
ENGINEERING Fc ANTIBODY REGIONS TO CONFER EFFECTOR
FUNCTION This application claims priority under 35
U.S.C.  119(e) to U.S. Provisional Application Nos.
60/626,510 and 60/636,056, filed on November 10, 2004
and December 13, 2004, respectively, both of which are
incorporated herein by reference in their entireties.
1. FIELD OF THE INVENTION [0001] The present invention
relates to molecules having a variant Fc region,
wherein said variant Fc region comprises at least one
amino acid modification relative to a wild-type Fc
region. These modified molecules confer an effector
function to a molecule, where the parent molecule does
not detectably exhibit this effector function. In
particular, the molecules of the invention have an
increased effector cell function mediated by a FcgR,
such as, but not limited to, ADCC. In one embodiment,
the variant Fc region binds FcgRIIIA and/or FcgRIIA
with a greater affinity, relative to a comparable
molecule comprising the wild-type Fc region. The
molecules of the invention have particular utility in
treatment, prevention or management of a disease or
disorder, such as cancer, in a subpopulation of
patients, wherein the target antigen is expressed at
low levels in the target cell population, in
particular, in patients refractory o treatment with an
existing therapeutic antibody due to the low level of
target antigen expression on the cancer or associated
cells. 2. BACKGROUND OF THE INVENTION 2.1 Fc RECEPTORS
AND THEIR ROLES IN THE IMMUNE SYSTEM [0002] The
interaction of antibody-antigen complexes with cells
of the immune system results in a wide array of
responses, ranging from effector functions such as
antibody-dependent cytotoxicity, mast cell
degranulation, and phagocytosis to immunomodulatory
signals such as regulating lymphocyte proliferation
and antibody secretion. AUthese interactions are
initiated through the binding of the Fc domain of
antibodies or immune complexes to specialized cell
surface receptors on hematopoietic cells. The
diversity of cellular responses triggered by
antibodies and immune complexes results from the
structural heterogeneity of Fc receptors. Fc receptors
share structurally related ligand binding domains
which presumably mediate intracellular signaling.
[0003] The Fc receptors, members of the immunoglobulin
gene superfamily of proteins, are surface
glycoproteins that can bind the Fc portion of
immunoglobulin molecules. Each member of the family
recognizes immunoglobulins of one or moreisotypes
through a recognition domain on the achain of the Fc
receptor. Fc receptors are defined by their
specificity for immunoglobulin subtypes. Fc receptors
for IgG are referred to as FcgR, for IgE as FeR, and
for IgA as FcaR. Different accessory cells bear Fc
receptors for antibodies of different isotype, and the
isotype of the antibody determines which accessory
cells will be engaged in a given response (reviewed by
Ravetch J.V. et al. 1991, Annu. Rev. Immunol. 9:
457-92; Gerber J.S. et al. 2001 Microbes and
Infection, 3: 131-139; Billadeau D.D. et al. 2002, The
Journal of Clinical Investigation, 2(109): 161- 1681;
Ravetch J.V. et al. 2000, Science, 290: 84-89; Ravetch
J.V. et al, 2001 Annu. Rev. Immunol. 19:275-90;
Ravetch J.V. 1994, Cell, 78(4): 553-60). The different
Fc receptors, the cells that express them, and their
isotype specificity is summarized in Table 1 (adapted
from Immunobiology: The Immune System in Health and
Disease , 4th ed. 1999, Elsevier Science Ltd/Garland
Publishing, New York). Fey Receptors [0004] Each
member of this family is an integral membrane
glycoprotein, possessing extracellular domains related
to a C2-set of immunoglobulin-related domains, a
single membrane spanning domain and an
intracytoplasmic domain of variable length. There are
three known FcgRs, designated FcgRI(CD64),
FcgRII(CD32), and FcgRIII(CD16). The three receptors
are encoded by distinct genes; however, the extensive
homology between the three family members suggest they
arose from a common progenitor perhaps by gene
duplication. FcgRII(CD32) [0005] FcgRII proteins are
40KDa integral membrane glycoproteins which bind only
the complexed IgG due to a low affinity for monomeric
Ig (106 M" 1). This receptor is the most widely
expressed FcgR, present on all hematopoietic cells,
including monocytes, macrophages, B cells, NK cells,
neutrophils, mast cells, and platelets. FcgRII has
only two immunoglobulin-like regions in its
immunoglobulin binding chain and hence a much lower
affinity for IgG than FcgRI. There are three human
FcgRII genes (FcgRII-A, FcgRII-B, FcgRII-C), all of
which bind IgG in aggregates or immune complexes.
[0006] Distinct differences within the cytoplasmic
domains of FcgRII-A and FcgRII-B create two
functionally heterogenous responses to receptor
ligation. The fundamental difference is that the A
isoform initiates intracellular signaling leading to
cellactivation such as phagocytosis and respiratory
burst, whereas the B isoform initiates inhibitory
signals, e.g., inhibiting B-cell activation. Signaling
through FcgRs [0007] Both activating and inhibitory
signals are transduced through the FcgRs following
ligation. These diametrically opposing functions
result from structural differences among the different
receptor isoforms. Two distinct domains within the
cytoplasmic signaling domains of the receptor called
imrnunoreceptor tyrosine based activation motifs
(ITAMs) or immunoreceptor tyrosine based inhibitory
motifs (ITIMS) account for the different responses.
The recruitment of different cytoplasmic enzymes to
these structures dictates the outcome of the
FcgR-mediated cellular responses. ITAMcontaining FcgR
complexes include FcgRI, FcgRIIA, FcgRIIIA, whereas
ITIM-containing complexes only include FcgRIIB. [0008]
Human neutrophils express the FcgRIIA gene. FcgRIIA
clustering via immune complexes or specific antibody
cross-linking serves to aggregate ITAMs along with
receptor-associated kinases which facilitate ITAM
phosphorylation. ITAM phosphorylation serves as a
docking site for Syk kinase, activation of which
results in activation of downstream substrates (e.g.,
PI K). Cellular activation leads to release of
proinflammatory mediators. [0009] The FcgRIIB gene is
expressed on B lymphocytes; its extracellular domain
is 



96% identical to FcgRIIA and binds IgG complexes in an
indistinguishable manner. The presence of an ITIM in
the cytoplasmic domain of FcgRIIB defines this
inhibitory subclass of FcgR. Recently the molecular
basis of this inhibition was established. When
coligated along with an activating FcgR, the ITIM in
FcgRIIB becomes phosphorylated and attracts the SH2
domain of the inosital polyphosphate 5' -phosphatase
(SHIP), which hydrolyzes phosphoinositol messengers
released as a consequence of ITAM-containing FcgR-
mediated tyrosine kinase activation, consequently
preventing the influx of intracellular Ca++. Thus
crosslinking of FcgRIIB dampens the activating
response to FcgR ligation and inhibits cellular
responsiveness. B cell activation, B cell
proliferation and antibody secretion is thus aborted.
[0010] Current approaches to optimize the Fc region
function (e.g., antibodydependent cell mediated
cytotoxicity (ADCC), complement dependent cytotoxicity
(CDC) activity) in therapeutic monoclonal antibodies
and soluble polypeptides fused to Fc regions have
focused on a limited number of single amino acid
changes based on structural analysisand/or computer
aided designs. Alternative approaches in engineering
Fc regions have focused on the glycosylation of the Fc
region to optimize Fc region function.TABLE 1.
Receptors for the Fc Regions of Immunoglobulin
Isotypes3. SUMMARY OF THE INVENTION [0011] The present
invention is based, in part, on the inventors'
discovery of methods for engineering the Fc region of
an antibody to confer one or more effector function
activities to a parent antibody, which parent antibody
does not exhibit the particular effector function
activity at a detectable level when tested against a
target cell. Such methods of engineering include
introducing one or more amino acid modifications
(substitutions, deletions or insertions) in one or
more portions of the Fc region, which modifications
introduce a detectable level of the effector function
activity in the modified antibody. In certain
embodiments, the modifications alter the parent
antibody's affinity for certain FcgR receptors (e.g.,
activating FcgRs, inhibitory FcgRs) and one or more
effector functions, such as antibody-dependent cell
mediated cytotoxicity (ADCC). In other embodiments,
the modifications confer homo-oligomerization activity
to the parent Fc region such that oligomerization of
the modified antibody cross-links cell-surface
antigens, resulting in apoptosis, negative-growth
regulation or cell killing. [0012] The inventors have
found that modification of an Fc region of a chimeric
2B6 antibody (anti-FcgRIIB antibody) surprisingly
conferred an effector function activity (particularly,
ADCC) on chimeric 2B6 antibodies, which normally
exhibit no detectable ADCC in routine in vitro ADCC
assays. The inventors have found that modification of
an Fc region of a chimeric 4D5 antibody (anti-FcgRIIB
antibody) surprisingly improved the effector function
activity (particularly, ADCC) of chimeric 4D5
antibodies in cells with low levels of antigen
expression. The inventors have further found that
modification of an Fc region of rituximab (anti-CD20
monoclonal antibody) conferred effector function
activity on the rituximab antibody in cells from a
patient population whose cells were otherwise
refractory to rituximab-induced effector function
activity. [0013] In one aspect, the invention
encompasses molecules, preferably polypeptides, and
more preferably immunoglobulins (e.g., antibodies)
comprising a variant Fc region having one or more
amino acid modifications (e.g., substitutions, but
also including deletions or insertions) in one or more
Fc regions, relative to a parent molecule, which
modifications confer a particular effector function
activity on the modified molecule, as compared to the
parent molecule which has little or no detectable
activity of that effector function (as measured using
standard in vitro methods known in the art and
exemplified herein). The effector function activities
that may be conferred using the methods of the
invention include, but are not limited to, ADCC,
antibody-dependent phagocytosis, phagocytosis,
opsonization,opsonophagocytosis, cell binding,
resetting, complement dependent cell mediated
cytotoxicity (CDC). [0014] Another aspect of the
invention relates to molecules, preferably
polypeptides, and, more preferably, immunoglobulins
(e.g., antibodies) comprising a variant Fc region
having one or more amino acid modifications (e.g.,
substitutions, deletions, insertions) in one or more
portions, which modifications increase the affinity
and avidity of the variant Fc region for an FcgR
(including activating and inhibitory FcgRs). In some
embodiments, said one or more amino acid modifications
increase the affinity of the variant Fc region for
FcgRIIIA and/or FcgRIIA. In another embodiment, the
variant Fc region further specifically binds FcgRIIB
with a lower affinity than does the Fc region of the
comparable parent antibody (i.e., an antibody having
the same amino acid sequence as the antibody of the
invention except for the one or more amino acid
modifications in the Fc region). In some embodiments,
such modifications increase the affinity of the
variant Fc region for FcgRIIIA and/or FcgRIIA and also
enhance the affinity of the variant Fc region for
FcgRIIB relative to the parent antibody. In other
embodiments, said one or more amino acid modifications
increase the affinity of the variant Fc region for
FcgRIIIA and/or FcgRIIA but do not alter the affinity
of the variant Fc regions for FcgRIIB relative to the
Fc region of the parent antibody. In another
embodiment, said one or more amino acid modifications
enhance the affinity of the variant Fc region for
FcgRIIIA and FcgRIIA but reduce the affinity for
FcgRIIB relative to the parent antibody. [0015]
Increased affinity and/or avidity results in
detectable binding to the FcgR or detectable
FcgR-related activity in cells that express low levels
of the FcgR when binding activity of the parent
molecule (without the modified Fc region) cannot be
detected on the cells. In certain embodiments the
target antigen of the modified antibody is an FcgR,
and the modified antibody exhibits FcgR-binding or
related activity in cells which express the target
FcgR at a density of 10,000 molecules/cell or less, at
a density of 5000 molecules/cell or less, at a density
of 1000 molecules /cell or less, at a density of 500
molecules or less, or at a density of 200 molecules or
less (but at least 10, at least 50, at least 100 or at
least 150 molecules/cell) . In embodiments wherein the
target antigen is an FcgR, the increased binding to
the on the cell surface may be mediated by the CDR
region of the antibody to an epitope on the target
FcgR. Furthermore, this mechanism of increased antigen
binding may occur with antibodies against non-Fcg
receptors or surface proteins. [0016] The invention
encompasses molecules, e.g., antibodies, with altered
affinities and avidities for one or more target FcgRs.
The antibodies of the invention with enhancedaffinity
and avidity for one or more target FcgRs are
particularly useful in cellular systems 



