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ENG NEERI NG Fc ANTI BODY REG ONS TO CONFER EFFECTOR

FUNCTI ON This application clains priority under 35
WQR2®605543019(e) to U. S. Provisional Applicati oPCTMUS2005/040970

60/ 626, 510 and 60/ 636, 056, filed on Novenmber 10, 2004

and Decenber 13, 2004, respectively, both of which are

|ncorporated her ei n reference in their entireties.

" Bl BT ACRUR ARBSREON DALIFATIONFQBRSEURRBANDOM

relates to NMMBEF@GEMRAQOBS/&SEMNFkVIBEDoSYSTEM

wherein said variant Fc region conprises at |east one

amno acid nodification relative to a wild-type Fc

region. These nodified nol ecul es confer an effector

CR@@SGRE@EHEN@EWbeRELRTEWRPPLt@RTR?N nt nol ecul e does
etectabl'y exni unction. In

par'lthl% wapplicating ntaime uthes beﬁetlth@fl b\@&nPirovisiomae Application Serial

No. 5685880, 145 Nofihbel VB4 854 et AGEare: seeo

INITIhe_IZ/erICWtF(ER lPﬁEL@DObIRAdE)CEWQNUNABEWGENEEWRDRS USED IN A
eater affinity, relative to a conparabl

r
VDG SYaE Mg rghiciininaorsraiadiby jaferense haypatin inentirety.
nol ecul es of the invention have particular utility in
treatnment, prevention or managenent of a di sease or
FIEHDSOF AHE INUENHQN:ancer, in a subpopul ation of
re| i s expressed at

p ents, t ar
\%\;lheeyg,r@sg vaﬂ 'Pé‘f' qra@b ylagq) @Hcopﬁrs and video decoders
I
andgf(\fdsr%l‘b‘ﬁééﬁéulgtlg ptgfﬁltl é‘éc Eﬁan?tl%%éé&ctgﬁfaﬁﬁzé’nd tﬂ(;s’\%ﬁﬁgv"}‘gfﬁo?{‘number
genesatgrs (RANGse vsed deriim @mlmalmmietnoranwdeorsyamSu at ed
cells. 2. BACKGROUND OF THE I NVENTION 2.1 Fc RECEPTORS
AND THEI R ROLES I N THE | MMUNE SYSTEM [ 0002] The

BACRGCRQUND OFTHENNVENTIGNt i gen conpl exes with cells
of the Immune systemresults in a wide array of

r edpOh9ERN f@féﬂ@im@mp@ pidurecimages dwing hiesprogers 8§ development.
Fllrr?gtalul?%d%‘legﬁg%‘?n ébl@fh i éﬁ ttfon Zﬁﬁﬁm,ug%és ane be Soes a

ranul ati

dlstmogmabmemm Itraasthategtdm begarbs@mbddhtoexghrthblvf/mﬂettm@e processing
anti body secreti or; flﬁaghese i nteractions, are
b

and qﬁ%’?ﬁt%’?ﬁt‘hr FRINdYesevaken iffehalignge for current
S At o A o ot e o
Dueaito/tbesangont nakire of the graim oistadlytiossjess @mcctnjmg is only achieved at

vor B M50 b BEASSRRHESpb b 5 BB e e

higts traqaemlés typleally ysgoelaae@ withi isisd abidMiventexipesi ns
resumabl y nmedi ate intracellular signaling

[ o@cblg] Al M@naee@ﬁnbt GMydasdreeropresaats ﬁd’tﬁ%mﬂl thrat allows
enc%ﬁ&? (}Eﬁl;! élrﬁg‘ rt‘ué tiGH 8%5&%?“@5%]9%%%‘6& barameterized model to be -
trarismitied gb @aublled mforraatncbms To@xpiponlelﬁ@b’r thd Fidwedity Rainigg Extension

(FRER OB MAk SR 10k doRe: 260 [ RO IRknAARSBr T FimEG-4 AVC

Jo:ﬁte\ﬁéé’é %anﬂd\?’ﬁ)%‘t&h@ét@ é?elﬁ%érnth@ “Pyoddsidndard” has defined a

specificity for inmunog obu I n subtypes. 'FC recepto
Fllrm Grraan@"lam@terﬁtles rE‘enDptemaetarE@hanCemengmfasnm (SEI:) message.

The 8L 88 SRR e B breig SRR ER It Ee sBgREiha Aliribwes such as

sizd a8 nensity, il AP didededidtich €5 sihilate ﬁfiﬂﬁﬁﬁ@fa\in Iook onto the
cells will be engﬁged in a given response (reviewed by

decrded pigture. vThedH stepgiard AﬁﬁgifleRéNthh petavoeterg are present in the

N T S ——

Journal of Cinical Investigation, 2(109): 161- 1681;
Ravetch J.V. et al. 2000, Science, 290: 84-89; Ravetch
J.V. et al, 2001 Annu. Rev. Imunol. 19:275-90;
Ravetch J.V. 1994, Cell, 78(4): 553-60). The different
Fc receptors the ceI I S that - express them and the|r
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96% i dentical to FcgRII A and binds 1gG conpl exes in an
i ndi stingui shabl e manner. The presence of an ITIMin
w0 b@eos4epl asnm ¢ domai n of FcgRI I B defi nes t hi BCT/US2005/040970
i nhi bitory subclass of FcgRr Recently the nol ecul ar
basis of this inhibition was established. Wen

coligated along with an actlvatl ;%% the ITIMin
the %bmqseased@hﬁ@npmmo E!i\@gH refapdarddoesot specify the

o S, A AP SEIE 5 B R S s

It is tebe appdeciateal tba’nlé@dw ean dealisddlj Jervﬁlywmtraany omé?ﬁmféo coding
e agtivation consequent

ted tyrosine
me"b‘?fg%‘ﬁ h@y’tzﬁé qaﬁa'fq& afefm?H?'i‘ Ariited fiom an eﬂﬁ?@gef that does
not é}fé{ﬁ&}hé@l@bagmg r5€g@ | B danpens the activating
response to gp Igation and inhibits cellular
r ebpbEdi Mbresoder meldelsattte filat grain oBheetitieo sequence and the

coc QU b 5k Ao RS SS Fe B rEn.  encoce

can UQQCFGMﬁo(éhr@nce #hé ghamtyTARe defipreésddd WBEb ARG there i is difficulty
cytotoxicity ( npl enent deg@;dent cytotoxicity

retaipmdheaidm giair) Adﬁl)trpﬁeﬂsartéatar@oﬁelh theapption phismadng or
atteARSRO N EIPAINB Rl AAd 1RSHel b i /cBIhaTR. AR ©

chgm@@'d abasmwlaxxrsalmaUsWtheﬂainga‘gmagldlmSamplﬁsuhaf simulate the

ai_de t e approaches in engineeri

look 2t G Rt Uik i SRR §eGeGay dchie srivehebedormed at

the ér?cgide? fil ?@ﬂl E'n?uﬂai: ) 'iseﬁel%‘rnﬁ {ihdek hlm grain simulation

Receptors Tor the Fc Regions o mmunogl obul i

is dansoaijeredaodbigMieRider stieam EWEINHD(N flisplenj IMepn/aﬂeadded film
|nvent n_Is art on vent ors' .

grairh B Bbt PEed RS e st hinclier ERiNY HBeE niosmssinagmethod,

synth8siarofishadiatd dfileogffh oPnBededdded lmfabééitf@f thietdi§i 1P 'i’orocess is not
activities to a parent_antibody, which parent antiDbody

spedciiird imibte dydiitstandard. phire fitnogin simeletion proeess lbﬁﬂUdeS the
deoqtihg ¥ it Braif iER R RS el BRns A SH | PR T e s
message edlspemgledrm/ e FidektyaRamge Bxiethsiordi Ameadnens of the H.264
ﬁéegstitutions, del etions or insertions) in one or
portions of the Fc region, which nodifications }
| NMrhEdUER B lﬁﬁéﬁ&‘e@@téd ltl%(tqhmoératr"@nﬁflét“l’cm %ra Fém‘é‘l?\iél? Rew
act|V|ty|nte dified antibody. In cert
techoalogyi uasst i, pOtShercvﬂimtlbndatsmuJaterntm rgralhs)rpaqomputer-generated

f t
matd SN fatarefa TR pRER TR PRt el of
applRfationt Othelrgl BRisisotEmnRiteial asftwaid iRGHE rHgmken dﬁ@Cur@‘@Jd@ from
medi at ed cyt ot oxi city (ADCC). | n other_enbodi nen
Easiman KedekiCaieahestaln amsf@tajm SO “éairpmnvlaeah lofiniy. These
tools‘t ﬁehé‘t% OW pe tgr@%s%agsrpg?%@@ rhﬁ\ﬁ&sn gbﬁ %?Sur @ﬁ’éﬂ nflement,
whlemnhegess‘,hememeunabig fon reammne)mdep auelijag epplicationsh Furthermore,

re ati.on C kl||ln 0012 e |nve ors have
nong g theSa Beistian feccananiitifo itiomish & TS orah SEChRRBRGS as

spec%ﬁ@? BytthQ‘WﬁGri igafg9Rl | B anti body) surprisingly
con red an e fector function activity (particularly,

ADSGJesmriptinn mdlt howABS giveni egdidisg pahudorrasdomiriunber generator
i bit,. t.ect.ab ti ' it ADCC
PREE) et RREREBE RoSortyecs Bih e RS i i catfon of
an lfgré\mﬂhﬁecﬁﬁlqée@hb BRIl gvain Biasaficm bh Hv TRV Bystems,

antibody) surprisingly inproved the effector function
bit-ageuraaytWasg palytachigvad guringpoeymalplayimede,dhads, when the film grain
[
s JHHPBRERs' Gt bl hoh it e SpBleRgs <y not interrupted
nodi fi cation of an Fc region of rituximb (anti-CD20
nonocl onal anti body) conferred effector function
activity on the rituximab antibody in cells froma
patlent populatlon mhose ceIIs wer e othermnse

. Y Y T
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(for exanple for research or diagnostic purposes)
where the FcgRs are expressed at |low |levels, for
we@2@apsa30 t unor specific B cells with | ow | evePGI/082005/040970
FcgRII B (e.g., non-Hodgkins3|ynphoma, CLL, and
Burkitt's | ynphoma). Although not intending to be
_bound by a particular nmechani smof action, the
durimﬂ&wt@& decedingiptioesasesn During teiok anedelplalyf the PEMBldtsed for

i B R S AR AL S4B esung

a nobelsisiattiaty filbh gigihaeptdtiucabn FTaRsmeahehihatitfe rﬁ%ktd{ure could
undet ect able due to a | ow | evel of expression.

have, iffesent @@Irbdepﬁedlne\péhwhethewthebmde@o@rdf duwiing narrdal play or

ool @R AL UTG . S Sl Pogwave o
lssuarﬁntnh@Wlstuademafht;pstao\dﬁoihd(ﬁven ihtree Blabpeh is MGIEBiEBBChiage, often it
d at lowlevels in the target cell

@s are ex

V'Suﬁ'gbg Olfi tBﬁ§a @&Oﬁlﬁséﬁtﬁ%v&ﬁtﬁmf@&*p?%ra@nh@rewar%

imp Ieﬁté?'ﬁétldt%%éd‘hds%r \Kfﬁh&ﬁt Hl@&&ﬁ FtYs %ﬁé%?ﬁ]ﬁ'tglc%ﬁ#ﬂaerg an
per cell as neasured uslng co nown to

Obtatrtﬂit@%tkhagaemshatretfhemetresmhe m)I ecul es of the

al $0RaDdng BBk Enace e toe Gisaeet i B s Gesroduction was
due @cﬁ tres tiheréntngaieoss the MENGSat\M‘giQBnQP@?ﬁQ%%pén&WgQ% how that frame
antigen to which the nodified antibody

wasjragete frrnTal elay 9r wick d@Od%plgly Ehtﬁem@éns thatieyen, if thhe same

paraggéf’(gg:gﬂfé véé%% ﬂr g&?ﬁ%llcﬁ%lre f &ﬁ% %ogf%fhgg’Fg\g(‘aoggot the same,

thenlcﬂ]tféfﬁhtrgnéxaosln&’rtwl at a denS| ty of 10, 000 to 5,000
SR T T AN B A ——

mesgﬁbécéév%?élcgﬁtdr 59{ aﬁ{aro%cﬁ?é‘ﬁhw b%fen%%tl KEIAHS R Specifications

| ess. The nolecules o e inventilo ave
for spautatlaglfdam arain. i Tlyesenptioreat apptqacpee\xergert bighoquality applications

and PROGOE TR sttt ok o6 Spiletan & Sfeerdifin cfinisians on botn

lumaahtd @BPorna cOldH @FREehatts Wl d eiRlllSnéreakB e b@ﬁﬁiﬁﬁaﬁcﬁtdl cost.
popul ation, in particular, in patients refractory t

Howenehtthess PPt ArtapRsRachasp nekprayisla acblfaﬁﬂctlb%ie)anﬂjbl 264
stanHQ?d Lo |l§|¥tq“L oéraﬁﬁﬁﬂr%laﬁ’tm pﬂ}%%g‘gxpf ession on the

cancer r ot cel I's assoc W th the disease or
di Aocarelingly) iboufdhé déswable\emt fsighiyr advemtagsbud ©Hakle methods
The ;:?R'\éef]tl 0{1 encoppass gl neering human, chineric
and gPPATAIR 1o/l RRGH R SRS % MAIRIPBHRR 4 & RSPUAP-FRNARIEinufmber
Pt SPHNGds8d o Simiaf s@éfnd
gen nod c?]?(l cati gng al termLtI hgefJEF%'gatﬁgera V?C;Etc?% SSu&Whﬁ*—ﬁhods and
apparatui should allaw fanfilnb gtin simulation déhat isrbmtte bttaar@etrate and H.264
FcgR receptors or cancer anti gens,
stangﬁfg g&'“@“%'ﬁdet ectabl e effector function activity or
cell killing activity of the nodified anti body. In one
enbodi nent, said one or nore nodifications to the
SUMMARY 9F HIEJNVENTION egi on enhance the affinity and
av [ r : r get '
an*trﬂééé( aRf ottlg&r’ &%}:%t%%gé @@g tdé?é&/@?ﬁ%gg% gfrt'ﬁ%{;?rfode% are addressed
by thﬁtpmehh mwaption] whishtis birdties), tolbit-securas éed hatialization for a

dlf ations of the |n entlon have .i ncr eased
pse "ﬁ%ﬁ .%ﬂeéatpé RRNG ipeddor sigwiate Mimgrain inqevideo

systé’t“i‘lr eﬂ‘ie 9%&?»@%%%6% advanfoa?e'bﬁbﬂ/ AISHSRE ‘ﬁﬁn éﬂ Qtsh(iﬁghon that is

