B@“ﬁ g CRrdigpUlanBYPES i1l ed circles
(for MAb 166- 32)A&Bﬁjmfg'tb 'tl’%olwéﬁly'%@ﬁth(énfbbdthﬁﬁdﬁ?ﬁ &dent lhﬁén‘hoﬁ/%l*eﬁé RAblaéd

devel oped pressure 10 (LVDP) iS represented en circles

166- 32) antseopled mepealerat antikedy Naceording 1 the. fowﬂ:lb eéoc@wtlfgr theepreparatlon of a

| art”Vont rmedranen Bt RRLorfyReb hecitdonditny Sefa bRl R BRITO BRI . 2

i sol ated rabbit Aeardingtd thd)twenT)rmghupemodmmnmf theqpeseainiention thaarstprcb\nideaw@l

with the ne ative nti bo dthel wer pan

hear t trea?ea W?%%N/aba'%@@?:%?r aTEfégW éﬁoﬁfg qry é%pgc@ uﬁetﬁf"rteo '5}8} eto
mai nt ai n - Lflabhifebide, ségﬁbdrﬁmw: dhah BrgAffe b n@h@ém tmtnblsmhtdnﬂao&fmantlf&ﬁhe%
treated heart retai ned al nost baseline LVDP after 0 m nut es of perfusion
with 4% hupigparpioasefma medicament & oligating omplerpenit mediatesh cgmdltens|assqqatﬂsihutth c
ef fl uents @a;rdléﬂl nﬁﬁb)@%stl mepoi nts fromisolated rabbit hearts perfused

wi th 4% hunan | es 3 0 S E P 2002 WD 99/42133 10 PCTNS99/ 03566
from MAb 166- 32 Acoertingdo theatwerﬂy Qinttmembodiimemt@é)heqacasemnrrventioaitlgmé fsi pravidet ysé ess

Bb t han MAb 9 d h

the. al ter ndd SUREAMARREMSFITIN Ge Ut s et b e Blmaiq Barccks abtbed oy
di fferent b¢cmd|rngd) mesei:ﬂpémﬁddweﬂt(fof m@Cplrémraﬂ@H ofcd ediddnient foeﬁéaadggmmmeméﬁb 5
166- 32 (fl||§ gquares illed circles). Fig shows t he

-519
concent r at MHaIEF cegion sw%waw'@&ﬁrﬁwe@&\em RPEEd at different time points
from the extracoppardia! toCihEthHl'r‘tFe& Erﬁﬁ‘&@?r%t o itk hﬂ@?enl%ﬁt?on%bﬂe' ﬁ%r&ﬁﬂé@rﬁs)

or MAb G3-519 (filed Circles). Fig. shows t oncentration of sCS in
pl asma san@p@gawt pr@@qr@dja@prdlng to any one of the twenty second to twenty ninth embodiments.

Description of the Drawings

Fig. 1 shows the binding of anti-factor D monoclonal antibodies (MAbs) to purified human
factor D in ELISA. The line marked with filled circles represents MAb 166-11. The line marked with
filled triangles represents MAb 166-32. The line marked with filled diamonds represents MAb 166-
188. The line marked with filled squares represents MAb 166-222. The Y-axis represents the
reactivity of the MAbs with factor D expressed as optical density (OD) at 450 nm and the X-axis
represents the concentration of the MAbs.

Fig. 2 shows the inhibition of alternative pathway (AP) hemolysis of unsensitized rabbit
red blood cells (RBCs) by MAb 166-32 in the presence of 10% human serum. The line marked with
filled squares represents MAb 166-32. The line marked with filled circles represents the irrelevant
isotype-matched control MAb G3-519, which is specific to HIV envelope glycoprotein gp120. The
Y-axis represents the % hemolysis inhibition, as further described in the text. The X-axis
represents the concentration of the MAbs.

Fig 3. shows the inhibition of alternative pathway (AP) hemolysis of unsensitized rabbit
red blood cells (RBCs) by MAb 166-32 in the presence of 90% human serum. The line marked with
filed squares represents MAb 166-32. The line marked with filled circles represents the irrelevant
isotype-matched control MAb



10 different time points fromthe extracorporeal circuits tr ¢ '
166-32 (filled squares) or MAb G3-519 (filled circles). Fig.sgquEPvMb
concentrati@i4fq2B8 i N plasma sanples collected at different fifgp.pabnts
fromthe extracorporeal circuits treated with MAb 166- 32 (fil%ed %%&ggés)

or MAb G&3-519 (filled circles). 15 Fig. 22 shows the concentration of C4d
in plasma sanples collected at different tine points fromthe
extracorporeal circuits treated with MAb 166-32 (frlled squares) or MAb
&3-519 (filled circles). Fig. 23 shows the | evel of expression of CD11 b on
the surface of neutrophils obtained at different tinme points fromthe
extracorporeal circuits treated with MAb 220 166-32 (filled squares) or MAb
&3-519 (filled circles). The | evel of expression of 30 SEPZD2 W

991 42133 11 PCT/ US99/ 03566 CDI I b is represented by nean fl uorescence

intensity -k} o Ol e [ 0 i Y'S I Oy 24, ShOWs
the | evel g\f é?(%*r &@%§QO$Wﬁ& h%awségéé)é;gﬂy%q& gféé%{egé?%&ob?-g?ﬁé@xﬁ
different tinme points fromthe extracorporeal circujts treated with MAb 5
166- 32 (fi rerigseqisdhess hemaipgs imhibition asfurberdesarded inthe texty dlhepk-axis
expressi on of CD62P is represented by nean fluorescence intensity (M)

obt ai ned byeprasunealie dohgentpatdn of trrnbAtsss. Fig. 25 shows the
concentration of neutrophil-specific nyel operoxidase (MPO in plasma

anpl es col | ect j t aAA Rt r 3 1
Cireurts treated Tt VB MR ARz okl AL INHER ClaSREA e Ray (6
ircl : SCRI PTI OE. THE S LI STING SEQ 1 D.NO: 1 shows. th
UG et de NERANR &1 RANSHZREEIOROR G S: Wherea5 Fis POSNREonRo ANHhHshae 8
'sequence of human factor D. SEQ ID NO:3 shows the nucl eoti de sequence of

pi g fact or MAb 187 8EQ@dds. Nthetlirshowskedwithrfilled circles reprpsents MAb p87%76adther D.
SEQID NO:5 is the prinmer used for cloning the VK gene of MAb 166-32. SEQ

| D NO: 6 wa f t i )
find$84kkas @«nhﬁmea cﬁsgeme &Hd Wth mﬂe%ggll&éésl\gggémﬁb hE®. 32

166-32, as described below, and as a priner. was al so uset
bel ow _ SECANE B 5atee fogolBAR G314 HErPEal ohhng -BHB WRFSEHE BF Hrb
166 2 hemolysis inhibition. The X-axis represents the concentration of the MAbs.

10 Fig. 5 éhows the inhibition of alternative pathway (AP) hemolysis by MAb
166-32. Hemolysis was augmented by adding different concentrations of purified
human factor D to a human serum depleted of its factor D by affinity

/ chromatography using anti-factor D MAb 166-222. The assays were performed in
the presence or absence of 0.3 pg/ml test MAbs. The line marked with filled

15 squares represents no antibody added. The line marked with filled circles
represents MAb 166-32. The line marked with filled triangles represents the
irrelevant isotype-matched control MAb G3-519. The Y-axis represents the %
hemolysis inhibition. The X-axis represents the concentration of factor D.

Fig. 6 shows the inhibition of factor-dependent EAC3b cell lysis by MAb 166-

20 32. The alternative C3 convertase was assembled on EAC3b cells by incubation

with factor B, factor P and factor D. Different concentrations of MAb 166-32 were



32, as described below. 3 0 S E P 2002 SEQ ID NO:9 was a prigae Bﬁﬁé [
cloning the VH gene of MAb 166-32. SEQ I D NO: 10 was used as pr ﬁ@Z

cl oni ng t hewghgamgszof MAb 166-32. SEQ ID NO: 11 was the 5 pri i’@f‘m&&foz,g&e
PCR of the Fd gene of MAb 166-32. 5 SEQ ID NO: 12 was the 3' primner 167 he
PCR of the Fd gene of MAb 166-32. SEQ ID NO 13 was the 5 priner for the
Fd gene PCR of MAb 166-32 SEQ ID NO 14 was the 3' priner for the Fd gene
PCR of MAb 166-32. SEQ ID NO 15 is the sequence for additional am no acids
added to Fd to obtain reconmbi nant Fab. 10 MAKI NG AND USI NG THE | NVENTI ON A.
Gener ation of Mnocl onal antibodies LMAbs) to human factor D In one

enbodi ment of the invention, anti-factor £ MAbs can be raised by inmunizing
rodents (e.g. mce, rats, hansters and guinea pigs) with either native
factor D purified fromhuman plasma or urine, or reconbinant factor D or

i ts 15 fraggeatoeneiReseationybutdris intibikteystitivity OF fAREHAr MY fife MRt With

; ioAb
O her animals can be used for inmunization, e.g. non-human primates,

transgeni cgi expressin u i ogl,.obul i ns ,an eyer e conbi ned

i munodef i fé@eﬁ?%%%lsﬂfplfﬁs%@?ﬁ @ﬁkbﬁ#ﬁe%ﬁqm 'HéFFsﬁ‘Fd W })llfﬁgﬁgg@?%ggpresents
Hybri domas can be generated by conventional procedures by fusing B

| ynphocyt eMAR &33+H8. i ntheniYzaxis arepresentai thi ‘%Ohemlyﬂia ickibltion( e The %@
and NSO), as described by G Kohler and C. MIstein (Nature, 1975: 256:

495-497) . fapragdéhid Bid caidntialiohsf tReIAb§Odi es can be generated by
screeni ng of reconbinant single-chain Fv or Fab libraries fromhuman B

YIS0 5 BEIDRHORR e BBt Ehmla roralCey WA L™

tested by 2nz nme |inked inmunosorbent assay (ELISA), Western
i mmunobl ot fYRPSapragiviatad thenaiteioativg camplerBant RribwayTndhe presanceref hasani t y

of the antibodi es on conplenent activation can be assessed by henol ytic

assays usi serumsé&irs prarettionlsfiC3awaguneasurgiditby esinkl 0 ELISAlassaiRRES )THeor
the alternative pathway, 5 and using sensitized chicken or sheep RBCs for

the classigfd npak : | LAt { bV S y
limting dl;ﬁl?%tl on.BW'E“ g’ﬁ %%%%gqgg%sﬁﬁtﬁ ?‘ggf@ o?hbﬁg\régheerﬂ%{;e%@p@%rdb
speci fici tﬁfto hunman fac t he assays described above. If used in

or. D by t.
treating i HFSSHeREEFNS g ITeeNatHaoyPeLoble! MAbHEARS, TheY xS represeats: or
D anti bodi es woul d preferably be used as chineric, dei munized) hunanized
or hur®n alite Yoinhébitiosod ©3arprodadtiers. The X-axiscepresentotpendaridepntration ohthe
avoi d human anti-nmouse anti body (HAMA) response. It is preferable that the
ant i body bgiAbs.
Fig. 8 shows the inhibition of sC5b-9 production from zymosan by MAb 166-
32. Zymosan activated the alternative complement pathway in the presence of
human serum. The production of sC5b-9 was measured by using an ELISA assay
15  kit. The line marked with filled squares represents MAb 166-32. The line marked
with filled circles represents the irrelevant isotype-control MAb G3-519. The Y-axis
represents the % inhibition of sC5b-9 production. The X-axis represents the
concentration of the MAbs.
Fig. 9 shows the inhibition of alternative pathway hemolysis of unsensitized

20 rabbit RBCs by MAb 166-32 and its Fab. The line marked with filled circles

represents MAb 166-32 (whole IgG). The line marked with filled squares represents



g4, 1g&, or other genetically nutated 1gG or | gM which dogsqrg)gghzggzzt

ant i body- dependent cel | ul ar cyt ot oxi ci t}/ (SSM Canfield and
J. Exp:. 15 Med. ) 1991: 173: 1483-1491 )‘and conpl enent nedi ated cytol ysis
(Y. Xu et al. . Hiol. Chem) 1994: 269: 3468-3474; V.L. Pulito et al., J.

| munol 96 56 0] | meric anti bodi are produced b

r econbi nH?ﬁ'? P&éé&mggﬁ%%i i/-\he n%‘ﬁée%fﬁﬁeﬂféﬁgehZN@rawyalﬁnmbmoar ﬁ'ﬁﬁl e’
region and a human constant region. 20 Humani zed anti bodi es have a greater
degree oX-axisdapiesentsithe equesnteatiomafitreoMébisneri ¢ antibodies. In a

humani zed antibody) only the conplenentarity 30 SEP20D2 14

det er mi ni ng r g4 oG shERBstheWRhiditory &ffees BENRIPY 6617y oﬁ%b@?'ﬁ) tH 8&Ha"GorAnd

specificity are animal derived and have an am no acid sequence

correspo tantially. all of.t

Femai ni néﬂ"{)&?f' olE) SPREEG AR s B BB Bt et ettt
of the fr ﬁgl ons within the vari abl e region) are human derived and
corr dnadnarkeshwdncldladsauaresaiePE#ReEs dUMBR SArUMR; EbArAen et
al ., Nafure, 1988 332: 323-327; G Wnter, United States Patent No.

5, 225, 539r,1ar®tem’&nﬁllad circles tersesetaatlseﬂnﬁmpanm s&unR0 Thelinebearkedniitefiled
anti bodies are anti bodies in which the T and B cell epitopes have been

el i m nat @ﬁén@és(#eﬁfégebﬂ@l rh@sthRIR@Y e, Pahemne%%'rké@wlmnrned inverted
PCTI GBQ8/01 ey have no or reduced i munogenicity when applied In

Vi vo. a S diff n C|Ud| g by
use of b @%&%ﬂa?@a& BBl ceuttn 111 dnccere@ethvafEiien fEnid
Jolla, California) to produce fragnents of_human anti bodies (VH, VL Fv,

Fd, Fab, f%W@@&‘@)%’“@'ﬂ&'%ﬁ‘%%é@éﬁ‘r aghddt e gnasrad rwidh owen <ifsiatan
ant i bodi es using techniques simlar to those for producing chineric

ant i bodi esprasemis sheeplsedues tThe liaksoabedwidoped triangtesnspeasentsicaeing t h a
human i mmunogl obul i n genonme. Such mice are avail abl e from Abgeni x) Inc.

Fremont, deadiirf OTRE &-aRidtelyRelad R thé 96 hen%l?ﬁ@qlﬁhlévtloNveH@')@QMs rEPRsenrs al so
create S|ngle pepti de chain binding nolecules in which the heavy and |ight

chain Fv _Shngl e chain antibodies ("ScFv") and the
met hod oftﬁg%lg?‘ Qg ﬁ%gwﬁo%e]e%ree%escri bed in U S. Patent No. 4,946, 778.
3 0 SEP ~oo~ MWD 99/421 33 15 PCT/ US99/ Q35 ernatjve Fab ca be
constructed anfd9exb { e SRRt Y g%( I@ﬁ% g%\)’&‘ﬂ% éé%/f%‘éﬁ“t BQC P¥Hrol .
Met h., 1995; 184: 123 138). Al of the V\/nol |y and partially

expressed factor D (“FD") mutants and hybrids in ELISA. The line marked with filled

»

15 squares represents human factor D, FD/Hu. The line marked with filled cireles
represents pig factor D, FD/Pig. The line marked with filled triangles'represents
FD/Pighu. The line marked with filled, inverted triangles represents the hybrid
protein, FD/Hupig. The line marked with filled diamonds represents the mutant
protein, FD/VDA. The line marked with open circles represents the mutant protein,

20 FD/L. The line marked with open triangles represents the mutant protein, FD/RH.



human anti bodi es are l.ess i mmunogeni c than wholly mnurine Nw Erplm
fragnments and single chain antibodies are also | ess i nmuno ~$ ) hese
types 5 of antibodies are therefore less |ikely to evoke an i mmune or

all ergic response. Consequently, they are better suited for in vivo

adm ni stration in humans than wholly aninmal antibodies) especially when
repeated or long-termadm nistration is necessary. In addition, the smaller
size of the antibody fragment may hel p g nprove tissue bioavailability,

whi ch- may be critical for better dose accunulation in acute 10 di sease

i ndi cati ons. Based on the nol ecul ar structures of the variable regions of
the anti I tl hes,di Fiasi | i L at i onal
ol coul ar Aune BT SBR i ABaR bR TR P cbRd At

nmol ecul structures of the bindi regi on of. the antibodies and inhibit
the act iath‘?ir%%c’rGB'qaé'gtﬁfptqﬂ‘s?ﬁ%g@qg?fa‘fﬁqsq@eﬁ’dpégﬁlt@g-can be pepti des,

pepti dom netics, oligonucleotides, or organi c conpounds. The m m cki ng

mol ecul es canfFlige U2eshawsi tite Ischematicf reprepkotadion adt theateixpression vector
inflammatory indications and aut oi mmune di seases. Alternatively, one could

use | ar gelasfAdESfFURPRNBY 65-92 FABF 68) FOVTRMTd LsRdB) hSVEnddie! S’olloobci»gég ?t e
n

suitable small nolecules formlibraries of conbinatorial conpounds.

one pref i . i i i Lc F i i mal
(moute CaESeRINE R eRodiif M FElrT Bone, THEREY Rebiibn® PbRECATT

t herapeutical ly.. The CTI FI ED SHEET (RULE 91) 3 0 SEP 2002 WO 99/42133
16" Fab. 1 B ived bR ansoTasYst 6i58ent (5-P) &5 BiakAtes beldih DnArol o

i mrunogl obulin and rmay provide better tissue perneation; 2. as nonoval ent
mol ecul eboxereare the dibydrafblate eedsfctaseniaind amol e geneas, & oggraxtalles pByi2ni ng;
and 3. it can be produced in a mcrobial system which can nore easily be

scal ed- Uplashad conBRIERIf DA Regheshts BrorRalibastsotrée 9 fpB RE2ATNA Fgd frie)D
Mol ecul es The anti-factor D binding nol ecul es, antibodies, and fragnments of

s LOYEHd e s BAFIA L SNAA rdQiRBbheHBR! Brif AP ORALBhRse
o o (? F"f ?orn@?g&% ﬂg] LKA {‘C%FB f bU% hg%

phar maceuii Ca ion avariety o out €s; i ncl udi ng,

limted, intravenous infusion, intravengus bolus injection nd .

i nt r aper EBRERN resistaneR OREE, (Aﬂh@% %@I@h re@&%%@ﬂt'sﬁéw,ldqrﬂﬁia*f‘fagan,d
intratracheal, intraspinal, intracranial, and oral routes. Such

adni ni st marke, entbinssthien®W 0 @rigimdf Ddlferefdigation < SVASt @), Badngremateri(Bhi bi t
15 the generation of C3b, C3a and C5a anaphyl at oxi ns, and C5b-9.
to the dhfr and neo genes), and polyadenylation signal (3' to the dhfr and neo
genes). The SV40-derived polyadenylation signal (pA) is also placed at the 3' end
of the Fd gene.

Fig. 13 shows the inhibition of alternative pathway (AP) hemolysis of
unsensitized rabbit RBCs. The line marked with filled squares represents the
murine MAb 166-32. The line marked with filled circles represents chimeric MADb
166-32. The line marked with filled triangles represents isotype-matched negative

control antibody G3-519. The Y-axis represents % inhibition of hemolysis. The X-

axis represents the antibody concentration.