(for example for research or diagnostic purposes)
where the FcgRs are expressed at low levels, for
example, tumor specific B cells with low levels of
FcgRIIB (e.g., non-Hodgkins lymphoma, CLL, and
Burkitt's lymphoma). Although not intending to be
bound by a particular mechanism of action, the
molecules of the invention with enhanced affinity and
avidity for a particular target FcgR are valuable as
research and diagnostic tools by enhancing the
sensitivity of detection of FcgRs which are normally
undetectable due to a low level of expression. The
antibodies of the invention with enhanced affinity and
avidity for FcgRs are particularly useful for the
treatment, prevention or management of a cancer, or
another disease or disorder, in a subject, wherein the
FcgRs are expressed at low levels in the target cell
populations. As used herein, FcgR expression in cells
is defined in terms of the density of such molecules
per cell as measured using common methods known to
those skilled in the art. The molecules of the
invention comprising variant Fc regions preferably
also have an enhanced avidity and affinity and/or
effector function in cells which express a target
antigen to which the modified antibody
immunospecifically binds, e.g., a cancer antigen, at
low density, for example, at a density of 30,000 to
20,000 molecules/cell, at a density of 20,000 to
10,000 molecules/cell, at a density of 10,000 to 5,000
molecules/cell, at a density of 5,000 to 1,000
molecules/cell, at a density of 1,000 to 200
molecules/cell or at a density of 200 molecules/cell
or less. The molecules of the invention have
particular utility in treatment, prevention or
management of a disease or disorder, such as cancer,
in a sub-population of patients, wherein the target
antigen is expressed at low levels in the target cell
population, in particular, in patients refractory to
treatment with an existing therapeutic antibody due to
the low level of target antigen expression on the
cancer or other cells associated with the disease or
disorder to be treated, prevented or managed. [0017]
The invention encompasses engineering human, chimeric
or humanized therapeutic antibodies in the Fc region
by modifying one or more Fc region amino acids, which
modifications alter the detectable affinity and
avidity of the antibodies for one or more target
antigens, e.g., FcgR receptors or cancer antigens,
and/or the detectable effector function activity or
cell killing activity of the modified antibody. In one
embodiment, said one or more modifications to the
amino acids of the Fc region enhance the affinity and
avidity of the antibody for one or more target
antigens, e.g., FcgR receptors or cancer antigens.
These therapeutic antibodies, by virtue of the
modifications of the invention, have increased
efficacy in patients refractory to treatment with the
parent antibody, due, in certain instances,to reduced
levels of the expression of the target antigen, as
well as in patients who respond to the parent
antibody. [0018] Although not intending to be bound by
a particular mechanism of action, therapeutic
antibodies engineered 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 cell which expresses the particular FcgRs at
reduced levels, for example, by virtue of the ability
of the antibody to remain on the target cell longer
due to an improved off rate for Fc-FcgR interaction.
In another embodiment, said one or more modifications
to the amino acids of the Fc region modifies the
affinity and avidity of the antibody for one or more
FcgR receptors. In a specific embodiment, the
invention encompasses antibodies comprising a variant
Fc region, wherein said variant Fc region comprises at
least one amino acid modification relative to the
parent Fc region, which variant Fc region only binds
one FcgR, wherein said FcgR is FcgRIIIA. In another
specific embodiment, the invention encompasses
antibodies comprising a variant Fc region, wherein
said variant Fc region comprises at least one amino
acid modification relative to the parent Fc region,
which variant Fc region only binds one FcgR, wherein
said FcgR is FcgRIIA. In yet another embodiment, the
invention encompasses antibodies comprising a variant
Fc region, wherein said variant Fc region comprises at
least one amino acid modification relative to the
parent Fc region, which variant Fc region only binds
one FcgR, wherein said FcgR is FcgRIIB. [0019] The
affinities and binding properties of the antibodies of
the invention for the target antigen or an FcgR are
initially determined using in vitro assays
(biochemical or immunological based assays) known in
the art for determining antigen-antibody or Fc-FcgR
interactions (i.e., specific binding of an Fc region
to an FcgR), respectively, including but not limited
to, ELISA assay, surface plasmon resonance assay or
immunoprecipitation assay. Preferably, the binding
properties of the molecules of the invention are also
characterized by in vitro functional assays for
determining one or more FcgR mediated effector cell
functions. In most preferred embodiments, the
antibodies of the invention have similar binding
properties in in vivo models (such as those described
and disclosed herein) as those in in vitro based
assays. However, the present invention does not
exclude molecules of the invention that do not exhibit
the desired phenotype in in vitro based assays but do
exhibit the desired phenotype in vivo. [0020] The
invention also encompasses molecules, preferably
polypeptides, and more preferably, immunoglobulins
(e.g., antibodies) comprising a variant Fc region
having one or more amino acid modifications (e.g.,
substitutions, deletions, insertions) in one or
moreportions, which modifications confer detectable
effector function activity to the molecule not
detectable in the parent molecule. In certain
embodiments, the parent molecule is an antibody. In
yet other embodiments, the parent antibody is
rituximab or humanized 2B6 (see U.S. Patent
Application Publication 2004/0185045 and U.S. Patent
Application Serial No.: 11/126,978, filed May 10,
2005, by Johnson et al., which are incorporated herein
by reference in their entireties), and the modified
antibodies are used to treat the indications
associated with the parent antibodies. Although not
intending to be bound to a particular mechanism of
action, the molecules of the invention with conferred
effector function activity are particularly useful for
the treatment and/or prevention of a disease or
disorder where an effector cell function {e.g., ADCC)
mediated by an FcgR is desired {e.g., cancer,
infectious disease). Alternately, the molecules of the
invention with Fc modifications may exhibit enhanced
therapeutic efficacy due to the introduction of
homo-oligomerization activity in the Fc region,
resulting in apoptosis, negative-growth regulation or
cell killing associated with surface antigen
cross-linking. [0021] The invention encompasses
methods and compositions for treatment, prevention or
management of a cancer in a subject, comprising
administering to the subject a 



therapeutically effective amount of one or more
molecules comprising a variant Fc region engineered in
accordance with the invention, which molecule further
binds a cancer antigen. In certain embodiments, the
subject is human. In other embodiments, the molecules
of the invention are modified rituximab, and are
preferably used in the treatment of lymphoma, such as
Non-Hodgkins lymphoma, or modified humanized 2B6
antibodiesengineered according to the methods of the
invention, which modified antibodies possess the same
indications as the parent antibodies. Molecules of the
invention comprising the variant Fc regions are
particularly useful for the prevention, inhibition,
reduction of growth or regression of primary tumors,
or metastasis of cancer cells. Although not intending
to be bound by a particular mechanism of action,
molecules of the invention enhance the efficacy of
cancer therapeutics by i) enhancing antibody mediated
effector function or ii) enhancing the apoptosis
signaling, negative-growth regulation or cell killing
associated with surface antigen cross-linking by
introducing homo-oligomerization activity in the
modified molecules, resulting in an enhanced rate of
tumor clearance or an enhanced rated of tumor
reduction or a combination thereof. [0022] According
to an aspect of the invention, immunotherapeutics may
be modifying in accordance with the invention to
increase the potency of an antibody effector function
activity, e.g., ADCC, CDC, phagocytosis, opsonization,
etc. In a specificembodiment, antibody dependent
cellular toxicity and/or phagocytosis (e.g., of tumor
cells) is enhanced by modifying immunotherapeutics
with variant Fc regions of the invention. Molecules of
the invention may render immunotherapy cancer
treatment efficacious in a patient population by
enhancing (or rendering detectable) at least one
antibody-mediated effector function activity. In one
particular embodiment, the efficacy of immunotherapy
treatment is enhanced by rendering the complement
dependent cascade activity detectable. In another
embodiment of the invention, the efficacy of
immunotherapy treatment is enhanced by rendering the
phagocytosis and/or opsonization of the targeted
cells, e.g. , tumor cells, detectable. In another
embodiment of the invention, the efficacy of treatment
is enhanced by enhancing antibody-dependent
cell-mediated cytotoxicity ("ADCC") in destruction of
the targeted cells, e.g., tumor cells, detectable.
Determining whether such activity is detectable is
done using routine assays known in the art and
described herein. [0023] In a specific embodiment, the
invention encompasses a molecule comprising a variant
Fc region, wherein said variant Fc region comprises at
least one amino acid modification relative to the
parent Fc region such that the molecule has an
enhanced effector activity, provided said one or more
amino acid modifications includes substitutions at one
or more positions. The amino acid positions recited
herein are numbered according to the EU index as set
forth in Kabat et ah, Sequence of Proteins of
Immunological Interest. 5th Ed. Public Health Service,
NHl, MD (1991), expressly incorporated herein by
reference. In a specific embodiment, the variant Fc
region has a leucine at position 247, a lysine at
position 421, or a glutamic acid at position 270. In
other specific embodiments, the variant Fc region has
a leucine at position 247, a lysine at position 421
and a glutamic acid at position 270 (MgFc31/60); a
threonine at position 392, a leucine at position 396,
a glutamic acid at position 270, and a leucine at
position 243 (MgFc38/60/F243L); a histidine at
position 419, a leucine at position 396, and a
glutamic acid at position 270 (MGFc51/60); an alanine
at position 240, a leucine at position 396, and a
glutamic acid at position 270 (MGFc52/60); a histidine
at position 419, a leucine at position 396, a glutamic
acid at position 270, and a leucine at position 243
(MGFc51/60/F243L); a lysine at position 255 and a
leucine at position 396 (MgFc55); a lysine at position
255, a leucine at position 396, and a glutamic acid at
position 270 (MGFc55/60); a lysine at position 255, a
leucine at position 396, a glutamic acid at position
270, and a lysine at position 300 (MGFCSSZOOA SOOL); a
lysine at position 255, a leucine at position 396, a
glutamic acid at position 270, and a leucine at
position 243 (MgFc55/60/F243L); a lysine at position
255, a leucine at position 396, a glutamic acid at
position 270, and a glycine at position 292
(MgFc55/60/R292G); a glutamic acid at position370, a
leucine at position 396, and a glutamic acid at
position 270 (MGFC59/60); a glutamic acid at position
270, an aspartic acid at position 316, and a glycine
at position 416 (MgFc71); a leucine at position 243, a
proline at position 292, an isoleucine at position
305, and a leucine at position 396 (MGFc74/P396L); a
leucine at position 243, a glutamic acid at position
270, a glycine at position 292, and a leucine at
position 396; a leucine at position 243,a lysine at
position 255, a glutamic acid at position 270, and a
leucine at position 396; or a glutamine at position
297. [0024] The invention also encompasses methods for
treating or preventing an infectious disease in a
subject comprising administering a therapeutically or
prophylactically effective amount of one or more
molecules of the invention that bind an infectious
agent or cellular receptor therefore. Infectious
diseases that can be treated or prevented by the
molecules of the invention are caused by infectious
agents including but not limited to viruses, bacteria,
fungi, protozae, and viruses. Although not intending
to be bound by a particular mechanism of action, the
methods and/or molecules of the invention confer a
therapeutic effect not detectable in the parent
antibody or enhance the therapeutic effect of the
parent antibody by i) enhancing or rendering
detectable the antibody mediated effector function
toward an infectious agent or ii) enhancing or
rendering detectable the apoptosis signaling,
negative-growth regulation or cell killing associated
with surface antigen crosslinking by conferring
homo-oligomerization activity in the modified
molecules. [0025] According to one aspect of the
invention, molecules of the invention comprising
variant Fc regions have detectable antibody effector
function towards an infectious agent, which was not
detectable hi the parent molecule comprising a
wild-type Fc region. In a specific embodiment,
molecules of the invention enhance the efficacy of
treatment of an infectious disease by enhancing or
rendering detectable phagocytosis and/or opsonization
of the infectious agent causing the infectious
disease, hi another specific embodiment, molecules of
the invention enhance the efficacy of treatment of an
infectious disease by enhancing or rendering
detectable ADCC of infected cells causing the
infectious disease. [0026] The invention encompasses
characterization of the molecules of the invention
(e.g., therapeutic monoclonal antibodies engineered
according to the methods of the 