[ evel s of the expression he“target an

bothvisit-aceratenapd H.264 standard espphiant.o t he parent

anti body. [0018] Although not intending to be bound by

a particular nmechani smof action, therapeutic

anti bodi es engi neered in accordance with the invention

have enhanced therapeutic efficacy, in part, due to

the ability of the Fc portion of the antibody to bind

a target ceII \Nhl ch expresses the partl cul ar chRs at

o o s - o a1
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therapeutically effective anmount of one or nore

nol ecul es conprising a variant Fc region engineered in
wa@ewenskace with the invention, which nol ecul ep€dTIUS1965/040970

bi nds a cancer antigen. In ¢ertain enbodi nents, the

subject is human. I n other enbodi nents, the nol ecul es

of the invention are nodified rituximb, and are
pr &CEPEHNY 1o 88Ashect Atherrrasariinvention, therena previdedasmethod for

I - i if i ' B6, . .
it B85 AR08 KLl ENETRVSHARS g iceo
systenuefine onethalliintludesltis stdpanificheatirgsa Roks@s Sabilb®f FRNG seeds,
i.ngi 'cati ons t rent, anti bodi es. Ml ecules of the
andipfalidig 2 Aihe SC srecsdram dbe ok wy fakle fax a picture by
accO®sHingd He RIdikvup &ile 'usfngra Wl%e@o??’e%’ﬂ%b@i‘ﬁp.tb% Biddr ¥t the picture.
h o primary tunors,

reduction of ‘growt regression o
or Asepeding 4e anotharaspeet afdhe pregenttiovartionotheretie pdovided a

. : ti hani f L an, ,
methg B, REENGE BsARIGITTHSH alinieed denieter Frah) sqed for a im
grainaimelatibhe reheemetited dYludesanB atepef GBA1ING AVoSRUALBR of PRNG
effector, function or i enhanci ng the apoptosis

seedy.qiil iInfiRlizingyere otetf@rFlb%u\lﬁi peefs Homdhedeolk-eipi taklel for agpicture by
acoBSRFR UK RILLLAGSILATTR SRR bbRH rftion vale,

noActorlingnd getiamsther aspadtiofighé prevenemventied, 1hetré i9provided a
r .cl earﬁntnce or an enha]nced r at eézl of tunor
B q

u
meth i et BLiRBFRAS ¥alUpHisasHc deryg B pseiderandryn number
gen%ﬁgt&n{)’(di fyieztgeigg' g@?orpgancelh\%mtd ﬁb?ﬁ%’@%@{n on ltfér?g H¥'at least
onejvaliieeas supplemitarioformiatian. anti body effector function

iyi : DCC h IS, ' '
ot Bbhidhe B dapeniominsgr ALiTE PN, B tebaRaem s provided a
metled for trinSraittiry & Yys8066-PandSAGRMbSSdeherBtod - (PRNG 8884 for a film
cells) .is enhanced by nodifying i nmunot herapeutics

|
graigstpulatipp artermethad ibakides the stemotimnsnittingthecBRAG seed for
: : | r n : ,
o gt SRR 1829 Bkl 0L P50 e P20 i o corssponcs
to aewhad@BAgtandarkeentodedgusteidats fiblde) at | east one

ant.i body- nedi at. ffector fupnction activity. In one
aperatg e nsul iudier senmet of Plece@post invAridheraprovided an
appara@a 1R MitiaRziRg '&%Két@p%nﬁ%ﬁfjﬁﬁh{b%tgpgﬁer%@gp Iﬁﬂﬁ@f} seed for use in

_dependent cascade actjvity detecta I'n ahot he
a vidaseksitemnt The apparatus ineludss, a filne gedin isiraulataif for creating a look-up

I r t.F | S_enhanc rendering the
tablg BEEAA ' §eR08, 0T BBl Sug b7 B BANGY 65885 o the [eGicup tabe
for ecigitiuse by. apcessingnhe 16sk-Up taietwsih@ahv@lud BoR8ShdiRding to an order
emodi nent of the invention, the efficacy of treatnent
Oftheso’%th’ﬁ%-nped by enhancing anti body- dependent
cehla ¥ Aaalfl LUCLI QN0 .
AL AL QR S8536 GHNE P PAERAEH 08 €brovied ar
app@etus fornitiglizihg elpseusloatandomm mutnper gedetatort (RRNG) Seed for a film
out i ne_assays ,kno he art and

.d ' in the .
orain SERyIARoR: BecArparpiyg ngiupgs évﬂﬁiagﬁam BmuHBiiiaeeeatinga look-up

tablé BVPRING 3808 CARA TRz Bh& ¥ hife PRIV abAY fdnY Hd @%‘é{up table

Fc region, wherein said™ariant Fc region conprise
for 4 pigkire byeacosisamgdbe dootoup taklet using atleast vee tsopplemental
. t regi on such that the nol ecul e has an
infof B wlfe

ffector activity, provided said one or nore
anApeoringltoradiifl iacdiionabaspsdt i eBe prisEht inlierfivh, fler® Xeprovided
or nore _positions. The amno acid positions recited
an apppeatys ferdransmiingiatieast eneyalus yses teldleriveex pseudetandom
forth in Kabat et ah, Sequence of Proteins of
I mmunol ogi cal Interest. 5th Ed. Public Health Service,
NH , MD (1991), expressly incorporated herein by
reference. In a specific enbodi nent, the variant Fc
region has a leucine at position 247, a |ysine at
position 421, or a glutamc acid at position 270. In

. - —
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I nvention) using assays known to those skilled in the
art for identifying the effector cell function of the
worRdoeosd4aE. | n particular, the invention enconpEaeEsm05/040970
characterizing the nol ecul e§ of the invention for
FcgR-nedi ated effector cell function. Exanples of
effector cell functions that can be assayed in
numbercgerriaier (RRNG) heedlnbetapparatus dheldded atfilar grain modeler for

AT 5 B RO SR B o
op@mﬂh@t&d?/@ﬁa@dm&hﬂ d¥peet Bﬂhe?ﬂ?@s%ﬂ'ﬁﬂb@ﬁ@e}f Ith%re is provided

dependent cell nmediated cytotoxicit
an apparaiys fontanspitingsa péeu@@f@ndﬁmmgw@frfmatmépme) seed for a

fim 7 SR, T Bt BRADTRERRERDAR BBl venspating he
PRNE&beed farrihe fﬂmegrmml sinullstioroin 4 b@etﬂ dutaial® L\Nﬁ@%lrbﬂ\e user data
ocytosis I n uman

il BB S o Fe T st B A5 ke e o,
PHREYA RS bﬁe?fasﬁékﬁs '\“Ebﬁﬁé.‘é 8Rd %Evéﬂﬁgé?%?ﬂté ﬁ@sw inV&ntion will

assayed in other phagocytes,
becomsoryparephtratnthe dolldvdng ueta:bdsiesérmwgn dsfwm@mmawl é?ﬁ@djéﬁ}’nents

Whlclgksot%%é'rp %tcz)ﬁhﬁgt? nocg? eégl:q\ﬁgqag’g/ﬁg?a@g{zg%mm{ 8

those skilled in the art. I n anot her enbodi ment, t he

ihhviaocyt 03|s assay (ADCP). In

mir O
f th t
ZZ'Eh %@%ﬂﬁ%ﬁ%} %#&Sﬁeﬁﬁa & Radaprghieath he
follovehgesommplaqt figures, ip.whioht ural killer cells, using any

bh% St agda d. mret hods known to those ski I led in the
arFtI HSyAPlogh Glagsameifiysisrtingha FilrnGrainl Management (RGM)

procés%Yr?g‘ Eg?ﬁ‘lct;@/)tr\/gftnglg ﬂ???ﬂﬁ&%&ﬂ{n&% B%‘%)fpﬂggg PS € n: he

efFﬂ&:QdS ackow slla,g;am ilastratin ABDBGthsd &yshidbctii@ite seed initialization
clear cells

or PR A5 B LB RSRIEL 2 Siigion i  vides

systemirnéc@dr@adaé dvntﬁ&hbqﬁﬁ\cﬁﬂ@%f e ﬂ%@eﬁhn'vbﬁﬁoh N the
usi ng_Fi col | -Paque density gradi ent

ceE rllﬁ‘ |3f'g @a@“ﬁgfﬂm plustrating @regxeasanlary loektup table (IS6T) index
com e B T B0 R

effi@cHdds acfedw d.a@xmmasastmurl‘g:@ﬂmeﬁmwd\fmt &6@RiBseed

. lang m%nocyt erived primary macrophages derived from
intialgaloR THL ARG SaN P RUBPRLOI ALGrdTRING Aenim grain simulation
\i t.

i e L L G
f imGt Bda &l diageay dlustrating @ndmmexmnmaMeokmpenabieJ(rLUT) index

compffiatertin o FF R Eith the Bubghes Hidhe Resmmdhventon; -
eFGIBAS 3adiageen pmsfraﬁng%ﬁaﬁ&hepskéﬁw ié}gtla& up table (LUT)

functional assays of efféctor functio trv
indexgqrapyigtiops in at:%nrgl@ﬂce avith thetpripcigfleg Oithaprels,enﬂmvéntlon,

6 7 inve n _en s the use -

?’I n@% g]‘IoQA? d%@;ﬁ%&\f IlTE}fat Pg@éﬂe‘@png‘?)f E&a&cura’te seed
mltlalizanohlfona eutlbrandématurabecgsridratdrdP AN

8135 vous Smanl n?éﬁ T rg (F%r?f& ﬂm/dfhl/{nﬁmulanon

in a V[mgqstew 'arﬁﬁcmar&%w@h H%prmlnl@smﬂtb@ lmréserufmveménon

| Nyl

SO 168 1 Rt ALY IR ROl acsyte soeo
initialgation fiona peeqdmramlmrg nwnﬁmqg@erlrdterPlE{NGﬁfdrﬁm@am simulation

rforned.. To assess C enment, activation,

'”a"gge (SR 88615?&@& @h% BnGiRley qfé%%)orawynmlone
perfor med usi ng st andard nmet hods known in the art.
[0030] The Fc variants of the present invention nmay be
conmbined with other Fc nodifications known in the art.

The |nvent| on enconpasses conbl n| ng an Fc varl ant of

e a
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nol ecul e; and (ii) recovery of said nolecule fromsaid
medi um [0035] The invention al so enconpasses net hods

w0 e006i0saB®VI Nng the therapeutic efficacy of nol BCIUER)5/040970
preferably pol ypepti des, ané nore preferably
i mmunogl obulins (e.g., antibodies) conprising a
vari ant Fc regi on having, which Fc regions have been
engitheékisctiflawatiagriamy illustrating eweh furthefmetrod fov bittdcsorate seed

... whi i neerjng confers, detectahl e tor, function .

iniia g & s s Bt b8Gr o Se bR St g gimutation

in a videerystamh @t Hb€ordBned vathhhBiphipdiléd bf hedprelent invention;
detectabl e activity of that effector function (as

nelaléur hisiasflony diagnammillysirating an additianed sathedvor bit-abeurate seed
Hoa ; (] ' pu ' Lon . . .
it o B RS B ge e FIONG Y P rain simutation
in a vidbeaybtenoin abeordaneawibrthe @rigciples ppihepsRseaEinvention: and

copplisin valiant Fc region, an innunoglobulin

conii & fige dowaiaginm pustraliwet an ederspalTeihashrbiagocurate
o 0 Py R AR hluhb? BehBYaRl AN fim grain
simuéatigintinenwideg system descgirdanee withi thalprineipgles bf thensresent
invergt rther conprising one or nore additional therapeutic

E%hts, including but not limted to anti-cancer

agents, anti-inflammtory agents, imunonodul atory

agents. 3.1 DEFINI TIONS [0037] As used herein, the
DETARED HESE

ER) DESERIPHION| s used to define a C-terninal region

opu¥ PHESrF ERENUBAT, Brpd BT YRtk R B Blnaton fogee
pseudiearayndohanumbsr batrandr (FRNEGYused ey siaulate Hiabgtaiftin alvideo

Seguences of Proteins of | munol ogical |Interest, 5th
systggp. legeniAVeRticl: MAYRe erployasBo indiglize a PRNG seed, e.g.,
oporfIREERE Y SSRAPAIG ol Rt B EBESAEy G Ehin (oe)
messageand gEheekgintingoeleachrpietuasrplier td petHermaingrimagraih

. guence containing the human 1gd Fc region is SEQID
SIMUNACI't and is shown in FIG 1. SEQ ID NO11 and FIG 1

s eAdirthfeduitly, aRb e S6H AN HiIGRNEIR VRS fdrhi_ﬁn'g?gn SigRidfihat is

region. Al though boundaries may vary slightly, as
both hilrrausateanchHd G stepdarkcampliants Yo aqer ribe Rreseimdnvention

i i ot ' I i C ,
ccvafGRIEY FATIAILO0 A5 S R A nby HA) Sho i
mode pieer Eldatiis, (BHiRel theDior att, tredstakéof )he PODES s fHeesdrae,