The estimated preferred dosage of such anti bodi es and nol ecul i Be n
10 and 500 Ng/m of serum The actual dosage ‘can be determi n£ﬁ 5SE |ﬁﬁﬁ§l -
trials follow ng the conventional nethodol ogy for determ ning optimal
dosages, i .wo,99R8¥NI stering various dosages and determ ni ng I6dd9/5s6EOSt
20 effective. The anti-factor D nol ecules can function to inhibit in vivo
conpl enent 3 nS EP 2002 WO 99142133 17 PCT/ US99/ 03566 acti vation andl or
the alternative conpl enment pathway and inflammatory nmanifestations that
acconpany it, such as recruitment and activation of nmacrophages,
neutrophiis, platelets, and mast cells, edemn, and tissue danmage. These

i nhibitors can be used for treatnent of diseases or conditions that are 5
medi at ed by excessive or uncontrolled agfivation of the conplenent system
These include) but are not limted to: (1 ) tissue damage due to

i schem a-reperfusion foll ow ng acute myocardial infarction, aneurysm

stroke, henorr I G4S SR kpLe f A .
hypovol em ¢ sh(r)nég' gﬁdgﬁ%gsﬁénz'fh"ﬁ@gﬂe% g;nyl?%tlglén? ?g% 8’%55 ﬁe&?lﬁg'?s?f
e.g., buns, endot oxem.a epti hock, ,adult respiratory 10 di stres
sy%dr oml;, “E‘ﬁ?ﬂ?'ﬁfﬁﬁ( Fﬁrgpétrggglﬁza '%é? ﬁfpém?&?%ﬂ %tH@f“e‘aﬁa Iﬁﬁ%@ﬂ¥@5@ﬁéléayn%f§5\8/er e
ast hma, angi oedenma) Crohn's di sease) sickle cell anem a, poststreptococcal

gl oner ul o6pK32 1gS. ahile pimecmaaked vsth fild circles pepresents efFabl9aa. eThe, line
hyperacut e xenograft rejection; and (4) adverse drug reactions, e.g., drug

al | er gy, Har%eamﬂmrédwﬁéﬁ%eérdrie?or cByRdTREeyaRd @sg%étéeﬂ&é%]inﬁwaﬁst

medi a al |l ergy. Aut ol nmune ers including, but Imte

system ¢ Lupus erythengt osus ast henia gravis, rheunmatgid apthrjtis,

A 2 herrer NSRS TRE et tanrPReisitar pie i Hacer G oPeorthe 85 ANd K36+ ne
inhibitors of the invention. The anti-factor D nol ecul es can al so be used

di agnosti cal | y i@ 48shows the ieffegtseobaot-fagtor & MAD (iE8+82 ftrgatinent on thein a
ti ssue specinen or a body fluid sanple, 20 such as serum plasm, urine or

spi nal f| WiethodyMakiit furkitibhs Giiddited wabbit ke pasesad WRh Muhtartgiasia. Ued,
such as i munohi stochem stry or ELI SA, respectively. Such 30 S EP 2002

i vi quar 8L et R (RO of e R B SR ap
Model s of the Therapeutic Efficacy of_ Factor D Inhibitors The therapeutic
activi y 3POraRaI lacsAuATes ENMAD $3-518).\- s yeatricuiarcivelned pressure

10  (LVDP) is represented by open circles (for MAb 166-32) and open squares (for MAb
G3-519). r\;1Ab G3-519 is the isotype-matched irrelevant control.
Fig. 16 is a typical representation of left ventricular developed pressure
(LVDP) by the two antibody groups in an isolated rabbit heart study. The upper
panel represents a heart treated with the negative control antibody, MAb G3-519,
15 and the lower panel a heart treated with MAb 166-32. The MAb G3-519 treated
heart was not able to maintain LVDP after challenge with 4% human plasma, while
the MAb 166-32 treated heart retained almost baseline LVDP after 60 minutes of
perfusion with 4% human plasma.
Fig. 17 shows the concentration of Bb in lymphatic effluents at selected

20 timepoints from isolated rabbit hearts perfused with 4% human plasma. Samples



descri bed above can be confim~ed by using avail abl e ani nal
various inflamatory and autoi mmune mani festations. The in V:S)ﬂ stEEOZDDZ

descri bed below in the exanples are adequate to establish their efficacy.
Ani mal nodel® PERB¥ant to various conpl ement-rel ated clini cal PQi/ssesssss n
humans can al so be used to confirmthe in vivo efficacy of factor D

i nhibitors. These include) but not limted to: nyocardi al

i schem a/reperfusion injury (H F. Wisman et al P) Science, 1990; 249:

146- 151 ); nyocardial infarction (J.W Honeister et al., J. Inmunol. 1993;
150: 1055-1064), system c |upus erythematosus and gl onerul onephritis (S. K
Datta. Meth. Enzynol., 1988; 162: 385-442; D.J. Salvant and A V. Cybul sky,
Meth. Enzynol ., 1988; 162: 421-461), rhagmatoid arthritis (Y. Wang et al.,
Proc. NatL Acad. Sci., 1995; 92: 8955-8959), adult respiratory distress
syndrone (R Rabinovici et al.) J. Immunol.) 1992; 149: 1744 1750),

hyper acut ¢ranejMab 1166-3treagdrhdaran@peantiatds) woplaided iSigrificemtiytiess Bb than

Tr anspl antation, 1995; 60: 1194-1202), burn injury (MS. Milligan et al.)

I mm”mM%F@?%pQ]t?@atéé%%'gété%ﬁ%%d gqg%%gig&]g@% nary bypass (C. S. R nder

et at nvest errpl ification of howto

make and uset n tion rlf tion of its .- 3 E P 200Z 19
utility, appear Be?%ﬁﬂoﬁﬁé%lageﬁ’a r@&g‘ﬂ’%ﬁe&l’o'x&‘f pgtp\g’(ytq)f?plgsm@w?g A J
m ce (Harlan, Houston, TX), 8-12 weeks old, were injected subcutaneously
with 25 pgoﬂéctbdwtm‘ifférqmtihfé pmintsfnmrmmthmml(ewch{mitmtréam‘swﬁh dhADb
Technol ogi es, San Di ego, CA) in conplete Freund's adjuvant (D fco

Labor ag or i dggg_sphat e-buffered saline
(PBS) pH7. ?@3%%6?&% %ggéfggg%oagpogn \Mgﬂr“gdt('gelrs to be ~ 95% pure by

sodi um dodecyl sul p SD! ol yacyr yl.am el. el,.ectrophor 5| S P The
Factor D s t 398EABLAP o M CORUREEIN 5hi R 1) BAETa AP RanGo Aot 2t
descri bed bel ow. At two-week 10 intervals the mce were tw ce inject

subcut anedliffergntdime mEnisdrasn thrigsiiacerpomeal Dircuits tieateg witk Mmasaﬁa*’ai?, (f lled
adj uvant. Then two weeks | ater and three days prior to sacrifice) the mce

wer e agai gguar@HtdMABIGuFaARI (fitd@alrtlesyV th 25 Ng of the sane antigen in
PBS. For each fusion, single cell suspensions were prepared fromthe spleen

of an i mmuni Ze%dg"gcg%g%{l& tﬁ%%%nf:gﬁtrgﬂéh O s¥shilg ?Pé a%rﬁg' EEH’@E&: hliscted af 1°

108 of the Sp2 éen cell's™were I um contar ni ng
50% pol ye | ene gl ycol (MW 1450 ( Kodak, Rochest er,
di met A s&n‘%ﬁm@nw@m f@mme&artrww@al cirpuits ireptep M@éqﬁg Shclfiled hen
adjusted to a - = concentration of 1.5 x 105 spl een cel | s per 200 NI of the
suspensi orsqunresscaJ\MAbEGBM((ledmto;rc!@s)and I sland, N n, supplenented with
10% fetal bovine serum 100 20 units/m of penicillin, 100 pg/m of
streptonycin, Gig oY ENAREAAE EdHventafioRMf Bb in plasma samples collected at
different time points from the extracorporeal circuits treated with MAb 166-32 (filled
squares) or MAb G3-519 (filled circles).

15 Fig. 22 shows the concentration of C4d in plasma sampies collected at
different time points from the extracorporeal circuits treated with MAb 168-32 (filled
squares) or MAb G3-519 (filled circles).

Fig. 23 shows the level of expression of CD11b on the surface of neutrophils

obtained at different time points from the extracorporeal circuits treated with MAb

20 166-32 (filled squares) or MAb G3-519 (filled circles). The level of expression of



am nopterin, and 16 NMthym dine. Two hundred mcroliters gﬁ(ﬁll'g Elzw
suspensi on 30 S EP 2002 20 were added to each well of t E 2
96-wel |l mcroculture plates. After about ten days culture supernatants were
Wit hdrawn W@ 9%6H8dning for reactivity with purified factor BGTAEPNI8s
Vells of Immulon 2 (Dynatech Laboratories, Chantilly, VA) mcrotest plates
5 were coated by adding 50 N1 of purified human factor at 50 nglmn
overnight at roomtenperature. The | ow concentration of factor D for
coating enabled the selection of high-affinity antibodies. After the
coating solution was renoved by flicking of the plate, 200 NI of BLOITO
(non-fat dry mlk) in PBS was added to eqlch wel | for one hour to block the
non-specific sites. An hour later, the wel I's were then washed with 10 a
buffer PBST (PBS containing 0.05% Tween 20). Fifty mcroliters of culture
super nat angs, f.romeach fusion weft were collected and.m xed with 50 pl of
BLOTTO andCEHER TAEPTestRg Biarral AUEPPETst (RS c (P be obipReEs by
After one hour of incubation) the wells were washed with PEST. The bound
muri ne ant inbodnesytwiitierarhetic dralgsesd by reaction with horseradish

per oxi dase (HRP) conjugated goat anti 15 nouse 1gG (Fc specific) (Jackson

| munoResear ch Faparasidlethe Mbat o@%ﬁféssi@ﬁ)of@ﬁﬂi"dﬁﬁ‘{% ﬁ]ﬁé‘éezopﬂgtélﬁtfl

BLOTTO. Peroxi dase substrate solution containing 0.1 3,3,5,5 tetranet

benzi di ne igme,  St...Louis, M) and 0,0003% hydrogen.- - peroxjde, (.si.gna)
was added %@a?'??ed agf’!fie’?%*rf"t!%lpﬁ’“ﬁ@\?m ismextas O%qrﬁ'rﬁﬂftﬁgﬁea%dewﬁga@ﬁgon
was term nated by addition of 50 NI of 2M HZS04 per well. The OD at 450 20
nm of the 1862 FiHedisquares)ardMAbL3-5i10HfileBiciTiss) ENineAeRehdkexgrBssidakof
instruments, Wnooski, VM. . . ~-w . _ 3 0 S E P 2002 WD 99/42133 21
PCTNS99! 038652 s C réprekntedP iyn algdt Sliddrestéee ﬁﬂﬁértéitxe(l\m?'l)' obiginedt hen
tested by two assays: i) inhibition of alternative pathway henolysis o
unsensitiz i C . i.t.ered human serum by the method descri bed
bel ow, and%ﬁﬁpgﬁgﬁﬁﬁﬂg%F%ngﬂNég%i on of C3a by zynpbsan treated wi th human
serum as described below. The 5 cells in those positive wells were cloned
by limting dil fid-o#0 shewswviiss cpeentiatiane 9f fiputrentdrsnesific myelgpeaPridassct or
D in the ELi SA. The sel ected hybri domas were grown in spinner flasks and

t he spent (MPO)iireplasned sampigs cotietiedtatdiffenenatimiebmaintspoormfthe @ixtracodporeal
protein A affinity chromatography. Four MAbs were tested to be strongly
reactiMe  circuits treated with MAb 166-32 (filled squares) or MAb G3-519 (filled circles).

DESCRIPTION OF THE SEQUENCE LISTING

SEQ ID NO:1 shows the nucleotide sequence of human factor D.
SEQ ID NO:2 shows the amino acid sequence of human factor D.
SEQ ID NO:3 shows the nucleotide sequence of pig factor D.
15 SEQ ID NO:4 shows the amino acid sequence of pig factor D.
SEQ ID NO:5 is the primer used for cloning the V, gene of MAb 166-32.
SEQ ID NO:6 was used as an anealed adaptor for cloning the V gene of
MAD 166-32, as described below, and as a primer.
SEQ ID NO:7 was also used as an anealed adaptor for cloning the V, gene
20 of MAb 166-32, as described below.

SEQ ID NO:8 was used as a 3' primer for cloning the V) gene of MAb 166-



wi th human factor D in ELI SA. These MAbs are desi gnated 166-]131 3%32 é66
| 0 188, and 166-222 (Fig. 1). Anong them Mab 166-32 (1gG 8D Sizhnd00
inhibited the alternative pathway henolysis of unsensitized rabbit RBCs as
descri bed bel ow. Exanple 2: Determ nation the kinetic constants of the
anti-factor D S rf | asmon resonance nmethod | 5 The kinetic
constants for %%sb‘%%ﬁsrtbgeoﬁﬁg'ﬁﬁbs 166- 11, 166-32, 166-188, and 166-22 to
human factor D were determ ned by surface plasnon resonance-based

measur enent s BFRYD NO:Bivedadrimer vserbiar demngithei\y, @eos oh bbb ABB-3dpsal a,
Sweden). All the binding neasurenents were perforned in HEPES-buffered

sal i ne (HBS) (SEQrW NEPESwasHisedlas 50inid DaGloning the¥, G&Hbf MARPRS6-32.

Surfactant 20 P20) at 25C. To neasure the binding rate constants of factor
D to the MAbs) r H- i : i | Li 0
sensorchi p by %%Qég)b@gjg)?%égs ﬁgﬁg’”@?ﬁ{%‘%@%ﬁ?ﬁw&%ﬁ%gf %tb 16’6'%
N-et hyl - N - (3-dLet n popropyl), .3 O S E 002 WO 99! 42| 33 22
PCTNS99/ 03566 %’%&d%&ﬁpﬁ.w%@ﬁ 3 REGT J%ihen\i@%v@éh?ﬁé%%%%w Hf-82t he
coat ed sensorchi %dbef ore the injection of factor D at different

concent r at i onsSEQolCbEE TR wasethads geineeri fonthenFd grmesPAR of ey 16682
dilutions of factor D (2.5 nM 5 nM 10 nM 15 nMand 20 nM were nade

based on the cSECEID ND: thwasthed edintyr fohehSF APOR of Mandegeye
injected to the flowell at the flowrate of 5 N/mn. To neasure the

di ssoci ation r a S : W? L ] iat e
flowcel | at th%{Eﬁ f(’;C\SI’VN:(%t 35 ?)? {tlgéjﬁl?g%&rgcpe wee{cgngt{lcgrﬁal:%n %eé(ﬂgg%togg d' 0y H]
sensorgrans, was, anal yzed . usi the data-fitting prograns inplenented in
the Bl Acore sySP&H rekq 'Wq%%-BZ has a very fast ka~ which is beyond
the reliabilit imt of the assay 10 format due to the limtation of the
h liability Iim f th y 10 f d he lim [ f th

mass l0r a | tNJRBITIONNdi ng fornmat was al so used to

measure its kinetic rate constants. Factor D was i mmobilized onto the

sensor chif. by gehafatikeus! Migozfords setibbeidsaaves WhiHuenMFadiep 32 of
different dilutions (5 nM 10 nM 15 nM 20 nMand 25 nMfor the

t of, k= f I t
oot AR O BN Ry QA B g o
R R T R R

166- 32 and 166-222 have ver%/ high affinity to factor D) with equilibrium
di ssoci atfiastorconpudiied (frp) heswnt pasnta drovine, or te®mEbrarddaciyr @ 997 49| 33

15 fragments expressed by either eukaryotic or prokaryotic systems. Other animals
can be used for immunization, e.g. non-human primates, transgenic mice
expressing human immunoglobulins and severe combined immunodeficient (SCID)
mice transplanted with human B lymphocytes. Hybridomas can be generated by
conventional procedures by fusing B lymphocytes from the immunized animals with

20 myeloma cells (e.g. Sp2/0 and NSQ), as described by G. Kéhler and C. Milstein
(Nature, 1975: 256: 495-497). In addition, anti-factor D antibodies can be
generated by screening of recombinant single-cﬁain Fv or Fab libraries from human

B lymphocytes in phage-display systems. The specificity of the MAbs to human



23 PCT/ US99/ 03566 Tahle 1 Kinetic Constants. of Factor_ D B%lSER (20%5 on
Bl Acore MAbsk~ (x 105 M's'')ka,~ (x 10 s')Ko {x 10''M " 166-32a> 101. 1<
1166- 32b4. 6P $64216466- 188a8. 752. 12. 4166- 11 a8. 01. 01. 24166- 223331136 05k66 1 5
a Factor D was used as the analyte which flowed onto the sensorchip coated
with anti-factor D MAb captured by rabbit anti-nouse 1gG during the
determ nation. b MAb 166-32 was used as the analyte and factor D was
crosslinked to the sensorchip by the am ne-coupling nethod. 30SEP
2002 WO 99/42133 24 Kp, equilibriumdissociation constant, = kd,, s~lka, ~
PCTNS99/ 03566 Exanpl e 3: Inhibition of conplenent-activated henolysis To
study the functional activity of the antyg-factor D MAbs in inhibiting
conpl ement activation in vitro, two henolytic assays were used. 5 For the
alternative pat hway, unsensitized rabbit RBCs were washed three tines with

el atinl - duf &%n‘n%/ m} [+ 1.6
?ﬂ\/l EGIT A. V%ﬁiﬁgt% é:%?\%%ﬁ??yt 1on o Iﬁ411g5r1§/l was nl??éfp %&%sﬁﬁygﬁm%%%%%g‘?cal

at hwa K. Wha et al., in AW Dodds, (Ed.), Conpl enent: A Practical
Pt oaeh. TEBPaIANIG, o Gthst PHBUROCHBIISbec S el ORBHPTY Fw AL
cells 10 were re-suspended in the sane buffer at 1.7 x 108 cellslm. In

each wel | aatibadieswmdcdroplemnetcactisation cambe assedsedeby Bémdlytinf assaysaisingunan
serum (20% was mxed with 50 girl of GVBI My- EGTA or serially diluted test

MAb t hen %ﬂsﬁl‘wsiﬁée& mbwlf_g%éébi@i redBR68d SHRPEBC Y YoM LamstAstvd nﬁt@%@x.‘“' I's

contai ning the m xtures. fty mcroliters of normal human seru

was. m xed with .80 N _of B{ My- EGTA to_qi heg I..S serum col gr backgr ound.
For nepat FUE Bonertnsized SoIfRE. acbred BRCS frvhe JB5skelRatnal STde as
used. The final mxture was incubated at 37C for 30 minutes. The plate was
t hen shaké&ibudomagiinthe pesitive walls aragiened by lingingdivion. Theapt SVaFe t hen
centrifuged at 300 x g for 3 mnutes. Supernatants (80 NI) were collected

and transberified foP oMirhétetizatioh! Rk - RdifemyOto iRlrharr facesrebt bp! tlecaséays 20
measurenent of OD at 405 nm The percent inhibition of henolysis is defined

as 100 x A\ MAb - OD serum col or background) - (CD with MAb - OD
30SE Phgggrég%ggg\?%m col or background)j / (OD without MAb - OD serum

col or background). Fi % 2 shows the data that MAb 166-32 strongly, i nh@,bi ts
in a dose-depe in treating inflammatory or autoimmune diseases in humans, ‘the anti-

10 factor D antibodies would preferably be used as chimeric, deimmunized, humanized
or human antibodies. Such antibodies can reduce immunogenicity and thus avoid
human anti-mouse antibody (HAMA) response. It is preferable that the antibody be
IgG4, 1gG2, or other genetically mutated IgG or IgM which does not augment
antibody-dependent cellular cytotoxicity (S.M. Canfield and S.L. Morrison, J. Exp.

15 Med., 1991: 173: 1483-1491) and complement mediated cytolysis (Y.Xu et al., J.
Biol. Chem., 1994: 269: 3468-3474; V.L. Pulito et al., J. Immunol., 1996; 156: 2840-
2850).

Chimeric antibodies are produced by recombinant processes well known in
the art, and have an animal variable region and a human constant region.