invention) using assays known to those skilled in the
art for identifying the effector cell function of the
molecules. In particular, the invention encompasses
characterizing the molecules of the invention for
FcgR-mediated effector cell function. Examples of
effector cell functions that can be assayed in
accordance with the invention, include but are
notlimited to, antibody-dependent cell mediated
cytotoxicity (ADCC), phagocytosis, opsonization,
opsonophagocytosis, CIq binding, and complement
dependent cell mediated cytotoxicity (CDC). Cell-based
or cell free assays for determining effector cell
function activity are routine and known to those
skilled in the art and described herein. [0027] In one
embodiment, the molecules of the invention can be
assayed for FcgRmediated phagocytosis in human
monocytes. Alternatively, the FcgR-mediated
phagocytosis of the molecules of the invention may be
assayed in other phagocytes, e.g., neutrophils
(polymorphonuclear leuckocytes; PMN); human peripheral
blood monocytes, monocytederived macrophages, which
can be obtained using standard procedures known to
those skilled in the art. In another embodiment, the
molecules of the invention may be assayed using an
antibody-dependent opsonophagocytosis assay (ADCP). In
yet another embodiment, the molecules of the invention
can be assayed for FcgR-mediated ADCC activity in
effector cells, e.g., natural killer cells, using any
of the standard methods known to those skilled in the
art. In yet another embodiment, the molecules of the
invention are characterized for antibody dependent
cellular cytotoxicity (ADCC). [0028] Preferably, the
effector cells used in the ADCC assays of the
invention are peripheral blood mononuclear cells
(PBMC) that are purified from normal human blood,
using standard methods known to one skilled in the
art, e.g., using Ficoll-Paque density gradient
centrifugation. Preferred effector cells for use in
the methods of the invention express different FcgR
activating receptors. The invention encompasses,
effector cells expressing FcgRI, FcgRIIA and FcgRIIB,
and monocyte derived primary macrophages derived from
whole human blood expressing both FcyRIIIA and
FcgRIIB. Both the ratio of effector celhtarget cell
and concentration of antibody to be used in the
functional assays in accordance with the invention
will be appreciated to be dependent of the particular
assay and system to be tested. The invention
encompasses use of the effector cells in the
functional assays of effector function activity at an
effector cell:target cell ratio of 1:1, 10:1, 30:1,
60:1, 75:1 or 100:1. The invention encompasses the use
of antibody in the functional assays of effector
function activity at an concentration of 0.2 mg/ml to
3 mg/ml, 0.5 mg/ml to 2 mg/ml or 0.5 mg/ml to 1 mg/ml.
[0029] In another embodiment, the molecules of the
invention may be assayed for CIq binding, which
mediates complement dependent cytotoxicity (CDC). To
determine CIq binding, a CIq binding ELISA may be
performed. To assess complement activation,
acomplement dependent cytotoxicity (CDC) assay may be
performed using standard methods known in the art.
[0030] The Fc variants of the present invention may be
combined with other Fc modifications known in the art.
The invention encompasses combining an Fc variant of
the invention with other Fc modifications to provide
additive, synergistic, or novel properties to the
modified antibody. Preferably, the Fc variants of the
invention enhance the phenotype of the modification
with which they are combined. For example, if an Fc
variant of the invention is combined with a mutant
known to bind FcgRIIIA with a higher affinity than a
comparable wild type Fc region; the combination with a
mutant of the invention results in a greater fold
enhancement in FcgRIIIA affinity. [0031] In one
embodiment, the Fc variants of the present invention
may be combined with other known Fc variants such as
those disclosed in Duncan et al, 1988, Nature 332:563-
564; Lund et al., 1991, J. Immunol 147:2657-2662; Lund
et al, 1992, MoI Immunol 29:53-59; Alegre et al, 1994,
Transplantation 57:1537-1543; Hutchins et al, 1995,
Proc Natl. Acad Sci U S A 92:11980-11984; Jefferis et
al, 1995, Immunol Lett. 44:111-117; Lund etal, 1995,
Faseb J 9:115-119; Jefferis et al, 1996, Immunol Lett
54:101-104; Lund et al, 1996, J Immunol 157:49634969;
Armour et al, 1999, Eur J Immunol 29:2613-2624;
Idusogie et al, 2000, J Immunol 164:41784184; Reddy et
al, 2000, J Immunol 164:1925-1933; Xu et al, 2000,
Cell Immunol 200:16-26; Idusogie et al, 2001, J
Immunol 166:2571-2575; Shields et al, 2001, J Biol
Chem 276:6591-6604; Jefferis et al, 2002, Immunol Lett
82:57-65; Presta et al, 2002, Biochem Soc Trans
30:487-490); US 5,624,821; US 5,885,573; US 6,194,551;
PCT WO 00/42072; PCT WO 99/58572; each of which is
incorporated herein by reference in its entirety.
[0032] The present invention also encompasses
antibodies that are homodimers or heterodimers of Fc
regions. Homodimeric or heterodimeric antibodies of
the invention comprise variant Fc regions, wherein the
two Fc chains have the same or different amino acid
sequences, respectively. In one embodiment, each Fc
chain of the heterodimeric antibody comprises one or
more different amino acid modifications relative to
the other chain. In another embodiment, one Fc chain
of the heterodimeric antibody comprises the wild type
Fc chain and the other Fc chain comprises one or more
amino acid modifications relative to the wild type
chain. [0033] The present invention also includes
polynucleotides that encode a molecule of the
invention, including polypeptides and antibodies,
identified by the methods of the invention. The
polynucleotides encoding the molecules of the
invention may be obtained, andthe nucleotide sequence
of the polynucleotides determined, by any method known
in the art. The invention relates to an isolated
nucleic acid encoding a molecule of the invention. The
invention also provides a vector comprising said
nucleic acid. The invention further provides host
cells containing the vectors or polynucleotides of the
invention. [0034] The invention further provides
methods for the production of the molecules of the
invention. The molecules of the invention, including
polypeptides and antibodies, can be produced by any
method known to those skilled in the art, in
particular, by recombinant techniques. In certain
embodiments, antibodies of the invention are created
by engineering mutations identified as conferring
therapeutically effective, detectable, effector
function activity into the Fc regions of antibodies
which do not natively exhibit such activity. In other
embodiments, the invention relates to a method for
recombinantly producing a molecule of the invention,
said method comprising: (i) culturing in a medium a
host cell comprising a nucleic acid encoding said
molecule, under conditions suitable for the expression
of said 