. regio an | conpri ses two constagnt domai ns, CH2
indeBgiaate! the RGO 81 e - RRAN I oK Bigcshplay).
USitifh ?Y ifiR0fiohi8 Meadinad %@ﬂeﬁj%egégﬁn&qgémid&) Bit/sttedftd and
. according to the nunbering systemo abat
prior (e pixed sisplay. nghe dilmrgraio sioutidiongroced? taysinualvbdhe dleicoding of

o 58 e e Dol g o

specifitd IREEH BREgt AMdritRnomno ®id PO2GY 8iaiad. Kabat
(corresponding to amino acids 127 to 232 as nunbered

i nl sEpyasenidesaription itvuglrates therpenciptesiehthierpresent invemtion. 1t will

. H ) t ||‘ n '- H
s o5 et S S £t L 00 OB s
arrarctgements that, !aﬁltﬁough\mogleiéblmkMdélfcﬁlbét@B& %@ghﬁ@im ém%)ody the
. ains are interposed between the two C onmai Nns o
princig|es A i MHSPH Bng GTe FUAAA WHEI™ Ky Rgiat ABg <SAPE: <
' f : : ts
i M R
pedagogioal purposeSHQ didhtiNDreatier imunééGtanding the gencipigsoofsthe

. f oth | gG i sQt ypes. be, al i gne i t.h.the 1qgd
inverdorCattEine et KBRTANRA DL it i eplartocjbdma the an, and are to
residues formng inter-heavy chain S-S binds in the
same positions. [0040] As used herein, the terns
"anti body" and "anti bodi es” refer to nonocl onal
anti bodies, nultispecific antibodies, hunman

M
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| ocalized. In other enbodi nents, cancer refers to a
mal i gnant tunor, which has invaded and destroyed
wmedoghsasl ng body structures and spread to di SPENUS2005/040970
sites. In sone enbodi nents,7the cancer is associ ated
with a specific cancer antigen that is expressed on
cancer cells. [0045] As used herein, the term
be consimed esdding aithoapknitatiantd sweh specitallyheciesd ef(ﬁyfnPfes and
(%.o an agent that nodulates a host's inmune system In
CONQUPNS/i n enbodi ment's, an i nmunonodul atory agent is an
| MASOSHRD B SEABMAEERE rein ﬂecﬁf?ﬁé ﬁmcigk@eés é'%’(gdéﬁg%ﬁjodiments
ani nmunonodul atory agent is an nosti mul at oty
of thageventianmasnuetbdatspegifia gaamplésntardef, abintamdedits encompass

li,mted,t smal |l nol ecul e ept ] des,..pol ypept i des,
botrysilic3fah AR SHTETonal Epniiients terBph LArdibRalvE g dntended that
sucHibgBivhlentgrithide BOM cUH@Mlly kN6 gliosleniDRY GleliAs %@Lﬁ\‘?alents

herein, the term"epitope” refers to a fragment of a
develepgshbpthedieitiye, peotay eleneatsndevalorgdihat perfesultbe same function,
re a'?&%%;é‘%f %ﬂ%ﬁ;ﬁgi c or immnogenic activity in an ani mal,

9 preferably ina mammual, and nost preferably in a

huihus, fanerpimipdedt Wil\biengpprecimned eyithoseskilléd jh the art that the

éra ment of a f%%e*\{ ePtide or protein ﬁh,at elicits an =
bloc ﬁea?%amﬁ RIESED 42 NHEPLESSRI CONKRPIIR Visws Pfdllystgative circuitry
emb%Bgi'tng%é%rﬁ‘l\%}gléé oY tHeSnfehiGH "B iy, & AR P?é%r}l?ggt%ghat any

pr in to which an antibody I mundspeci
flow gbattet kowidirgrabys, siate trenisdibnwibpramspseudooade oind Kid like

in the art, for exanple by | munoassays. Antigeni.c
repreg it SREE R AACTRE NS TRY Py SHBSTRTANG irsPseriédd pmputer
readdbldmedid 8he ise. exdiatddbya donfRNBRbr pfRESEST, Whether or not such
pepti de or pol ypeptide ‘conprising an am no acid
COMBEROf EOGFSSEI 19 explicitly wwn.guous ani no aci d resi dues,
at 10 C j ] (o] esi | east .
TThE Aorbis ST he 1AuTs ARG AR FY TR provided
througintHeguseisf detlicataathatdnese dsagell 88 harhvdrefapdié bfuRstuting
i no acid, residyes, at |east 40 contiguous  am no acid

am n .
softWayg| 1 G8S OCIR{IoN I ABRIORHAL SRfares VRGN RPYided i BEacessor,

the Al R o s PRI 0 G Jeectif prod¥ssbht) 2 Sholgghared
proceasoroonby @ plusalidy ek indiidual gwocessurs gamos o Which nmaydws shared.

resj dues, ..at_ | east ,cont.i quous 100 .ami.n ci,d residues, '
Morg Ve 85ci e GIBRLS PP BRSO R oY do L gh e ol Aeb g onstrued
to relSiloeivaly @ hatdiae cipiablé 6 bReaingdoflvRA8! and may implicitly
._.contiguous 175 am no acid residues, at |east
Inclugi@nmtgg%we@oréwﬁl@i@l &gndl psacerses (‘P athardwsre, read-only

mer DRI 16 o S5 AR BT P dho
non-golatilt sterage.a fragnent of a polypeptide retains at
B TS et e by Bl SB5 o £ sy,
n H | . .
any §\ﬁ/ﬁé¥‘?‘é§§%o’\lel')1 mlﬁﬁﬁ%@% 4t ggﬁ?é.ﬁg{a’ﬁ %r&%@@ﬁﬁgﬁon may be carried

genom C nati

.out thfoupkitherparbionof pragram logidy yhmough Disdidetivd hediecthrasgh the

.. and anal ogs_of DNA or RNA.ml ecul.es. Such anal ogs,can .-
interBgfioE AEPEREAM ettt ShgecSRlprIsUR o1 VAN mENLaLYoge Partioular
techjuelbding Lsélé%takﬂé‘bgﬂh@ im@lerhbMick @4 rhére $pEidHyUnderstood from
tritylated bases. Such anal ogs can al so conpri Se DNA
the eanteA nol ecul es conprising nodi fied backbones t hat
l e [ Cj t1d) t e e S .
| PLRSISHEhSlech L SUL R et E HER K hetBiming o
speciiied funytion i< mesdektd eheompasbaapemy difprforalied ehadibcion

" ol nucl eoti de sequences can be. singl e-stranded,
inclugingh ) 4 Rapieat :

QL BRed) aRYNRIDATEN AF Giiew slemants dhathritamedhat
doubl e- stranded portions, and may contain
triple-stranded portions, but preferably is
doubl e- stranded DNA. [ 0049] As used herein, a
"therapeutically effective amount” refers to that

Y " o o g, o Y Y g, . o
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eosi nophils, mast cells, platelets, B cells, large
granul ar | ynphocytes, Langerhans 1cells, natural
W piobes5460NK) cel |l s, and may be from any organi BOT/US2005/040970
including but not limted t® humans, mce, rats,
rabbits, and nonkeys. [0055] "Fc |igand" as used
herein is_nmeant a nolecule, preferably a pol ypeptide,
funclioR @r ) Fofimsaainsany Ferm,ineligingotherefore, firayvare, oficrasode or the

like, "E,“Btg?tﬁggd V\?Jlft% éa S thﬁ?th é:irét{ltgggﬂﬂ g&gg‘g@ﬂ}f%ﬁtﬂ/\%ﬁg S%gerform the

functioin Thel |qveﬁﬁi%|n a$ dp’lﬁuéd@th qlclmﬁis&geldés intthe Féchﬁ&tCtﬂb
viral Fc¢ Fc |igands may include
funofiie Bl ouHeR AL v sl aees are QariRed and brought

R |
ooe RSB VS )y, L L B mans
that pae pavide tg@*aejfw@qqeabteemaret Wl‘#ﬂlﬁlﬁﬁtoltbﬁke lshioge-Herein.

Bl R P b o BB i o i
the ﬁr@%édumeﬁﬂdn hayAe applidd |h@@ai&?%dn&ﬁﬁy BBSHG Pefdr&ice numeral

to the nunbering system of Kabat
100.AlRe VAN pocResion/m; mmcE@Le@@_angm[rddQ@ncraeewvem y50. The

tran% &9.%18&8&‘ tfllrﬁgglerﬂm l%nh: 1Hr2O hdso &ﬁéqxﬁ]’%rs 5124}5 5%% film grain

pol yacry gel ectrop oresi s
modsteaai 1r1@3| "Wnde e ceb@rais mcllld% a lidse dbcoger it 524 film grain S|mu|ator

154, 4118 Gongiigr (o6 fabout, g'ra' S FraBheGHLT el ght
comtBWr‘nq]ﬂ%joﬁ 9Hp!h%a\ﬂ8 F‘QBﬁre Fﬁ%gﬁa Bim H}andﬁﬁﬂﬁeﬁ{ﬁ ¢5&"are also

[ar wel g ers, rom
conteopiated amb@tngwnmﬁmdcmpe af tinel mmmmn)v\eu ght of 98,

50 36 KDa ti ly. LI SA ASSAY OF
cAp AR & BB iteis B S |eeuiecimmtinidad o nigtion with an
mpupunhfen fith &S00 FEvh HFSH 1 ﬁé@bHB'aeanFEBbi bﬁhbqnﬁgnga@rGﬁ{o%‘éler 116. An

and nononeric 1 gG was determ ned using an assay
outppt atithedilay gEk) resgeyeight2i cpq(gaquqlnm\al(c;ommumcatlon with an

oL ek a6 1 {4 LR Sy ERONRPR i 1. A

outp(IFoﬁt@theé\eﬁEffM\lEﬂ 3 ﬁ@@b@%@&lfm ANpEL-bBheARI S ifter 110.
Sol ? raneric FcgRLLIA co xblnds sol ubl e
Hﬁﬁ@ ?h% [ ﬁaﬂnufa%d%'%éaﬂﬁ.'%aw blesag & $REUI Q¥pybpkthe

tranérﬁﬁtre@r’fﬂ ol CI'lFeCﬁiB{ bhi‘btﬁ i nméégﬁﬁnérﬂrﬂe'rﬁ 16! |Q%'6?|ﬂeé’bé231ﬁ%§ﬂal

a nouse anti - onal anti bod
commmt@nawmaﬁtﬁr@ddpuhaf therrengiveh&s®28! BA sagoa mnpusmf the

vandifaf 1R 6 3Bh B MRS G AP A ShERE o o e

receivekr dBDe Thes ﬁl&ﬂ‘ﬁ?iplut oFﬂMédeﬂé?OIlEm i€¥ohAe&ldHBl gnal communication
rmnorrerlc human ) is conpared to the binding of

with aBriBREL O §d4'4ﬂ9 @e 1327 The secens wpwbebihe raseiuerdiso is

conrBed e BBl R AR & B oM ftor 154,

first Gaipit bf meOmdpb elecotien 152 gRbohmddtéd ire@igaba@@hnafrecanon WIth a
a nonoc| onal anti body DJ 130 1st

secdifh R oL be AR SIS GRsAiRy 160 A §29ET eyl &) themyidepescoder

I
2 Brstedln S0 o radRal (5°B okl . An
ou’tpw ohtthfﬁm griain SI(rd.)latmm@beunwted irFsigRal d:@mammltawiﬁtﬁw:th a second

oo e RHEIAS, EFSEIEH Y s il apan cuper

the rdee®REenP$50! oned into pYD is presented. The open box
represents the hi n%e CH2- CH3 donmi ns; parall el
velt is toape Iapﬁ@?'qﬂéﬁ Bakisame emHOddﬁﬁﬁisrpf the praserideeention,

PRNEL o6 A A R ASTSIS UElpudd 5 N 250 0B Gariuir

the hinge region; the * represents the Xpressepitope
tag; hatched boxes represent the dy4-Ser |inker, and
t he stippl ed boxes represent the Aga2p gene. FIGS.

7A- H FACS ANALYSI S OF THE Fc FUSI G\I PROTEI NS G\I THE

NI A N N 1 NS
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and F represent nutant # 20; FIGS. 10G and H represent
mutant # 21; FIGS. 10 land J represent nutant # 24,
WO-L@&0548K and L represent nutant # 25; FIGS. BRQVIUS2005/040970
represent nutant # 27. Cell$% were stained with
chRIIIAtetrarrerlc complex (FIGS. 10 A, C, E, G I,
Ef‘ l\/% CgRIIB tetrameric conpl ex | GS. 108, D,
by ”TLe fily gyain simulgier \§4), mhilg in Qﬁﬁemeeanbspmﬂmgtﬁmzmm g@Feds for film

Y, BY, ELI S .

e et g e e TS

modellem‘e‘cﬁ)lartokirammnl’nmwty) tbhaecelwér tmformsrmheﬁew 4M8§bover in yet
4- 4- 20 monocl onal anti bo

oth nal , ant Fﬁ&% g dy
e ST RS ¢ $epd|9eerigd & tae HansmitteridGeis sent to the
|
rece:i:xginr ?Ua?g goglg& ﬁg%n?p?ﬁ%ﬁ?ﬁsﬁéﬁ#&%r%éd‘a&hg858&98]’ 180 to obtain
a nexy iseed feryse form Cwrenineictbeg Ron %I(CB)fllmegramt sinmulation is to be

t C he ELI s to,whic
pertd i T AP AL A B, RO B B o e
film gralersimolattat 5% mewh e FIGHahtNeeaf ps&idd-Ashdein H&?nber enerator
arianf receptors to the Fc domains. Miutants # 15 og

199 Jorusg\ iy aECosRIFeWItR §he ponaiples ¢fﬁeeweaemsnmm|@f course,

depdilding bh Heemunditotnt Y%rgg Mﬁﬁ%wﬁﬁﬁ f5de16P 116 and the film

grain emnaﬁamrrﬂéwmmcﬁmg a2FRMNG. WBiven alses esadtthdsoof thbq:brbsent

d d h DCC a

inve(ia pRed bR S PEBRarsB I ials an ity deaneawil Gantemplate
thes%%{ricp&\t;h,er W&ﬁhé’r% %%‘ég rrﬁ?é}A?’?%rd l%%gg)gr Iﬁgﬁféﬁ %{J,ir to a film
gralTAHKmﬂleWEDEfllm mngn(u@oel whilg TedintaB4ing e sb@F@’B%e present
mver&@ 5V), MGFc-31 (P247L, N421K), MoFc-32 (D280E, -

'F, A431D, L4411), MGFc-33 (K317N, F423 del eted),

W@gﬁﬁlﬁ&ﬂ@pnol@ﬁ 819 ove¥bdrhie 3he @\'B%%Qesﬁﬁ%@jifference in the

- 36 (K218R &81D, &385R) FIGs. 14 A and ADCC

P”OFAEL‘FH %#‘?‘r@ﬁ figtateTes they pﬁﬂadﬂffmsdwmwuﬂuw\wmator (particularly

whell R o B bR To 1Atk R 60 SRV 8e@isiere

resulting [ iniart pttb@@raalﬁmmemnglaothﬁemlgmint a bithescfikiie method is

propigt b infidlize 1a8 MR SeoT R tiecbedantng of sashdaigture that fs not
depdrfchtlon\Rd g)llé% et - THe Biﬁ%éém’at@?ﬁ?’&ﬁodg %%@!ér\?ecggaggeégr%

(K334E, T3 T366S), Mac-27 (G316D
accosdawzmﬂaéhe pringipigs gﬁtda\etprea@nt lrmeraimrs ativarthgeawsiy exé also

com ARy Al BB, A3o7T)  Mare- 38 (K392,
PSAGie)scrlrbﬁEﬁwﬂﬂnéMw@veﬁ%md\/é;ﬁ@staﬁxs{tﬂé%@é%mbodlment in .