20 Humanized antibodies have a greater degree of human peptide sequences than do

chimeric antibodies. In a humanized antibody, only the complementarity



manner the alternative pathway henolysis of unsensitized rﬁn&ﬁ&@@ﬂ@b t he
presence of 10% human serum whereas the irrel evant isotype-matched control
MAb G3-519 does not. MAb G3-519 is specific to HV envel ope gl ycoprotein
gpl20. In assays to test the inhibitory activity of MAb166-32 in 90% human
serum frozen human serum was thawed and pre-treated with EGIA at a final
concentration of 50 M Ten mcroliters of serially diluted MAb 166-32 or

&3-519 were added to 90 ~,1 of EGTA-treated human serumin duplicate wells
of a 96-well mcrotest plate for 15 mnutes at roomtenperature. Thirty
mcroliters of the washed rabbit RBC s were added to each well. The plate

was i ncubated at 37C for 30 mnutes. The plate was shaken on a pl at e- shaker
for 15 selsiermiramg tdgionsc ¢0DRS)uwhithatardOfespapsibde far nambigers . bifdimgr aatiant s
(80 p.1) were collected and transferred to wells on a flat-bottom 96-wel |

m crot es f 3 ; | t wo
wel | s co%ﬁgﬁ% a%cf[@ﬁ 55@@@(&% ﬁﬁ%\%@g?}nuﬁqﬂgqndag?ﬂs'%%ﬁngﬁ E?tﬁgr%ﬁp Pgtrjmggoser um
col or ba royund and also two wells containing the RBCs, | ysed with 100 p.|
oF 9006 niRGANBALANThGY, RBd AR Hhor doe SHERMNG PERNS df3he sleadn "
total lysis. Fig.3 shows the data that MAb 166-32 strongly inhibits in a

dose- depdexeept, irnsormme dases armell pattions gfahé Waynéveorilrggions afithin slee vatialied
rabbit RBCs even in the presence of 90% hunman serum 30 SEP2002 WO

99//42133 refidy Hrk Qﬁ%@ﬁv?&%ﬁ&@oﬁbéﬁéﬁ&ﬁl aﬁﬁd\ﬁléé},é@w sé@é@t&%@@ﬁ?x 10°

cells/m) Tn gelatin/veronal burfered saline ( ) contal ning Myd 2

runog! SBUPORE: RESLpBRENTER Gl ol ateR TR 3 S22 pp ot M Phed 15

m nutes at 4C. The cells were then washed 5 with GvB +. The final hunan
ser um corygtes Batant Nes G238 5329€ . Rugen £t aholkS t patedtinambleats, 53%h 1086- 32 and

the irrelevant control G3-519 do not inhibit the classical pathway

henol ysi s of Sﬁéﬁrﬁrhgﬁ%d(éﬂti%b@é%anm@@ﬁw WRRhRRSI T bhed%eurépﬂimpes

anti-human C5 MAb 137-76 does. The data from Figs. 2, and 4 indicate that

compl onenvee DS iffillagtyras 1 3eabRey, B  [RErEpRa coot gk o',

henol yt i ?:[ ssays) as_descri bed bel ow, were used to denonstrate the .
speci fi ci @Tlcﬁ 9&916%3-3%@»3 havRd? 9riedyeepimnunpgeniity whes-arpliedda véo. D
dependent henvol ytic assays using unsensitized 15 rabbit RBCs A human serum
sanpl e was fi ridtmaendrtibediesfcdrabé onad by spasml differénttveays|ghcluding by use
of human immunoglobulin expression libraries (Stratagene Corp., La Jolia,
California) to produce fragments of human antibodies (VH, VL, Fv, Fd, Fab, or
F(ab’),. and using these fragrﬁe'rit'sw‘o construct whole human antibodies using
techniques similar to those for producing chimeric antibodies. Human antibodies
can also be produced in transgenic mice with a human immunoglobulin genome.
Such mice are available from Abgenix, Inc., Fremont, California, and Medarex, Inc.,
Annandale, New Jersey.
One can also create single peptide chain binding molecules in which the

heavy and light chain Fv regions are connected. Single chain antibodies (“ScFv")

and the method of their construction are described in U.S. Patent No. 4,046,778.



an affinity colum packed with 3M Enphaze Bi osupport NEdia'Q Sﬁ?@@ﬂg :
Rockford, IL) coupled with the anti-factor D MAb 166-222." The ow- t hr ough

serum was 0 be inactive in triggering alternative pag@yaXodiRER! YSi S
due to the@%’gﬁé%’e 20 depletion of factor D. The procedure of this assay
is simlar to that described in Exanple 3 ggescri bed above, except purified
factor D of varying concentrations was added to the factor D depleted serum
to reconstitute the hemolytic activity. Under -~- 30 S EP 2002 WO
09/ 47133 27 RAGHEHAHOREE eah IRSQIRMIG 8RS exbiesBEBY oA AledrRNH).D. ERLRS

S ytic

was factor D dependent. It was shown that the reconstituted heno

tivity is g | i, anal the,. tion, af t | t ed
factor b (1 rebfb Gu mARARET WERR1975: By “PE 18I AR The Mbfoibt BRe Safaly
shows that 0.3 | M, of MAb 166-32 can co Jet{el 5 inhibit henolysis of
unsensi ti zedYHER; fniiReies Argn eSS, BaRWELdS 'CO.}larKld‘mﬁ"Ysﬂ'b-ﬁl%Mﬁbﬂ Badt the

D, whereas the negative control MAb G3-519 has no effect on the factor D
dependent héfagpents artheipglalahainsardipesies dratalst\lessdtwaenogenict. fdicthise types
inhibit the biological activity of human factor D at a nolar ratio of 1:2

(MAb 166532 ¢foanhtisddies Ble tHerefabaees MABly1B6a\dkel &n amRRIRNG) ahégi?c fddddHskY
anti body 10 to factor D. The anti body has the potential to be uUsed

clinically t i M Al i A j,vation aof th

ol tornati ve ConEFEiel IEFREbeB AR, BMBF SAlinREHANER b Ryfhans"han
alternative onvertase on. EAC3b cells EAC3b cel|s are sheep RBCs coated
wi th human C@CEO@)bBP@P%{@éﬁ'bPBtﬁﬁ»@ﬁeeﬂéﬂvmn repRAtar erlongriesm adminielratign isnd
Respiratory Medicine, Denver, CO. In 15 this assay, the alternative C3
convertase weecesssanbineatidition, tee smdllac sizefof Haecantiaeyl fsadgmmeatidiayi fwaip ahprove
factor B, factor P (properdin) and factor D. EAC3b cells (5 x 108)) which

were then wagds@ bioaesildbifteswhithDRdy e RtltalTof BEfter 688 dlcchRigiad s akitae,
pH7. 2, containing 0.075 CaCl 2, Q25 MMM 2, 0.1 %gelatin) 2.5% (W V)

dextros a : O j.um azi de). The washed cells were then resuspended
in 20 1619 m”&'ig?a%%i/r@ﬁé,} fngét or P (30 Ng) and factor B (20 pg). The

concentrations of _factaor and factor B were_.pre-determned to be in.
oxcess.  Frity: m aBased 8ndhe alectiar Salileh Bl ke RIpBCIRIOr 6 aptifagtas p
2002 WD 99/ 42133 28 PCT/ US99/ 03566 suspensi on was added to each well of a

r ound- bot t on FBUtRediesyicpesiasdd upe dnelecrias masteling ard watignal onelectlar design to
(1.2 nglmM) and serially diluted MAb 166-32 or MAb G3-519 was added to the
wel | s cont ai gemgrat@ahtecrsdn smbimaoleculestwitioh haimid themoldedanstrodtGresidfthe

concentration of factor D (1.2 ng/m) was pre-determned to give over
binding region of the antibodies and inhibit the activities of factor D. These small
15 molecules can be peptides, peptidomimetics, oligonucleotides, or organic
compounds. The mimicking molecules can be used as inhibitors of complement
activation in inflammatory indications and autoimmune diseases. Alternatively, one
could use large-scale screening procedures commonly used in the field to isolate
suitable small motecules form libraries of combinatorial compounds.

20 in one preferred embodiment of the invention, a chimeric Fab, having animal

(mouse) variable regions and human constant regions is used therapeutically. The

RECTIFIED SHEET (RULE 91)



5 90% henol ySis under these conditions. After incubation, t mSEE zgpz
washed tw ce in GVB-EDTA nedi um (gel ati n/veronal - buffered sadi n i ng
10 mM EDTA),q JhiB 5e! | s were then resuspended in 30 NI of GVB-EDTA nedi um
To initi ate%ermllysi s, 100 NI of guinea pig serum (Si gma) (diffcd{¥89/83569 i n
GVvB- EDTA} were added to each well. The m xtures were then incubated at 37C
for 30 mnutes. The 10 mcrotest plate was then centrifuged at 300 x g for
3 mnutes. The supernatant was collected for OD neasurenent at 405 nm Fig.
6 shows the results of the experinments that MAb 166-32 inhibits the lysis
of EAC3b cells, whereas the irrelevant MAb G3-519 does not. MAb 166-32
inhibits factor D from cl eavage of facto1r B, therefore preventing the
formation of C3 15 convertase on the surface of F..AC3b ce!!s. Exanpl e 5:

I nhibition of the generation of C3a from conpl enent-activated zynogen by
MAb 166-3% o further ascertain the functional specificity of MAb 166-32 to
factor D) ISP fe% CEFESmb on alternative conpl enent activation on
zynosan (activated yeast 20 particles) was exam ned. Zynosan A (from
Sacchar onyce$. deisesingilaethasi grvipoielinmpunbylobadinwarsd aaay prewd€ifetier itissue

GvB/ My- EGTA and then resuspended in the sane nediumat 1 nglm. Twenty-five
mcroliters of JémeHi®n32 or G3-519 in 3 0 S E P 2002 WD 99/42133

PGT/ US99/ 03566 29 different concentrations were mxed with 25 NI of human

serum (diluted 1.5 | L NQ- i . M GI.0 and.incubated for 15

m nut es at r%’or#st %%@yﬁéﬁ%o@%@ltgﬁ&ea&sg]n%gi %@%?%eoggﬁmm&ﬂ?om&le’ieﬁea?ﬁ ain
medi um and the serum After_ incubation, 50 ~I of washed zynbsan suspensi on
vere added to E@gaFegales fPERING; AAubation for 30 minutes at 37C. The

m crot ubes were then centrifuged at 2000 x g for 5 mnutes, the

super nat ant s3witrearciod besfuedd amd micrsbdaldysters qwhichweinufBreotasiyari sikd-up
Stabilizing Solution (Quidel, San Diego, CA). The sanples were frozen at

-25C until bei S ntration of C3a and sCSb-9 in the
sanpl es were rrgggﬁr%e@% y a@;ﬁ?ﬁ%g I've EUSA kits (Quidel) according to the
procedure&nlo provi ded by the nanufact . Fig. 7 shows that MAb 166- 32
i nhi bits the géRlisatians gf thesAntFagterddYelesHiesacti vat ed zynosan, wher eas
the irrelevant MAb G3-519 has no effect. These data suggest that MAb 166- 32
i nhi bits the fdrheatintiFfaofor@ kioding nadecblesf asttibods, Taved dagrhatts of this
inhibition of factor D by MAb 166-32 can effectively block the 15 formation
of C3j1gony | b [ I i ||
| ead t% t@%rﬁ%iﬂb?%dorwof% a@ﬁg?gsgrﬁaggﬁgﬂ{% ?1%{ éérﬁj)bs qugﬂtéges?éggm%g@ﬁg
conpl ement_cascade, as evidenced, by.the . nhibiti of sCSh-9 (MAQ), .
For hat 1 onfEngangs by apd S oieR incliainto POk bnpfeer: Migeabie i HenB ysi s
by the Fab of MAb 166-32 )

intravenous bolus injection, and intraperitoneal, intradermal, intramuscular,

subcutaneous, intranasal, intratracheal, intraspinal, intracranial, and oral routes.
Such administration enables them to bind to endogenous factor D and thus inhibit
15  the generation of C3b, C3a and C5a anaphylatoxins, and C5b-9.

The estimated preferred dosage of such antibodies and molecules is
between 10 and 500 pg/ml of serum. The actual dosage can be determined in
clinical trials following the conventional methodology for determining optimal
dosages, i.e., administering various dosages and determining which is most

20 effective.

The anti-factor D molecules can function to inhibit in vivo complement



-20 In order to exam ne whet her nonoval ent form of MAb 166- 32 i@gLfFS%tdg\ﬁe
ininhibiting the alternative conpl enent pathway as the par eat i

MAb 166-32, the Fab of MAb 166-32 was prepared by papain digestion using a
comer ci al 92 fEP 2002 30 reagent kit (Pierce). The Fab was then tested
for inhibitd*%4B ity on the alternative pathway henol ysis RISHHP9/03566
unsensitized rabbit RBCs as described above. Fig. 9 shows the data of the
experinments that both the whole IgG and Fab show sim | ar potency in

bl ocking the alternative conplenment activation, taking into consideration
that there are two binding sites per antibody nol ecul e. These results
suggest that nonoval ent formof MAb 166-32 is active and it retains the
simlar potency against factor D as its rental bival ent antibody. This
property is inmportant for the considerati‘on of using Fab or single-chain Fv
as the alternative products. One advantage of using the | att er nonoval ent
forms is tha t he haye beﬁiter 1issue enet atl because ,0f their
snal | er si ?@'V?tﬂf’agnﬁ'é%oés h& e aigmative QoM gmgg ‘?Y/eanpt indlammatery
that the binding epitope on factor D recogni zed by the MAb is functionally
i npor t ant . nanifgstations Ehatcaccorfipamb it,66u8R e sédruitmentv @andatdotiegtion of
henol ysis using sera fromdifferent aninmal species 1n order to study the

cr oss- r eacihydrbyh emmﬁﬁ matétetsasherm&fdeqm ea'éﬁnfaera%%tns%@br@éma e

species, alter natlve pat enol ytic assays were perforned using se

from dlffe nt _an speci es. Fr h Ser.a 0 ifferent ani |es
(human)  r ndD0seBRIBESTS BRNrGS A TR SRUmert M otas R ATl 4

nouse, hanster, rat, rabblt gui nea Eecgaand pi g%) were first tested for the
CH50 vad ueEnediptesibyexsessiverasdingontra ativatiom obthe: eamplementtsystesni Biases0%
| ysis of unsensitized rabbit RBCs. The inhibitory activity of MAb 166-32 on

the sane hémalyé, Sutagdel Mot NmitedSe) ek ¢ahuge e tdésciafiaagparfision
conpared. Fig. 10 shows that MAb 166-32 has strong inhibitory activity

agai nst se

monkey and 2 w‘ﬁa%g@gﬁxﬁagﬁﬁd‘éﬂt S R Rpyl 355, BT moy SRR s
baboon, sheep and ? The anti bod%/. does not inhibit sera from nouse,
hanster, rddunt a@yltm,e Quigarafajuee. aRvPqyolpmichsheckiand dntgstingk ischamian?)
166-32 binds to an epitope on factor D shared by humans) rhesus nonkeys,

chi npanzeesnfldrainatong disoyderspe. @usbums) lendstoxeiréa pnd septio ghockauitiresi@iratory
Construction of human Factor D nutants for epitoee mappi ng of MAb 166-32 To

del i negde iitrddsndiriforiel ARGIOPUINKNERY BRSS! hErioRraga? eabiyiibl: LABCR2

the reactivity of the antibody wt actor D on Western bl ots was

first test %d erl\éAa)sthr%g g’r%gng'egerrh%t ch&ifd dlsea %I% le Sé'lf"aHéﬁﬁia r]:Li:)@f’st'rep?'&cto%&al

(either

glomerulonephritis and pancreatitis; (3) transplant rejection, e.g., hyperacute

xenograft rejection; and (4) adverse drug reactions, e.g., drug allergy, IL-2 induced

vascular leakage syndrome and radiographic contrast media allergy. Autoimmune

15 disorders including, but not limited to, systemic lupus erythematosus, myasthenia

gravis, rheumatoid arthritis, Alzheimer's disease and multiple sclerosis, may also be
treated with the inhibitors of the invention.

The anti-factor D molecules can also be used diagnostically to ascertain the

presence of, or to quantify, factor D in a tissue specimen or a body fluid sample,

20  such as serum, plasma, urine or spinal fluid. In this application, well known assay

formats can be used, such as immunohistochemistry or ELISA, respectively. Such



reduced or non-reduced) immobilized on nitrocellul ose nmenbrane. This result
i ndi cates the MAb 166-32 binds native but not denatured fact MAb
166- 32 does not inhibit the henolytic activity of nouse an gjéﬁﬁﬁktﬁﬁiD as
described in Exanple 7, it is likely that MAb 166-32 binds to a site on
human factor D that has a high degree of difference in the amno acid
sequence fromthose of nouse and pig factor D. Based on this concept,
various factor D nutants and hybrids were nmade by replacing am no acid
residues in human factor D with the corr&&ponding am no acid residues in
the pig counterpart, far mapping the binding epitope of Mab 166-32, as
descri bed below. (1 Construction of factor D nutants and hybrids Human
factor D gdirgnegligtestsscamld be sisefiilin detsmisingrnuhetber eertain individualsrare eithpr
usi ng hunan adi pocyte cDNA (O ontech, San Francisco, CA) as the tenplate

- - - W 3 Gefiriéntin 2P QXekfPolBLd FacRrHy T/ US99/ 03566 32 and appropriate
oligonucieotide primers. Amplified DNA fragments were digested with BanH

and EcOR gestr paih 9ihe g@ g@etrage%&gﬁ%x (FEhr BARRIABRL o0 at the

(Phar m ngen, San Di ego, géve the wild type, pVL1393-factor Oy Hu. The
5 human fact or B"Géthéﬁﬁgh%ﬁét!Vl of fagter Donhipitorg i vﬁmt@oﬁﬁéasgéreﬁjeaﬂ,@sémd
t he deduced am no acid sequence of the mature human factor D protein are

shown in SE€3ctibDeiEbove edriib2 ddnfirmaethblaushhg alvajlable diiglal niddais forledritius
267:9210-9213; GenBank accession nunber: M4526). Pig factor D cDNA cl one

pMoN24909 ; i Sl ; n

Nebr aska ('@aggﬁ%(tg%%‘ggg%n nu%% rﬁé’ﬁf‘&%séaggﬁ\é Tﬁéeépn&t g&ﬁéﬁrf%éﬁg% 'gwof
pMon24909 were cl on dinto gVL1393 to g‘ VLl 93-factor D/Pig. The pig
factor D '8 Gﬁ’ﬁﬁéﬂ%ﬂa%a?’ guate ty estgblish) EI'€8FY-de sequence and the
deduced am no acid sequence of the mature p| g factor D protein are shown in
SEQ | D NOS: 3 aAdirdal méddlb releviamtrdo viasious rcomplatreentselated ciminsh diseasas iny
usi ng appropriate prinmers and overl appi ng PCR The am no acid nutations
were desi gR@taRy Jd=APAI86 HP ukE8 tanwmfﬁs:h% r,wwémc!ae (I Fabioran ifasiuREC €

with the corresponding amno acid residues of the pi g sequence when the

Compar | son! TS s ek HAF Tt B g?&%%%‘%ip'%@%@%‘/ﬁ%@%@ AP o

mut ati ons: V113E, D116E, and A118P. (This is a_short-hand nethod of
. desi gnat i n¢/eismani ehali nSeianes, ¥350;eR4fp| 46- %1)35“)/09305@ infprclion (J.W.

Homeister et al., J. /mmunol. 1993; 150: 1055-1064), systemic lupus erythematosus
and glomerulonephritis (S.K. Datta. Meth. Enzymol., 1988; 162: 385-442; D.J.
Salvar;t and A.V. Cybulsky, Meth. Enzymol., 1988; 162: 421-461), rheumatoid
arthritis (Y. Wang et al., Proc. Natl. Acad. Sci., 1995; 92: 8955-8959), adult
respiratory distress syndrome (R. Rabinovici et al., J. Immunol., 1992; 149: 1744-
1750), hyperacute rejection in organ transplantation (T.J. Kroshus et al.,
Transplantation, 1995; 60: 1194-1202), burn injury (M.S. Mulligan et al., J.
Immunol., 1992; 148:1479-1485), and cardiopulmonary bypass (C.S. Rinder et al., J.
Clin. Invest., 1995; 96: 1564-1572).

Exemplification of how to make and use the invention, and verification of its



WD 99/ 42133 33 PCTNS99/ 03566 neans that the valine at am @Uaﬁi?rmgue
nunber 113 in human factor D was changed to glutamc acid™in piy f r D)
The second nutant, factor DIRH contaitfed two amino acid nutations: R156L
and H159Y. The third nmutant, factor D/L, contained a single nutation:
L168M DNA sequences encodi ng these nmutants 5 were confirnmed by DNA
sequenciubiity, APpear Belg¥sting with appropriate enzymes, DNA fragments were
inserted at the BanH and EcoR sites of the Baculovirus transfer vector
pVL1393 to giBramplelRI3CEaeratidd YDAntifdttdBI3Middest or O/ RH and pVL1393
factorD/L) respectively. Two chimeric human-pig factor D hybrids were al so

construct ed MNasig ibARPIAAIN 3G REhTENY, A OYRPBIIIWBIR inHifd | TSt

hybrid, factor Dl Hupig, containé uhan ‘f act or derrved am no acids at
the Nntermnus, and th mai nin m no _aclds were derived frogmithe pjg
fact or I5.ug|‘l"H%n&°H§ﬂ’ H‘{'}E'r ?g Hy £t %F?%/ @i B ,'ecgéfm“ai agsefug 2‘3@\’%’?03&
D-derived am no acids at the N-termnus and the remaining am no acids were
der i Yed Resgarehel eaingiogigst srarpDigge, Ofanid( camplate Ecewrrd'di agjsvant (Mifco
fragments were inserted at the BanH and EcoRl sites of the Bacul ovirus

t r ansf el_abecatoriep DSBS Michigare i 200 393f Hiasdphiabd urete R88lirMFEDDHHT 4.
factorDl Pi ghu. (2) Expressior?ngf fac?or %rmqtp;nts and hybrids The

procedurgss fRtor ?’P%é%‘gtﬁbﬁ W t%EFed%aoSéTi @0, g%?@pgtéoagu rgfdgrd%ﬁgllgﬁﬂgﬂ?ﬂé 20

Bacul ovi ruses, an uction of the reconbi nant cto rot

i nsect I Sf.9 were _done accordi to nuf acturer's nmanual
(Bacol olBS Bl oi Gal e e Rutst e Bs, S T ovPaneSediand
Phar m ngen). (SLgPuri fication of factor D nutants and hybrids

PCT/ US9dpuBdde packielogicaiy astiveidd hemelydispastdesniibadobetave Aliltwarweek
supernatants of infected Sf9 cells were purified by affinity chromatography

usi ng punicrigld td esine and e thdo@ injectizacsculbamed uaty Witk 28kl dratlirgan ¢ddter
Binding Site Limted, San Diego, CA). Three mlliliters of sheep anti-hunman

factor i I 1o ] I id i i | r

(0. 1" ERTASARIER i ot heRtic RERE Fer R FREE MRS AR 1T | i

Bi osupport diym (Pierce) for. 2 hoyrs.at roomteppergture. T beads were

anshod faccHice; 1R BCereeeRpIameHed (hlraRSROnE LR Mithas 18 o the 2 'e

remai ning reactive sites and then ~Nith a buffer_containing 10 "M Tris,

0. 15 M NtigensinRBEDTRr aadh fusiensinglecs!l uis@eostrs Wargprendred grontie gel

was stored in the
spleen of an immunized mouse and used for fusion with Sp2/0 myeloma cells. 5 x

15  10% of the Sp2/0 and 5 x 10° spleen cells were fused in a medium containing 50%

polyethylene glycol (M.W. 1450) (Kodak, Rochester, NY) and 5% dimethylsulfoxide
(Sigma Chemical Co., St. Louis, MO). The cells were then adjusted to a

oL concentration of 1.5 x 10° spleen cells per 200 ul of the suspension in Iscove
medium (Gibco, Grand Island, NY), supplemented with 10% fetal bovine serum, 100

20  units/ml of penicillin, 100 ug/ml of streptomycin, 0.1 mM hypoxanthine, 0.4 UM

aminopterin, and 16 pM thymidine. Two hundred microliters of the cell suspension



buffer at 4C. Cul ture supernatant harvested from 160 mni \?\Brgn Egﬁiﬁ e of
Sf9 cells infected with the various Bacul ovirus nmutants S S rough
the sheep anti-factor D 15 affinity coRGmm which was pre-equilibrated with
PBS to renove the storage buffer. The bound factor D proteins were eluted
with 50 nM diethylanmine, pH 11.5. The collected fractions Were inmrediately

neut r al i mede addeditd’ eachivtdil of ddodé pesntly B6-well nilesicdltale platdss Afef abbefteyed by
buf fer exchange with PBS by MIIlipore nenbrane ultrafiltration (MW

cut-off: b d b e i : i,0Ns
ver e det G718 SaRuiS) SunaRihts e ilRHai for telseding 1St ety FRIRR I L
2002 Woaf‘c?/ 46 .1%%%’|PCTN899/ 03566 The reactivity of MAb 166-32 with the
vari ous f Por 'B ts and hybrids was tested by EL1SA. Different wells
of 96-well mcrotest plates were coated with the proteins (factor DI Hu,
factor DI Pi g, Wals ef lromulen 4, (Dyastenh Drborgiteries, &hantillpNgh) niigoatest maRe, and
factor DL) by addition of 100 NI of each protein at 0.5 Nglm in 5 PBS.