molecule; and (ii) recovery of said molecule from said
medium. [0035] The invention also encompasses methods
for improving the therapeutic efficacy of molecules,
preferably polypeptides, and more preferably
immunoglobulins (e.g., antibodies) comprising a
variant Fc region having, which Fc regions have been
engineered according to the methods of the invention,
which engineering confers detectable effector function
activity on the modified molecule, as compared to the
parent molecule which exhibited little or no
detectable activity of that effector function (as
measured using standard in vitro methods known in the
art and exemplified herein). [0036] The invention
provides pharmaceutical compositions comprising a
molecule of the invention, e.g., a polypeptide
comprising a variant Fc region, an immunoglobulin
comprising a variant Fc region, a therapeutic antibody
engineered in accordance with the invention, and a
pharmaceutically acceptable carrier. The invention
additionally provides pharmaceutical compositions
further comprising one or more additional therapeutic
agents, including but not limited to anti-cancer
agents, anti-inflammatory agents, immunomodulatory
agents. 3.1 DEFINITIONS [0037] As used herein, the
term "Fc region" is used to define a C-terminal region
of an IgG heavy chain. Throughout the present
specification, the numbering of the residues in an IgG
heavy chain is that of the EU index as in Kabat et ah,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, NHl, MD (1991),
expresslyincorporated herein by references. The "EU
index as in Kabat" refers to the numbering of the
human IgGl EU antibody. An example of the amino acid
sequence containing the human IgGl Fc region is SEQ ID
NO:11 and is shown in FIG. 1. SEQ ID NO:11 and FIG. 1
set forth the amino acid sequence of the IgGl hinge-Fc
region. Although boundaries may vary slightly, as
numbered according to the Kabat system, the Fc domain
extends from amino acid 231 to amino acid 447 ( which
corresponds to amino acid 16 to amino acid 232 as
numbered in SEQ ID NO: 11 and FIG.l). [0038] The Fc
region of an IgG comprises two constant domains, CH2
and CH3. The CH2 domain of a human IgG Fc region
usually extends from amino acids 231 to amino acid 341
according to the numbering system of Kabat
(corresponding to amino acids 16 to 126 as numbered in
SEQ ID NO: 11 and FIG. 1). The CH3 domain of a human
IgG Fc region usually extends from amino acids 342 to
447 according to the numbering system of Kabat
(corresponding to amino acids 127 to 232 as numbered
in SEQ ID NO:11 and FIG. 1). The CH2 domain of a human
IgG Fc region (also referred to as "Cg2" domain) is
unique in that it is not closely paired with another
domain. Rather, two N-linked branched carbohydrate
chains are interposed between the two CH2 domains of
an intact native IgG. [0039] The "hinge region" is
generally defined as stretching from Glu216 to Pro230
of human IgGl (corresponding to amino acids 1-15 as
numbered in SEQ ID NO: 11 and FIG. 1). Hinge regions
of other IgG isotypes may be aligned with the IgGl
sequence by placing the first and last cysteine
residues forming inter-heavy chain S-S binds in the
same positions. [0040] As used herein, the terms
"antibody" and "antibodies" refer to monoclonal
antibodies, multispecific antibodies, human
antibodies, humanized antibodies, synthetic
antibodies, chimeric antibodies, polyclonal
antibodies, camelized antibodies, single-chain Fvs
(scFv), single chain antibodies, Fab fragments, F(ab')
fragments, disulfide-linked bispecific Fvs (sdFv),
intrabodies, and anti-idiotypic (anti-Id) antibodies
(including, e.g., anti-Id and anti-anti-Id antibodies
to antibodies of the invention), and epitope-binding
fragments of any of the above. In particular,
antibodies include immunoglobulin molecules and
immunologically active fragments of immunoglobulin
molecules, i.e., molecules that contain an antigen
binding site. Immunoglobulin molecules can be of any
type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class
(e.g., IgG1, IgG2, IgG3, IgG , IgA1 and IgA ) or
subclass. [0041] As used herein, the term "derivative"
in the context of polypeptides or proteins refers to a
polypeptide or protein that comprises an amino acid
sequence which has been altered by the introduction of
ammo acid residue substitutions, deletions or
additions. The term "derivative" as used herein also
refers to a polypeptide or protein which has
beenmodified, Le, by the covalent attachment of any
type of molecule to the polypeptide or protein. For
example, but not by way of limitation, an antibody may
be modified, e.g., by glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization
by known protecting/blocking groups, proteolytic
cleavage, linkage to a cellular ligand or other
protein, etc. A derivative polypeptide or protein may
be produced by chemical modifications using techniques
known to those of skill in the art, including, but not
limited to specific chemical cleavage, acetylation,
formylation, metabolic synthesis of tunicamycin, etc.
Further, a derivative polypeptide or protein
derivative possesses a similar or identical function
as the polypeptide or protein from which it was
derived. [0042] As used herein, the term "derivative"
in the context of a non-proteinaceous derivative
refers to a second organic or inorganic molecule that
is formed based upon the structure of a first organic
or inorganic molecule. A derivative of an organic
molecule includes, but is not limited to, a molecule
modified, e.g., by the addition or deletion of a
hydroxyl, methyl, ethyl, carboxyl or amine group. An
organic molecule may also be esterified, alkylated
and/or phosphorylated. [0043] As used herein, the
terms "disorder" and "disease" are used
interchangeably to refer to a condition in a subject.
In particular, the term "autoimmune disease" is used
interchangeably with the term "autoimmune disorder" to
refer to a condition in a subject characterized by
cellular, tissue and/or organ injury caused by an
immunologic reaction of the subject to its own cells,
tissues and/or organs. The term "inflammatory disease"
is used interchangeably with the term "inflammatory
disorder" to refer to a condition in a subject
characterized by inflammation, preferably chronic
inflammation. Autoimmune disorders may or may not be
associated with inflammation. Moreover, inflammation
may or may not be caused by an autoimmune disorder.
Thus, certain disorders may be characterized as both
autoimmune and inflammatory disorders. [0044] As used
herein, the term "cancer" refers to a neoplasm or
tumor resulting from abnormal uncontrolled growth of
cells. As used herein, cancer explicitly includes,
leukemias and lymphomas. In some embodiments, cancer
refers to a benign tumor, which has remained 



localized. In other embodiments, cancer refers to a
malignant tumor, which has invaded and destroyed
neighboring body structures and spread to distant
sites. In some embodiments, the cancer is associated
with a specific cancer antigen that is expressed on
cancer cells. [0045] As used herein, the term
"immunomodulatory agent" and variations thereof refer
to an agent that modulates a host's immune system. In
certain embodiments, an immunomodulatory agent is an
immunosuppressant agent. In certain other embodiments,
animmunomodulatory agent is an immunostimulatory
agent. Immunomodatory agents include, but are not
limited to, small molecules, peptides, polypeptides,
fusion proteins, antibodies, inorganic molecules,
mimetic agents, and organic molecules. [0046] As used
herein, the term "epitope" refers to a fragment of a
polypeptide or protein or a non-protein molecule
having antigenic or immunogenic activity in an animal,
preferably in a mammal, and most preferably in a
human. An epitope having immunogenic activity is a
fragment of a polypeptide or protein that elicits an
antibody response in an animal. An epitope having
antigenic activity is a fragment of a polypeptide or
protein to which an antibody immunospecifically binds
as determined by any method well-known to one of skill
in the art, for example by immunoassays. Antigenic
epitopes need not necessarily be immunogenic. [0047]
As used herein, the term "fragment" refers to a
peptide or polypeptide comprising an amino acid
sequence of at least 5 contiguous amino acid residues,
at least 10 contiguous amino acid residues, at least
15 contiguous amino acid residues, at least 20
contiguous amino acid residues, at least 25 contiguous
amino acid residues, at least 40 contiguous amino acid
residues, at least 50 contiguous amino acid residues,
at least 60 contiguous amino residues, at least 70
contiguous amino acid residues, at least contiguous 80
amino acid residues, at least contiguous 90 amino acid
residues, at least contiguous 100 amino acid residues,
at least contiguous 125 amino acid residues, at least
150 contiguous amino acid residues, at least
contiguous 175 amino acid residues, at least
contiguous 200 amino acid residues, or at least
contiguous 250 amino acid residues of the amino acid
sequence of another polypeptide. In a specific
embodiment, a fragment of a polypeptide retains at
least one function of the polypeptide. [0048] As used
herein, the terms "nucleic acids" and "nucleotide
sequences" include DNA molecules (e.g., cDNA or
genomic DNA), RNA molecules (e.g., mRNA), combinations
of DNA and RNA molecules or hybrid DNA/RNA molecules,
and analogs of DNA or RNA molecules. Such analogs can
be generated using, for example, nucleotide analogs,
which include, but are not limited to, inosine or
tritylated bases. Such analogs can also comprise DNA
or RNA molecules comprising modified backbones that
lend beneficial attributes to the molecules such as,
for example, nuclease resistance or an increased
ability to cross cellular membranes. The nucleic acids
or nucleotide sequences can be single-stranded,
double-stranded, may contain both single-stranded and
double-stranded portions, and may contain
triple-stranded portions, but preferably is
double-stranded DNA.[0049] As used herein, a
"therapeutically effective amount" refers to that
amount of the therapeutic agent sufficient to treat or
manage a disease or disorder. A therapeutically
effective amount may refer to the amount of
therapeutic agent sufficient to delay or minimize the
onset of disease, e.g., delay or minimize the spread
of cancer. A therapeutically effective amount may also
refer to the amount of the therapeutic agent that
provides a therapeutic benefit in the treatment or
management of a disease. Further, a therapeutically
effective amount with respect to a therapeutic agent
of the invention means the amount of therapeutic agent
alone, or in combination with other therapies, that
provides a therapeutic benefit in the treatment or
management of a disease. [0050] As used herein, the
terms "prophylactic agent" and "prophylactic agents"
refer to any agent(s) which can be used in the
prevention of a disorder, or prevention of recurrence
or spread of a disorder. A prophylactically effective
amount may refer to the amount of prophylactic agent
sufficient to prevent the recurrence or spread of
hyperproliferative disease, particularly cancer, or
the occurrence of such in a patient, including but not
limited to those predisposed to hyperproliferative
disease, for example those genetically predisposed to
cancer or previously exposed to carcinogens. A
prophylactically effective amount may also refer to
the amount of the prophylactic agent that provides a
prophylactic benefit in the prevention of disease.
Further, a prophylactically effective amount with
respect to a prophylactic agent of the invention means
that amount of prophylactic agent alone, or in
combination with other agents, that provides a
prophylactic benefit in the prevention of disease.
[0051] As used herein, the terms "prevent",
"preventing" and "prevention" refer to the prevention
of the recurrence or onset of one or more symptoms of
a disorder in a subject as result of the
administration of a prophylactic or therapeutic agent.
[0052] As used herein, the term "in combination"
refers to the use of more than one prophylactic and/or
therapeutic agents. The use of the term "in
combination" does not restrict the order in which
prophylactic and/or therapeutic agents are
administered to a subject with a disorder. A first
prophylactic or therapeutic agent can be administered
prior to {e.g., 5 minutes, 15 minutes, 30 minutes, 45
minutes, 1hour, 2 hours, 4 hours, 6 hours, 12 hours,
24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or
12 weeks before), concomitantly with, or subsequent to
(e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes,
1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours,
48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3
weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or12 weeks
after) the administration of a second prophylactic or
therapeutic agent to a subject with a disorder. [0053]
"Effector function" as used herein is meant a
biochemical event that results from the interaction of
an antibody Fc region with an Fc receptor or ligand.
Effector functions include but are not limited to
antibody dependent cell mediated cytotoxicity (ADCC),
antibody dependent cell mediated phagocytosis (ADCP),
and complement dependent cytotoxicity (CDC). Effector
functions include both those that operate after the
binding of an antigen and those that operate
independent of antigen binding. [0054] "Effector cell"
as used herein is meant a cell of the immune system
that expresses one or more Fc receptors and mediates
one or more effector functions. Effector cells include
but are not limited to monocytes, macrophages,
neutrophils, dendritic cells, 