Ré %%I %/[%: MGFc - i ndependent cl ones were
accof GG With he RERCIARAL themresenisn CRRIRET I fitst b steagive
o312 42y S OBy S dihbion o
corrésposchngimathdehtlionn amdedeseriBS4-wifH rewpesti FIG. 2 and an example

ocC | TC). surface. Acor e sensogram of

thergq?estipvwoé/quggﬁcr&g "Vﬁhﬁs%ﬂtl%g es-with mutant Fc

[ CAIlGBIEUR RaBIB]LENY (ReBeS id dsfiritefué toliflulmob! | 1 2ed

sensor ship is sh e rrar er was set on wild-type

captured anti body response. FIG 16 SENSOGRAM OF REAL

TI I[1IA TO 4-4- 20 ANTI BODI ES

CAlI\RiE ‘l\gg%l %F%FEF% ‘?éfe %0}38] Bi ndi ng of FcgRIl1A

to ch-4-4-20 antibodies carrying variant Fc regions

%%Frsz%zed at 200 nM concentrati on. Responses were
whergReRM | e%%'blen%eméf%ﬂh%FPdﬁGztand:_LOISathemumn;erc;ﬁmasdde seeds.

o e LR MBS Byl L or e

(K326E); Mit 14 (K334E, K288N); Mit 11 (R255L, F243L);
Mit 16 (F372Y); Mit 19 (K334N, K2461). FIGs. 17 A-H

ANALYSI S OF KI NETI C PARAMETERS OF FcgRI 1A Bl NDI NG TO
ANTI BODI ES CARRYI NG VARI ANT Fc REG ONS [0070] Kinetic

T r a .
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for different time points. Yeast was spun down and

unl abel ed FcgRI I | A was renoved, Receptor bound yeast
wor®essasned with SA (streptavidin): PE ( phycoerPgr/iig10n5/040970

for FACS analysis. FIGs. 220A-C FACS ANALYSI S BASED ON

THE KI NETI C SCREEN [ 0076] Based on the cal cul ated Kof f

fromthe data Eﬁresente,d in FIG 20, a one mnute tine
than fiemaximup disianggdinpisiens) ketnmendtansegetbess filon grain SEI

i ' - . Lof od '
e Y PR aRE B Mt fnerd Mt B (R K eee tpppioment
the PRNG aseed wiitl e Bk intbgerr yahu. f or one minute; then

washed gnd | led with SA.PE. The cells were then _

soried. BYF ERANE'Serls sy hrdolicging v ahis begimning of a picture
(at tiaBgpel cted P396L library was conpared to the yeast

cells selected for inproved binding by FACS. The

hi st ograms show t he percentage of cells that are

costajhped w FcaRLI\IA,/PE and goat anti-human

o PERUF R TG F Rl P BalD O salD PrASE

DEPLETI ON OF FcgRI I B Fc BI NDERS [0077] A. The P396L

i g{ﬁ?ﬁ/ yva,% screened based on FcgRI I B depletion and
whete thisstBedieiuss ordsreguRhghths pichise as tinehasdgfthedin the H.264

t ' ] S d 5 tinmes. The .

St o b o e o8 aRGRASREE b gt reception
of agtewfiln geainrSElhars&agé. clel drdst & avoid repéfirgpiiie same sequence of
. d.anti -human Fc. a gﬁn‘ﬁery smal | percentage of cells
indiesSVRED %C?ﬁs'ﬁsa HA LSHBMWO adirnae wyeber, like 61 or 127.

selieteefirst Huetalye EAGR R st |

FcgRI| | ArSI [ nkera- a?/i ﬁ%.d‘@gggtﬂqecéﬁ%ﬂ I&érggbgﬁé%@%d for

both FcgRII1 A and FcgRI I B binding after each sort and

cogﬂgétegoto wild type binding. B. Fc Mutants were

sel"ected fromthe FcgRI I B depl et ed yeast popul ation

using biotinylated FcgRI Il A 158F |inker avitag nononer

as g,ligand. The sort gate was set to select the top
0. 35i% pOyKlas avesssnplaueywf determising theriRRYG seédthecause only

e PR ERA OB Bl ol oo

BesleiegRsinge (18 piRturerbi@er 26uMEPOCYBf RANED SIELPKERE v He the

CELL LYSIS %DI TED, BY CHI I\/EﬁI]C 4ﬁ5 HARBORI NG FC
SaM@G IPARFECI DB BPWRAP RIGIUE IBdpashed: the same geed wilkbe arsed on any
playfbdgach Fc nutant tested. Lysis rates for 4D5

anti body with Fc nutants were divided by the rate of

| ySuging e £lGd2bg methad fereit-absurate séed initidkzagsiohrfoma aseudo-

rand i B Ry O R R T bRl R0 T on % Poflrpusyetem s

indictitéd geastaliyrsy thedyference nurmraPago.ar e shown. The
anfg'hbod% concentrations were chosen to.flank the point
al dRg Npibod #QRkingludgsia-startklpek vA2 thaassescont®l to a function

blocEERER & DI AR NE EETIAARTL DB 7895d SHadp.es folows:

rates of lysis was calcul ated for each Fc nutant

te d. ,Lysjs rates for 2H7 antibody with Fc nutants
mﬁ@%ﬁﬁ%"é’b’ 5§e$1h§e?§ft'e"o§e‘?%1}s medi ated by wild
type 2H7 antibody. Data fromat |east 1- 2 independent

assays were averaged and plotted on the histogram For
and passeseoniieldata funetian btaok 21® di fferent anti body

CoFGE Byl DR g Bl B B SRRt e
beg'whir@l’bfleyﬁicmmat tie%: FI G 26 SCHEME FOR LI BRARY

PRODUCTI ON. [ 0080] strands are represented.
Forward arrows represent priners containing nutant

cog@é@( R ow, Q t reverse gene specific
ol I go. pl GE@%Q%%)ELG%E%& @E&DUCTI ON OF LI BRARI ES BY
BU LD A GENE PROTOCOL. [0081] The rectangul ar boxes
represent the hinge, CH2, and CH3 domai ns,

respectively. The short black lines represent the
doubl e stranded oligos with 5 overhangs. FIG 28

R 17N =1 — AR A I AR IPFrerc~ 1 R BANIFN"N /I'" IFTFYYR AN R A<l A" r=pr<~ AP 1 1 N 7 NS
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depi cted at MgFc51 (Q419H, P396L); MFc51/60 in Panel
A, MyFc55 and MgFc55/60 (Panel B), MgFc59 and

woReedSH480 ( Panel C); and MgFc31/ 60 (Panel D).PEr/G82003740970
A-D Fc VARI ANTS W TH DECREASED BI NDI NG TO Fej RI I B
[0092] Binding of FcR to ch4D5 anti bodies to conpare
effect of D270E (60) on R255L, P396L doubl e nut ant
(MgFc55). KD was anal yzed at different concentrations

of ’ (] : 0

b2 Os S EEROATHOA T SRS B3R R ng

separate KD using Biacore 3000 software. FIGs. 38 A-D

KI NETI C RACTERI STI CS OF 4D5 MJUTANTS SELECTED FROM

FcPHPEL=BEPLETI ONS/ Fg" I | AHL31 SELECTI ON [ 0093] Bi ndi ng

of FcR to ch4D5 anti bodies carrying different Fc

mut ati ons sel ected by CD32B depletion and CD32ZA H 3 1
and §©ﬂt¥@h|5r@a$ﬂaddp@gyend<b|m&2%ﬁqal yzed at different

15AErbBARTER 30w SSgtaF CoRAN P (#bIoAb L) didengmputation is

mdumedécﬂ gemedalishynthesrefareate ndehaetal 380.BirrgarRubOfhe L Lindex
software.. FIG 39 PLOT OF MDM ADCC DATA AGAI NST THE

comREaHOBTIERAT RIEBSEWRaredon 613and heNf9at=M8 DETERM NED BY

CATE O DA R roamen

accd?élezﬁcé zNétggiggaﬂlr(cgg% bf tl'i%’sﬁﬁsls)ght MQEnﬁan( gﬁﬁgeﬁghﬁgﬁ{?%twe
c
embhﬁxfaﬁ N;Gi {i)?'bL ﬁﬁ&?ndﬁl Iqwed by sty dgsedption of a

f t
corréé}%ndiﬂagm&hgg 'sgg &ﬁew ﬁlane?g:@ﬂiépwél flgm%amples
there@irByn pade:lesqlbwwnhd@apem to(E{IEEASHirRllG panel D).

volEah s SaEsR ek e S ERY Rerls A7 predinSoresnon described

with $2§8%t-to 6. Riinidineg vety wfficibrit YREadES the sane s
rovided. EIG 41 A-D R Bl NDI NG 70 4pe Mot Agpence of seeds will

be reygakenzoneeRARivesTam T APr these0nuss, Q@l@@@mdnllustram

' t LA & V1
embb Ui 8 e S e O SeniP oo (R e e pioture
whe reatinel fll(i) gammi %gﬂé%g@@%r&éﬂiﬂefor@%&étti@ the\RO®)ta% follows:

depi cted are MgFc55/ 60/ F243L (R255L; P396L; D270E;

F243L) , l\/gF038/ 60/ F243L (K392T; P396L; D270E; F243L)

angff S seff334A; S298A). The binding of
wild-type 4 |s al so provided. FIG 42 A-E BIND NG OF
4D5 VARI ANT 31/60 TO HT29 CELLS [0097] FACS anal ysis

R PS5 SIG ldB BTN GE ot 1yt o

diffefdt HEQUBRTO o setds V@Y agter bPOCr8s6k Wr@ﬁ&é@'?hé{fresets do not
HER2/ neu),. I ncubation with primary ant i body was at

occuk@t @ steadly PECRy/ m (B), 0.1 my/m (C), 0.001 ng/n

( 4
oy ot BG4 Fleiod ol ded X SETRBIBATHN Y S pseudo-
randgcranuaﬂuergweeawmmm fasfiieh gt BEnglationdaayideo system is
t i bod FI G, 43 ADCCACTIVITYC]ZI\/UFANFSIN HE
|nd|cgﬂﬂq Ay QY e ce pRmSsa 48] cHaD5 anti bodi es
Cophairnéhedmooa ;
COThB MBI FSe e To o TRRRRasds LB bl & funcion
block#08. t Refusiclios biEKRIS spegfiesea ﬂwcds-ﬂpdablefoﬂﬁéﬂ/srwjbllows
and HT29 (Il ow expression of HER2/neu) cells lines were
used as targets (panels A and B, respectively).
Ef LgTt-0{sdeatl,f seedht s&é&dd, 0. (Eeé'd,_r1§1t| 0) was 50:1 with 18
h i ncubation. Mutants anal yzed were M3c59/ 60 ( K370E;
P396L; D270E), M3Fc55/60 (R255L; P396L; D270E),

o A e o T T,

R292P; V3051; P396L). FIG 44 A-B ADCC ACTIVITY OF
MUTANTS | N THE ANTI - HER2/ neu ANTI BODY, ch4D5 [0099]
Ch4D5 anti bodi es contai ning nmutant Fc regions were
assessed for the| r ADCC act|V| ty and conpared to the

A PN ~NA~N a2 " - P ——.
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P396L; D270E; Y300L) (panel A); MyFc71 (D270E;, G316D;
R416G, M3Fc51/60/ F243L (Q419H, P396L; D270E; F243L),
waeaehBHeb5/ 60/ F243L ( R255L; P396L; D270E; F24B0)/US2005/040970
(panel B); and MgFc31/60 (PH247L; N421K; D270E) (panel
Wl d-type ch2B6, wi | d-type humani zed ch2B6 (hu2B6
vvtC}Ir or. Rituxan were used as controls. FIG 48 A-B ADCC
ACTING feipciign RlgekMdO $ets TP RWG seegas thwmlm\rg vah@sst the

beg@%&i g?’%é% @3 rr'nﬁ:g'vﬂ?e %%Eé i éﬁ gﬁ&p{/@%ﬁ l %‘f&g&f @af%lr% resetting

the PRYC apdallews:i vity of wild type ch2B6. The Daudi cell
line (high expression of CD32B) was used as target.
Effector to target ratio (ET ratio) was 75:1 withl8 h
| ngabatt) enUTUPEnt ) 2oak¥E© ere MgFc31/ 60 (P247L;
N421K;(?3270E) chZ@G Ag %%%f agl ycosl yated Fc, no
FcR bi nding) and MgFc71 (D270E;, G316D; R416G (panel