Af t ers ov erdne gbhitddioy batlingns@ il oopurifieehipemantfaetor tlh OWRy/he oweFriglitrabesh Wi th
PBSTB (PBST containing 2% BSA) to saturate the remaining binding sites. The

Y . ' L .
il uted NP LRRuE TR b e e e o BBy bR SR B of

h t ] t T | | t he. hed with PBST. Th d
ant1 body TRE=HB S BHASHE By fefe HS-EP B GAL TN Hee domRuegdat RS AbdSe | oG
(Fc) (Jackson I munoResearch) for 1 hour at room tenperature. Peroxidase

subst r at @'aigl 400 ¢h ohBs- G hER (aeadat dormdl) oy PBSWaspadet tacatbswell frsdrabove.
The OD was neasured using an ELI SA reader at 450 nm Fig. 11 shows that MAb

166- 32 r ¢tk $o Bidok thacioprsp¥diiic sites: iy hBlPlatdrutheane!ld vdrachen waldPad it not
factor DDPig, factor D/ Hupig, factor DDRH, and factor DIL. The ELI SA

resulgs igngi t ' ' ' 1 f: : e
i 1 adt STE S LR R b B T aE P g e B e
consistent with the fact at. MAb 166- 32 di ot ,bi.nd fact pj en
Che- G t oPHPRUSIRRITTRR Saenidnian welchsre eolsded ape Suac s Hhef BRORTE

Am no acid residues Argl56, 20 Hi s159 and Leul68 are |ocated in a so-called
" et hi oniangl thespaddenh e itheirdividyahweils @f the enicretieal plates wedier@nsi bauaal
Cys170 with a nethionine residue at position AFrTi Fi Fn SHEET (RULE 91) 3
0 S E P 2R0ddamn] &% (klE.wafe wastkedwith RBST. The bbund-tmurineGortiblogiiswefy st em

in Health and Di sease, J.E. Volanakis and MM Franks, edgy., Marcel
Dekker, 3888 debieted ByGéattion with horseradish peroxidase (HRP) conjugated goat anti-
15 mouse IgG (Fc specific) (Jackson ImmunoResearch Laboratories, West Grove, P.A)
’and diluted at 1:2,000 in BLOTTO. Peroxidase substrate solution containing 0.1%
3,3,5,5 tetramethyl benzidine (Sigma, St. Louis, MO) and 0.0003% hydrogen
- - peroxide (sigma) was added to the wells for color development for 30 minutes. The
reaction was terminated by addition of 50 ul of 2M H,SO, per well. The OD at 450

20 nm of the reaction mixture was read with a BioTek ELISA Reader (BioTek

Instruments, Winooski, VM).



Structurally, the "nethionine loop” is a nmenber of arigidt ~ tur

It is found to be exposed on the surface of the factor D rmléiﬁlé?aﬁﬁﬂ%n
the data from X-ray crystal |l ography studies (S.V.L. Narayana et al., J.
Mol . Biol) we99/42i335: 695-708). However, the contribution of pthmsgg,03 6
"met hi oni ne | oop” to substrate specifi C|ty and catal ysis of factor D has
never been studied (J.E. Volanakis et al., Protein Sci., 1996; 5: 553-564).
The data here have denonstrated for the first tine that the "methionine

| oop" plays an inportant role in the functional activity of factor D. MAb
166-32 and its Fab, when bound to this region on factor D, can effectively
inhibit the catalysis of Factor D. Exanple 9: Coning of anti-factor D MAb
166- 32 vari abl e regi on genes and constructti on and exeression of chinmeric
166-32 IgG and its Fab In order to reduce the i munogenicity of MAb 166-32
when used in humans, a chineric formof MAb 166-32 was nmade by repl aci ng

the r~nouse consTheculte en%emdtéhtburmﬁ thensdsitive welld arse then §sted b@r M8
of chimeric Fab of the antibody were al so made by repl aci ng t he nouse

var able 1 aaren bR df R S Mool SRr By S bl RS ¢

166- 32 anti bod and its Fab are des&‘%bed bel ow.

ant i - f act orPYoPialiteved ihusnan segirsrPyy @W%QGW%&'P%I@@@ inhiiiarhef
hybridoma cells secreting anti-Factor D MAb 3 0 S E P 2002 WD 99147133 37

PCTI US99/ Oééﬂ'ﬁaﬂ:ﬁﬁeﬂews!iy\gyrﬁb@amtreétdd with hgnidmeseramudsadéeseriie dsbglowt Oor
(Bi ot ech, Houston, First strand cDNA was synthesized fromthe total

RNA usi Bg I

i mmnog?obtﬁé.“%“’%ﬂ’ﬁsﬁm*‘%’%ﬁ%%ﬁ?ﬁ AR ORI QESf’énveV% 55189 e
sets derlvedfr m t he.l.eader de, or_t rst, 5 f rk re i on of
nuri ne VH &A9aK %éﬁ%%t'vété’ W‘ﬁ'éfa%%)rpﬁ f"n@fesEugﬁt ﬁbﬁéﬁ'e&fﬁd ﬁﬁ?e g d
for VH, no DNA fragnent of expected | engths was anplified for VK Bot h VH

and VK gend® spinner fasgiscand theaspans celiureGRiperntatahtorad dcteGiomanstiboayrpurificatian as
descri bed by Chen and Pl atsucas (Scand J. Imrunol., 1992; 35: 539-549). For

cl oni ng th@fxﬂﬁo&ﬁﬁﬂ)aﬁﬁ%bﬁr ét%?%(:% Mﬂ%sl&ér@&@ﬂé&‘?@bé%‘tﬂ&ﬁ yl'@a |ve

Not i - MAK1 pri ner - GCTGICTTT-3" SEQ !'D NO:5).
?Eap%%é%%i&aﬁéﬁ%%ggﬁ%ﬂ%%@@ﬁ ?%%Eer?%% o 51 Yy e

termni of the doubl e-stranded cDNA were renopved

by Not #0di g iagA. 16ﬁ1323|(5@st1é$@paedegwméé%~33§lg%) qﬁsomgéwmmbléeci thepcr
with the AD1 oligonucleotide as the 5 prinmer and MAK2 (5
,CATTGAAACCHITEGRHVEACHAGREFdrioB/sisStfQuridensitizey rasbit RBCE apdeseribedbiélow.
fragnments of approximately 500 by were cloned into pUC19. Twel ve cl ones
were selected f LS fi f; { { he
CDR3 sequence S;’Eeaélrwnfeh%or% AdtionHeSkingd :@Eé‘ﬁst ftRe Antilfactor'D MAbs! Ved
fromthe by surface plasmon resonance method

15 The kinetic constants for the binding of MAbs 166-11, 166-32, 166-188, and
166-22 to human factor D were determined by surface plasmon resonance-based
measurements using the BlAcore instrument (Pharmacia Biosensor AB, Uppsala,
Sweden). All the binding measurements were performed in HEPES-buffered saline
(HBS) (10 mM HEPES, pH 7.4, 150 mM NaCl, 3.4 mM EDTA, 0.005% Surfactant

20 P20) at 25°C. To measure the binding rate constants of factor D to the MAbs, a
rabbit anti-mouse 1gG (H+L) was immobilized onto a CM5 sensorchip by amine

coupling using N-hydroxysuccinimide and N-ethyl-N'-(3-diethylaminopropyl)



20 aberrant K |ight chain nessages of the fusion partner foraqt -
hybri doma cell |ine. The Notl-MAKL and MAK2 ol i gonucl eot i desmfﬁﬁgrm
fromthe murine Cx RECTIFI ED SHEET ( RULE 91) 3 0 S E P 2002 WO 99/42I 33

38 PCTNS99/ Qzpéazisa0i on) and were 182 and 84 bp, respectively cp@ﬁ%;&g&am
fromthe first by of the CK gene. Three clones were anal yzed B

sequenci ng, Yyielding sequences enconpassing part of marine CK, the conplete
VK, and the | eader peptide. For cloning the VH gene, doubl e-stranded cDNA
was prepared using the 5 Noti-MAGL pri ner

(5" - CGCEECCCCAGCTGCTCAGAGTGTAGA- 3" SEQ I D NO: 9). Anneal ed adaptors AD1 and
AD2 were ligated to both 5° and 3' termni of the doubl e-stranded cDNA
Adaptors at the 3' ends were renoved by Ngtl digestion. The digested
product was used as the tenplate in PCRwith the ADL ol i gonucl eotide and
MAR (5'- CGGTAAGCTTCACTGGCTCAGGGAAATA- 3" SEQ 10 I D NO: 10) as priners.
fragments oéa#@%e.rhmet%@awnumd@nm Wﬁh@h%@@uﬂe@&w%%aﬂwsé{%dmgﬂb@
and MAR2 oflgonucleotl es were derived fromthe nmarine Cy 1 region)

were 180 an ectl stream.fromthe first

mar i ne C 1 GetplndReriiddss of Bt 124 éf@ﬁm st on 5 Te 3R dheg
sequences enconpassing part of marine Cy 1, the conplete VN, and the |eader
15 pepti de. agsociationsrateicenstants (ke faestlibions of faator B2 ShnMe Bind.6t0 B, 1§G
and Fab The VH and VK genes were used as tenplates in PCR for adding the
Kozak sequenNe dne 2ite nh) Refe anddehdaseli 68 tHeQonkenirGBors’ indithted\ bgrthkhe

sequences were anal yzed to confirmthe absence of PCR errors, the VH and VK

e " AL DR RSERS 20 e BT IR 8 AL Sl ©

gr adi ent WO 99/ 42133 39 3.0 SEP 2002 - - PCI/US99/ 03566 purified
pl asni d DNARegsuie thehdigggciationirate gRNSIAMS (raedt H9Q Nhbfactersl wasinjectrd intet

COS cells by electroporation. After 48 hours, the culture supernatant was

tested by HbheShoweelcatrthaiflowapts oks pitehy T:h@Odatgl im thefforhiofeensotgyéimsvas
cells were harvested and total RNA was prepared. First strand cDNA was

o ez, oSahBRS e hokEe Sy bR i gy e B obn SR8,
the Fd geneMAFgC%g\%sz has a very fast K, which is beyond the reliability limit of the assay
10 formmat due to the limitation of the mass transport effect, an additional binding format
was also used to measure its kinetic rate constants. Factor D was immobilized onto
the sensorchip by amine coupling as described above while MAb 166-32 of different
dilutions (5 nM, 10 nM, 15 nM, 20 nM and 25 nM for the measurement of K, and
200 nM for the measurement of k.. flowed to the sensorchip at the flow rate of §
15  pi/min. The data, in the form of sensorgrams, was analyzed as described above.
The kinetic constants of factor D binding to the MAbs on BlAcore is shown in Table

1 below. MAbs 166-32 and 166-222 have very high affinity to factor D, with

equilibrium dissociation constant (K;) less than 0.1 nM.



carried out using (5" - AAGAAGCTTGCCGCCACCATGGATTGCECTGT
primer and a CHl-derived 3
TGTCCACCTTGG 3'

NO: 11) as the 5
CGGGATCCT CI.
confirmed t égég

After digestion with the proper enzynes,

at the H ndl ||

and BanmH
cassette pSvV2dhfr TIJS to give pSV2dhfrFd (Fig. 12A).
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166-188° 8.75 2.1 2.4
166-112 8.0 1.0 1.24
166-222°2 >10 0.8 <1

® Factor D was used as the analyte which flowed onto the sensorchip coated with

anti-factor D MAb captured by rabbit anti-mouse IgG during the determination.

® MAb 166-32 was used as the analyte and factor D was crosslinked to the

sensorchip by the amine-coupling method.



41 3 0 S E P 2002 PC TNS99/ 03566 (418 and net hotrexate. Selected _cell lin
were anplified in increasing concentrations of nethotrexater Cﬁ []SS\&PeZ(]ﬁi
single-cell_subcloned by |imting dilution. H gh-producing single-cell

subcl oned cEPPHas were then grown in 100-m spinner cul t urRCT/HEIEP3566
serumfree medium 5 (4) Purification of chinmeric '166-32 1gG Culture
supernatant of 100 ml spinner culture was | oaded on a 10-m PROSEP-A col um
(Bi oprocessing, Inc., Princeton, NJ). The colum was washed with 10 bed

vol umes of PBS. The bound anti body was eluted with 50 mMcitrate buffer, pH
3.0. Equal volunme of 1 M Hepes, pH 8.0 was added to the fraction 10
containing the purified anti body to adjust }he pHto 7.0. Residual salts
were renmoved by buffer exchange with PBS b%/ M| 1i pore menbrane
ultrafiltration (MW cut-off: 3,000). The protein concentration of the

purified antdbod s.determ ned by the BCA nethod (Pierce). (5)
Purification '%QHW?P&H@ W%'%ﬁoqsga@ﬁnigg@hio{}?ﬁ%-% Fab was purled by
affinity chromatography using a nouse anti-idiotypic MAb to MAb 166-32. The
anti-idi ot ypi c MAbxampleSi ginhiiicasofmamplement-agtivatedvieemotysis by i nmuni zi ng
mce with MAb 166-32 conjugated with keyhol e Iinpet henocyanin (KLH) and

screening for Spevbfétﬁdy%e? §Gnctionall HEtNRY CSFUtHE Rptigatket BdMMBshirhli&fFﬁtBitin%
factor D. 20 The affinify chronmatography matrix was prepared by m xing 2

ng MAb 172 S i 5 f dry.azlactone b | tralink Bi vsupport

vedi um  ercarpitehtadhaRiendh Yt Wi iAol EE SR e PEkE8 03556 coupl i ng
buffer (0.1 Mborate and 0.75 M Na2S04, pH 9.0) for 2 hours at room

t enper at 8re. ThenFehthe alemadiverpatbwvaycunsensitizas wbbitddRE6s wetehwashad three

et hanolam ne, pH 9.0 for 2.5 hours at roomtenperature. The beads were then

washed in a thhés withcgelbtihVerenadlbuitrdd salind)(GBMAES TAPcottairifig 2 miMMgCl
Triton X-100 and 0.02% 5 NaN3) pH 8.0) and (stored t hen gt 4C. Fgo? g&k

purificatio e f Laner :

pr oduci ng clr—harhdlggb MF@QR\I\EI&?‘?%&?EQ onﬁ?‘gﬁiﬁg %ﬁ‘:?ldl‘)w sﬁacé(; ﬁ%ﬁ@%‘“@ér‘e
with MAb 172-25-3. The col s thep was t hor hly with PBS befoe
the bound FAIASHIGAAAITWAVE. WEIRE ChSl . PGS (B HeaMRmedaf i agiial
renoved by buffer 10 exchange as descri bed above. The protein concentration
of the purifApprogah. v@xfatdtidmiversity Rress hexided 137 qup. (1M-47eThe washed cells

10 were re-suspended in the same buffer at 1.7 x 10° cells/ml. In each well of a round-
bottom 96-well microtest plate, 50 pl of normal human serum (20%) was mixed with
50 ul of GVB/Mg-EGTA or serially diluted test MAb then 30 pl of the washed rabbit
RBCs suspension were added to the wells containing the mixtures. Fifty microliters
of normal human serum (20%) was mixed with 80 ul of GVB/Mg-EGTA to give the
15 serum color background. For negative control, an isotype-matched anti-HIV-1
gp120 MAb, G3-519, was used. The final mixture was incubated at 37°C for 30
minutes. The plate was then shaken on a micro-test plate shaker for 15 seconds.
The plate was then centrifuged at 300 x g for 3 minutes. Supernatants (80 pl) were
collected and transferred to wells on a flat-bottom 96-well microtest plates for
20 measurement of OD at 405 nm. The percent inhibition of hemolysis is defined as

100 x [(OD without MAb ~ OD serum color background) — (OD with MAb - OD



(6) SDS-PACE of chimeric 166-32 19gG cFab and cFab/9aa The purifi ed
chimeric 166-32 1gG cFab and cFabl 9aa were anal yzed for puri t;q §£P 2002
nol ecul ar size by SDS-PAGE. The proteins were treated with sa

buffers with or wi thout mercaptoethanol. The sanples were then run on
pre-cast gels (12.5% (Amersham Pharmaci a Bi otech, Uppsal a) Sweden)
together with pre stained nol ecul ar wei ght standard (| ow nol ecul ar wei ght
range) (BI O RAD Laboratories, Hercules, CA) using the PhastSystem (Anersham
Pharmaci a Bi otech). The gels were then stained in Coonassie Brilliant Blue
sol ution (810-RAD) 20 for 5 minutes and 2%hen de-stained in an aqueous

sol ution containi ng 40% net hanol and 10% acetic acid. 43 3 0 S E P 2002
The results of an SDS- PAGE of cFab) cFabl 9aa and chineric 1gG treated under
bot h non- reefusi eqjorbackgraund)jd (ObhwithpuhMAhoKld serimeadler backgrasnd). pr ot ei n
band of 150 kD, and two protein bands of heavy (HC) and Iight (LC) chains
of ‘approxi mat el g5 sﬁ%ﬂﬁeagté@et mtpqesta@émg%m%qh@do%@b&%rﬁad

only 1 5 protein ban of about 40 under non-reduci ng condition,

|nd|cat|n t hat e heavy. and |ight, chai.ns are |ink

i sul 11 do TBBAAer HE AEMANE, PR Bew'gﬂaﬁmwsz?ﬁ&dyr%é%wa
non-reduci ng condition, indicati ng that the heavy and |ight chains are not
finked by pmsemeapfdﬁ% humasuséiume, wbateag the ielevantisetyps-roatahed control
activities of chinmeric 166-32 1gG cFab and cFab/9aa 10 The activities of

chimeric MAb3G3LI@ deEamhatndMARIB R84 9wer spatifice tariHWdehyelopenglyddifotein

alternative conpl enent henol ytic assay descri bed above. Fig. 13 shows that
the nurin F?1 Chl meric forns of MAb 166-32 have identical potency in
i nhi biti ng’ actor D. Fig. 14 shows that cFab and cFab/9aa have al nost

i dentical potency in inhibiting factor npor f ant | he potency of
the two forns din ap§auﬁt¢rﬁastéh¢mbl£0w&wtwmw éf ﬁf:{‘e}‘lémaﬁéqnémlgﬁ

taking into consideration that there are two binding sites per 1gG
nol ecul e. fiozgetthenan sérem aaslthawde mndiredteatedwith BGTeat a fingCoondeatration
cFab/9aa retain the potency of the parental murine MAb 166-32. Exanple 10:

Protecti oy f%é ﬁﬁgﬁf’%mﬁﬂgﬁ‘;&% g:trf T@.gg%{]ﬁéﬂtﬁegmsq 68Y32BPGA516 Yrere aua?@ft?]ex

vi vo nodel human al asma Activation o

cccur a9 U HOTR ERaIaH HreAn SeMn SnaHpirats MRS SoatalT RSt plald) 5

P 200Z WO 99/ 47133 44
for 15 minutes at room temperature. Thirty microliters of the washed rabbit RBC's
were added to each well. The plate was incubated at 37°C for 30 minutes. The
plate was shaken on a plate-shaker for 15 seconds and then centrifuged at 300 x
g for 3 minutes. Supernatants (80 pl) were collected and transferred to wells on a
flat-bottom 96-well microtest plate for measurement of OD at 405 nm. Each plate
contained two wells containing 100 pl of 90% human serum and 30 pl of the buffer
as serum color background and also two wells containing the RBCs lysed with 100
p! of 80% human serum, in the absence of monoclonal antibody, to represent total
lysis. Fig.3 shows the data that MAb 166-32 strongly inhibits in a dose-dependent

manner the alternative pathway hemolysis of unsensitized rabbit RBCs even in the

presence of 90% human serum.