eosinophils, mast cells, platelets, B cells, large
granular lymphocytes, Langerhans 1cells, natural
killer (NK) cells, and may be from any organism
including but not limited to humans, mice, rats,
rabbits, and monkeys. [0055] "Fc ligand" as used
herein is meant a molecule, preferably a polypeptide,
from any organism that binds to the Fc region of an
antibody to form an Fc-ligand complex. Fc ligands
include but are not limited to FcgRs, FcgRs, FcgRs,
FcRn, CIq, C3, staphylococcal protein A, streptococcal
protein G, and viral FcgR. Fc ligands may include
undiscovered molecules that bind Fc. 4. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 AMINO ACID SEQUENCE
OF HUMAN IgGl HINGE-Fc REGION [0056] Figure 1 shows
the amino acid sequence of the human IgGl hinge-Fc
region (SEQ ID NO: 11). The amino acid residues shown
in the figure, 1-232, correspond to amino acid
residues 231 to 447 of the IgG heavy chain according
to the numbering system of Kabat. FIG. 2 SDS-PAGE
ANALYSIS OF RECOMBINANT SOLUBLE FcgR [0057] The purity
of recombinant soluble FcgR proteins was assessed by
10% polyacrylamide gel electrophoresis. The gels were
stained with Coomassie blue. Lane 1: purified
recombinant soluble FcgRIIIA; Lane 2: molecular weight
marker; Lane 3: molecular weight marker; Lane 4:
purified recombinant soluble FcgRIIB. The dashes refer
to themolecular weight of the markers, from top to
bottom, they correspond to a molecular weight of 98,
50, 36, and 22 KDa respectively. FIG. 3 ELISA ASSAY OF
RECOMBINANT SOLUBLE FcgR [0058] The direct binding of
purified recombinant soluble FcgRIIIA to aggregated
and monomeric IgG was determined using an ELISA assay.
Binding of (A) aggregated IgG with 3G8; ()
Biotinylated IgG; () aggregated IgG; (X) aggregated
IgG with mouse IgGl. FIGs. 4 A and B CHARACTERIZATION
OF FcgRIIIA TETRAMERIC COMPLEX USING AN ELISA ASSAY A.
Soluble tetrameric FcgRIIIA complex binds soluble
monomeric human IgG specifically. Binding of soluble
tetrameric FcgRIIIA to human IgG is blocked by 3G8 (),
a mouse anti-FcglllA monoclonal antibody; the 4-4-20
monoclonal antibody harboring the D265A mutation was
not able to block the binding of soluble tetrameric
FcgRIIIA to aggregated human IgG (D). B. Binding of
soluble tetrameric FcgRIIIA complex to soluble
monomeric human IgG () is compared to the binding of
monomeric soluble FcgRIIIA to soluble monomeric human
IgG (). FIGs. 5 A and B CHARACTERIZATION OF FcgRIIIA
TETRAMERIC COMPLEX USING A MAGNETIC BEAD ASSAY A.
FcgRIIIA Complex: two FcgRIIIA(filled shape) are
joined by a monoclonal antibody DJ 130c ( 1st Ab); the
anti-mouse F(ab) is conjugated to PE (circle). B. FACS
analysis of FcgRIIIA bound to Fc coated beads: (a)
beads alone; (b) complex without FcgRIIIA; (c) complex
with FcgRIIIA; (d) complex with FcgRIIIA and LNK16.
FIG. 6 SCHEMATIC PRESENTATION OF Fc CONTAINING
CONSTRUCTS [0059] A schematic diagram of the IgGl Fc
domains cloned into pYDl is presented. The open box
represents the hinge-CH2-CH3 domains; parallel
vertical lines represent the CHl domain. In the case
of the GIF206 and 227 constructs; the N-terminal amino
acids are shown. The underlined residues correspond to
the hinge region; the * represents the Xpressepitope
tag; hatched boxes represent the Gly4-Ser linker, and
the stippled boxes represent the Aga2p gene. FIGS.
7A-H FACS ANALYSIS OF THE Fc FUSION PROTEINS ON THE
YEAST CELL WALL [0060] Cells were incubated with
either a PE-conjugated polyclonal goat anti-human Fc
antibody (FIGS. 6A-D) or with HP6017 (Sigma), a mouse
anti-human IgGl Fc (CH3) specific monoclonal antibody
(FIGS. 6E-H). A and E represent vector alone; Panels B
and F represent the CH1-CH3 construct; Panels C and G
represent the GIF227; and Panels D and H represent the
GIF 206 construct. FIGs. 8A-C BINDING OF SOLUBLE
TETRAMERIC FcgRIIIA TO THE SURFACE DISPLAYED Fc FUSION
PROTEINS [0061] Cells containing pYDl-CHl (A);
rYD-CHl-D265A (B); and pYD vector (C) were grown under
conditions to express Aga2p fusion proteins on the
cell surface. Cells were incubated with FcgRIIIA at
0.15 mM , 7.5 mM , and 7.5 mM, respectively, and
analyzed by FACS. FIG. 9 CHARACTERIZATION OF THE
BINDING OF SOLUBLE TETRAMERIC FcgRIIIA TO THE SURFACE
DISPLAYED Fc FUSION PROTEINS [0062] Binding of
FcgRIIIA tetrameric complex to Fc fusion proteins on
the yeast cell surface was analyzed. PE-conjugated
FcgRIIIA tetrameric complexes were pre-incubated with
different concentrations of 3G8 (), LNK (A) or an
irrelevant isotype control (), and subsequently
incubated with the yeast cells. Cells were analyzed by
FACS for PE fluorescence. The percent cells that bound
the FcgRIIIA tetrameric complex were plotted on the
y-axis. FIG. 10 EXAMPLE OF SORT GATE FOR SELECTING Fc
MUTANTS WITH INCREASED BINDING TO FcgRIIIA [0063]
Cells were stained with PE-conjugated FcgRIIIA
tetrameric complexes (yaxis) and anti-Fc-FITC
conjugated antibody (x-axis). Boxed area represents
sort gate set to select -1.0% of the cell population.
FIGs. 11 A-N FACS ANALYSIS OF SOME OF THE Fc MUTANTS
IDENTIFIED HAVING AN INCREASED AFFINITY FOR FcgRIIIA
TETRAMERIC COMPLEXES[0064] Individual clones harboring
the pYD-CHl plasmid containing independent Fc
mutations were amplified in selective media containing
glucose, induced for Fc expression in selective media
containing galactose, and subsequently analyzed by
FACs. FIGS. 1OA and B represent cells harboring
wild-type Fc; FIGS. 1OC and D represent mutant # 5;
FIGS. 1OE 



and F represent mutant # 20; FIGS. 1OG and H represent
mutant # 21; FIGS. 10 1and J represent mutant # 24;
FIGS. 1OK and L represent mutant # 25; FIGS. 1OM and N
represent mutant # 27. Cells were stained with
FcgRIIIA tetrameric complex (FIGS. 10 A, C, E, G, I,
K, and M) or FcgRIIB tetrameric complex (FIGS. 1OB, D,
F, H, J , L, and N). FIGs. 12 A-B CHARACTERIZATION OF
Fc MUTANTS IN THE 4-4-20 MONOCLONAL ANTIBODY BY ELISA
[0065] Fc domains from the pYD-CHl plasmids were
cloned into the heavy chain of the chimeric 4-4-20
monoclonal antibody. The 4-4-20 monoclonal antibody
was expressed in 293 cells and supernatants were
collected. ELISA plates were coated with fluoresceine
conjugated BSA to capture the chimeric 4-4-20 mutant
antibodies. FcgRIIIA (A) and FcgRIIB (B) receptors
were then coated onto the ELISA plates to which the
4-4-20 monoclonal antibodies had been absorbed in
order to determine the relative affinities of the
variant receptors to the Fc domains. Mutants # 15 and
# 29 were non-binding isolates included as controls.
FIG. 13 ADCC ACTIVITY OF MUTANTS IN THE 4-4-20
MONOCLONAL ANTIBODY [0066] 4-4-20 antibodies
containing mutant Fc regions were assessed for their
ADCC activity, and compared to the ADCC activity of a
wild type 4-4-20 antibody. The mutants analyzed are as
follows: MGFc-10 (K288N, A33OS, P396L), MGFc-26
(D265A), MGFc-27 (G316D, A378V, D399E), MGFc28 (N315I,
A379M, D399E), MGFc29 (F243I, V379L, G420V), MGFc30
(F275V), MGFc-31 (P247L, N421K), MGFc-32 (D280E,
S354F, A431D, L441I), MGFc-33 (K317N, F423 deleted),
MGFc-34 (F241L, E258G), MGFc-35 (R255Q, K326E),
MGFc-36 (K218R, G281D, G385R) FIGs. 14 A and B ADCC
ACTIVITY OF MUTANTS IN THE HER2/NEU HUMANIZED
MONOCLONAL ANTIBODY A. Humanized HER2/neu monoclonal
antibodies containing mutant Fc regions were assessed
for their ADCC activity and compared to the ADCC
activity of a wild type Her2/neu antibody. The mutants
analyzed are as follows: MGFc-5 (V379M), MGFc-9
(F243I,V379L), MGFc-IO (K288N, A330S, P396L), MGFc-13
(K334E, T359N, T366S), MGFc-27 (G316D, A378V, D399E).
B. ADCC activity of additional mutants in the context
of the humanized Her2/neu monoclonal antibody MGFc-37
(K248M), MGFc-39 (E293V Q295E, A327T), MGFc-38 (K392T,
P396L), MGFc-41 (H268N, P396L), MGFc-23 (K334E,
R292L), MGFc-44, MGFc- 45. Two independent clones were
tested for each mutant. FIG. 15 CAPTURE OF CH 4-4-20
ANTIBODY ON BSA-FITC SURFACE [0067] 6 mL of antibody
at a concentration of approximately 20 mg/mL was
injected at 5mL/min over a BSA- fluorescein
isothiocyanate (FITC) surface. BIAcore sensogram of
the binding of ch 4-4-20 antibodies with mutant Fc
regions on the surface of the BSA-FITC immobilized
sensor ship is shown. The marker was set on wild-type
captured antibody response. FIG. 16 SENSOGRAM OF REAL
TIME BINDING OF FcgRIIIA TO CH 4-4- 20 ANTIBODIES
CARRYING VARIANT Fc REGIONS [0068] Binding of FcgRIIIA
to ch-4-4-20 antibodies carrying variant Fc regions
was analyzed at 200 nM concentration. Responses were
normalized at the level of ch-4-4-20 antibody obtained
for wild-type. [0069] Mutants used were as follows:
Mut 6 (S219V), Mut 10 (P396L, A330S, K288N); Mut 18
(K326E); Mut 14 (K334E, K288N); Mut 11 (R255L, F243L);
Mut 16 (F372Y); Mut 19 (K334N, K246I). FIGs. 17 A-H
ANALYSIS OF KINETIC PARAMETERS OF FcgRIIIA BINDING TO
ANTIBODIES CARRYING VARIANT Fc REGIONS [0070] Kinetic
parameters for FcgRIIIA binding to antibodies carrying
variant Fc regions were obtained by generating
separate best fit curves for 200 nM and 800 nM. Solid
line indicates an association fit which was obtained
based on the koff values calculated for the
dissociation curves in the 32-34 sec interval. Kd and
koff values represent the average from two
concentrations. FIG. 18 SENSOGRAM OF REAL TIME BINDING
OF FcgRIIB-Fc FUSION PROTEINS TO ANTIBODIES CARRYING
VARIANT Fc REGIONS [0071] Binding of FcgRIIB-Fc fusion
proteins to ch-4-4-20 antibodies carrying variant Fc
regions was analyzed at 200 nM concentration.
Responses were normalized at the level of ch-4-4-20
antibody obtained for wild type.FIGs. 19 A-C ANALYSIS
OF KINETIC PARAMETERS FcyRIIB-Fc FUSION PROTEINS TO
ANTIBODIES CARRYING VARIANT Fc REGIONS [0072] Kinetic
parameters for FcgRIIB-Fc binding to antibodies
carrying variant Fc regions were obtained by
generating separate best fit curves for 200 nM and 800
nM. Solid line indicates an association fit which was
obtained based on the koff values calculated for the
dissociation curves in the 32-34 sec. interval. K and
Koff values represent the average from two
concentrations. [0073] Mutants used were as follows:
Mut 6 (S219V), Mut 10 (P396L, A33OS, K288N); Mut 18
(K326E); Mut 14 (K334E, K288N); Mut 11 (R255L, F243L);
Mut 16 (F372Y); Mut 19 (K334N, K246I). FIG. 20 RATIOS
OF Koff (WT)/K off (MUT) FOR Fcg RIIIA-Fc PLOTTED
AGAINST ADCC DATA [0074] Numbers higher than one show
a decreased dissociation rate for FcgRIIIA binding and
increased dissociation rate for FcgRIIB-Fc binding
relative to wild-type. Mutants in the box have lower
off rate for FcgRIIIA binding and higher off rate for
FcgRIIBFc binding. FIG. 21 COMPETITION WITH UNLABELED
FcgRIIIA [0075] A kinetic screen was implemented to
identify Fc region mutants with improved Koff rates
for binding FcgRIIIA. A library of Fc region variants
containing P396L mutation was incubated with 0.1 mM
biotinylated FcgRIIIA-Linker-Avitag for one hour and
then washed. Subsequently 0.8 uM unlabeled FcgRIIIA
was incubatd with the labeled yeast 