60/ F243 L., P396L;, D270E; 43L),
é’?@%é%@%@ ffaﬁﬁﬁnﬁb&%@@ %93&5 iz SRLRS f%!lzwvs
MGFc38/ 60/ F243L (K392T; P396L; D270E; F243L) (panel
B). WIld-type ch2B6, Rituxan or were used as controls.
Fl Qﬁsﬁb-R ﬁml)ANALYSI S OF THE BI NDI NG OF THE
ANTI - CD32B ANTI BODY, ch2B6, AND THE ANTI - CD20
ANTD3ODY, RI TUXAN(tm), TO A TRANSGENI C CHO CELL LI NE.

whefeé)(ﬁlson@teﬁmbm/e PQ@(M@SEQHQEQG&T 1othe PORLSH5S obﬂié‘plcture where
B .and reconbi nant CD20 on_the cel

the {1} B SHlone ity e inearisst beRrarsang 1 BAG, oRme function block
410 WP EhLYSs BBl 1o Gl diky BRER 43821 yzed by FACS. Cel s

were i ncubated in either conjugated w | dtype 2B6
( ATugningta €1Gend aydtt; exBmplesof kook-uBlkabld-(LBTHRdéx Bomputations

are (kA e el GhobE R BacmpEpral S A e00areeapriively. I

antieulaNFIGS Feiteo8nts @uaswsgn fat A@fto
P activity an ﬁg mpar ed to DCE ae}:ﬁh\?lbtn ff?ec‘ POC(tra

sel), ePee IR t%@ﬂmemts and-Wh m@x omnapgiagienifon L+ ;@ityieh ecP O (trc sel)
with EROSTBSER PR K HORAg: (iRl Bsla T8 cBEet LT spouid be
positive. nﬁutﬁgggganv@(g:tunmsténeélmlgube o%lagﬁ‘e%ﬂve\mb@ ludy, tden the
a u i gure

abs%léf?p\é%:lpggﬁa% eﬂﬁsd,ﬂ%@gé@‘?’ﬁu ts of wild type

Ri

LB RS RAD BN PD tece
InstartrraeuSBRcoding| Rﬂrm (ADR mndtMreW[ﬂwKidﬂEiﬁcOd parameter sent in the

R ANTS 06

sloe e 5o L BT P TR sPRFof bRuiSsAO I Nine the

offsetntH draiaarsplé cthBAGNOW R écgaélbﬁvmay PeassEdn @icut¥eARk: offset:
Data were conpared to a Bl Acore anal ysis of the I-OI?

for the sanme variant antibodies. Miutants anal yzed were
A 396L), MyFc55/60 (R255L; P396L; D270E)
5 %Fc@%?@b#—f 243F (R255L; P396L; D270E; F243L).

WI d-type ch2B6 was used as control. Incubation W|th

i bod 10
aMREr (6 Pige 68 on o henpictsp IBRfsaHpO GuIRe S MhelastAPR picture

T R T S

presepl mem@mmmheelﬁﬁﬁwrZEE)j\AgT&deU'éAMTowim@%quatlons for

71 . FA anal ysi s u har act erj ze
calo(ih{ BMFE e, P a8 My R BB esel v Rmaintaining the
spiritahd scops eniteegresehhintdhiér, ch2B631/ 60 anti body

(P247L; NA21K; D270E). Opsoni zation with wild-type
ch2B6, hu2B6YA (humani zed 2B6 with YA substitution at
positions 50,51 of antibody light-chain - elimnates
gl ycosyl ation at position 50 of the |ight-chain
protein), or antibody-free buffer was used as a
control. PE-conjugated polyclonal F(ab)2 goat

anti - humanFCgR was used as the secondary anti body.

FI G 53 A-J BINDI NG OF MJUTANTS I N THE I\/D\IOCL(]\IAL

r— P — AR IPFTr"I N/ NFS\ 7 @1 AArws/A == r~A1 I\ N1 1~ NN A N A N~



10

15

20

25

30

activity and conpared to the ADCC activity of wld

type ch2B6. The Ranobs cell |ine (|l ow expression of
w@DBBBys4dms used as target. Effector to targetPCHUB05/040970

(EETratio) was 75:1 with 118 h i ncubation. Mitants

anal yzed were M3Fc31/60 (P247L; N421K; D270E),

MEEc51/ 6 9H,  P396L; D270E), MGFc55/60 (R255L,

P3 &”'”lz?d%} hZBePRd(fRu kirAcsEERte Beed;iniiaNzation for a pseudo-
ren AT ARe! Qo et PEAN L or in Pl IR & videg pvetom s
Indl@ﬁtedmnergthy by tiaé refewemK:elrrurmerdh UBBﬁYA l\/GFcSl/ 60:;

%@YA %%é{.'%a : hué"ﬁﬁ@gg@:&éﬁ /GE{Q@SV% gorgt?!(ﬁ to a function

bl 0
o%ﬁofgéagﬁglﬁbloglgéﬁig Iebni_%$@ODFoow Nilb?ﬁ\lé% as follows:

ANTI - CD32B ANTIBODY ch2B6 [00112] Ch2B6 anti bodi es
con ni t eglons re assessed for their
CDngt:tl{gg ggés‘n %SQ Ped 56 é}CDCactlwty of wld
type ch2B6. The Rarms cell line (low expression of
sed target. Effector to target ratio

B% was &1
and(p@sqse gonbpl ie fWTIO €718 h incubation. Mitants

oo @t&%ﬁ%@%@%rﬁ% g3 P8 g e v

begmﬂ)ﬁ;_qf @2}7@&}@ (diuipisty Avidra rthaifitra draiBES B ‘tshné(é\‘ted before resetting
theF qtltulil on at positions 50,51 of antibody

WS- eliminates gl ycosyl ation at position 50
of the light-chain protein ), hu2B6YA M3-c51/ 60;
hu2B6YA M3Fc31/ 60 and hu2B6YA M3-c55/60. W d-type
cheeed@hea LWITIMCOCHe offae® Pbds].controls. FIG 58 A-F
ADCC ACTIVITY OF MODI FI ED RI TUXI MAB ANTI BCDI ES | N
HUVAN PATI ENTS TREATED W TH RI TUXI MAB [ 00113]
Ri Fuxthesbegardinzpidhesore BIYcRI 7M0) ShéTutigets ket B8 IbIAFs Ver e
assessed for their ADCC activity and conpared to the
ADCC activity of wild type rituximb. Patient derived
ce f target. Effector to target ratio
(E b¥§?§f|% Bﬁﬁ%%%gl and 10: 1. Mutants anal yzed were
NEF055/60/300L (R255L; P396L; D270E; Y300L); M3Fc51/60

whel S BbISH FHOyR KB olsFe sy B PLRER R Bo SR Tberof the last
IDR Eﬁcgﬁke wﬁé?é) s fiMGeR? SE(3AREedr3R8bited N%%&tné%gg%k 710 then

MGFc31/ 60 (P247L; N421K; D270E)
paS%ﬁF&mm'ﬁﬁemenctngﬂﬁzng) 5. DESCRI PTI ON OF THE

E &h
rorreerpyBH R e a8 b dg <P ARlsyialvE Embtiment in
accqn'dlay@e miithdide, printtble® otthey BiceeAbInvehiiBRINTEE AR iIRfFtrative
an to confer one or nore effector
embﬁ’&’ﬁg?%'ﬁ ieacr '8?5 irdtallyandhis thendelpwed iacfuriier sleseription of a
corré%ﬁﬁdﬁ%?néth@d%Bﬁlﬂtarﬁp&%&l q‘iﬁﬂ? régbtecrl] g1@rghas at

g., not detec in1n v ro a%d/or in
Vi Vbeabmdpmbudjmant is difested tg sequenmmstwithifrequehhand steady POC
re p ﬁ“? | ant.i bodi es, of the invention
Seé%rﬁsﬁ aiovits ey uRS optieilp Grain ReRe P nIpRIiest PAtNeelghirABsmitted
in thedilth grash BEtatTheHseRisdefirgdPad:i t utions, but al so
i ncluding insertions or del'etions) in one or nore
reglons whi ch nodi fications confer at |east one

21 PO s kel i i i _oREr3 et ¥ton_period )

reg| on for an chR (e.g., activating FcgRs or

in&i ]{‘tore:?éﬁc and thereby altering the activity of
whegg heoliimhg Jisticaiepedin periodbpa@meiesilatgertban or equal

' %
to th%”ﬁa“e%p@rﬁﬂthéﬁﬁsﬁ%eg.%ﬁ&guc PRe AT SE! fhsBghbds s to be
the nodified anti body cross-1inks cell-surface
antigens, resulting in apoptosis, negative-growh
regul ation or cell killing. Effector function
act|V|t| es that _may be conferred |ncI ude but are not

L 1 L 1
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nodi fication relative to a wild type Fc region, which
variant Fc region only binds one FcgR, wherein said
WOo-e@R05R3FFCgRI | A, [ 00117] Preferably, the bi ndPemyUsS2005/040970
properties of the nol ecul esl4of the invention are
characterized by in vitro functional assays for
m ni n or nore FcgR nedi ator effector cel

d ﬁg‘ ong ! . r. (
notac Rt i yRE I e Tmscgreimy pharagteristios Fepelitionrariaskwam ot intended for
is Risadi L eS; : tibodi es,
e G o ST Ronip BT Feaf sthnddl 101 ng
i n Turping tasis&y 8, abhethtvehioc alt-awcuiateseet dgitiakdatibasera pseudo-

T R B i P i o systom

indicateaiddrieraiypy e RifeRthcWurE8I Beoan anti body or
specific binding of Fc region to an FcgR,

d
r edpecnieied 800 ﬁlﬂlwﬁaﬁwng start biesk 802rthatpasass ¢Birah s ayfunction
B TN R T .

enbodi nents, the nol ecul es of the invention have
sig@bar bi n ing groperties in in vivo nodels (such as
th ddserfnsBedndagidect-0$889kdrein) as those in in
vitro based assays. However, the present invention

does not exclude nol ecul es of the invention that do
andpatsses Isioitro! tohe futetiondrlogh8m@t ype in in vitro based

r oo DeapREfiot Bieek Al inthdfie BFNG S5eBitaate tEfayring welue at the
beghﬂ bf@ﬁnﬁ@ﬂﬁfﬁﬁbﬁg a variant Fc region conprise at

| east one amino acid nodification in the CH3 domai n of
the Fc region, which is defined as extending from

morReeEs R REe A, el Fr i 2i ng & vari ant Fo

region conprise at |east one am no acid nodification

in_the CH2 domain of the Fc region, which is defined

as F@i‘?‘@ﬁ de9Rydnadinatiem Sloski 819, 3w offaat is set ga fellows

enbodi nents, the nolecules of the invention conprise

at least two am no acid nodifications, wherein one

nodffsetatilomgrais Skl miessapfinegirain_shdrasteristiudi_fémsitionn period)

iIs in the CH2 region. The invention further

enconpasses am no acid nodification in the hinge
andceitreNis passadnardn snd Blockdiedi ment, the invention

enconpasses am no acid nodification in the CH domain

of Ardrsqriptiea grith rownpe givensregardinga fayrth iustiitivg efmtaodiment in

acodBphCe 3l he THRCTIR: ot Hidhesh B abtoL ety i siraibe
embodimensisndpsaribed iiritiallyFand &gihen follened bysaftherdeasiption of a
confers or n i ncreased, ADCC act|V|t¥ and/ or an

oS SRaEHaE A SIgROAT GRTTIRSCRD J§Spast TS 9 el <
e hheRA EmBa A AR i SRl SdardiSE) message,

trangiinitted precedinigdie ssfme picturevibanitioe fimgrbie ddéardetpestenSEl

mocBg RS Sy Ao s

offsSATEf eabh e SwéNavdbrtaint Hﬁloﬁbtothghﬁoéé?ﬂltéﬂhf&lﬂaﬁon, tgr? offset

enconpasses conbi ning an Fc Variant of e inventi
valugite fheoysrd infhe gegidfintiglizatinn procpsevAdeording ta the fourth

emiffk e Baftis A1 BRARIEIORE: oo The | nvent i on

enhance the phenotype of the nodification with which

they are copbi ned., For exanple, if an Fc variant of
the%ﬁﬁ%ﬁ%fﬂfgﬁ“ Se el sitsieh S| assagerfafiash VRkSIN to bi nd
FcgRIITTA with a higher affinity than a conparable wld
type Fc region; the conbination with a nutant of the
invention results in a greater fold enhancenent in
FcgRITTA affinity. [00121] The Fc variants of the
present invention may be conbined with any

nodi fications in the art such as those disclosed in

" o ~ o L e popeE P N oy .. N TSNS AR O NTOSNISS A
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S239E D265G D265N S239E/ D265G S239E/ D265N S239E/ D265Q
Y296E Y296Q S298T S298N T2991 A327SA327N S267Q A327S
WE20804583R7S A327L P329F A330L A330Y | 332D N29mSI/NEDFE040970
N297S/ | 332E N297D/ | 332E N29BE/ | 332E D265Y/ N297D) | 332E
D265Y/ N297DY T299L/ | 332E D265F/ N297E/ | 332E L32817I1 332E
L328Q | 332E 1332N 1332Q V264T V264F V2401 V2631 V266l
T299. randow geedoifseBiE) cwid be adiber ap2809eniSR30N USRBYEta SE]

o S33ECH 4038 BHI8E WA IRASEREY SR Besse. 1o

noteBRiB NI 8 FRESBIS WNrh RSN 152 AANJrR 32QUTARIEEP Bddsage for every
S239 |$32 .S239Q 1 3320Q K326E Y296D Y296N F24
/

pictyre; e¥am /NPT oAl SE Npesagoess sent. Alisting ¢asmthe LUT of seeds is
acco8H 4LRMBYst 332E A330L/ | 332EV2641 / A330L/ | 332E L234D
L234E L234N I'_234Q L234T L234H L234Y L2341 L234V L234F
L235D L235S L235N L235Q

seed(t) = LUT] offset % L ]

This approach does not rely on the POC number so it is robust in front of POC
resets (memory management control operation, or MMCO, commands) and
Instantaneous Decoding Refresh (IDR) pictures. Moreover, this approach or a similar
approach based on the teachings provided herein may be combined with other video
coding algorithms like MPEG-2 or VC-1. MPEG-2 time stamps, for example, could
be used to compute a POC-like value for the frame where the film grain parameters
have been transmitted and the picture output index could be used as the offset.