"PCT/ US99| 03566 direct activation of conplenent via the alternatjve pathway
on foreign cell surfaces, andlor the failure of conpl enent reau #%2
the foreign \9{)99/321(3:1' L. Platt et al., Transplanfafion, 1991; 52: - .
Dependi ng on thée particul ar speci es-species interaction) conplRé§99/03566
activation through either the classical or alternative pathway

predom nates, though in sone cases both pathways nay be operative (T.
Takahashi et al., Inmunol. Res., 1997; 16: 273-297). Previous studi es have
shown that hyperacute rejection can occur in the absence of anti-donor

anti bodies via activation of the alternative pathway (P.S. Johnston et al.,
Transpl ant Proc., 1991; 23: 877-879). 10 Tg denonstrate the inportance of
the alternative conplenment pathway in tiss 8 damage, the anti-factor D MAb
166- 32 was tested using an ex vivo nodel in which isolated rabbit hearts

were perfused wth di]uted hu | asna. , Thi I S .prexi.ous|y shown to
cause damage to t @r#%%ﬁ%sﬁﬁgaé}b&alyngﬁﬁﬁe? Bﬁﬁ&%ﬂb@ﬁ?lﬁéﬁ}sdﬁ' gpl%nfveronal-
alternative cogpl ement pathway (MR Galinski et al., 15

| munophar mabuffergd sedioe: (GMB™"y cagdaining )0.5 anlyk Mechf apd Q.45 eonM BacCt were
hearts: Male, New Zeal and Wiite rabbits (2.2-2.4 kg) were euthani zed by

cervical di skegsitized withhsurfRa tabbWeirgi-clioReRBCIPhfLoglaBufits atBed/mP(iAter-
cannul a for perfusion through the aorta. The perfusion nmedi um consi sted of

a recircul at | : i.fized. - lgn i -

CpH 7., 37cr AR EBIG:, HoreEl MIT R s SoR AR Tk els Whrdtnstbedted,
of the buffer mediumin mllinoles 3 0 S EP 2002 W 99/42| 33 45

PGTNS99/ §356WitheisVIB't.erheniraldwirpan seign aeacentration uged was 2%. cadl 2. HzO,
2.4; MyCl2.6Hz0, 1.2; NaHCO-, 25; KHzP04, 1.1; glucose, 5.0; nonosodi um

L-glutamate, 5.0; R@d showy they dhta that MARME6-32/andtheSfelevant corthsl G3-519 do
buf fer passed through a gas porous "lung" consisting of Silastic"y'

ranor oLy | hefhnhitha%iacdil Al he bRt sehbiized chiskdR RIS ihe Bas the
Th b "l " d i | i f_.95% 02/ 5%
T e RGP S SRR 0, A o S 4 A

to 500 nm Hg. The hearts were paced throughout the protocol via electrodes
attached to irdicateghat MAb 466-3F2aisi specifid touthie iGBibition df thecaltainativé pathwayraf
delivered 10 froma | aboratory square wave generator (G ass SD-5, Quincy,

MA) . Theoul BBRMIYmMBAE g?ﬁ(veﬁféﬁ_cannul ated with polyethylene tubing to
facilitate collection of the pulnonary artery effluent, representing the

coronary venous return. we uper i.or i ior .vena~cava and the
‘pul monary vei ns W?'aa-easfﬁiﬂ@i&%ﬁ Ap! fbe Gior'D

Two hemolytic assays, as described below, were used to demonstrate the

specificity of MAb166-32 to human factor D.

(1) Inhibition of factor D dependent hemolytic assays using unsensitized
15 rabbit RBCs

A human serum sample was first depleted of factor D by passing it through

an affinity column packed with 3M Emphaze Biosupport Medium (Pierce, Rockford,

IL) coupled with the anti-factor D MAb 166-222. The flow-through serum was tested

to be inactive in triggering alternative pathway hemolysis due to the complete

20 depletion of factor D. The procedure of this assay is similar to that described in
Example 3 described above, except purified factor D of varying concentrations was

added to the factor D depleted serum to reconstitute the hemolytic activity. Under



perfusate fromthe severed vessels. A left ventricular drai anoﬁgrpnm
probe, and 15 |l atex balloon were inserted via the left atri

positioned in the left ventricle. The fluid-filled | atex baL}
connect ed W®RBY#31g#d tubing to a pressure transducer to per -?Qﬁg&%%&m
measurenent of left ventricular systolic aag end-di astolic pressures. The
| eft ventricular devel oped pressure is defined as the difference between
the left ventricular systolic and end-di astolic pressures. The

intraventri cw SARED I: i SE L t o achi gve an
initial baseﬁ%ée Pgb{’mggﬁ\tﬂﬁ%cﬁ%@r endgg?%gﬁ‘%ﬁa?sg\?vgésfgg@% %rgp e ftWas
Coronary perfuyusion, pressure was, neasured with a. 3 Q S P 2002 WO

991 42133 46 B WUS@S?‘O@’%GGW%%‘EH%‘SF‘FH?PAH[&@P%%H%BW@@ oPEOPSiiRNal e the
the aortic cannula. Al henodynami c variables were nonitored continuously
usi ng a nul t coheentsatior ob thie supsleasanted fgeoa Ph(free,0. Qlipgéy! tdVB)ug/mheFig. 5)).

i sol ated hearts were maintained at 37C t hroughout the experinental period

by encl osi ng Theeaaiafrant Fig Isd Showguhat 83 paMuds B -
and passing the perfursi on@ngiigumthrough a heg ed reserqjlgisg %ngé@leclgl ery[y

system (&) ! Nt S o oup t.0

determ negt h@malg?ﬂ?%nfgggﬁa@i 6'?%%’?%&% mﬂﬁﬁs gé iﬁo?ﬁ‘ﬁr‘é#ﬁ?%ede?ﬂe@pénbf
conpl ement activation in isolated rabpit hearts 10 perfused w th hunan
bt G ougURPREHlsH dasiar Pnabereanine A Aue 5o BN UAR B4 S Rrkne SHect on
perfused with 4% humanlj)l asma in the presence of 0.3 ~rg/m of MAb G3 519
(n=6) speci f the tfactar\D Heperzient Gepuglysis. TFkeaardata guggest twatvabetb@B2 can
hearts perfused with 4% hunman plasma in the presence of 0.3 Nglm of Mb

166- 32 (n=6) effEltivéiyrinnibitl thegnsiolsrfica eptiviay efl huhtaafdotesDl at § pholae tad vholze
bl ood and stored 15 at -80C until use. This percentage of human plasma was

chosen becausgal 16646118l piciof®]! TheURFE AL 64 9958 LIBHE hih-ERRRP AARSSy

| ength of ti and allTows one to assess i cacy

regi men.  Hi gher._congentratigns, of hyman pl in this.systemcause the
heart to!?apitQfS-iieRel U)F abtkody:has e %‘Ei‘ﬁ%q&b"-‘dﬁﬁ @m“{aﬁ[ﬁogﬁér;‘f@a§%"r
effects of a drug at a |ow concentration. Prelimnary studies 20 had

det er mi ned t Hadicatienagaused\y ackvatigmphiie alferaative complrraant pathwiayt hat

could protect the isolated heart fromthe effects of conplenent activation.
Al'l hearts WO 9923 pitiBitidn & the SofmatictDoRalREMAIBED CAXEMHeriase on EAC3b cells

EAC3b cells are sheep RBCs coated with human C3b (purchased from the
National Jewish Center of Immunology and Respiratory Medicine, Denver, CO). In
15  this assay, the alternative C3 convertase was assembled on the surface of EAC3b
cells by addition of factor B, factor P (properdin) and factor D. EAC3b cells (5 x 108).
;/vhich were then washed three times in DGVB"" medium (50% veronal buffered
saline, pH7.2, containing 0.075 mM CaCl,, 0.25 mM MgCls, 0.1% gelatin, 2.5% (w/v)
dextrose, and 0.01% sodium azide). The washed cells were then resuspended in
20 1.5 ml of DGVB*", factor P (30 pg) and factor B (20 ug). The concentrations of

factor P and factor B were pre-determined to be in excess. Fifty microliters of the cell

RECTIFIED SHEET (RULE 99)



underwent 10-15 m nutes of equilibration in the Langendorff par.at.u
before addition of either antibody to the perfusion nedium ﬁn%&fﬁuiggz
after the addition of antibody, 4 % hunan plasma was added to the perfusion
medi um (2 , circulating). Henodynam c vari abl es, inclydi gnary
perfusionﬁg?gégﬂ g 5 (CPP), left ventricular systolic pressﬁ%@ﬁ%ﬁégé?? | ef t
ventricul ar end-diastolic pressure (LVEDP), and left ventricul ar devel oped
pressure (LVDP) were recorded before the addition of antibody (baseline))
before the addition of 4% human plasma, and every 10 minutes thereafter,

for 60 mnutes. MAb 166-32 (0.3 Nglm ) attenuated the increase in coronary
perfusion 10 pressure (CPP) when conpared to hearts treated wwth MAb G3-519
(0.3 ~rglmM) when exposed to 4% hunan p?gsn&. A rise in CPP indicates
coronary vascul ar resistance which is often associated with nyocardi al

ti ssue damage. Isolated rabbit hearts perfused with MAb 166-32 nuai ntai ned

| eft vent . - di i r i trast—fo the
resul 1 o oBHaPRAtio e SoRBH el el £t iltom o8- AB{ ERErgiaR P T <
devel oped a progressive increase in LVEDP after exposure to 4% human

pl asma, i P8 klRfimmidym ehfacereDd! - Znghnl) and ssrialinaiited MAP 466632 or MAD
during diastole (Fig. 15). MAb 166-32 also attenuated the decrease in |eft
vent ri cul @3-849avamaddey gstheneel(ds4aRainimypathedells féhiactbatidrs fdrrganiiited t h
MAb G3-519 after exposure to diluted human plasma. (Fig. 15). 20 Fig. 16°
depicts r L i réli J I r nd
after 10, 2500aaar i cafied iEont SitBcy AL ngfinl s bRa kAl g e

pl asma, oD .S E P 2002 WO 99142133 48 PCT/ US99/f| 3566 The progressive
i ncrease Pﬁ}f? emajesip %rttnﬁsﬁéepég@@si Aften Nqubgiiops the mﬁs &Rrgwashad ed

rabbit heart is obvious after 10 minutes with progressive deterioration of
vent ri cul &wiceuincGMBrEDTA mediusu (galatirdwercb@l-biuffaters saline tdontainmg 10ami)
preservation of ventricular function of a heart treated with MAb 166-32 is

S Svident ETYRK) THE d2AE Wefle HlerPReNSARAR in IIAMNLIOUBLEASTA hBGiie TRAKMAB ©

g S
data indicate that ant ctor D 32 protects 1solated rabbit

from humapn _conpl.e - iated i.njur . mani ed by, an r

i nt enanBETTViSoLdy il Bf Sfec R B semmasighal (GRS 416 M e e A werer o
(3) Conplenent Bb ELISA: Factor D catal yzes the cleavage of bound factor B,
yi el di ng eddeddo saghmyelk Thgrmbdures wese dhen ineubatddat 37 Bfor@lemimites diges as
an index of factor D activity. The concentrations of activated conponent Bb

in theo | ymibedtest fiate was tlenasdraffubed st BOO X ¢ f0rd ethutabThe Bapetatamtivas
measured using a commercially avail able ELI SA kit
collected for OD measurement at 405 nm.
Fig. 6 shows the results of the experiments that MAb 166-32 inhibits the lysis
of EAC3b cells, whereas the irrelevant MAb G3-519 does not. MAb 166-32 inhibits
factor D from cleavage of factor B, therefore preventing the formation of C3

15  convertase on the surface of EAC3b cells.

Example 5: Inhibition of the generation of C3a from complement-activated
zymogen by MAb 166-32

To further ascertain the functional specificity of MAb 166-32 to factor D, the

effect of the MAb on alternative complement activation on zymosan (activated yeast

20  particles) was examined. Zymosan A (from Saccharomyces cerevisiae, Sigma) (1
mg/ml) was washed three times in GVB/Mg-EGTA and then resuspended in the

same medium at 1 mg/ml. Twenty-five microliters of MAb 166-32 or G3-519 in



15 (Quidel). The. assays nade use of a MAb directed agai r@br ggﬁnzﬁﬁzpl enent
p S

Bb to neasure the activation of human conpl enent system i on of
rabbit hearts in the presence of human plasma. Lynphatic effluent fromthe
severed | yNR8Y4d3¥essel s was coll ected fromthe apex of thePEEHF/03566
snap-frozen in liquid nitrogen, and stored at -70C until assayed. The flow
rate of the |ynphatic effluent 20 was recorded and accounted for in order
to normalize the Bb concentrati on. 49 3 0 S E P 2002 Ten mi nutes after
perfusion with 4% hunman plasma and at every tinme point thereafter, a
significantly (p< 0.05) |ower concentration of Bb was present in |ynphatic
effluents fromhearts treated wwth MAb 6-32 as conpared to hearts treated
with MAb G3-519 (Fig. 17). The decrease Tnh the production of the 5

conpl ement activation product Bb in the, MAb 166-32 treated rabbit hearts

confirnms t ik R Vi f the.antLbqdy. on factor D, (4 .

| munohi st g%@%c%*?%ﬁaq@%ﬁt\f’%% xeégv_@\ éép@s‘?/ft‘i“em?”/ﬁemﬁb(@@ﬁ%qi etPdR of

the protocol., hearts were renoved fromthe Langendorff apparatus, cut into
t r ansver se GMBMBESTAME 2 missettbe andiigeukated ferotfeminatee ah peomdentpetatate.i al

ti ssues were discarded. Sections were enbedded in O C T. conpound enbeddi ng

medi um (M The, blank. corftiinedt mo@ﬁtibodxtbﬁtotr% PMin 3REdiRhRGRE He RelumL Aneyi ne
coated slides. After rinsing with phosphate-buffered saline (PBS), sections

were incub L he A% par i t 0 ratur art
secti ona wigbalbosl HIRAGARAIPLARGKER o SabHACR oG RASTHS Ak el R
15 m nigi ze nEn-,s $ci&tc .Staini 536 After rinsing wwth PBS, sections were

i ncubat®ed RCHRAHORTR, & minwtes @t 94 C.cdhednigrptupesiware)than cantrifagedet 8000t i on
at roomtenperature for 1 hour. Sections were rinsed with PBS again and

t hen i ncubaigefdr Stminudes, ttieersepematants werd cbliectediand raixedatitraegualraoiime dfl TC
conjugated antibody (Sigma) at a 1:320 dilution. After a final rinse with

PBS, secti Arg ' 0 2 I r

Sciences, PRPeMTHEREIPARS SR e SANDIRe RAT TG emele haRy Rten

i ncluded sedi@rxs i.n whi ch the primaryanbbod om tt nd sections 3
0SEP 206‘2‘7%0th\5\}??6‘|9 aﬁ%é&%@%ﬁﬁ@@”% %’PFE Fggﬁgaﬁ‘! S@@P@ﬁﬁ)
was substituted for the anti-C5b-9 MAb. Heart sections from MAb 166-32 and
MAb G3- 519Were areasuied hysquantitativeani i kite  Quidednasgardingrtodhi- [@pcedprssi t i on
by i mmunot| uorescence staining. MAb 166-32 treated hearts exhibited a

reducti®mn providéd B¢ mies madrufaderegonpared to MAb G3-519 treated hearts. In
all, the data fromthe ex vivo studies of rabbit hearts denpbnstrate the

etficacy of MAOEP673¢nbls PiraY iab"d66232" iRfiiclts SBHL® deNethtlor of® Ca8® fom ©f
complement-activated zymosan, whereas the irrelevant MAb G3-519 has no effect.
These data suggest that MAb 166-32 inhibits the formation of C3 convertase by
factor D. The complete inhibition of factor D by MAb 166-32 can effectively block the
15 formation of C3 convertase as indicated by the inability to generate C3a. This will

lead to the inhibition of C5 convertase in the subsequent steps of the complement

cascade, as evidenced by the inhibition of sC5b-9 (MAC) formation (Fig. 8).

Example 6: Inhibition of complement-activated hemolysis by the Fab of MAb
166-32

20 In order to examine whether monovalent form of MAb 166-32 is effective in
inhibiting the alternative complement pathway as the parental bivalent MAb 166-32,

the Fab of MAb 166-32 was prepared by papain digestion using a commercial



of the alternative conpl enent pathway. Inhibition of conple { i fon
has been shown to prolong the survival of xenografts (S.C. ﬁh ﬁ@ 2aﬂ2

Phar macol ogi cal Rev., 1998, 50: 59-87). Therefore, MAb 166-32 could
potentially be used as a therapeutic agent to protect xenografts from
destruction by human plasnma. Exanple 1L}y Inhibitory effects of MAb 166-32
on conpl enent activation and inflanmatory reactions in an extracorporeal
circulation m)del of cardi opul nonary bypass Pati ents under goi ng

ot | anmaray SdpsHse 3 e A ?ﬁf*%%eﬁif?*[fﬁ‘ié@%‘iﬁ?hﬁmﬁﬁaﬁ% e oa

i n postoperati ukocytosis) fever avascular fluid accunul ation
whi ch mR¢ ‘@%36}{'?8" Y3JP up %BVEFW&%%MM?@%QCV bed@oygs or gan
dysfunction (J. K Kirklin et al., J. Thorac. Cardiovasc. Surg., 1983; 86:
845 857; L. MNigysSshouts me.datsc@frme experheats. theabotrotres wholulgls antdsgs 22:
51-53; P.W Werwi nd et al. Thorac. Cardiovasc. Surg.) 1995; 110:
1633- 16 5

i améﬁg%vys'ﬁ;‘?ggﬁﬁiibégﬁz'ﬁgﬁﬂg*“%‘@#%?f“?‘@f?ﬁ%@éi%%ﬁ%ﬁ%ﬁ g into
contribute to hoth, ti suel a aired st asj

acti vat |08HSW558 boébwaiti%? eta’oa@na'ﬁ‘g STt %WEMQOISFU'F%E%%E{ @?{JB

i nfl ammatory reaction (P. Hasl amet al. @Anaest hesi a) 1980; 25: 22-26; A
sal ama éudgest thay mergvalent fen of Mab: 168-82 is agivedand iyretansi theesigiler al . )
J. Thorac. Cardiovasc. Surg., 1993; 106: 1008-1016). Conplenent activation
is attripotdmy agninStfactar & as it pardetahbiealdrivantibodd ahd ptrbﬁeﬁ‘jdrsf agereintt he
extracorporeal circuit constituting CPB machi nes (D. Royston,

Car di ot hoy ffe céﬁé&eraﬂﬂﬁﬁém%iné% of'—émg%%h%ﬁflﬁv a@rthgeélbérhgtflv@g@dﬁté’

substances are generated after activation o e conpl enent sysSt

i ncl udi 10, ana |.at oxi ns,.C3a and he op i,n C3b, and,t

rerbr and1it G0N, BEYS bl BesE TR Igh! Wi AR nRurave et
(integrin) and CD18 (integrin) of MAC-1 conplex in polynorphonucl ear cells
PWN ( coripiigipegetratianparatsespineis smalleysizeo INaanpuctFrstlembabeaf MAD 168m J.
Physioi., 1993; 265: H1750-H1761) and to induce |ysosonal enryne reI ease by
PWN. C5i3Discantivendus ékelyehek fiteesisidong epitépd sndatckrtDd neddp624e) byrinplhdiel et s
(T. Wedner et al., Blood, 1991; 78: 2880-2886), and both C5a and C5b-9

i nduce Sé‘fur@&%n@ﬂpﬁmr@ﬁhtﬁ P-sel ectin on endothelial cells (K E. Foreman
et al. . i nvesr.,1994; 94: 1147-1155). C3a and Cba stinul ate

ggggng;'o;‘ gfn B 7PEcERl bPul 18R Blndlve pBhARY nd B8 E0:

1992; 19: 19-26) 20 V\/nggﬂ‘a frophugiefe rarstsamihadl sg@ei@abl lity (T J. WIIi ams
Agents Actions, 1983; 13: 451 455). 3 0 S EP 2002

In order to study the cross-reactivity of MAb 166-32 with factor D from.

different animal species, alternative pathway hemolytic assays were performed
using sera from different animal species. Fresh sera from different animal species
(human, rhesus monkey, chimpanzee, baboon, cynomolgus monkey, sheep, dog,
mouse, hamster, rat, rabbit, guinea pig and pig) were first tested for the CH50
values, which are defined as the dilution of the serum to achieve 50% lysis of
unsensitized rabbit RBCs. The inhibitory activity of MAb 166-32 on the same
hemolytic activity (CH50) of each serum was then tested and compared.