for different time points. Yeast was spun down and
unlabeled FcgRIIIA was removed, Receptor bound yeast
was stained with SA (streptavidin):PE (phycoerythrin)
for FACS analysis. FIGs. 22 A-C FACS ANALYSIS BASED ON
THE KINETIC SCREEN [0076] Based on the calculated Koff
from the data presented in FIG. 20, a one minute time
point selection was chosen. A 10-fold excess of
library was incubated with 0.1 mM biotinylated
FcgRIIIA-Linker-Avitag monomer; cells were washed and
incubated with unlabeled ligand for one minute; then
washed and labeled with SA:PE. The cells were then
sorted by FACS, selecting the top 0.3% binders. The
nonselcted P396L library was compared to the yeast
cells selected for improved binding by FACS. The
histograms show the percentage of cells that are
costained with both FcgRIIIA /PE and goat anti-human
Fc/FITC.FIGs. 23 A-B SELECTION BASED ON SOLID PHASE
DEPLETION OF FcgRIIB Fc BINDERS [0077] A. The P396L
library was screened based on FcgRIIB depletion and
FcgRIIIA selection using magnetic beads. The FcgRIIB
depletion by magnetic beads was repeated 5 times. The
resulting yeast population was analyzed and found to
show greater than 50% cell staining with goat
anti-human Fc and a very small percentage of cells
stained with FcgRIIIA. Subsequently cells were
selected twice by FACS using 0.1 mM biotinylated
FcgRIIIA linker-avitag. Yeast cells were analyzed for
both FcgRIIIA and FcgRIIB binding after each sort and
compared to wild type binding. B. Fc Mutants were
selected from the FcgRIIB depleted yeast population
using biotinylated FcgRIIIA 158F linker avitag monomer
as a ligand. The sort gate was set to select the top
0.25% FcgRIIIA 158F binders. The resulting enriched
population was analyzed by FACS for binding to the
different FcgRIIIA (158F and 158V), FcgRIIIB and
FcgRIIA (131R). FIG. 24 RELATIVE RATES OF SKBR3 TARGET
CELL LYSIS MEDIATED BY CHIMERIC 4D5 HARBORING FC
MUTANTS [0078] Relative rates of lysis was calculated
for each Fc mutant tested. Lysis rates for 4D5
antibody with Fc mutants were divided by the rate of
lysis mediated by wild type 4D5 antibody. Data from at
least 2 independent assays were averaged and plotted
on the histogram. For each Fc mutant data from two
different antibody concentrations are shown. The
antibody concentrations were chosen to flank the point
along the curve at which lysis was -50%. FIG. 25
RELATIVE RATES OF DAUDI CELL LYSIS MEDIATED BY
CHIMERIC 2H7 HARBORING FC MUTANTS [0079] Relative
rates of lysis was calculated for each Fc mutant
tested. Lysis rates for 2H7 antibody with Fc mutants
were divided by the rate of lysis mediated by wild
type 2H7 antibody. Data from at least 1- 2 independent
assays were averaged and plotted on the histogram. For
each Fc mutant, data from two different antibody
concentrations are shown The antibody concentrations
were chosen based on the point along the curve at
which lysis was -50%. FIG. 26 SCHEME FOR LIBRARY
PRODUCTION. [0080] DNA strands are represented.
Forward arrows represent primers containing mutant
codons. Reverse arrow represent reverse gene specific
oligo.FIG. 27 STRATEGY FOR PRODUCTION OF LIBRARIES BY
BUILD A GENE PROTOCOL. [0081] The rectangular boxes
represent the hinge, CH2, and CH3 domains,
respectively. The short black lines represent the
double stranded oligos with 5' overhangs. FIG. 28
NOVEL Fc MUTANTS IMPROVE PBMC MEDIATED ADCC IN SKBR3
CELLS. [0082] The plot shows linear regression
analysis of a standard ADCC assay. Antibody was
titrated over 3 logs using an effector to target ratio
of 75: 1. % lysis = (Experimental release -
SR)/(MR-SR) * 100. FIG. 29 NOVEL Fc MUTANTS IMPROVE
PBMC MEDIATED ADCC IN DAUDI CELLS. [0083] The plot
shows linear regression analysis of a standard ADCC
assay. Antibody was titrated over 3 logs using an
effector to target ratio of 75:1. % lysis =
(Experimental release - SR)/(MR-SR) * 100. FIG. 30 Fc
RECEPTOR PROFILES VIA FACS UPON CYTOKINE TREATMENT OF
MONOCYTES. [0084] Cytokine treatment of monocytes
increases low affinity Fc receptor expression
Elutriated monocytes were cultured using specific
cytokines in serum free media. Fc receptor profiles
were assayed using FACS. FIG. 31 IMPROVED TUMOR CELL
KILLING USING FC MUTANTS IN MACROPHAGE-DERIVED
MONOCYTES BASED ADCC. [0085] Ch4D5 MAb concentration
over 2 logs was tested using effectortarget ratio of
35:1. Percent lysis was calculated as in FIG. 28. FIG.
32 COMPLEMENT DEPENDENT CYTOTOXICITY ASSAY FLOW CHART.
[0086] The flow chart summarizes the CDC assays used.
FIG.33 COMPLEMENT DEPENDENT CYTOTOXICITY ACTIVITY
[0087] Fc mutants that show enhanced binding to
FcgRIIIA also showed improved complement activity.
Anti-CD20 ChMAb over 3 orders of magnitude was
titrated. Percent lysis was calculated as in as in
FIG. 28. FIG. 34 DECISION TREE FOR SELECTION OF Fc
MUTANTS [0088] An exemplary protocol for selecting Fc
mutants.FIG. 35 CIq BINDING TO 2B6 ANTIBODY [0089] A.
The diagram depicts the BIAcore format for analysis of
2B6 binding to the first component of the complement
cascade. [0090] B. Sensogram of real time binding of
2B6 antibody carrying variant Fc regions to CIq. FIGs.
36 A-D CIq BINDING TO 2B6 MUTANT ANTIBODY. [0091]
Sensogram of real time binding of 2B6 mutants to CIq
(3.25nM). Mutants 



depicted at MgFc51 (Q419H, P396L); MgFc51/60 in Panel
A; MgFc55 and MgFc55/60 (Panel B), MgFc59 and
MgFc59/60 (Panel C); and MgFc31/60 (Panel D). FIGs. 37
A-D Fc VARIANTS WITH DECREASED BINDING TO FejRIIB
[0092] Binding of FcR to ch4D5 antibodies to compare
effect of D270E (60) on R255L, P396L double mutant
(MgFc55). KD was analyzed at different concentrations
of FcR; 40OnM CD16A 158V; 80OnM CD16A 158F; 20OnM
CD32B; 20OnM CD32A 131H. Analysis was performed using
separate KD using Biacore 3000 software. FIGs. 38 A-D
KINETIC CHARACTERISTICS OF 4D5 MUTANTS SELECTED FROM
Fc)"iro DEPLETIONS/Fq"IIAH131 SELECTION [0093] Binding
of FcR to ch4D5 antibodies carrying different Fc
mutations selected by CD32B depletion and CD32A Hl 3 1
screening strategy. KD was analyzed at different
concentrations of FcR; 40OnM CD16A 158V; 80OnM CD16A
158F; 20OnM CD32B; 20OnM CD32A 13 IH. Analysis was
performed using separate KD using Biacore 3000
software. FIG. 39 PLOT OF MDM ADCC DATA AGAINST THE
KOFFDETERMINED FOR CD32A 131H BINDING AS DETERMINED BY
BIACORE. [0094] The mutants are as follows: MgFc 25
(E333A, K334A, S298A); MgFc68 (D270E); MgFc38 (K392T,
P396L); MgFc55 (R255L, P396L); MgFc31 (P247L, N421K);
MgFc59(K370E, P396L). FIG. 40 A-D FCgR BINDING TO 4D5
MUTANT ANTIBODY, TRIPLE MUTATION [0095] Sensogram of
real time binding of 4D5 mutants to FcgRIID A (CD16Z
V158, panel A, and CD16A F158, panel B), FcgRIIB
(CD32B, panel C) and FcgRIIA (CD32A H131 , panel D).
Mutants depicted are MgFc31/60 (P247L; N421K; D270E),
MgFc71 (D270E; G316D; R416G) and AAA (E333A; K334A;
S298A). The binding of wild-type 4D5 is also
provided.FIG. 41 A-D FCgR BINDING TO 4D5 MUTANT
ANTIBODY, QUADRUPLE MUTATION [0096] Sensogram of real
time binding of 4D5 mutants to FcgRIIDA (CD16Z V158,
panel A, and CD16A F158, panel B), FcgRIIB (CD32B,
panel C) and FcgRIIA (CD32A H131 , panel D). Mutants
depicted are MgFc55/60/F243L (R255L; P396L; D270E;
F243L), MgFc38/60/F243L (K392T; P396L; D270E; F243L)
and AAA (E333A; K334A; S298A). The binding of
wild-type 4D5 is also provided. FIG. 42 A-E BINDING OF
4D5 VARIANT 31/60 TO HT29 CELLS [0097] FACS analysis
was used to characterize the binding of monoclonal
anti- HER2/neu antibody ch4D5, variant 31/60 (P247L;
N421K; D270E), to HT29 cells (low expression of
HER2/neu). Incubation with primary antibody was at 10
mg/ml (A), 1 mg/ml (B), 0.1 mg/ml (C), 0.001 mg/ml
(D), or 0.001 mg/ml (E). Wild-type ch4D5 and Synagis
were used as controls. PE-conjugated polyclonal F(ab)2
goat anti-humanFCgR was used as the secondary
antibody. FIG. 43 A-B ADCC ACTIVITY OF MUTANTS IN THE
ANTI-HER2/neu ANTIBODY, ch4D5 [0098] CH4D5 antibodies
containing mutant Fc regions were assessed for their
ADCC activity and compared to the ADCC activity of
wild type ch4D5. SKBR3 (high expression of HER2/neu)
and HT29 (low expression of HER2/neu) cells lines were
used as targets (panels A and B, respectively).
Effector to target ratio (E:T ratio) was 50:1 with 18
h incubation. Mutants analyzed were MGFc59/60 (K370E;
P396L; D270E), MGFc55/60 (R255L; P396L; D270E),
MGFc51/60 (Q419H; P396L; D270E), MGFc55/60/F243L
(R255L; P396L; D270E; F243L); MGFc74/P396L (F243L;
R292P; V305I; P396L). FIG. 44 A-B ADCC ACTIVITY OF
MUTANTS IN THE ANTI-HER2/neu ANTIBODY, ch4D5 [0099]
Ch4D5 antibodies containing mutant Fc regions were
assessed for their ADCC activity and compared to the
ADCC activity of wild type ch4D5. SKBR3 (high
expression of HER2/neu) and HT29 (low expression of
HER2/neu) cells lines were used as targets (panels A
and B, respectively). Effector to target ratio (E:T
ratio) was 75:1 with 18 h incubation. Mutants analyzed
were MgFc31/60 (P247L; N421K; D270E) and MgFc71
(D270E; G316D; R416G). FIG. 45 A-D BINDING OF MUTANTS
IN THE MONOCLONAL ANTI-CD32B ANTIBODY ch2B6 TO DAUDI
CELLS AND RAMOS CELLS[00100] FACS analysis was used to
characterize the binding of monoclonal anti- CD32B
antibody ch2B6 variant 31/60 (P247L; N421K; D270E),
variant 7 1 (D270E; G316D; R416G) and variant 59/60
(K370E; P396L; D270E) to either Daudi cells (high
expression of CD32B) or Ramos cells (low expression of
CD32B). Incubation with primary antibody was at 5
mg/ml (A), 0.5 mg/ml (B), 50 ng/ml (C), or 5 ng/ml
(D). Wild-type ch2B6 and IgG (SYNAGIS) were used as
controls. PE-conjugated polyclonal F(ab)2 goat
anti-humanFCgR was used as the secondary antibody.
FIG. 46 A-B ADCC ACTIVITY OF MUTANTS IN THE ANTI-CD32B
ANTIBODY, ch2B6 [00101] Ch2B6 antibodies containing
mutant Fc regions were assessed for their ADCC
activity and compared to the ADCC activity of wild
type 2B6. The Ramos cell line (low expression of
CD32B) was used as target. Effector to target ratio
(E:T ratio) was 75:1 with 18 h incubation. Mutants
analyzed were variant 31/60 (P247L; N421K; D270E) and
ch2B6 N297Q (aglycoslyated Fc, no FcR binding) (panel
A); and MGFc51/60/F243L (Q419H; P396L; D270E; F243L);
MGFc55/60/F243L (R255L; P396L; D270E; F243L) and
MGFc38/60/F243L (K392T; P396L; D270E; F243L) (panel
B). Wild-type ch2B6 or Rituxan were used as controls.
FIG. 47 A-C CDC ACTIVITY OF MUTANTS IN THE ANTI-CD32B
ANTIBODY, ch2B6 [00102] Ch2B6 antibodies containing
mutant Fc regions were assessed for their CDC activity
and compared to the CDC activity of wild type ch2B6.
BL41 (a Burkitt's lymphoma cell line) (panel A and B)
and Ramos (low expression of CD32B) (panel C) cells
lines were used as targets. Effector to target ratio
(E:T ratio) was 75:1 with 18 h incubation. Mutants
analyzed were MgFc31/60 (P247L; N421K; D270E) and ,
MGFc55/60/Y300L (R255L; 