Tuming to FIG. 9, a method for bit-accurate seed initialization for a pseudo-
random number generator (PRNG) for film grain simulation in a video system is
indicated generally by the reference numeral 900.

The method 900 includes a start block 902 that.passes control to a function
block 905. The function block 905 specifies a look-up table of seeds as follows:

LUT = {seedy, seeds, seed,, ..., seed .}
and passes control to a function block 910.

The function block 910 sets the PRNG seed to the following value at the -
beginning of picture (at time 1):

seed(t) = LUT] offset % L ]

Further regarding function block 910, the offset is set as follows

offset = random seed offset SEl message (offset_value)

and control is passed to an end block 915,
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L235T L235H L235Y L2351 L235V L235F S239T S239H S239Y
V240A V240T V240M V263A V263T V263M V264M V264Y V266A
WO/286/05266M E269H E269Y E269F E269R Y296S Y29BAT/¥2863/040970
Y2961 A298H T299H A330V A3361 A330F A330R A330H N325D
N325E N325A N325T N325VN325H L328D/ | 332E L328E/ | 332E

| 332E L328V/ |1 332E L328T/ 1 332E
tg@%g%@isﬁggw egiven egardingarfifi Jiustratize emizstnent in
acoRRiiee KRt ihd Bdpie B < tientions Thes i ustyative
emlszbwmv!asq:mégnlsgg Bh29 TN g)ga\?/eﬂz %7%/ flljrég%rEdescnptlon of a
corBS ARG SR 351 S530Rp EoBip RSP o HO.
S23R hOTBD YD RAVE lepRideli SO Dk PRPH) NRad gﬂ‘ﬁ%ggsage is defined
S239D/ D265T/ N297DY | 332E V26417 N297D/ I 332

withvihegBnReoY BRed 1 be vsed mmibat fian@s JEher206tanBaE Y is3GARized as
folloVR6Q N297DY | 332E Y296H N297DY | 332E Y296T/ N297D) | 332E

970D/ T299V/ | 332E N297D¥ T2991/ | 332E N297DY T299L/ | 332E
N297D/ T299F/ | 332E N297DF T299H/ | 332E N297D/ T299E/ | 332E

0Y/ 1 332E
N297D/d% :.)’_ random seed SEl message (seed_value)

As before, the user data SEI message used to convey the seed value could be
either an unregistered user data SEI message, a registered user data SE| message
or a reserved SEl message. When video coding algorithms other than the H.264
standard are used, the seed value can be transmitted as user data. It is to be noted
that this approach does not make use of a LUT table and does not reiy on POC

values, but utilizes a random seed SE| message that is transmitted on each picture.

It is to be appreciated that it is also possible to combine this approach with a LUT
based on POC.
| Turning to FIG. 10, a method for bit-accurate seed initialization for a pseudo-
random number generator (PRNG) for film grain simulation in a video system |s
indicated generally by the reference numeral 1000.
The method 1000 includes a start block 1002 that passes control to a function
block 1010. The function block 1010 initializes a seed at time t as follows:

seed(t) = random seed SEl message (seed_value).

Further regarding function block 1010, control is passed to an end block 1015.

A description will now be given regarding a sixth illustrative embodiment in
accordance with the principles of the present invention. The sixth illustrative
embodiment is described initially and is then followed by a further description of a
corresponding method shown and described with respect to FIG. 11.

When multiple PRNGs are used (for example, one per color component), the
same LUT table may be used for all of them, defining a fixed, addiﬁonal offset for
each color component as follows:
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N297D/ S298A/ A330Y/ | 332E S239DF A330Y/ | 332E

S239N A330Y/ | 332E S239D/ A330L/ |1 332E S239N A330L/ | 332E
wWO/284088208A/ | 332E S239D/ S298A/ | 332E S239N S29BEY/USBBH040970

S239D/ V2641 /1 332E S239D/ V264l / S298A/ | 332E

S2390/ V2641 / A330L/ | 332E T256A K290A D312ABI T- ACCURATE

SEED I NI TI ALI ZATI ON FOR PSEUDO- RANDOM NUMBER

GENERATORS USED IN A VI DEO SYSTEM CROSS- REFERENCE TO

RELAJEDNAP Thi ppkication claj s,

horeat o EHTEOROEN A Bt ‘gféquq'r%%H‘P%e@éﬁ FANN

60/ 628,500, filed on Novenber 16, 2004 and entitl ed

"Bl T.. A RATE SEED | Nl TI ALI ZATI ON FOR PSEUDO- RANDOM
Wh%@@ﬁ@%ﬁ%ﬁ@@us ofiset o oelor svmEvent ahiotiset is a value tied

' i N.ibR At S iretv,. .
to thOERIORE At e Il BT R S BRIl bl dnlyofihG tideimets previously
desgshedallin pnedllustodiyeendensors tathd fiftid #lastratias efbodiitelent, these

N R TN L R
and, ithuie 81eyi do AbNHEE t@Beitrindiitesy I‘ﬁﬁﬁﬁ@&&ted%%@%%h'% {Fio be

THE | NVENTION Fil m grain forns tron picture

appragigied that theyprasenp ressien if noldineiteg hetite préickdings affsets and,

' i in,high definiti HD) | e
thug, R8s May SRENE b A oe e WRRe PR Ilr g obire present
invmmhwmmtaugngtm@sﬁAﬁobﬂhbrm_ggemﬁvéﬁﬁémg and

del i ver CQ%I n., Neverthel ess, filmgrain preservation

is rEHé odnGe o MaHaser biesabrae seeddnitislizatissioon pseudo-

' kedj cti not be. .

e e e o RS bt S fARRE 7 oo system is
indicatedageneralhsby diss refacartienymerabnigoachi eved at very

hi bi t - d d h
f1 P etiotf 00 Fiiides g rdek il Op1Ba bAssassooNtral to a function
blodkyPi G5 The axsQRIAhIBEK WHDHE s @!ﬁiﬁ@s andoki ab?é%tgéé;e;ﬁsaas follows:

Film Grain Managenent (F as been presente
new tool that allows encoding the grain in notion

pi e .l f a raneteri zed nodel to be

tr%WmFt$é%mé§%8§§%%e P '|'hfs§%fjr'ati on. To support FGV

the Fidelity Range Extension (FRExt) Amendnent to the

I TUT Rec 26?,1!1!' 1SQ | EC 14496-10 | MPEG 4 AVC |
a“dﬂﬂ%?f}s\ﬂoaé’el EF’e%n nchigR bigglghlitd-d (hereinafter the

" H: i) ' Eil ' .

chay AUBLAGBIICky TEPSCIE N PRARS Sel 117 Poloyring velye ot the
begirsing ohpistugdat thine thEVheresmitipde (FIdGiskae used (Bid.Mdne per color

corPeh I Rf bheriihe e BT dndBedpial chihemuitinie PRNGS, the
following FiRk @, AditidnhaIBiBeridydipRl fePbsﬁﬁ,gg. .,%‘i’&l%rgg;gﬁéﬁteas follows:

The H. 264 standard specifies whic aneters
~present in the filmgrain SEI nessage, how to

in L e syntax far,

enc oot Y G PUCHEL SiRet Bt porrR oo dr ¢ e

H. 264 standard does not specify the exact procedure to

Si ”W te filmgrain upon reception of the filmgrain
whegg-pfisgl coppon T(Pks I @eﬁf%m@&l@twmmmwﬁr@a@ﬁm is the offset
for pistefe bPtiMklty Wi th any other video coding nethod since

it utilizes parallel information, transmtted from an

enfodber rageadingdenction blsckddt 0f benttecisdiazgeptoe@ssnd bldck 1115.

F thg gnﬁoder .mdg%s trég.fi |(§J gr ain of the video . .

cehtdied R VeruVaR as iratingn GhBe hrReoRy e Rrovided herein
the prsehflinention b6 &P | Hiher ' i

use FGMto enmce tﬁg"?ﬁ ity o %dﬁgﬂ%%—dg,ﬁg@ggggﬁyitgg@mques
that gaBrpaneét tomsthgi preseniation oéfilin igraig white fridimtaining the spirit of the
preséﬁjﬁji 'eﬂﬂglllly, the encoder has the option of renoving

or attenuating the grain prior to encoding in order to

reduce the bit-rate. Filmgrain sinulation ains at

synthesizing filmgrain sanples that sinulate the | ook

of original filmcontent. Unlike filmgrain nodeling,

which is entirely perforned at the encoder, filmagrain

o, . o, " o o
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issue froma visual quality standpoint (even if the
filmgrain is not bit-accurate, often it visually

wO owk®s51bEe sane), it becones rel evant for testPCGDUS205/10970
or hardware inpl enentationsl8because w t hout
bit-accuracy it is inpossible to conpare an obtai ned
result against a reference result. Thus, in the
pr eNesgs2nd eHifrdaakires aed advariagesof the prdsenyiraiemtion may be

y y h i.fferent. state,of the .
reafifRpEURHEInGR Y dorbihely Siflis Y PRl RAT Hiserhe teachings
hereinadhisdto(reundérsibalthat the istichimgeofth@preseMiivveRdAsmay be

hat even if, the sane, paraneters are ysed on a given

. a
imp Q?WPQ,'”iV@r‘PHé‘?QW Ef r.dwe;ﬁ@j@vqarg, ficewars spaeial purpose
proé%@brgléﬁ&{rﬁﬁﬁqagbﬁéF},érgof.nserted. Based on the

af orenmenti oned Suppl emental Enhancement |nformation
( Siigstrsetrigbly, s/ tsashingsi afthapresmmimaction drevmpigaented as a

corfEIIPE S Eh g RS, PSRl P by
impleneéntb P applicany HOgrdth Qé(ﬂ@ﬁly' &hesdibbioA Q#gb%ﬁrén% Biorage

_the simulation of different fiTm'grain patter
unitph Jihe 2RIMCaAD RIREETMaN e uplomsiendat sndvexecutedriny, la machine

5 7 : | _ " ih :
contdHIERaY S ARETHbRlcRIR TR ratlf 1% Bl n R Tmipleogted on a
conghaadslationniavirnhartivare Ush AsSOHBIbRIMLRR cBRPARSDCcessing units
. gordingly, it would be desirable and highly .
(il anrandotiadcs shatemant KEAM dnendpPaYaLBDIO?) interfaces. The
s it halh-zat i - om..
com D P A i e erding s BrEaR MclPiRngn code.
Theaariote pregessan aBlitinciiens ddscriinet hpgdn ataysbes bibibepart of the
.ral.lqw .orfié}m?]%gar{n}irml tign that i s both .
micMSICHRP £oEeRlP AR dbTreARAligatan PERRITA AT 2ny aavakinatien thereof,
whicHRaly &R sMedhsseCpul thMitigﬁ,ﬂwwﬁ%tﬁ@ﬂperipherﬁl units may be
di sadvant ages of 'the prior art are addressed by the
conpeed ke theGempuser, plaierem sueh gisrarcadditionaltsiata staragetumit and a
prinﬁﬁignh.ﬂi tialization for a pseudo-random nunber
ge

erator (PRNG used to simulate filmgrain in a
vi tide ta pstfarthelbrdasoethat, hevaiuse oAl eNMheosHEttYent system
allo foi fiémggrai n sd'srruhati on that is both
compopeRiS AL IMetands ACRIBIPSIIRAACEOBRANY INghiranieas armpraferably
. | :
B HRS 20RLIE 1S BB cLANSEIS btk EBh it B onomts o
the progsesafwictioPrNCrksmay differ deperiding upod ¢oe syairesmin Widch the
hod i.ncl.udes the steps of,.creatjn | ook-up tabl e o
presgt BRalE 48 6 CarhnrH-« Bl o7 eanBngs NorenRRE o Sddigary skil i
the pé@iRehhEt MIPlelEblé ﬁbb@tfeﬁfpléteoth%éraﬁd@fmﬂ&?ﬁﬁﬁlbﬁ%rg@fons or .

| ook-up table using a value corresponding to an or
configurgliens,pitherresapidovention.t o anot her aspect of the

' ' . i i ded t hqd N
AR5 P Bl A BBLAEed By i
refesamed tb dhe actohpagyiagrdraivngs it ieRo bEhmdersioed thattHedfesent
a | ook-up table of PRNG seeds,

: . of
inveifign f#8%ited ng%:%g%ﬁmﬁﬁ@rﬁm@r@é%sam yat vagous changes and

, . i LN i -1 :
rodRAoH8 iAPbE IR HERSHLR Se BEERARN) S 83kt
withoul deparkieg dioth the seopeeor spidt bkthegmpsent infentien.pAdisaBh changes

i_nvent i there is provi.ded a method for trapsmtting
and Joqiashs, dre JhfEnkeq B Bl B ReRaVaN fas S6ene Bhitpresent
inventiohas sgefRtiairoihe(dppdaededsimsihe net hod includes the
step of transmtting the at | east one val ue as
suppl enental information. According to a further
aspect of the present invention, there is provided a
met hod for transmtting a pseudo-random nunber
generator (PRNG seed for.a filmgrain sinulation. The
nmet hod i ncludes the step of transmtting the PRNG seed
for the filmgrain sinmulation in a user data field,
wherein the user data field corresponds to a non-H. 264

. 1 . _  r a o o, .
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in a video systemin accordance with the principles of
the present invention; FIG 5 is a diagram

WO k006®s343d | ng anot her exenpl ary | ook-up tabl e ¥CISUF2005/040970
i ndex conputations in accori@ance with the principles
of the present invention; FIG 6 is a diagram
illustrating yet another exenplary |ook-up table (LUT)
i ndex conputations in accdedAHdS: with the principles
of the present invention; FIG 7 is a flow diagram
illustrating a further nethod for bit-accurate seed
initialization for a pseudo-random nunber generator

(PRNG for filmagrain sinmulation in a video systemin
acdor dafeBeiiachior fatinlizing ahrseydefrapdemppwabgt generator (PRNG)

sl AP % LB oA RdLsrot o »
| nctaadingz@0bpa Iéal-up tpbl@lm‘d:’mlamedwabdr gener at or

EBN{G%J 19 4,3:0[ ﬁmt%hqj‘ 15?3#31“ P :'c{]rﬁghélcgglg éc’tglg?o}rgplcture

by abﬁéﬁlﬁg e 'ﬁicﬂ%u@tdbﬂe @sfﬂ@é"vgh.l%gcrcﬁ‘f‘@é ohiiid ﬁ)t aferdenbithe picture.

further nethod for bit-accurate seed initiallzation
for a pseudo-random nunber generator (PRNG for film
|ns latio n,a Vi em i,n _accordan it
o At Rel R drtidnt s CEBRII ke Do HEgendng o e order of
the ;ﬁ.bw«e% agsiatiné bidésldoaiht (BOD) v Qm mal nethod for
bit-accurate seed initialization for a pseudo-random
nunber generator (PRNG for filmagrain sinmulation in a

vigdeo sygftem h%d%@élﬂ?if&h%ﬁtﬁ@gnﬁ %ﬁggc?ur fis WGintended

pr esent |nven 1 on

displdyl mgler.at i ng yet an addi tional nethod for bit-accurate

seed initialization for a pseudo-random nunber

generator (PRNG for filmagrain sinmulation in a video

_sygtem h

o asent Tenegioa T hORIBHE BIRR e plhie fs an intended
decodeverdearon is directed to bit-accurate seed

initialization for a pseudo-random nunber generator

(PRNG used to simulate filmgrain in a video system

Thg, pr et methoendfi dainimy whersORInd @ id tédd RIriflf grain

PRNG seed, e.g., upon reception of a new filmagrain
simuigtioN-enent al Enhancement | nf or nat i on (SEl) nessage and

at the beginning of each picture prior to performng

filmgrain sinmulation. Advantageously, the present

i n@ent i dineahtibws dfaiaifm K pwhesdimire metladd bit beturate.

both bit-accurate and H 264 standard conpli ant.