Fig. 10 shows that MAb 166-32 has strong inhibitory activity against sera



52 In vitro recircul ation of whole blood in an extracorporeal bypas
circuit has been used extensively as a nodel to sinmulate I@Bo&é)ésiaﬂz
Kappel anyer et al., Crc. Res.) 1993; 72: 1075-1081; N. Mat et al., Ann.
Thorac. Surg., 1993; 56: 1509 1514; C S. Rinder et al., J. din. Invest.,
1995: 9fi: 1564-1572) platelets (V.L. Jr. Hennesy et al., Am J. Physiol.,
1977; 2132: H622-H628; Y. Wachtfogel et al., J. Lab. din. Med., 1985; 105:
601-607; C.S. Rinder et al., ibid) and conplenent activation (P.G Loubser,
Perfusion, 1987; 2: 219-222; C.S. Rinder et al., ibid; S.T. Baksaas et al.,

Per f usi from h@ATEN, IResyd thatil@y, tyndBigushforké e aht e | factor
D MAb 166%2 tor% nhi%it t he (l:/eIYhuI ar gzLajnd 8onp)ieef]rgnt Ia?tgpgéé??ﬂﬁ rﬁﬁﬁ%r&ﬁegn

whol e b chiliddhgaindbs &1 frdth HadebhasiedlPardldogi r cul ation nodel for
CPB. (1kr?9%§qy?§cor%%rgail circuit preparatioéné) Ex-trgcor poreal circuits were

assenbl usi.n ol lowfiber pediatric menbrane oxygenator with an
i nt egr aﬁg‘(@ %@%@&%ﬁ@%ﬁmh@&ﬁia ?@f@mmmmamst@{- rBl. R, QUinemaig and MO) |
Italy), a pediatric venous reservoir with an i htegrated cardiotony filter

(D 752 piholmesiecdate suggatofhatdpbriass8abindbtagn setitopSarn fadBhroDetiacsd |
Inc., Irvine, CA) and a nultiflow roller punp (Stockert Instrunents GrbH,

Muni ch, b@ﬁr{dmékyé,-rhé&(gﬁm’fk‘@’ys%‘rﬁn@iahﬁééé,lrb’dabeﬁ_rg%, Eg_héf?‘gig‘ﬁfstrﬂoﬂé‘y%@hé%(ﬁ e 148

sol ution” (Baxter Healthcare Corp., Dee-~eld, he prime was ‘warnmed to
32CWit? gé;é)énsjser-heater (Sarns; 3M Health Care, Ann Arbor, M) and
circul af® 00 M/mn, while the sweep gas fl ow was nmai ntai ned at 0.25

liters per mn using_ 100% oxygen. 30 S E P 2002 WO 99/42133 _
PCTNS99| 0356@@71@{%98'3@&1@@0{3& humans@cter @ mitanis FOrepiepaymapparRpy and
carbon di oxi de (5% af toqrM}_\Be‘ég_g)?d was added to the circuit. The pH, PCQ2,
POz, and perfusate tenperature were continuously nonitored throughout the
recirculatio ri.od. di,um.bi car bonat e was added_as required to maintain
BT the. r anedsiiertadRg biidigs EhePaan TutRan feat Daereaibes Gatb Jand
sanpling: 450 ml of blood were drawn over 5-10 minutes from healthy

vol unt eé2s e reaohiEdy chthemntibady witht hamsinefacpercR grHi¥estiePabjotSiveas Brstred,
Inc., | _akewood, NJ) containing porcine heparin (5 unitslm, final

concent tagtean; MAKI165-S ndid fdteieayt Wilh SCID.dNAhtaed kg aanidctdrapt @ithBr MAb
166-32 or the isotype-nmatched negative control MAb G3-519 (18 Ng/m final

concent tati,of) -or THH8-reQ0EEH rrﬁHo%p;z%fd ARt hi%@éuiéﬁglsg@;\tﬁtg%%. tﬁwié‘t}ﬁgﬁlt 1.5

times the nolar concentration of factor Din t lor to t

addi tion_of fhe,bl t extracorporeal circuit, . a blood sanple was
taken fr'g c#?es Wa@gg’eﬁggﬁb'géspﬁ'VEM-”&tF@G “regafﬁﬁfcg,ﬁ'desi gnated the
"-10 mnute sanple”. 15 The bl ood was_then added to the reservoir via the
prime port. Fpinge MAD; o< desrnetinbiiking hemebrigwrctivitytaf medse pad pig

oxygenator outlet to yield a final circuit volune of 600 mM and a final
hemat ocrfatctonfD 25-ded¥%ribBddod=xasplei 7,0tiisaliiady thatiMpbi 1é6-32nvinds tplactite om xi ng
was acconplished within 3 mnutes; a baseline sanple was

human factor D that has a high degree of difference in the amino acid sequence

from those of mouse and pig factor D. Based on this concept, various factor D
mutants and hybrids were made by replacing amino acid residues in human factor
D with the corresponding amino acid residues in the pig counterpart, for mapping

the binding epitope of Mab 166-32, as described below.

(1) Construction of factor D mutants and hybrids

Human factor D gene segments were obtained by polymerase chain reaction

(PCR) using human adipocyte cDNA (Clontech, San Francisco, CA) as the template



drawn and designated as tinme 0. To m m c usual procedures 9f J
operation 20 under hypotherm a, the circuit was then cool AQ%?O‘ZQBZ 70

m nutes after which 30 S EP 2002 WO 99/42133 54 PCT/US99/ 03566 it was
rewar med t ow®AY4RW3 anot her 50 minutes (for a total of 120 miBEEES99HBS66
recirculation). Blood sanples were al so drawn at 10, 25, 40, 55, 70, 80 and
120 mnutes during the recirculation. Plasnma sanples were prepared by

i mredi ate centrifugation 5 at 2,000 x g at 4C. Aliquots for the alternative
pat hway henol yti ¢ assays and neutrophil -specific nyel operoxi dase assays
were snap-frozen on dry ice and then stored at -80C. Aliquots for

measur enment of conplenents C3a, C4d, sCSb-9, and Bb by ELI SA were

i medi ately m xed with equal volune of a Becinen Stabilizing Medium
(Quidel), snap-frozen on dry ice, and then stored at -80C. Sanples of 10
whol e bl ood were al so collected for imunostaining of the activation cell
sur face narded appiidridie atigoriiRi@stidenprimears.o pimplified NA fragetartts were digested
respectively. To prevent subsequent conpl enent activation of the whole

bl ood sanpl\ggn %Aﬂﬁgag{a%gmir&tﬂeﬁm eg.lsﬂglre@an&h@'d@étstéd M{&}gﬁ@gagg?d

to every ml of who to give a concentration o

Al ternative_path nol ytLc sgys: al.ternative conplenent actiyiily
" The pl acin tue Bl and £efE 3748, ot the  RaCUPTUNS drtefi Vearr 28 VL1483 g
and the MAb G3-519 treated circuits were tested using rabbit red bl ood

cel | s as de&hartingemoSan Hegoy CAl)clioogiveethe wild dypé p3A398-faztor) Dikd.eThe xed
with 50 pl of GVB/ My- EGTA buffer before addition of 30 20 NI of rabbit red

bl ood cel | shidrhah facthD GeHbsigRhled A faEtor MyHRATHaMRlectite $8dusiite ardd the E
P 2002 WO 99/42] 33 55 PCINSY9103566 mi nutes, the supernatants were

col l ected at 405 nm usi A [yl hows

fhat the- ad S fRRd §Bhae saalEhtE of ré ratire HuPrAifraE0 Eobtem sl MR

was conpletely inhibited by the_antibody, whereas MAb G3-519 had no effect

“15 on' t heSEbHIM &S5t tand @i (R Tvkdhitaisbali . Bl Gbemos KSR 287 GR1G13; The
results indicate MAb 166-~2 is a potent inhibitor of the alternative

conpl enent @ahBwak.adcessioatnumbar M84586)0 of only 1.5: 1 (MAb : factor D),

MAb 166-32 can conpletely
Pig factor D cDNA clone pMon24909 was obtained as a gift from J.L. Miner

10 of University of Nebraska (GenBank accession number: U29848). The BamHI-
EcoRl fragments of pMon24909 were cloned into pVL1393 to give pVL1393-factor
D/Pig. The pig factor D is designated as factor D/Pig. The nucleotide sequence and
the deduced amino acid sequence of the mature pig factor D protein are shown in
SEQ ID NOS: 3 and 4.

15 Three human factor D mutants were constructed by using appropriate
primers and overlapping PCR. The amino acid mutations were designed by
replacing the amino acid residues in the human sequence with the corresponding
amino acid residues of the pig sequence when the amino acid sequences of human
and pig factor D are aligned for homology comparison. The first mutant, factor

20 D/VDA, contained three amino acid mutations: V113E, D116E, and A118P. (This

is a short-hand method of designating mutations in which, for example, V113E



inhibit the alternative conplenent activity. (4) Assays of

activation products: 10 In addition to the henolytic assays%ﬁgggiﬂggauoz
above, the anples fromthe two extracorporeal circui e
tested for“ﬁkg§¥§§ils of C3a, sCSb-9, Bb, and C4d. These sub§?£ﬁ§é§m§é@e
gquantitated using commercially available ELISA kits (Quidel) according to
t he manufacturerer's manuals. Like CSa, sCSb-9 is an alternative marker for
C5 convertase activity in the conplenent cascade. Both Coa 15 and sCSb-9
are produced as a result of cleavage of C5 by C5 convertase. Conpl enent Bb
is a specific marker for the activation of the alternative conpl enent

pat hway, whereas CAd a specific marker fg the activation of the classical
pat hway. Figs. 19 and 20 show that MAb 166-32 inhibited effectively the
production of C3a and sCSh-9 respectively, whereas the isotype-mtched

negative I ; i I 14Giat ; MADb
10032 ar o Pareind Mebalit Jmiq-alel resldife HRAGIer 1K ARAaRIABED Bas
the alternative npl enent pat hway; 99/ 42133 56 3.0 S E P_2002

PCT/ US99/ d%?@%égo Qe %}éi‘ﬂrﬁl‘ﬁif@&v@rba)%mtgﬁé@-@? Wtanta factae OBV s
of Bb in the G3-519 circuit increase over tine during the recircul ation.

| nt er est i nepntainedeweamiso atid@AdtationspoR SBRarkbH1 82Y aftheGird kAutzint, factor di d
not vary significantly over time. The latter results on Bb and CAd |evels
strongl y I DAl eBhaihéda dififie TAMBLEHAMEEM! DXAL Loilientes RELARG N fttants
circulation 1I's nediate Inly via the alternative pathway. “I'n sum the
resultg indicate that 66-32 is a,potent j.nhibitor of. the alter jve
Conpl extentWBiA FRGITTHER Y N tHBnohe ABR Boealina B FoRraATets vt MVA
activation in the subsequent steps of the cascade as nanifested by the
reduct i on fragroeatsawere tsertedraitheBasnl aod EppRisiay of the Banelodicys transfen of
neutrophils and platelets: The activation of neutrophils and platelets were
quant i t at egediyr pvESRG3 ﬂQ? Ve pVLaBeBFastorDNVDA ehVE R3OF-RefOrDyRH &hel V1 1393CD11
b and CD62P on neutrophilTs and platelets, respectively. For CDl11 b | abeling
of neutropdi 10 | pf whole blood collected fromthe circuits were

i nredi at eﬁgbﬁ{aﬂ‘b'a’%ége YEHV'zo girl of phycoerythrin 15 (PE)-anti-CDl1b

anti body (clagne D12, Becton Dickinson, San Jose, CA) for 10 mi nutes at room
t enper at ur e W@ GRIBEHE Mimanwig factee. D Tydrids werg aiso caastrugtednBy 38ing i on
(Becton Dickinson) was added for 10 mnutes at roomtenperature to |yse red
bl ood 10el | approgriate forimémsulind yovesiappiteg fPCRoc eftte ifirstghybridhefacter &/Hupig,
centrifuged at 300 x g for 5 mnutes. The supernatant was aspirated and the
cel | s resuspanpfd 39 himBRIabR) MREHvEE: atlifo HcidLSEHd Nttt eMmdie
spun agai n, the supernatant aspirated, and the cells finally resuspended in

0.5 m of r%n?/ﬁiﬁ%rgaafn%fn%aéggsh %%?e del‘?’lvé)d IfrngthFé &S%aor D. The other hybrid, factor

D/Pighu, contained 52 pig factor D-derived amino acids at the N-terminus and the
remaining amino acids were derived from the human factor D. The BamHI and

15 EcoRl-digested DNA fragments were inserted at the BamHI| and EcoRI sites of the
Baculovirus transfer vector pVL1393 to give pVL1393-factorD/Hupig and pVL1393-
factorD/Pighu.

(2) Expression of factor D mutants and hybrids

The procedures for transfection of the plasmids, generation of recombinant
20 Baculoviruses, and production of the recombinant factor D proteins in insect cells

Sf9 were done according to the manufacturer's manual (Baculovirus Expression



WD 99/ 47133 57 PCT/ US99/ 03566 overnight prior to analysis using.an EPIC XL
flow cytoneter (Coulter Corp., Mam, FL). For double | abeli

conconmtantly identify the neutrophil population, 5 N of fﬁ@r@& 8002

i sot hi ocya O -anti-CD15 anti body (clone MVA) Becton Q-&ki wer e
added for {kﬁ?&gﬂéﬁ%n together with PE-anti-CD1ll b anti body. 59%%%%6

| abeling of platelets, 40 NI of whole blood collected fromthe circuits
were inmediately incubated with 20 NI of PE-anti-CD62P anti body (cl one
ACl. 2, Becton Dickinson) for 10 mnutes at roomtenperature in a

m crocentrifuge tube. Then the m xture was treated with FACS Lysing

Sol ution as descri bed above. The m crocentrifuge tubes were centrifuged at
2,000 x g for 5 mnutes. The platelets 14 were washed in PBS, fixed in 1 %
par af or mal dehyde and then anal yzed as descri bed above. For doubl e | abeling
to concomtantly identify the platelet population, 5 N of FITC anti-CD42a

anti body weegtor@i@eerhOPhhAfigah).on together with PE-anti-CD62P anti body.
For flow cytonetric neasurenent, the PMN (containing mainly neutrophils)

and 15 pl £t . popul ati e i A y live-gating based on
fonrvard- a(?i.fg’fgﬁf'ﬁggaogé%&?%&@gpﬁg?b%l@%&gspeci fic staining with

FITG anti-CD15 anti bodé and FITC anti-CD42a anti body, respectively. The
background stFackemg metanganddybsidrroteins Jiee the culture| saipereataats phinfieated The
intensity of expression of CD11 b and CD62P was represented by nean

f1 uor escengf ¢elisanerd pufiiddiby affidityiclirorddtoghaysy LSing pleiftd @pBkbartiimane

MAb 166-32 treated extracorporeal circuit showed substantially | ower

expressi o C r I . 9 2 5

PCTNSa8) 038P PRl BB (fhe BtRing MR LR, BaipiEbcrbAY Thies
toget her w t@_ the others above i nggcat e that inhibition of the alternative
conpl ement MHEtEL01 Sheer amihumsan @eterdd antibedias @2 Ma/mbrwere aulibmied | s.
Simlarly, Fig. 24 shows that platelets fromthe MAb 166-32 treated 5

ext r acor ponesatouplingubuffeh@veM borase antdital$ v Nan8O, et OcB)sarhcoliplEDGAR 4
conpared to those fromthe MAb G3-519 treated circuit. Again these data

toget her v Bf B'i}?a?%ka@&‘éﬁkw i%égdig?t @%}rcje? B2 hoBrs & roohs t@th@{ﬁTﬁltej. Vfhe

COFTp| enent activation prevent activation o atel ets.

(6) Assay of neutrophil-specifc, m=~el gpeyoxi dase (MPQ), 10, The, degrege,of
o i vat | orbeads Bere onas e fit Vs S0y wBE iy Giig: B bhaeie SaNTEE SRR, (R
& D Systens, Inc., Mnneapolis, MN) to quantitate the

10  remaining reactive sites and then with a buffer containing 10 mM Tris, 0.15 M NaCl,

5 mM EDTA, 1% Triton X-100, and 0.02% NaN,, pH 8.0. The gel was stored in the
buffer at 4°C.
Culture supernatant harvested from 100 ml spinner culture of Sf9 cells infected
with the various Baculovirus mutants were passed through the sheep anti-factor D
15  affinity column which was pre-equilibrated with PBS to remove the storage buffer.
The bound factor D proteins were eluted with 50 mM diethylamine, pH 11.5. The
collected fractions were immediately neutralized to pH 7.0 with 1 M Hepes buffer.
Residual salts were removed by buffer exchange with PBS by Millipore membrane
ultrafiltration (M.W. cut-off: 3,000) (Millipore Corp., Bedford, MA). Protein
20  concentrations were determined by the BCA method (Pierce).

(4) Factor D ELISA




anount _of _neutrophil-specific nyel operoxidase (MPO in the plasm sanples

fromthe extracorporeal circuits. MPOis stored in primary n
(azurophilic) of neutrophils. It is released when neutrophi &BUSB?QZDUZ

de- granul awd)%*h ‘Qlil# ng 15 activation. Therefore MPOis a sol %deggg6 far
t e

neut r ophi | Ion. The assays were perforned according

manuf acturer's manual . Briefly, sanples jgere incubated in the cells of a
m cropl ate, which have been coated with a first MAb to MPO The MPO MAb
complex is |abeled with a biotin-linked polyclonal antibody prepared from

goat MPO- ant iTsff Rachiisy & MAb f6282 Withtthe \asisay fé&opgﬁﬁgﬁ?ﬁgs anem}i{as

avidin coupling in whi'ch avidin has been covalently |

kPO - cachetghfl EISA it il dticson B 03008 SR

4-ni trophe Iyl - phaosphat eél_QpNPPé}g %’ readi ng OD at 405 nm_ Fig. 25 shows that
the | evel ProteiRpdacionr RiHywpctos /%9 (fastar F@WQ)J?PMWQ/B'QJ’U-DSEQWIHVW

| ower than those in the MAb G3-519 circuit. The results corroborate 5 with
t hose on tfastarndpiRidsandd fadtoCOIN) by additiea ofmtAthpf blieachnptatein at 0B pg/ml in
descri bed above. Taken together, the data on conplenent, neutrophils and

pl at el 6t s BBBPAferidvermght PRublEsn &t f&ﬁhltémdéamulﬁétmemais Wafe @t'effaa d‘thhve

conpl enent activation in extracorporeal circulation by the anti ctor
MAb 166-3

and sCsb- o S e ST SenRLI% b SAN shturpf LRI UG AT SfGs C%‘ﬁé
is anticipated that MAb 6- 32 s its fra nts, honol ggues

anal ogues WRtP WRER Fh%\fvé%}tﬁdew%ﬁ%%{egpﬁ unleed Bricroliiers Of)éeféﬂ“yéﬂ'g'i%mah
preventing or reducing clinical |nflammt ory reactions caused by CPB. | S
Exanpl e 1216&8ad{1 qig/trtitoeife cigémbf werd aiied3fo ithe awelty foodklhafr atsabemi a

and reperfusion iniury A study was designed to exam ne whet her MAb 166- 32

woul d pr otteetpenaaaal ditsd wells skge theeWwaghedryitd PBST. Teehsehid antbody was
reperfusion in dogs, although it was recognized at the outset that dog

Too- 332 T SEfE Ry "”?L@Rﬂ%8%'@%‘*@**%2‘35?2??@3%’""‘? B ot Tadkest <
sssavs vesygh LRl A0, LieR LorR, PSSl a8 oL Lo B, Lo O

SHEET ( RUI_wEag %r)\en ac\j/\gec? ?érllczollg;?’de?/%lo%n?enst aEs cIiDeszc:(?lggd F;%Ta\')'es 919{13 ?C’DSEG)S E\vaas measured

using an ELISA reader at 450 nm.