P396L; D270E; Y300L) (panel A); MgFc71 (D270E; G316D;
R416G), MGFc51/60/F243L (Q419H; P396L; D270E; F243L),
and MGFc55/60/F243L (R255L; P396L; D270E; F243L)
(panel B); and MgFc31/60 (P247L; N421K; D270E) (panel
C). Wild-type ch2B6, wild-type humanized ch2B6 (hu2B6
wt) or Rituxan were used as controls. FIG. 48 A-B ADCC
ACTIVITY OF MUTANTS IN THE ANTI-CD32B ANTIBODY, ch2B6
[00103] Ch2B6 antibodies containing mutant Fc regions
were assessed for their ADCC activity and compared to
the ADCC activity of wild type ch2B6. The Daudi cell
line (high expression of CD32B) was used as target.
Effector to target ratio (E:T ratio) was 75:1 with18 h
incubation. Mutants analyzed were MgFc31/60 (P247L;
N421K; D270E), ch2B6 Ag (N297Q; aglycoslyated Fc, no
FcR binding) and MgFc71 (D270E; G316D; R416G) (panel
A); and MGFc55/60/F243L (R255L; P396L; D270E; F243L),
MGFc51/60/F243L (Q419H; P396L; D270E; F243L) and
MGFc38/60/F243L (K392T; P396L; D270E; F243L) (panel
B). Wild-type ch2B6, Rituxan or were used as controls.
FIG. 49 A-B FACS ANALYSIS OF THE BINDING OF THE
ANTI-CD32B ANTIBODY, ch2B6, AND THE ANTI-CD20
ANTD3ODY, RITUXAN(tm), TO A TRANSGENIC CHO CELL LINE.
[00104] Cho cells were engineered to express both
recombinant CD32B and recombinant CD20 on the cell
surface. Following incubation and amplification in
selective media, cells were analyzed by FACS. Cells
were incubated in either FITC-conjugated wildtype 2B6
(A) or FITC-conjugated Rituxan(tm) (B). FIG. 50 A-B
ADCC ACTIVITY OF MUTANTS IN THE ANTI-CD20 ANTD3ODY,
RITUXAN(tm) [00105] Rituxan(tm) antibodies containing
mutant Fc regions were assessed for their ADCC
activity and compared to the ADCC activity of wild
type Rituxan(tm) and ch2B6. A Cho cell line engineered
to express both CD32B and CD20 was used as target.
Effector to target ratio (E:T ratio) was 75:1 with 18
h incubation. Figure A shows the ADCC activity of wild
type ch2B6 and Rituxan(tm). Figure B shows a
comparison of the ADCC activity of wild type
Rituxan(tm) and Rituxan(tm) comprising mutation
variant MGFc55/60 (R255L; P396L; D270E). FIG. 51 A-E
COMPARISON OF BINDING AFFINITY AND KINETIC
CHARACTERISTICS OF ch2B6 MUTANTS [00106] FACS analysis
was used to characterize the binding of mutant ch2B6
antibodies to Ramos cells (low expression of CD32B).
Data were compared to a BIAcore analysis of the I-0If
for the same variant antibodies. Mutants analyzed were
MgFc55 (R255L; P396L), MgFc55/60 (R255L; P396L; D270E)
and MgFc55/60/F243L (R255L; P396L; D270E; F243L).
Wild-type ch2B6 was used as control. Incubation with
primary antibody was at 10 mg/ml (A), 1 mg/ml (B), 0.1
ng/ml (C), or 0.01 ng/ml (D). PE-conjugated polyclonal
F(ab)2 goat anti-humanFCgR was used as the secondary
antibody. FIG. 52 A-C BINDING OF ACTIVATING RECEPTOR
CD16A TO RAMOS CELLS OPSONIZED WITH MUTANT ch2B6
ANTIBODY[00107] FACS analysis was used to characterize
the binding of activating receptor CD16A to Ramos
cells opsonized with mutant ch2B631/60 antibody
(P247L; N421K; D270E). Opsonization with wild-type
ch2B6, hu2B6YA (humanized 2B6 with YA substitution at
positions 50,51 of antibody light-chain - eliminates
glycosylation at position 50 of the light-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 antibody.
FIG. 53 A-J BINDING OF MUTANTS IN THE MONOCLONAL
ANTI-CD32B ANTIBODY ch2B6 TO DAUDI CELLS [00108] FACS
analysis was used to characterize the binding of
monoclonal anti- CD32B antibody ch2B6 variant 31/60
(P247L; N421K; D270E), hu2B6YA (humanized 2B6 with YA
substitution at positions 50,51 of antibody
light-chain - eliminates glycosylation at position 50
of the light-chain protein )or hu2B6YA31/60 to Daudi
cells (high expression of CD32B). Wild-type ch2B6,
hu2B6, Synagis and ch2B6 AgIy (N297Q; aglycoslyated
Fc, no FcR binding) were used as controls. Incubation
with primary antibody was at either 37 0C (panels A-E)
or 4 0C (panels F-J) for 0.5 h and at a concentration
of 10 mg/ml (A, F), 1 mg/ml (B, G), 0.1 ng/ml (C, H),
0.01 mg/ml (D, I), or 0.001 mg/ml (E, J).
PE-conjugated polyclonal F(ab)2 goat anti-humanFCgR
was used as the secondary antibody. FIG. 54 A-E
BINDING OF MUTANTS IN THE MONOCLONAL ANTI-CD32B
ANTIBODY ch2B6 TO EL-4/CD32B CELLS [00109] FACS
analysis was used to characterize the binding of
monoclonal anti- CD32B antibody ch2B6 variant 31/60
(P247L; N421K; D270E), hu2B6YA (humanized 2B6 with YA
substitution at positions 50,51 of antibody
light-chain - eliminates glycosylation at position 50
of the light-chain protein )or hu2B6YA31/60 to
EL-4/CD32B cells. Wild-type ch2B6, hu2B6, Synagis and
ch2B6 AgIy (N297Q; aglycoslyated Fc, no FcR binding)
were used as controls. Incubation with primary
antibody was at 37 0C for 0.5 h and at a concentration
of 10 mg/ml (A), 1 mg/ml (B), 0.1 mg/ml (C), 0.01
mg/ml (D), or 0.001 mg/ml (E). PE-conjugated
polyclonal F(ab)2 goat anti-humanFCgR was used as the
secondary antibody. FIG. 55 A-J BINDING OF MUTANTS IN
THE MONOCLONAL ANTI-CD32B ANTD3ODY ch2B6 TO RAMOS
CELLS [00110] FACS analysis was used to characterize
the binding of monoclonal anti- CD32B antibody ch2B6
variant 31/60 (P247L; N421K; D270E), hu2B6YA
(humanized 2B6 with YA substitution at positions 50,51
of antibody light-chain - eliminates glycosylation
atposition 50 of the light-chain protein )or hu2B6YA3
1/60 to Ramos cells (low expression of CD32B).
Wild-type ch2B6, hu2B6, Synagis and ch2B6 AgIy (N297Q;
aglycoslyated Fc, no FcR binding) was used as control.
Incubation with primary antibody was at either 37 0C
(panels A-E) or 4 0C (panels F-J) for 0.5 h and at a
concentration of 10 mg/ml (A, F), 1 mg/ml (B, G), 0.1
ng/ml (C, H), 0.01 mg/ml (D, I), or 0.001 mg/ml (E,
J). PE-conjugated polyclonal F(ab)2 goat anti-humanFC
gR was used as control. FIG. 56 ADCC ACTIVITY OF
MUTANTS IN THE ANTI-CD32B ANTIBODY, ch2B6 [00111]
Ch2B6 antibodies containing mutant Fc regions were
assessed for their ADCC 