Mor eover, the present invention advantageously may be

usgd forrhfelma@h%aéfrué.mw'@hb%?n @ard lnﬁ.anglhgeé ;?hﬂi’hé\‘l?sesa

trick node play. That is, unlik rio
pxcus’eaardebf:owhte(PéI@Kyalsetdi@ piatuge m ad@mﬂnedoobfupttable (210).

reproduction node (e.g., normal play, trick node

play). Filmgrain sinulation is performed after

degodi ngHehRetodest dhin 71 WharaiR ik Al afaih Gupblethental information
di spl.ay. The filmgrain sinulation process may involve

messagede BrNIdRA tra Aupplgnanial EappnessanbiniormaliontIh message.

transmtted, e.g., in a filmgrain SEIl nessage as

speci fied by t hee FRExt Anendnent to the H. 264

st 8ndar @ heTrh?tmldersfh asihindl &s whiepdin dhne Pbcus'ana:l. lefSthtﬁfp&cture is used to

S 0 e, present inv [t w t hus ,

acobiseubaf i ehleoRh & drpel SEPOR setsin & formeoBendbpe ideo
seq@éh&?ié' ?@ai@ﬁhé’#ﬁ tRfdsie@¢ment s that, al though not

explici descri bed or shown hereln enbody t he

pr|n0|ples of the invention and are included within

its spirit and scope. Al exanples and conditiona

| anguage recited herein are intended for pedagogica

purposes to aid the reader in understanding the

principles of the invention and the concepts

contributed by the inventor to furthering the art, and

are t obe construed as belng mnthout Iinitation to such

L L I Y 1
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that can provide those functionalities are equival ent

to those shown herein. Turning to FIG 1, a FilmGain
wokmwagssrent (FGW) processing chain to which t heCPUERes040970

i nvention may be applied i<0indicated generally by the

reference nuneral 100. The FGM processing chain

includes a transmtter 110 and a receiver 150. The

t r dAsmi thhermettwdigkdlaimn fli wherginisaid ipitmlizinglstép fartivedeses an

; c [ r.alm nodel e 16. .
ar_ G- Rf ratidyr Bfgn TagenE Sl DRt etash aDH pigture to access
the wokiup wibl(Zt@r 154, and a conbiner 156 (shown as a

summ ng devi ce, but other nmeans for conbining the

output of the video decoder 152 and filmgrain

fkgqlsggg’gte]t?étlﬁ%c??ﬁﬂaém ﬁgﬁ\g\/ﬁ%ﬁ%ﬁﬂc@?‘e BFC{%%O\MHE WBBC) value of
the ptcarrsns tised td B@cess thenloekiupdtable whgnal nurmbstiel PAG fskets in a

n input of the film n renmover 112 and a

combbpddine, et s6qun s g arudnernads. an out put

of the fllntgraln renmover 112 is connected in signa

comuni cation with an input of the video encoder 114

and2a s@b@ﬁdeﬂnph@f@awmhewheknmgaahnﬂmbdegenenIﬁnheVusesa

. ut coder .114 i s available a
fim 2ot o taste oo SRR Rpudd palefp St aBsiued it a e orain
SupbtdnﬁerqaaEnhan@@heht hi&mRionV@HIPRIc3sage o ﬁ@é@éﬁitr@lkeklup table
of the transmtter 110. The first output of
(81®ransnitter 110 is connected in signal connunlcatlon
wth a first input of the receiver 150. The second
out put of the transmtter 110 is connected in signha
conﬁ?ni Thbei methmid?tf daiget owheiehpatstafe éfitke m@edfvtge iA%i8lized
e first. ut of the receiver 150 is connected in
PR@@&&&#S & eRengenL A wr%mogHCt%mod@ro TeheH eRiggcture.
decoder 152. The second i nput of the receiver 150 is
connected in signal comunication with a first input
of 1#he Pt methpdiar iRitialiding erpsesido- rAnﬂon‘smumbepgenefatolh(ePRNG)

0 r comruni cati on

seod toP ISR s o, FOTRESEIne GISHTPL: mui aror 104 A

secmmtngt(epa) adbok-op tubidest RIRNGIsseds>dntls connected in
nal nication with a first input

t'at'étngl meonttBatPl%NGt&e@defrctmghetq%%ummtedpr pgicture,

o ERSES S LY BBV WA e

avai |l abl e as an out put of the receiver 150. It is to
be ppreci ate nme, enhodi pents of the present )
Jgntigﬁ %&kgcg‘gf[ecdé'"? ‘P’P?tﬁ'@%l %&%msmaéw? fafrgation value is
mclmtﬁwmt.ﬁda@u élBﬁtérﬁ&lQédh%hcé%nt tmoﬁﬁéﬁ%rpgéerl)rb s -

I mgrain S|nulator 154), e 1n ot
the PRNG seeds for fllntgraln sinmul ation are generated

o 160 ° B ARRIR e ralSinith B st et tispd Sa ol pgseudo-
randcm‘t nuftbelr hsrelator MDRNGI)Q{eed BolRiristidpie 8P 'tt@%hﬁtttgg (810)

PRNG seed generated at the transmtter 110 is sent

the ahlgaplens valueapsypplenental ifrgmalion. a PRNG seed

generated at the receiver 150 to obtain a new PRNG

seed for use for. a current picture for which film

g:r di7n siThelmethod ofsclain gé \ﬁhen;]enn Ifthﬁeillat [Ehssoné tvglule is the pseudo-

il lustrative purp ot e filmgrain mpdeler 116
randgrh KRS eoBR et A BN SR for SAIGH G S RAREDTT

i ncl ude a pseudo-random nunber generator 199 for use

i n accordance with the principles of the present

i nd8nt i dhe roethestefsdain épewbierain said suppiemeotatdénfoymation is

ol e o BubiBrieyS EbAML AR Florpialiel (S bnesrale.

teachings of the present invention provided herein,
one of ordinary skill in this and related arts wl|
contenpl ate these and other variations to a

transnttter and recelver (and |n partlcular to a

o o o . N o
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bl ock 205. The function bl ock 205 specifies a | ook-up
tabl e of seeds as follows: LUT = {seedo, seedi, seed2,

WO 2006/058@L-i1} and passes control to a functi oPCDUSIRS/@40970
10. The function block 210 Mets the PRNG seed to the
foll ow ng value at the beginning of a picture (at tine
t): seed(t) = LUT[ (POC(t) + offset) %L ].Further
regardi ng function block 210, the offset is set as

L %R 121 3Bine 3 R Mkl ARG e TR oo
withtzapiceurelrBer codm«mpvmaemra duFrant pictatecd @@méﬁé é)ﬁew PRNG

e reference numer 300. In particular, th
See‘i?xqe'gedﬂ%%‘taéﬂ ?’Bﬁﬂft‘@ﬁ%ﬁ”‘ée&&génméwe@}ob 1 and the
offset = 0. A description will now be given regarding
a second illustrative enbodi nent in accordance with
t heOpr i fcmsitkeed fxfrttdmesnpttmgempsemdneranotmm n'lu'htbae;mredator (PRNG)
IIus atlveen‘oP i s, des nt|a X%
seeq fUiA SREPBY oPuPomBTSGRiEe iR BhirgRsgiting the PRNG seed

for tﬁ@lﬁhﬂgtﬁﬁﬂslﬂﬂﬂmmb a@&%&%@%@btﬂ%%é& agégsfa‘

4 and exanpl es thereof shown descri
corrgspondetpadontd. 284 Glandardreha@dedises dqtaahelds(g\tn)
frequent POC resets, the previous approach descri bed
Wth respect to FIG 2 it is not very efficient
begpause
CopILE A FIRSRIAIRI 95880 o 3P oo
(PRNQ)mcbftqrweeem‘aomemaystem ahosrqdrxss@atﬂmrgfamtmnmﬂétee(154) for

crodifpSE Bl S e oL BN BBl b FulEhd o BEE PRfip soeds from
the lbbR l%bl@%rfspf)icmﬁé ‘byaddcekirg tREMdk-btable)uslhyg & value

proach is on slightl nDre conplex (utilizes two
correﬁmdlagtto,ap C}W@T@fsthé mc%r%r ent sequence of seeds even
after a POC reset, provided that resets do not occur
at a steady pace. Turning to FIG 4, a nethod for
bi £2ac c et ao;metﬂzsmﬂdtalat Et,a\tvh@ﬂelrt e valpe eotespandingto the
3‘2 ner.at or, ( PRNG), for I‘;’Q raln simulation in a
ordqyl szt“@”r‘\siasp'P P CRIRICYHNS a4t he ref erence
nunmer al 400. The met hod 400 i ncl udes a start bl ock 402

that passes control to a function block 405. The
f uB8t i orl hel apnearains of péaint 2 bswheresotheuprdesaiof thepichiereds an

. = {seedo, seedi, seed2, ..., seedn}
mterﬁeod §’5‘8§a&°@§ﬂr ol to a function block 410. The
function block 410 sets the PRNG seed to the foll ow ng

val ue at_the beginning of a picture (at tine t) where

t hé4fi | mhgr%nna@ws af £1aips31 + waensst thecotides of thengicture is an
; Ay seed(t) = LUT[ (POC(t) + offset) %L ]
mte'%@ura?%er regardi ng function block 4 10, the offset is

set as follows offset = PCI:(t FG SEi ) where, as noted

i.s equal to the POC value of the ‘
Bir o TR RS AT AIG) a1 b ibesera of tha RERIG sgeds is used
forfmﬁfé}ﬁﬁ‘ EiRfphtidg the POC. The function block 410 then
passes control to an end block 415. Turning to FIGs. 5
and 6, exanples of | ook-up table (LUT) i ndex

ta ngdi cat e eral the refgrence
ORB o 4 PEORPATEEGE CTAERL ARG e syl B G ofein is bi
accd?afe. 5 represents an LUT index conputation for L= 61 ,

offset = POC(t FG SEi), and FIG 6 represents an LUT
i ndex conput ation for L=61 , offset = POC(t FG SEIl)

W bl P i $q : the. |
1427, ST Sl P R W B! G BRIt s
furtheegesieis\eepicture drdeit courd,(POCRuEee of apictagato secd¥sGhe look-up
val ue), then the absolute value may be used as the
ta bI‘f"ndex In order to deal with sequences with frequent
and steady POCC resets due to |Instantaneous Decodi ng
Refresh (I DR) pictures, the idr_pic_id paranmeter sent
in the slice header of H 264 | MPEG AVC bit streans
can al SO be used to determ ne the offset For exan‘pl e,

T o 1 o, . a o - .
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where the filmgrain characteristics repetition period

paraneter is |larger than or equal to the maxi num
waelr®basaso bet ween consecutive filmgrain SEIl neCHES®E5/040970

It is to benoted that even 22f the filmgrain

characteristics repetition period was not intended for

this use, this approach is still conpliant with the

H 264 standard. Turning to FIG 8, a nethod for

acc e on.far seudo rapdom
- SRR e 27 i e find BRI 3upBlEenta
mfonmdmm Rissageiis providedires SepprRIméhtal Ehhéﬁ@erh@hﬂr#@ﬁﬁatlon (SEI)
nuner al 800. The nmet hod 800 | ncludes a start bl ock
MESSRAEL: passes control to a function bl ock 805. The
function block 805 specifies a | ook-up table of seeds
as follows: LUT = {seedo, seed-i, seed2 seedn} and
paQQes ddhet aymp aratusaoff elaiat 2D mvbémkﬂaelpoo' helubustahe Picture is
8 810 setstheaPF&NGseedtothefollovmng val ue at
use fﬁ%ara@@%men'g%fupp VB &nymher of POSeeasets in-acgmesponding
ngﬁpé}., her regarding functl on
Vlde%l oc 81C$,|§ph§ﬁ%¥ %hsée',t_allhsregg?laas follows offset = film
grain SEI

mesgsageqhil marajn racteristics re t|t|on i 0od)
andcont s e BhBEIE 2 witreid sel irsrai shhulator (154
funm&@esran ian_ic! id prrantterd NN aaRE AbHGs eeEearn‘gfnefresh (IDR)
illustrative enbodi ment in accordance with t
pictyyiei tacaqeess the ladkeUpiaent i nvention. The fourth
illustrative enbodinent is described initially and is
then followed by a further description of a
coBrl es pd’rrnél apgaamtum SaimvB0,anile @es arpictere viddr JRPPEROC) value
embodi ment, the offset is

fourt
of tf@om%ye& Pﬁe%’f% éﬁ%ﬁ%ﬁ @ege?k -HRdahlgevhen aumbeeef POC resets in a
5654} dehﬁsécﬁ[gh grain
corrg%ar ac?g?: stics SEIO@r:gtggﬁth%ﬁ Zﬁ fStﬂlﬂgnal SEI
nmessage, which for clarity is narred random seed of f set