Fig. 11 shows that MAb 166-32 reacts with factor D/Hu, factor D/Pighu, and

15 factor D/VDA, but not factor D/Pig, factor D/Hupig, factor D/RH, and factor D/L. The

ELISA results indicate that amino acid residues Arg156, His159 and Leu168 of

human factor D are essential for the binding of MAb 166-32. This is consistent with

the fact that MAb 166-32 did not bind factor D/Hupig when the C-terminus portion

of human factor D was replaced with that of pig. Amino acid residues Arg136,

20 His159 and Leu168 are located in a so-called “methionine loop” constituted by a

disulfide linkage between Cys154 and Cys170 with a methionine residue at position

REFTIEIFN QHEET (RULE 91)



avail able at the tinme, MAb 166-32 was adm nistered into the heart via the
intracoronary bl ood vessel. It was hoped that the anti body IgEtpOQGUZJp a
concentration of at least 60 Ng/m in the coronary blood in order 't

inhibit conpletely dog factor Din the heart. The dosage was calculated to
be 3.15 ng/ kg~nfusion for 5 6 infusions. MAb G3-519 was used as the

i sotype-matched control in the study. Briefly, purpose-bred hound dogs were
anaest hetized. A left thoracotony was peg§ornmed at the fourth intercostal
space to expose the heart. The proximal left circunflex coronary artery was
isolated and |igated for 90 mnutes for induction of ischem a that was

foll oved D169 (I JoBhakREY GsIANThENARK Bobphferd Spstef 4P HodihERd

30 minutes before Ischem a 0’ m nut es

150, 225, RO0 mn urin rfusio cti ro res
injected a %ﬁafsﬁeatﬁtilﬂ?ﬂ%’“ @F‘Hp@ EF@Q@J §r-3§ Eﬁ%ﬁe@‘@wﬁ)ﬁ\ﬂp-ﬂ\&éﬁe
end of the experinents, hearts were perfused with Evans blue dye and

tri phenyl t Struatuwaliyy thé tmettdasinedoept isod neemmbendf airigid fypee | ff turpt tsis feynd
respectively. Coronary |ynph and 15 whol e bl ood fromthe jugul ar vein were

col | ect ed frhoplpdshd Btz alithcd of the fﬁaér@ nbi&u%@ﬁééd@ﬂttheﬁﬁﬁﬁomfs

were used to rreasure the concentration of the Iinjected antibodi es and

alternativ t.hway .he | Th e t

chi cvabl cYSTRIBARARID: Hobe (B Ly SlEraYand of Al dohsh Ao 1ok 24 3Betibis0
Ngl ml, which is well below the concentration 20 re?w red for conplete

i nhi bi ti onH@fNed'@g theccantribution tafetheoiroathignioer loapatte substiate sspactisity ands
al so detected in the system c circulation, suggesting that the injected

WO 99/ 42t 3catblysRC3f 429 103Indvér Bebn RtddRY @NE] Vohnalkis et RR! Fomeir Stie of

the heart. The data fromthe henolytic assays show that alter nati ve

conpl errent t t

t he concen é %?f'\g?ﬁ)é (ﬁu\te' @%ﬁ%ae ﬁ?‘é%\/sdeﬁgﬁéet?é}gg fthl]ié" fﬁ-gko ";‘%gps’%{{h to
draw a concl u5|on on the effect of MAb 166-32 in rep erfusmn fromthese
exper i ment SNeICNIRR lpop” Playsat BoRPRANIRR N the f@ﬁcﬂ@@ﬁlraecﬂvgmf &acdprdsMahg
exanpl es are exenplary only and not limting. The invention includes all
equi val ent $6&432tdne ifsoF sty avivah botnedtortid segibooh fholonD, zad effédtiosly inhibiethe
invention is limted only by the clains which foll ow and not by any

st at enent rtion of this docunent or in 10 any other source.
3 o o b pER A FiRioPd!

Example 9: Cloning of anti-factor D MAb 166-32 variable region genes and

- - construction and expression of chimeric 166-32 IgG and its Fab

In order to reduce the immunogenicity of MAb 166-32’when used in humans, a
chimeric form of MAb 166-32 was made by replacing the mouse constant regions
with human constant regions of IgG1. Two forms of chimeric Fab of the antibody
were also made by replacing the mouse constant regions with their human
counterparts. The cloning of MAb 166-32 variable region genes and the
construction and expression of the chimeric 166-32 antibody and its Fab are
described below.

(1) Cloning of anti-factor D MAb variable region genes

Total RNA was isolated from the hybridoma cells secreting anti-Factor D MAb
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5 To obtain recombinant Fab with an inter-heavy and light chain disulfide bond,

the above Fd gene was extended to include the coding sequence for additional 9
amino acids (EPKSCDKTH SEQ ID NO:15) from the hinge region of human I1gG1.
The BstEll-BamH| DNA segment encoding 30 amino acids at the 3' end of the Fd
gene was replaced with DNA segments encoding the extended Fd. Sequence of

10 the extended Fd with additional 9 amino acids from the hinge region of human IgG1
was confirmed by DNA sequencing. This Fd/9aa gene was inserted into the
expression vector cassette pSV2dhfr-TUS to give pSV2dhfrFd/9aa. This chimeric
Fab is designated as cFab/9aa.

(3) Expression of chimeric 166-32 |[gG and Fab

15 To generate cell lines secreting chimeric 166-32 IgG, NSO cells were
transfected with purified plasmid DNAs of pSV2neoVy-huCy1 and pSV2neoV-huCk
by electroporation. Transfected cells were selected in the presenée of 0.7mg/ml
G418. Cells were grown in a 250-ml spinner flask using serum-containing medium.

To generate cell lines secreting chimeric 166-32 Fab, CHO cells were

20 transfected with purified plasmid DNAs of pSV2dhfrFd (or pSV2dhfrFd/9aa) and

pSV2neox by electroporation. Transfected cells were selected in the presence of
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Culture supernatant of 100 ml spinner culture was loaded on a 10-mli
PROSEP-A column (Bioprocessing, Inc., Princeton, NJ). The column was washed
with 10 bed volumes of PBS. The bound antibody was eluted with 50 mM citrate
buffer, pH 3.0. Equal volume of 1M Hepes, pH 8.0 was added to the fraction

10 containing the purified antibody to adjust the pH to 7.0. Residual salts were
removed by buffer exchange with PBS by Millipore membrane ultrafiltration (M.W.
cut-off: 3,000). The protein concentration of the purified antibody was determined
by the BCA method (Pierce).

(5) Purification of chimeric 166-32 Fab

15 Chimeric 166-32 Fab was purified by affinity chromatography using a mouse
anti-idiotypic MAb to MAb 166-32. The anti-idiotypic MAb is designated as MAb
172-25-3. It was made by immunizing mice with MAb 166-32 conjugated with
keyhole limpet hemocyanin (KLH) and screening for specific MAb 166-32 binding
could be competed with human factor D.

20 The affinity chromatography matrix was prepared by mixing 25 mg MAb 172-

25-3 with 5 mi of dry azlactone beads (UltraLink Biosupport Medium, Pierce) in a
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coupling buffer (0.1 M borate and 0.75 M Na,SO,, pH 9.0) for 2 hours at room
temperature. Then the residual reactive sites were blocked with 1 M ethanolamine,
pH 9.0 for 2.5 hours at room temperature. The beads were then washed in a buffer
containing 10 mM Tris, 0.15 M NaCl, 5 mM EDTA, 1% Triton X-100 and 0.02%
5 NaN,, pH 8.0) and stored then at 4°C.

For purification, 100 ml of supernatant from spinner cultures of CHO cells
producing cFab or cFab/9aa were loaded onto the affinity column coupled with MAb
172-25-3. Thé column was then washed thoroughly with PBS before the bound Fab
was eluted 50 mM diethylamine, pH 11.5. Residual salts were removed by buffer

10 exchange as described above. The protein concentration of the purified Fab was
determined by the BCA method (Pierce).

(6) SDS-PAGE of chimeric 166-32 IgG, cFab and cFab/9aa

The purified chimeric 166-32 1gG, cFab and cFab/9aa were analyzed for

purity and molecular size by SDS-PAGE. The proteins were treated with sample

15 buffers with or without mercaptoethanol. The samples were then run on pre-cast
gels (12.5%) (Amersham Pharmacia Biotech, Uppsala, Sweden) together with pre-
stained molecular weight standard (low molecular weight range) (BIO-RAD
Laboratories, Hercules, CA) using the PhastSystem (Amersham Pharmacia
Biotech). The gels were then stained in Coomassie Birilliant Blue solution (BIO-RAD)

20 for 5 minutes and then de-stained in an aqueous solution containing 40% methanol

and 10% acetic acid.
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and light chains are linked by an inter-chain disulfide bond. On the other hand, cFab
showed two protein bands under non-reducing condition, indicating that the heavy
and light chains are not linked by an inter-chain disulfide bond.

(7) Determination of the activities of chimeric 166-32 1gG, cFab and cFab/9aa

10 The activities of chimeric 166-32 IgG, cFab and cFab/3aa were determined
by using the alternative complement hemolytic assay described above. Fig. 13
shows that the murine and chimeric forms of MAb 166-32 have identical potency in
inhibiting factor D. Fig. 14 shows that cFab and cFab/9aa have almost identical
potency in inhibiting factor D. Most importantly, the potency of the two forms of

15 chimeric Fab is identical to that of the chimeric IgG, taking into considération that
there are two binding sites per IgG molecule. Together, the results demonstrate
that chimeric IgG, cFab and cFab/9aa retain the potency of the parental murine

MAb 166-32.

Example 10: Protection of complement-mediated tissue damage by Mab

20 166-32 in an ex vivo model of rabbit hearts perfused with

human plasma

Activation of the complement system contributes to hyperacute rejection of

xenografts. It may occur as a result of binding of complement fixing antibodies, the
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direct activation of complement via the alternative pathway on foreign cell surfaces,
and/or the failure of complement regulation by the foreign organ (J.L. Platt et al.,
Transplantation, 1991; 52: 937-947). Depending on the particular species-species
interaction, complement activation through either the classical or alternative
pathway predominates, though in some cases both pathways may be operative (T.
Takahashi et al., Immunol. Res., 1997; 16:. 273-297). Previous studies have shown
that hyperacute rejection can occur in the absence of anti-donor antibodies via
activation of the alternative pathway (P.S. Johnston et al., Transpiant. Proc., 1991;
23: 877-879).

To demonstrate the importance of the alternative complement pathway in
tissue damage, the anti-factor D MAb 166-32 was tested using an ex vivo model in
which isolated rabbit hearts were perfused with diluted human plasma. This model
was previously shown to cause damage to the rabbit myocardium due to the
activation of the alternative complement pathway (M.R. Gralinski et al.,
Immunopharmacology, 1996: 34: 79-88).

(1) Langendorff perfused rabbit hearts:

Male, New Zealand White rabbits (2.2-2.4 kg) were euthanized by cervical
dislocation. The hearts were removed rapidly and attached to a cannula for
perfusion through the aorta. The perfusion medium consisted of a recirculating
volume (250 ml) modified Krebs.-Henseleit (K-H) buffer (pH 7.4, 37°C) delivered at

a canstant rate of 20-25 ml/min. The composition of the buffer medium in millimoles
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NaHCO,, 25; KH,PO,, 1.1; giucose, 5.0; monosodium L-glutamate, 5.0; sodium
pyruvate, 2.0; and BSA, 0.25% (w/v). The K-H buffer passed through a gas porous
“lung” consisting of Silastic™ Laboratory Grade Tubing (Dow Corning, Midland, M1),

5  55.49 meters in length, with an inner diameter of 1.47 mm and an outer diameter
of 1.96 mm. The membranous “lung” was exposed continuously to a mixture of
95% 0,/5% CO, to obtain an oxygen partial pressure within the perfusion medium
equal to 500 mm Hg. The hearts were paced throughout the protocol via electrodes
attached to the right atrium. Pacing stimuli (3 Hz, 4 msec duration) were delivered

10  from a laboratory square wave generator (Grass SD-5, Quincy, MA). The pulmonary
artery was cannulated with polyethylene tubing to facilitate collection of the
pulmonary artery effluent, representing the coronary venous return. The superior

and inferior vena cava and the pulmonary veins were ligated to prevent exit of the
perfusate from the severed vessels. A left ventricular drain, thermistor probe, and

15  latex balloon were inserted via the left atrium and positioned in the left ventricle. The
fluid-filled latex balloon was connected with rigid tubing to a pressure transducer to
permit for measurement of left ventricular systolic and end-diastolic pressures. The

left ventricular developed pressure is defined as the difference between the left
ventricular systolic and end-diastolic pressures. The intraventricular balloon was

20 expanded with distilled water to achieve an initial baseline left ventricular end-

diastolic pressure of 5 mm Hg. Coronary perfusion pressure was measured with a
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hemodynamic variables were monitored continuously using a multichannel recorder
(Grass Polygraph 79D, Quincy, MA). The isolated hearts were maintained at 37°C
throughout the experimental period by enclosing them in a temperature-regulated

5 double-lumen glass chamber and passing the perfusion medium through a heated
reservoir and delivery system.

(2) Antibody treatments:

Two treatment groups were used to determine the ability of anti-factor D MAb

166-32 to inhibit the effects of complement activation in isolated rabbit hearts

10  perfused with human plasma. Group 1: Isotype-matched negative group, consisted
of hearts perfused with 4% human plasma in the presence of 0.3 pg/mi of MAb G3-
519 (n=6) specific to HIV-1 gp120. Group 2: Treatment group, consisted of hearts
perfused with 4% human plasma in the presence of 0.3 pg/mi of MAb 166-32 (n=6).
The human plasma was separated from freshly collected whole blood and stored
at —80°C until use. This percentage of human plasma was chosen because it
severely impairs myocardial function over a reasonable length of time gnd allows
one to assess the efficacy of a treatment regimen. Higher concentrations of human
plasma in this system cause the heart to rapidly develop contracture, making it
difficult to analyze the effects of a drug at a low concentration. Preliminary studies
20  had determined that 0.3 pg/ml was the minimal effective concentration that could

protect the isolated heart from the effects of complement activation. All hearts
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underwent 10-15 minutes of equilibration in the Langendorff apparatus before
addition of either antibody to the perfusion medium. Ten minutes after the addition
of antibody, 4 % human plasma was added to the perfusion medium (250 ml,
recirculating). Hemodynamic variables, including coronary perfusion pressure
5 (CPP), left ventricular systolic pressure (LVSP), left ventricular end-diastolic
pressure (LVEDP), and left ventricular developed pressure (LVDP) were recorded
before the addition of antibody (baseline), before the addition of 4% human plasma,
and every 10 minutes thereafter, for 60 minutes.
MADb 166-32 (0.3 pg/ml) attenuated the increase in coronary perfusion
10 pressure (CPP) when compared to hearts treated with MAb G3-519 (0.3 ug/ml)
when exposed to 4% human plasma. A rise in CPP indicates coronary vascular
resistance which is often associated with myocardial tissue damage. Isolated rabbit
hearts perfused with MAb 166-32 maintained left ventricular end-diastolic pressure
(LVEDP), in marked contrast to the resuits obtained with MAb G3-519 (Fig. 15).
15 The latter group of hearts developed a progressive increase in LVEDP after
exposure to 4% human plasma, indicating contracture or a failure of the ventricle
to relax during diastole (Fig. 15). MAb 166-32 also attenuated the decrease in left
ventricular developed pressure (LVDP) compared to the hearts treated with MAb
G3-519 after exposure to diluted human plasma. (Fig. 15).
20 Fig. 16 depicts representative recordings of cardiac function obtained before

and after 10, 30 and 60 minutes of perfusion in the presence of 4% human plasma.
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G3-519 treated rabbit heart is obvious after 10 minutes with progressive
deterioration of ventricular function over the subsequent 50 minutes. On the other
hand, preservation of ventricular function of a heart treated with MAb 166-32 is
5 evident over the period of 60 minutes.

Taken together, the hemodynamic data indicate that anti-factor D MAb 166-
32 protects isolated rabbit hearts from human compiement-mediated injury as
manifested by an overall maintenance of myocardial function after challenge with
human plasma.

10 (3) Complement Bb ELISA:

Factor D catalyzes the cleavage of bound factor B, yielding the Ba and Bb

fragments. The concentration of Bb present serves as an index of factor D activity.

The concentrations of activated component Bb in the lymphatic fluid collected from

the isolated rabbit hearts were measured using a commercially available ELISA kit

15  (Quidel). The assays made use of a MAD directed against human complement Bb
to measure the activation of human complement system during perfusion of rabbit
hearts in the presence of human plasma. Lymphatic effluent from the severed
lymphatic vessels was collected from the apex of the heart, snap-frozen in liquid
nitrogen, and stored at ~70°C until assayed. The flow rate of the lymphatic effluent

20 was recorded and accounted for in order to normalize the Bb concentration.
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(4) Immunohistochemical localization of C5b-9 deposition:

At the completion of the protocol, hearts were removed from the Langendorff

apparatus, cut into transverse sections, and frozen in liquid nitrogen. The apex and

10  atrial tissues were discarded. Sections were embedded in O.C.T. compound
embedding medium (Miles, Inc., Ekhart, IN), cut to 3 ym, and placed on poly-L-
lysine coated slides. After rinsing with phosphate-buffered saline (PBS), sections
were incubated with 4% paraformaldehyde in PBS at room temperature. Heart
sections were rinsed with PBS and incubated with 1% BSA for 15 minutes to

15  minimize non-specific staining. After rinsing with PBS, sections ‘were incubated wuth
a murine anti-human C5b-9 MAb (Quidel) at a 1:1,000 dilution at room temperature

for 1 hour. Sections were rinsed with PBS again and then incubated at room
temperature for 1 hour with a goat anti-murine FITC conjugated antibody (Sigma)

at a 1:320 dilution. After a final rinse with PBS, sections were mounted with

20  Fluoromount-G (Electron Microscopy Sciences, Fort Washington, PA) and protected

with a coverslip. Controls induded sections in which the primary antbody was omitted and sections
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In alf, the data from the ex vivo studies of rabbit hearts demonstrate the
efficacy of MAb 166-32 in preventing cardiac tissue injury as a result of the inhibition
of the alternative complement pathway. Inhibition of complement activation has
been shown to prolong the survival of xenografts (S.C. Makrides, Pharmacological
Rev., 1998, 50: 59-87). Therefore, MAb 166-32 could potentially be used as a

therapeutic agent to protect xenografts from destruction by human plasma.

Example 11: Inhibitory effects of MAb 166-32 on compiement activation and

inflammatory reactions in an extracorporeal circulation model

of cardiopulmonary bypass

Patients undergoing cardiopulmonary bypass (CPB) frequently manifest a
generalized systemic inflammatory response syndrome. Clinically, these reactions
are reflected in postoperative leukocytosis, fever, and extravascular fluid
accumulation which may lead to prolonged recovery and, occasionally, serious
organ dysfunction (J.K. Kirklin et al., J. Thorac. Cardiovasc. Surg., 1983, 86: 845-
857, L. Nilsson et al., Scand. J. Thorac. Cardiovasc. Surg., 1988; 22: 51-53; P.W.

Weerwind et al., J. Thorac. Cardiovasc. Surg., 1995; 110: 1633-1641). The
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inflammatory responses consist of humoral and celiular changes that contribute to

both tissue injury and impaired hemostasis. Complemenf activation has been
implicated as the important cause of the systemic inflammatory reaction (P. Haslam

et al., Anaesthesia, 1980; 25: 22-26; A. Salama et al., N. Eng. J. Med., 1980; 318:

5 408-414, J. Steinberg et al., J. Thorac. Cardiovasc. Surg., 1993; 106: 1008-1016).
Compiement activation is attributed to the interaction between the blood and the
surface of the extracorporeal circuit constituting CPB machines (D. Royston, J.
Cardiothorac. Vasc. Anesth., 1997; 11: 341-354). Primary inflammatory substances

are generated after activation of the complement system, including the

10 anaphylatoxins C3a and C5a, the opsonin C3b, and the membrane attack complex
C5b-9. C5a has been shown to upregulate CD11b (integrin) and CD18 (integrin) of
MAC-1 complex in polymorphonuclear cells PMN (comprising mainly neutrophils)

in vitro (M.P. Fletcher et al., Am. J. Physiol., 1993; 265: H1750-H1761) and to
induce lysosomal enzyme release by PMN. C5b-9 can induce the expression of P-

15 selectin (CD62P) on platelets (T. Wiedmer et al., Blood, 1991; 78: 2880-2886), and
both C5a and C5b-9 induce surface expression of P-selectin on endothelial cells
(K.E. Foreman et al., J. Clin. Invest.,1994; 94: 1147-1155). C3a and C5a stimulate
chemotaxis of human mast cells (K. Hartmann et al., Blood, 1997; 89: 2868-2870)

and trigger the release of histamine (Y. Kubota, J. Dermatol., 1992; 19: 19-26)

20  which induces vascular permeability (T.J. Williams, Agents Actions, 1983; 13: 451-

455).
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Jr. Hennesy et al., Am. J. Physiol., 1977 2132: H622-H628; Y. Wachtfogel et al.,
J. Lab. Clin. Med., 1985; 105: 601-607, C.S. Rinder et al., ibid) and
complement activation (P.G. Loubser, Perfusion, 1987; 2. 219-222; C.S. Rinder et
al., ibid, S.T. Baksaas et al., Perfusion, 1998; 13: 429-436) in CPB. The

effectiveness of the anti-factor D MAb 166-32 to inhibit the cellular and complement

activation in human whole blood was studied using this extracorporeal circulation
model for CPB.