PR et PR TR ALy B 208l AT Rtuaias (154

furthigriusesld fied_igrainpehakiserishies 0 Ofe@eﬂﬂoﬁ ?éﬁtﬁi ﬁ@ﬁﬂnﬁé&er transmitted in a
enbodi rrent the offset is calculate

film gfq@&up_p ergRptahEskancemest infempatien (55213 message to access the look-
uptéBIfefset val ue) The random seed offset SElI could be

el ther an unregistered user data SEI nessage, a

regi stered user data SEI nessage or a reserved SEI

nessage isto b th is.also possible t
T Shern THERPRRIRGIST S B4t oHER Seleslghoroge b ynitialized
I n
PR”@"E oS “?Es“ﬁa’%pgf 4 LB od o S8y PEe.
seed(t) = LUT[ offset %L ] This approach does not

ook " O B B pReh OB abnirRGer fppesaor

(PRNGIEwedshr arfiim! gratrasiuiaivig coafiding aﬁ%rg%alh élh%tor (154) for

pi ctures. Mreover, this approach or a siml

creaamsr%m ypatakle ghPANG tseaam s Intidizingene ef éhﬁh PRNG Iseeds from

the @%@@%lé"@é@ BIE%%%%%S&%@ tﬁg I(%ig-ﬁgu t&BFé%é.hﬁ%’t least one

suppleniehtaldinicsedtion vedugaut e a POC- | i ke val ue for the
frame where the filmgrain paranmeters have been
transmtted and the picture output index could be used
as gghe ThbSfiparditisnditiaifC34; Wherdin §af?§d§§ﬁer§%htal information value
bit-accurate seed initialization for 0 ran
is inglueeswitin ersupplerpprRIGenhancement infaineatsim(SEk |rmssa|gea 4
video systemis indicated generally by the reference
numeral 900. The met hod 900 includes a start block 902
t hat passes control to a function bl ock 905. The
function bl ock 905 specifies a | ook-up table of seeds
as follows: LUT = {seedo, seed-i, seed2, , seed| _-i}
and passes control to a function bl ock 910. The

L, T " S I~ 1 . a
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each col or conmponent as follows:seed(t) = LUT[ (POC(t)

+ offset + offset_conponent(c)) %L ] where
w@bdosmess4anponent (¢c) is the offset for col or cCPOPUSENG 040970

c. offset is a value tied t8 the picture at tinme t

that can be conveyed using any of the enbodi nents

previously described. In one illustrative extension to

t hed6 i f 1A pppamtiaianieramthgetieast dnesealoé fusedsocavivd a

31, 2/ ' e appreci ated that these
pseffioldngdirrinumgerbénsrator (PN SpREIGEP RS Al elMhaoceter
(116y fon sminstretdingdhe wp taise dneNRNEHYE %upbferﬂéﬁtél‘hﬁﬁmatipn.

appreci ated that the present invention is not limted

to the preceding offsets and, thus, other offsets nay
al be j | : L AGI t.h
o et T RRRARRCN GIaRT Sorhiaro ing L RESPHAE vBlud idhe
psepdesandoimwembebgendratori (RRN@) Be&l fdra filn grtiheimbRkion.
bit-accurate seed initialization for a pseudo random
nunber generator (PRNG for filmagrain sinmulation in a
Vi &80 SYmieapparatdbcahpg 3ge i ion i
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function block 1105 specifies a | ook-up table of seeds
as follows: LUT = {seedo, seed-i, seed2, ..., seedL-i} '
anggopas ke aopdratls dfeclaint BBCWhereiRkies kt bhdPond Ralue is combined
. function bl ock 1110 sets the PRNG seed to the
withe g pichien@f dRACOENLIP QREValtigiaia eiyTett pistutaiccgenerate amew PRNG
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i nddnt i dn apyaiatusiopinidalidiog atgssudeirdadom number generator
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features and advant ages he present I nvention may
be meand (p4aderinitializing dng ofitbed? RNEosawmisyfrarkithe [ook-tpeable for a
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pictirgyenti on may be inplenmented in various fornms of
hardware, software, firmmare, special purpose
processors, or conbinations thereof. Mst preferably,
t hgot eaehi : T [.on IRl nt ed
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orderad thefpiatareeisi & piotieré @rdbl youmpPO®Nage.as an
appl i cation programtangi bly enbodi ed on a program
storage unit. The application program nmay be upl oaded
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architecture. Preferably, the nachine is inplefrente
intepdec disptayuewsterpl at f or m havi ng hardware such as one or
nore central processing units ("CPU'), a random access
menory ("RAM'), and input/output ("1/0O") interfaces.
Tha4c oniecdpd rafusufrolany 48] Whetdhs kRIS PRISE PIdHNG is an
. system and m croinstructi on code. The vari ous
'“teﬂg%é%‘é@e%ﬁﬁrfuncti ons descri bed herein may be either
part of the mcroinstruction code or part of the
application program or any conbination thereof, which
may be executed by a CPU. In addition, various other
peri pheral units may be connected to the conmputer
pl atform such as an additional data storage unit and a
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idr_pic_id paraneter of an Instantaneous Decodi ng
Refresh (IDR) picture to access the | ook-up table

W@ 706)5543@. The net hod of claim 10, wherein a PCTUS2085/040970
order count (POC) value of 2he picture is used to
access the | ook-up table when a nunber of POC resets
in a correspondi ng video sequence is greater than a
threshol d. 12. The nethod of claim11, wherein said

inptial bLgi furt her S a. .
{195 or 375 raldle of Flatah MiBinhepnpe0t g REANGareds is used
for filrh @maim difredhtion. @ fil m grai n Suppl enmental Enhancenent
Information (SElI) nessage to access the | ook-up table
(810). 13. The nethod of claim1, wherein a state of
t hgn one LiNktical fizegs P A S ent: ie
o 16 e RBRr A0 o T S e R R RS i is i
accuratéhod for initializing a pseudo-random nunber
generator (PRNG seed for a filmgrain sinmulation,
conprising the steps of: creating (905) a I ook-up
tapbe o ; {Nivtd abizd 81 f
e PRUG S abTe s ol R G Belrd it BB e (154) further
useshy pictaes sideg cotiet (ROK) vplueadflaepiokirado accesathe lonk-up table.
suppl enental information value. 15. The nmethod of
claim 14, wherein said supplenental information val ue
i sqgncl gegdpphidtis of cRid B Witrain tﬁ@hﬂr‘ﬁc@ﬁﬁﬂéupplemental
~_information (SEI) nessage. 16. A nmethod Tor ]
informadipsninessagp istproxiged ipreSypplgmanialdEnhantemerg laformation (SEI)
rnes?%@gdo random nunber generator (PRNG seed, conpri sing
step of transmtting (810) the at |east one val ue
as supplenmental information. 17. The method of claim
16, wherein the at | east one valye is e pseudo . .
r afidom ﬁBﬁ‘@@Pa@%P&C '”‘(‘&?Mﬁ)e@@e‘@ef%é&awﬁﬁ‘? ﬁ? hapigture is
usePtd b AIORe Id6k-yp MELIBRVAGH atfurfhdl! N EEC 188fsth Edirésponding
suppl enental 1 nformation is 1 ncluded wthin a
videGwepuenseaisgreaierdhanreetitresimdlor mat i on (SEI) nessage. 19.
The nethod of claim 18, wherein the at | east one val ue
is conbined with a picture order count (POC) val ue of
a §0I I eThe Ripphvdtasio? ciared AtvwhdreteysiBMalraes nidtingd (1864) further
filmgrain simulation for the current picture (810). . ‘
usean idC pia ibparesneter ghanilpsieptpngops Lrpeding Beffeab &Bilﬂ) picture to
r LFRNG seed for a filmagrain sinulation,
accéﬁ%ﬁﬁ%ﬁéﬁ%aﬁg € Step of transmtting the PRNG seed for
the filmgrain sinulation in a user data field,
wherei n_t he user data fie corresponds to a non-H
st ahdar J“@ﬁ@&éé@f”ﬁ%@%m %&w@r&wgmw sorger gaunt (P286> value
of thRRNEIRE iSudd 1d fbddsdlthe!|58k-Bp RIS IERAIRMBBITIPOC resets in a
generator (PRNG seed for use in a video system
correspding niglea sequengeas greatauthana thresgldf or creating a
| ook-up table of PRNG seeds, and initializing one of
the PRNG seeds fromthe | ook-up table for a picture by
acgessi MetdppakR0k-diRIdigbL €, Wisdreth Gaidahitiglizing means (154) further
corresponding to an order of the picture. 22 The i )
usespflmagipingihacacterstics repptiicst perind pasameter transmitted in a film

oraiff S PRARGNET Enbot et Pttt (SeR) fletRobdo BcPhd Wi tookeup

tabld., wherein the order of the picture is an intended
di splay order. 24. The apparatus of claim2 1, wherein
the order of the picture is an intended decode order.
255aThe i (=Y fih b BStiat
PRRE codie rpa gl TR I AulerchDE SRR drtho 818 STt Mialized
PRNE seedsus inslependent of a repieduetion mosesofraucaremigoioturéi | m
grain is bit accurate. 27. The apparatus of claim?2 1,
wherein said filmgrain sinulator (154) further uses a
pi cture order count (POC) value of a picture to access
the | ook-up tabl e.28. The apparatus of claim 27,
wherein the filmagrain supplenmental information
nmessage is provided in a Suppl enental Enhancenent
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with a picture order count (POC) value of a current

picture to generate a new PRNG seed for the filmgrain
wa@ewalost4son for the current picture. 40. An apper/H$2085/040970

for transmtting a pseudo-rZ&ndom nunber generator

(PRNG seed for a filmagrain sinmulation, conprising a

filmgrain nodeler ( 1 16) for transmtting the PRNG

sead. f orArt bppérdtng franitialiding b aiseddol AndomSRimeat denerator
field, where,n the user data field corresponds to a

(PRNSh-3ges6lor & HAngrain stieyatien. fOmPRRPG field. 4 1. An

ap I alki
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compedrs (igi4) reaindializivg)orfeost thed2RNGyseedsdiodmuthetiadbk-@p table for a

. .0f PRNG seeds; aqd means é154 fO{ initializing aone of _

pictiiig, bipRqeesERgsIne8ak-HRdalig dieingpat legskone PuRPIgManipkinformation
valyey accessing the |ook-up table using a value

corresponding to an order of the picture. 42. The

apparatus of claim4 1, wherein the val ue

or 6Br Lo Adpesdi s it ikt Bald dliriu BeRid aiteitadtion vaiue
is indludedagighin & BeppieARNtalfenhBAcEInehY rfoinfatih (SEISHEskage.

di splay order. 44. The apparatus of claim4 1 wheréin
the order of the picture is an intended decode

or gar . 45 wecl ai.m 4 rei '

of SPhe ' A9 PEaRRe R iheinbb Yot na RIS WP U fiGe o
psedéo-rdiorappanbeugensratdrdPRNG Lse edyeroenprising nmssams @ttieh gor

of,?ilnwgr?an s bit accurate. 47. The apparatus of
trangmilting Ahq at {Gast N val&ias AHPP'RMeNtayYn Ion1 54)

further uses a picture order count (POC) value of a

picture to access the | ook-up table. 48. The apparatus

of 5@} ai hhe7apparetus of ¢lain 6] whgrein the ablebstrens aklue is the

pse R TRRE 0B P BNG e i o HRB IR Blliation.
apparatus of claim47, wherein the POC val ue of the
picture_is used to access _the | ogk-up table when a

nuer diheperpralies of lamySeowhergin saichyyRalemental dnfermation is

.- i ;
nclide @A Sppmionel ERRAatema: I dRAS I yg¥sage.
further uses an idr_pic_id paraneter of an '
| nst.ant aneous Decodi Refres l, icture to access
t nS0% ool TG ARRATELLS of Gain s, RBBteiatiR BuPat] Gnsisbie (s combined
with R BicRire GrdBr ebURE(FOOFValGE Wita dfRnt ﬁ&b#@to%eﬁé\%te a new PRNG
picture is used to access the | ook-up table when a
seediabibe fiin gram sisydation fordhe curresppistiirag vi deo sequence
is greater than a threshold. 52. The apparatus of
claim4 1, wherein said initializing neans ( 154)

f ursoher Ars@pparatus for transmitting a pseudo-random number generator
f|In1gr%bn characterjstics repetition_period Saraneter

(PRNG)ssad ios @ il grain simyation conmpiising meanseiH & éermisarsmitting the
i i : : - up: N
PRI QR0 88 RFaREARAh o 8T SAld ok Bl B el e e

fieldboerredpanias tora hoadH.264 skRMard eededed useddapnfilld:t of a

reproduction node of a current picture.54. An
apparatus for initializing a pseudo-random nunber
generator (PRNG seed for a filmgrain sinulation,
conprising: neans ( 154) for creating a | ook-up table
of PRNG seeds; and neans ( 154) for initializing one
of the PRNG seeds fromthe | ook-up table for a

pi cture, by accessing the |ook-up table using at | east
one suppl enental information value. 55. The apparatus
of claim54, wherein said supplenental information
value is included within a suppl enental enhancenent
information (SElI) nessage. 56. An apparatus for
transmtting at | east one value used to derive a
pseudo-random nunber generator (PRNG seed, conprising
means ( 116) for transmtting the at | east one val ue
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