(1) Extracorporeal circuit preparation:

Extracorporeal circuits were assembled using a hollow-fiber pediatric membrane
oxygenator with an integrated heat exchanger module (D 901 LILLPUT 1, DIDECO,
Mirandola (MO), ltaly), a pediatric venous reservoir with an ihtegrated card!otomy
filter (D 752 Venomidicard,; DIDECd). a perfusion tubing set (Sorin Biomedical, Inc.,
Irvine, CA) and a multiflow roller pump (Stockert Instruments GmbH, Munich,
Germany). Oxygenator and circuitry were primed with Plasma-Lyte 148 solution
(Baxter Healthcare Corp., Deerfield, IL). The prime was warmed to 32°C with a
cooler-heater (Sarns; 3M Health Care, Ann Arbor, Ml) and circulated at 500 mli/min,

while the sweep gas flow was maintained at 0.25 liters per min using 100% oxygen.
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containing porcine heparin (5 units/mi, final concentration; Elkins-Sinn, Cherry Hill,
10  NJ) and the anti-factor D MAb 166-32 or the isotype-matched negative control MAb
G3-519 (18 pg/ml final concentration). This concentration of antibody is equivalent
to about 1.5 times the molar concentration of factor D in the bload. Prior to the
addition of the blood to the extracorporeal circuit, a blood sample was taken from
the transfer pack as the “pre-circuit® sample, designated the “~10 minute sample”.
15 The blood was then added to the reservoir via the prime port. Prime fluid was
simultaneously withdrawn distal to the oxygenator outlet to yield a final circuit
volume of 600 ml and a final hematocrit of 25-28%. Blood was circulated with prime, '
and complete mixing was accomplished within 3 minutes; a baseline sample was
drawn and designated as time 0. To mimic usual procedures of surgical operation

20 under hypothermia, the circuit was then cooled to 27°C for 70 minutes after which
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Blood samples were also drawn at 10, 25, 40, 55, 70, 80 and 120 minutes

during the recirculation. Plasma samples were prepared by immediate centrifugation

5 at 2,000 x g at 4°C. Aliquots for the alternative pathway hemolytic assays and

neutrophil-specific myeloperoxidase assays were snap-frozen on dry ice and then

stored at -80°C. Aliquots for measurement of complements C3a, C4d, sC5b-9, and

Bb by ELISA were immediately mixed with equal volume of a Specimen Stabilizing

Medium (Quidel), snap-frozen on dry ice, and then stored at —80°C. Samples of

10  whole blood were also collected for immunostaining of the activation cell surface

markers CD11b and CD62P on neutrophils and platelets, respectively. To prevent

subsequent complement activation of the whole blood samples during the staining

procedure, 10 ul of 1 M EDTA were added to every ml of whole bloaod to give a final
concentration of 10 mM.

15 (3) Alternative pathway hemolytic assays:

The alternative complement activity in the plasma samples at different time
points from the MAb 166-32 treated and the MAb G3-519 treated circuits were
tested using rabbit red blood cells as described above. Fifty microliters of each
sample (20%) were mixed with 50 pl of GVB/Mg-EGTA buffer before addition of 30

20 i of rabbit red blood cells (1.7 x 10° cells/ml). After incubation at 37°C for 30
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minutes, the supernatants were collected and OD read at 405 nm using an ELISA
plate reader.
Fig. 18 shows that the alternative complement activity in the MAb 166-32 treated
circuit was completely inhibited by the antibody, whereas MAb G3-519 had no effect
5 on the complement activity when used in the corresponding circuit. The resuits
indicate MAb 166-32 is a potent inhibitor of the alternative complement pathway.
Even at a molar ratio of only 1.5: 1 (MADb : factor D), MAb 166-32 can completely
inhibit the alternative complement activity.

(4) Assays of complement activation products:

10 In addition to the hemolytic assays described above, the plasma samples from
the two extracorporeal circuits were are tested for the levels of C3a, sC5b-9, Bb,
and C4d. These substances were quantitated using commercially available ELISA
kits (Quidel) according to the manufacturerer's manuals. Like C5a, sC5b-9 is an
alternative marker for C5 convertase activity in the complement cascade. Both C5a

15 and sC5b-9 are produced as a result of cleavage of C5 by C5 convertase.
Complement Bb is a specific marker for the activation of the alternative complement
pathway, whereas C4d a specific marker for the activation of the classical pathway.

Figs. 19 and 20 show that MAb 166-32 inhibited effectively the production of
C3a and sC5b-9 respectively, whereas the isotype-matched negative control MAb
20 G3-519did not. The specificity and potency of MAb 166-32 are further elucidated

in Figs. 21 and 22. The production of Bb by the alternative complement pathway
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was completely inhibited by MAb 168-32, whereas the levels of Bb in the G3-519
circuit increase over time during the recirculation. Interestingly, the leveis of C4d in
both MAb 166-32 and G3-519 circuit did not vary significantly over time. The latter

results on Bb and C4d levels strongly indicate that the complement activation in

n

extracorporeal circulation is mediated mainly via the alternative pathway.

in sum, the results indicate that MAb 166-32 is a potent inhibitor of the
alternative complement pathway. Inhibition of factor D can abolish the complement
activation in the subsequent steps of the cascade as manifested by the reduction
in C3a and sC5b-9 formation.

10 (5) Assays for the activation of neutrophils and platelets:

The activation of neutrophils and platelets were quantitated by measuring the
levels of the cell-surface expression of CD11b and CD62P on neutrophils and
platelets, respectively. For CD11b labeling of neutrophils, 100 pl of whole blood
collected from the circuits were immediately incubated with 20 pl of phycoerythrin

15 (PE)-anti-CD11b antibody (clone D12, Becton Dickinson, San Jose, CA) for 10
minutes at room temperature in a microcentrifuge tube. Then 1.4 mi 6f FACS Lysing
Solution (Becton Dickinson) was added for 10 minutes at room temperature to lyse
red blood cells and to fix leukocytes. The microcentrifuge tubes were centrifuged at
300 x g for 5 minutes. The supernatant was aspirated and the cells resuspended

20 in PBS for washing. The microcentrifuge tubes were spun again, the supernatant

aspirated, and the cells finally resuspended in 0.5 mi of 1% paraformaldehyde
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Becton Dickinson) for 10 minutes at room temperature in a microcentrifuge tube.

Then the mixture was treated with FACS Lysing Solution as described above. The
microcentrifuge tubes were centrifuged at 2,000 x g for 5 minutes. The platelets
10 were washed in PBS, fixed in 1 % paraformaldehyde and then analyzed as
described above. For double labeling to concomitantly identify the platelet
population, 5 pl of FITC-anti-CD42a antibody were added for incubation together
with PE-anti-CD62P antibody.
For flow cytometric measurement, the PMN (containing mainly neutrophils) and
15  platelet populations were identified by live-gating based on forward- versus side-
scatter parameters and specific staining with FITC-anti-CD15 antibody and FITC-
anti-CD42a antibody, respectively. The background staining was gated using
isotype-matched labeled antibodies. The intensity of expression of CD11b and
CD62P was represented by mean fluorescence intensity (MF1).
20 Fig. 23 shows that neutrophils from the MAb 166-32 treated extracorporeal

circuit showed substantially lower expression of CD11b as compared to those from
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that inhibition of the alternative complement activation by MAb 166-32 can prevent
act.ivation of neutrophils.

Similarly, Fig. 24 shows that platelets from the MAb 166-32 treated
extracorporeal circuit showed substantially lower expression of CD62P as compared
to those from the MAb G3-519 treated circuit. Again these data together with those
above indicate that inhibition of the alternative complement activation by MAb 166-
32 can prevent activation of platelets.

(6) Assay of neutrophil-specific myeloperoxidase (MPO)

The degree of activation of neutrophils was also measured using a
commercial ELISA kit (R & D Systems, Inc., Minneapolis, MN) to quantitate the
amount of neutrophil-specific myeloperoxidase (MPO) in the plasma samples from
the extracorporeal circuits. MPO is stored in primary granules (azurophilic) of
neutrophils. It is released when neutrophils undergo de-granulation during
activation. Therefore MPO is a soluble marker for neutrophil activation. The assays
were performed according to the manufacturer's manual. Briefly, samples were
incubated in the cells of a microplate, which have been coated with a first MAb to
MPO. The MPO-MAb complex is labeled with a biotin-linked polycional antibody
prepared from goat MPO-antisera. The final step of the assay is based on a biotin-

avidin coupling in which avidin has been covalently linked to alkaline phosphatase.
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The amount of MPO in each sample is enzymatically measured upon addition of the
substrate 4-nitrophenyl-phosphate (pNPP), by reading OD at 405 nm.

Fig. 25 shows that the levels of MPO in the MAb 166-32 treated circuit were
substantially lower than those in the MAb G3-519 circuit. The results corroborate
with those on the expression of CD11b in the immunofluorometric studies described
above.

Taken together, the data on complement, neutrophils and platelets support
the notion that effective inhibition of the alternative complement activation in
extracorporeal circulation by the anti-factor D MAb 166-32 can abolish the formation
of inflammatory substances C3a, C5a and sC5b-9 and thus reduce the activation
of neutrophils and platelets. It is anticipated that MAb 166-32, as well as its
fragments, homologues, analogues and small molecule counterparts thereof, will
be effective in preventing or reducing clinical inflammatory reactions caused by
CPB.

Example 12: Study of the effects of MAb 166-32 in a dog model of isshemia and

reperfusion injury

A study was designed to examine whether MAb 166-32 would protect
myocardial tissues from injury due to ischemia and reperfusion in dogs, although it
was recognized at the outset that dog might not be a desirable animal model to
study this indication for MAb 166-32. The ability of MAb 166-32 to neutralize dog
factor D in hemolytic assays was at least 10 times less effective as compared to

human factor D (see Example 7). Because of the limited amount of MAb 166-32
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dog factor D in the heart. The dosage was calculated to be 3.15 mg/kg/infusion for
5 B infusions. MAb G3-519 was used as the isotype-matched control in the study.
Briefly, purpose-bred hound dogs were anaesthetized. A left thoracotomy
was performed at the fourth intercostal space to expose the heart. The proximal left
circumflex coronary artery was isolated and ligated for 90 minutes for induction of
ischemia that was followed by 6 hours of reperfusion. The antibody was given 6
10" times at 30 minutes before ischemia, 10 minutes before reperfusion, and then 75,
150, 225, 300 minutes during reperfusion. Radioactive microspheres were injected
at different time points to measure regional blood flow. At the end of the
experiments, hearts were perfused with Evans blue dye and triphenyltetrazolium for
measurement of area at risk and infarct size, respectively. Coronary lymph and
15 whole blood from the jugular vein were collected before ischemia and at the end of
the experiment. These samples were used to measure the concentration of the
injected antibodies and alternative pathway hemolytic activity.
The results show that the highest achievable concentration of MAb 166-32
in the coronary lymph was about 30 pg/ml, which is well below the concentration

20  required for complete inhibition of dog factor D in the coronary circulation. The

antibody was also detected in the systemic circulation, suggesting that the injected



f/F" 109 %"_‘ & $109E) & ()- *F'10%E) & ()- | (G 10%) & 8’)

f &3" 109E) 4393\ <] B] ] D] E] T] | obU410 3" 10%& () - 10E) 105)1 ET’US92’63/%§9& ()-
y8$10%E) & ()- = &63"10%) & ()- 33"109E) & ()- TIW]]JI"4 | [:

“U1098@& ()- L"1090& ()-ML #109%0& ()- L, "10%4& ()-Z &! 100 |§P 2002
FL10%& ()-4__ $v ' |[:bUsl0 s! 1098& ()- S109%& ()- 10%/&(
CL#1098& ()- " 109& ()- #109& ()- " Kaaa?b}c~c|[:-410% / #1098&' () -
,"1098& ()-  S*#109& ()- | ("10%& ()-m s@&" 1098&' ()-

$s! 1099&' () - ~cccccccFdbA410% 9Y"10% & ()- Y'10%&& ()- s 10%&& ()-
110%-&&' ()-S ! 10%~&x& () - S10%40%ddddegee| [ : A410% 3" 10%-&&' () -

10%-8&! ()- L10%-&& ()-  10%&% ()- F"10%-&& () yY 10%-&&' () -

oot o (1A FRRR AN e I R PR me e -

5 "10%

f, $10%§‘%a§f)a'ﬂef atve ?%ﬁﬁf&e&“ aﬁﬂ"‘%‘d%&@&%‘? “Ce%ﬁd%@é stgnt withhthegfast () -
1098&3& ()- |"109B&3& ()-Y10~&10~&j $j 1]k kk|[: A410~& 3&Y" 109B&3&" () -
FF" 109B3&3&! the coseanteat@as tie antisly wasadas s, ThereforelBm3ast (Possible to draw
F10988&3& ()-kKLI || Amm [: A410~& F(F" 1098&3& ()- Ff &" 1098&3& () -

FE&SF" 1098 &d&clusion BA WS eFéc o MAE 1BBYSErderfusion from these e genments in
Ff F" 109883 () nmBnpnno| [ : A410~& F&6F" 1098&83& ()- F3F 1098

FIF" 109883& () - f/ 1098&3& ()- & 1098&3& ()-

F* 1093&3 - ogohoi oj oyoooovU410 9%$10%5 G& ()- 109G G& ()- , 109 G&& () -
"10%G G& () - 103&3103&3103&3 y8$1098&3& ()- 000Dppp<q| [ : vU410

F33" 109G G& ()Ihe Pesuaingescription, fermso sxpEss(gnszard eBgmples 2ne-exemplary

S10%G G& ()- Y Z2"10%5 G&' ()-4<qqqqg8rrr|[:vU410 3&F"10%5 G& () -

3$3" 10%HM% ahd ndt' HHAMG. G&fh(e) inveRtid®%i6CIG8e6) all dqlAiesis’ 6) the foregomg
FF" 10%G G& ()- r)s{sstntt|[:vU410 |4 10%G G& ()- F,2 "10%G G& (

Cul uﬁﬁﬁuuuvaﬁ?l@en%o%&éﬁa% éﬁ%w%?” THEEtanltrgh %e@% -

8$10%G X 10%5 G& + " 109YX&&
$ ggh foIIow ang not by a y stgtlélrjnevn\{c\{ an[y otHér portlon of this doc(,&ment orin

10  any other source.



"109X&&' () - "109X&&' ()- "109X&&' ()- "fFl0%R2X&2& ()-z

"f FLOYX&&' () - z) wwawxexxX| [ vU410 y! glomX&&' () - 109%X&&' () - %&%UP

8 "109X&& () - 1 109X&& ()- 109X&&' ()-x yZyyzQe{|[:vU410 f/Y

& $109X&& () - *F'109X&&' ()- (F"109%¢&& ()- f&F"109%&& ()- &3 1094&& () -
{{9]::;1<IL| X [|vUs10 "1 10%&R& ()- 10%&R& ()- @109%8&' ()- 10X&10OX&1OX&

2" 109X&&' ()-  yy8$109X&&' ()- [|J |31} PR[:vU410 19%10%&R& ()- , @

10988 Y 10% - Y Y 10988 $1098& () -} H-~~8| [ : vU410
HF" 10%%2& ()- @%ﬁ@cﬂlﬂﬂ Efis?‘lw&& ()- @ 10%%2& ()- 3" 10%%2& %) ey
F'1098& ()-;/z|[: vU410 13"109%&&' ()- ,/F'10%&& ()-4 S, $10%&& () -

&*
1098& 109%&, 0/ U410 f10%, %
. 3" 10%%3& ()(3 @& $10%g@2' t“i“%' or Qgi%&w?% aa"’é"ml"ﬂ’d Q‘@S% f%?o[’ %ﬁéﬂd& a ppler
10% % & () ratio of ab@t%ﬂ%ﬁ%rﬁ?bﬂor;fa%t&@%@é’ﬁ%ll{lt)comgﬁﬂag%a%’ﬁv%ﬂ&n) $10% % & ()
£10% % & ()-+-1 % 9% & () 0% % &

"10% % & () - 9 s$1o%w/mb|(0/nf cagmn w%@vqtpn whish Iﬂdmmman#ﬂ@’é %d&at(e)

Y'10% % & 5% &
QY 1002 oo s BEHOBS nihirdB A0 R FutnanenBisdBRo 0 £ O
Sinm' 10% % & () - 35/ Y" IU%I%H@IO( pf-clair@1-dr'21Herelt ®ie (nhibitjoh :oNeementent adiVaR& ) -
"109&& () - f@{ «% "109&& ()-f 10%& ()- " 109%&& ()-_RY|[:NA41010
yn 1008 ( Ete"“' d% - 1098& ()- s$L0%R& ()- "109&& ()-

109&& ()-15]|[: |\'4\41010The Ihﬁl%’e& df )ctaim 3 WAAHEMRShE inhibitiéf 169 %Bpleinent_adtildliokds () - Y
 $L00%@E (). 10%8& ()= 5 :-410& >109%R& ()- 5! 10%8&' ()-  3Z"10%&&' () -
, 31$109&& datermingd 1o v by gn extrmrlwmk@&s?

5. An inhibitor of complement activation which binds to a region of human factor D
between (and including) amino acid residue numbers Cys154 and Cys170.

6. The inhibitor of claim 5 which does not bind to human factor D if amino acid
residues Arg156, His159 and Leu168 are absent.

7. The inhibitor of any of claims 1, 2, 5 or 6 which is an antibody or a homologue,
analogue or fragment thereof, a peptide, an oligonucleotide, a peptidomimetic or an organic
compound.

8. The inhibitor of claim 7 wherein the antibody fragments are Fab, F(ab'),, Fv or
single chain Fv.

9. The inhibitor of claim 7 wherein the antibody is a chimeric, deimmunized,
humanized, deimmunised or human antibody.

10. The monoclonal antibody 166-32.

1. The hybridoma producing the monoclonal antibody 166-32, deposited at the
American Type Culture Collection under Accession number HB-12476.

12, The monoclonal antibody 166-32 when produced by the hybridoma of claim 11.

13. A monoclonal antibody or a fragment, analogue or homologue thereof, or a
peptide, oligonucleotide, peptidomimetic or an organic compound which binds to the same epitope
on factor D as the antibody 166-32.

14, The fragment of claim 13 which is an Fab, F(ab')z, Fv or single chain Fv.

15. The chimeric form, having a mouse variable region and a human constant
region, of the Fab fragment of claim 14.

16. A cell line producing a monoclonal antibody or fragment thereof which binds to
the same epitope on factor D as the antibody 166-32.

17. A cell line producing the  fragment of claim 14,
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22. The chimeric form, having a mouse variable region and a human constant
region, of the Fab fragment of the monoclonal antibody 166-32.

23. A pharmaceutical composition comprising a therapeutically effective amount of
an inhibitor according to any one of claims 1 to 9 together with a pharmaceutically acceptable
diluent, carrier or adjuvant.

24, A pharmaceutical composition comprising a therapeutically effective amount of
a monoclonal antibody according to claim 10 or claim 12 together with a pharmaceutically
acceptable diluent, carrier or adjuvant.

25, A pharmaceutical composition comprising a therapeutically effective amount of
a monoclonal antibody or a fragment, analogue or homologue thereof, or a peptide, oligonucleotide,
peptidomimetic or an organic compound according to any one of claims 13, 14 or 18 together with a
pharmaceutically acceptable diluent, carrier or adjuvant.

26. A pharmaceutical composition comprising a therapeutically effective amount of
a chimeric Fab fragment according to any one of claims 15, 20 or 22 or a chimeric monoclonal
antibody according to claim 21 together with a pharmaceutically acceptable diluent, carrier or
adjuvant,

27. An inhibitor according to any one of claims 1 to 9 or a composition according to
claim 23 when used for treatment of a disease or condition mediated by excessive or uncontrolled
activation of the complement system,

28. A monoclonal antibody according to claim 10 or claim 12 or a composition
according to claim 24 when used for treatment of a disease or condition mediated by excessive or
uncontrolled activation of the complement system.

29, A monoclonal antibody or a fragment, analogue or homologue thereof, or a
peptide, oligonucleotide, peptidomimetic or an organic compound according to any one of claims
13, 14 or 18 or a composition according to claim 25 when used for treatment of a disease or
condition mediated by excessive or uncontrolled activation of the complement system.
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13, 14 or 18 or a composition according to claim 25 when used for treatment of complement-
mediated conditions associated with cardiopulmonary bypass.

34. A chimeric Fab fragment according to any one of claims 15, 20 or 22 or a
chimeric monoclonal antibody according to claim 21 or a composition according to claim 26 when
used for treatment of complement-mediated conditions associated with cardiopulmonary bypass.

35. Use of an inhibitor according to any one of claims 1 to 9, for the preparation of a
medicament for treating a disease or condition mediated by excessive or uncontrolled activation of
the complement system.

36. Use of a monoclonal antibody according to claim 10 or claim 12 for the
preparation of a medicament for treating a disease or condition mediated by excessive or
uncontrolled activation of the complement system.

37. Use of a monoclonal antibody or a fragment, analogue or homologue thereof, or
a peptide, oligonucleotide, peptidomimetic or an organic compound according to any one of claims
13, 14 or 18 for the preparation of a medicament for treating a disease or condition mediated by
excessive or uncontrolled activation of the complement system.

38. Use of a chimeric Fab fragment according to any one of claims 15, 20 or 22 or a
chimeric monoclonal antibody according to claim 21 for the preparation of a medicament for
treating a disease or condition mediated by excessive or uncontrolled activation of the complement
system.
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39. Use of an inhibitor according to any one of claims 1 to 9 for the preparation of a
medicament for treating complement mediated conditions associated with cardiopulmonary bypass.

40. Use of a monoclonal antibody according to claim 10 or claim 12 for the
preparation of a medicament for treating complement mediated conditions associated with
cardiopulmonary bypass.

41, Use of a monoclonal antibody or a fragment, analogue or homologue thereof, or
a peptide, oligonucleotide, peptidomimetic or an organic compound according to any one of claims
13, 14 or 18 for the preparation of a medicament for treating complement mediated conditions
associated with cardiopulmonary bypass.

42, Use of a chimeric Fab fragment according to any one of claims 15, 20 or 22 or a
chimeric monoclonal antibody according to claim 21 for the preparation of a medicament for
treating complement mediated conditions associated with cardiopuimonary bypass.

43. A medicament prepared according to any one of claims 35 to 42.