activity and compared to the ADCC activity of wild
type ch2B6. The Ramos cell line (low expression of
CD32B) was used as target. Effector to target ratio
(E:T ratio) was 75:1 with 18 h incubation. Mutants
analyzed were MGFc31/60 (P247L; N421K; D270E),
MGFc51/60 (Q419H; P396L; D270E), MGFc55/60 (R255L;
P396L; D270E); hu2B6YA (humanized 2B6 with YA
substitution at positions 50,51 of antibody
light-chain - eliminates glycosylation at position 50
of the light-chain protein ), hu2B6YA MGFc51/60;
hu2B6YA MGFc31/60 and hu2B6YA MGFc55/60. Wild-type
ch2B6, hu2B6, Rituxan and ch2B6 AgIy (N297Q;
aglycoslyated Fc, no FcR binding) were used as
controls. FIG. 57 CDC ACTIVITY OF MUTANTS IN THE
ANTI-CD32B ANTIBODY, ch2B6 [00112] Ch2B6 antibodies
containing mutant Fc regions were assessed for their
CDC activity and compared to the CDC activity of wild
type ch2B6. The Ramos cell line (low expression of
CD32B) was used as target. Effector to target ratio
(E:T ratio) was 75: 1 with 18 h incubation. Mutants
analyzed were MGFc31/60 (P247L; N421K; D270E),
MGFc51/60 (Q419H; P396L; D270E), MGFc55/60 (R255L;
P396L; D270E); hu2B6YA (humanized 2B6 with YA
substitution at positions 50,51 of antibody
light-chain - eliminates glycosylation at position 50
of the light-chain protein ), hu2B6YA MGFc51/60;
hu2B6YA MGFc31/60 and hu2B6YA MGFc55/60. Wild-type
ch2B6 and Rituxan were used as controls. FIG. 58 A-F
ADCC ACTIVITY OF MODIFIED RITUXIMAB ANTIBODIES IN
HUMAN PATIENTS TREATED WITH RITUXIMAB [00113]
Rituximab antibodies containing mutant Fc regions were
assessed for their ADCC activity and compared to the
ADCC activity of wild type rituximab. Patient derived
cells were used as target. Effector to target ratio
(E:T ratio) was 30:1 and 10:1. Mutants analyzed were
MGFc55/60/300L (R255L; P396L; D270E; Y300L); MGFc51/60
(Q419H;P396L; D270E); MGFc52/60 (V240A; P396L; D270E);
MGFc59/60 (K370E; P396L; D270E); MGFc38/60 (K392T;
P396L; D270E); MGFc59 (K370E; P396L); MGFc51 (Q419H;
P396L); MGFc31/60 (P247L; N421K; D270E); MGFc55/292G
(R255L; P396L; D270E; R292G). 5. DESCRIPTION OF THE
PREFERRED EMBODIMENTS [00114] The present invention
relates to engineering molecules, preferably
polypeptides, and more preferably immunoglobulins
(e.g., antibodies) to confer one or more effector
function activities to the molecule, which effector
functions the parent molecule does not have or has at
low levels (e.g., not detectable in in vitro and/or in
vivo assays known in the art), hi particular, the
modified molecules, e.g., antibodies, of the invention
comprise a variant Fc region, having one or more amino
acid modifications (e.g., substitutions, but also
including insertions or deletions) in one or more
regions, which modifications confer at least one
effector function, hi particular, the modifications
alter the affinity and avidity of the variant Fc
region for an FcgR (e.g., activating FcgRs or
inhibitory FcgRs) and thereby altering the activity of
one or more effector functions. In other embodiments,
the modifications confer homo-oligomerization activity
to the parent Fc region such that oligomerization of
the modified antibody cross-links cell-surface
antigens, resulting in apoptosis, negative-growth
regulation or cell killing. Effector function
activities that may be conferred include, but are not
limited to, antibody-dependent cell mediated
cytotoxicity (ADCC), antibody-dependent phagocytosis,
phagocytosis, opsonization, opsonophagocytosis, cell
binding, rosetting, and complement dependent cell
mediated cytotoxicity (CDC). In some embodiments of
the invention, the modifications alter the affinity of
the variant Fc region such that the variant Fc regions
oligomerize and homo-oligomers of the modified
antibody are formed, hi certain embodiments of the
invention, the engineered molecule is not an anti-
CD20 antibody, more particularly, does not compete for
CD20 binding with rituximab or is not rituximab.
[00115] The present invention also relates to
molecules (e.g., antibodies) comprising a variant Fc
region having one or more amino acid modifications
(e.g., substitutions, deletions, insertions) in one or
more portions, which modifications increase the
affinity and avidity of the variant Fc region for an
FcgR (including activating and inhibitory FcgRs). hi
some embodiments, said one or more amino acid
modifications increase the affinity of the variant Fc
region for FcgRIIIA and/or FcgRIIA. In another
embodiment, the variant Fc region further specifically
binds FcgRIIB with a lower affinity than does the Fc
region of thecomparable parent antibody (Le., an
antibody having the same amino acid sequence as the
antibody of the invention except for the one or more
amino acid modifications in the Fc region). In some
embodiments, such modifications increase the affinity
of the variant Fc region for FcgRIIIA and/or FcgRIIA
and also enhance the affinity of the variant Fc region
for FcgRIEB relative to the parent antibody. In other
embodiments, said one or more amino acid modifications
increase the affinity of the variant Fc region for
FcgRIIIA and/or FcgRIIA but do not alter the affinity
of the variant Fc regions for FcgRlIB relative to the
Fc region of the parent antibody. In another
embodiment, said one or more amino acid modifications
enhance the affinity of the variant Fc region for
FcgRIIIA and FcgRIIA but reduce the affinity for
FcgRIIB relative to the parent antibody. Increased
affinity and/or avidity results in detectable binding
to the FcgR or FcgR-related activity in cells that
express low levels of the FcgR when binding activity
of the parent molecule (without the modified Fc
region) can not be detected in the cells. In other
embodiments, the modified molecule exhibits detectable
binding in cells which express non- FcgR receptor
target antigens at a density of 30,000 to 20,000
molecules/cell, at a density of 20,000 to 10,000
molecules/cell, at a density of 10,000 to 5,000
molecules/cell, at a density of 5,000 to 1,000
molecules/cell, at a density of 1,000 to 200
molecules/cell or at a density of 200 molecules/cell
or less ( but at least 10, 50, 100 or 150
molecules/cell). [00116] In another embodiment, said
one or more modifications to the amino acids of the Fc
region reduce the affinity and avidity of the antibody
for one or more FcgR receptors. In a specific
embodiment, the invention encompasses antibodies
comprising a variant Fc region, wherein said variant
Fc region comprises at least one amino acid
modification relative to a wild type Fc region, which
variant Fc region only binds one FcgR, wherein said
FcgR is FcgRIIIA. hi another specific embodiment, the
invention encompasses antibodies comprising a variant
Fc region, wherein said variant Fc region comprises at
least one amino acid 



modification relative to a wild type Fc region, which
variant Fc region only binds one FcgR, wherein said
FcgR is FcgRIIA. [00117] Preferably, the binding
properties of the molecules of the invention are
characterized by in vitro functional assays for
determining one or more FcgR mediator effector cell
functions (See Section 5.2.7). The affinities and
binding properties of the molecules, e.g., antibodies,
of the invention for an FcgR can be determined using
in vitro assays (biochemical or immunological based
assays) known in the art for determining
antibody-antigen or Fc-FcgR interactions, i.e.,
specific binding of an antigen to an antibody or
specific binding of an Fc region to an FcgR,
respectively, including but not limited toELISA assay,
surface plasmon resonance assay, immunoprecipitation
assays (See Section 5.2.1). In most preferred
embodiments, the molecules of the invention have
similar binding properties in in vivo models (such as
those described and disclosed herein) as those in in
vitro based assays. However, the present invention
does not exclude molecules of the invention that do
not exhibit the desired phenotype in in vitro based
assays but do exhibit the desired phenotype in vivo.
[00118] In some embodiments, the molecules of the
invention comprising a variant Fc region comprise at
least one amino acid modification in the CH3 domain of
the Fc region, which is defined as extending from
amino acids 342-447. In other embodiments, the
molecules of the invention comprising a variant Fc
region comprise at least one amino acid modification
in the CH2 domain of the Fc region, which is defined
as extending from amino acids 231-341. In some
embodiments, the molecules of the invention comprise
at least two amino acid modifications, wherein one
modification is in the CH3 region and one modification
is in the CH2 region. The invention further
encompasses amino acid modification in the hinge
region. In a particular embodiment, the invention
encompasses amino acid modification in the CHl domain
of the Fc region, which is defined as extending from
amino acids 216-230. [00119] In particularly preferred
embodiments, the invention encompasses molecules
comprising a variant Fc region wherein said variant
confers or has an increased ADCC activity and/or an
increased binding to FcgRIIA (CD32A), as measured
using methods known to one skilled in the art and
exemplified herein. The ADCC assays used in accordance
with the methods of the invention may be NK dependent
or macrophage dependent. [00120] The Fc variants of
the present invention may be combined with other Fc
modifications known in the art. The invention
encompasses combining an Fc variant of the invention
with other Fc modifications to provide additive,
synergistic, or novel properties to the modified
antibody. Preferably, the Fc variants of the invention
enhance the phenotype of the modification with which
they are combined. For example, if an Fc variant of
the invention is combined with a mutant known to bind
FcgRIIIA with a higher affinity than a comparable wild
type Fc region; the combination with a mutant of the
invention results in a greater fold enhancement in
FcgRIIIA affinity. [00121] The Fc variants of the
present invention may be combined with any
modifications in the art such as those disclosed in
Table 2 below.TABLE 2. Substitution(s) V264A V264L
V264I F241W F241L F243W F243L F241L/F243I/V262FV264I
F241W/F243W F241W/F243W/V262A/V264A F241L/V262I
F243L/V2641 F243L/V262FV264W F241Y/F243Y/V262T/V264T
F241E/F243R/V262E/V264R F241E/F243Q/V262T/V264E
F241R/F243Q/V262T/V264R F241E/F243Y/V262T/V264R L328M
L328E L328F I332E L328M/I332E P244H P245A P247V W313F
P244H/P245A/P247V P247G V264I/I332E
F241E/F243R/V262E/V264R/I332E
F241E/F243Q/V262T7V264E/I332E
F241R/F243QA^262TA^264R/I332E
F241E/F243YA^262TA^264R/I332E S298A S298A/I332E
S298A/E333A/K334A S239E/I332E S239Q/I332E 



S239E D265G D265N S239E/D265G S239E/D265N S239E/D265Q
Y296E Y296Q S298T S298N T299I A327SA327N S267Q/A327S
S267L/A327S A327L P329F A33OL A33OY I332D N297S N297D
N297S/I332E N297D/I332E N297E/I332E D265Y/N297D/I332E
D265Y/N297D/T299L/I332E D265F/N297E/I332E L32817I332E
L328Q/I332E I332N I332Q V264T V264F V240I V263I V266I
T299A T299S T299V N325Q N325L N325I S239D S239N S239F
S239D/I332D S239D/I332E S239D/I332N S239D/I332Q
S239E/I332D S239E/I332N S239E/I332Q S239N/I332D
S239N/I332E S239N/I332N S239N/I332Q S239Q/I332D
S239Q/I332N S239Q/I332Q K326E Y296D Y296N F24
1Y/F243Y/V262T/V264T/N297D/I3 32E A330Y/I332E
V264I/A330Y/I332E A330L/I332EV264I/A330L/I332E L234D
L234E L234N L234Q L234T L234H L234Y L234I L234V L234F
L235D L235S L235N L235Q 



L235T L235H L235Y L235I L235V L235F S239T S239H S239Y
V240A V240T V240M V263A V263T V263M V264M V264Y V266A
V266T V266M E269H E269Y E269F E269R Y296S Y296T Y296L
Y296I A298H T299H A330V A330I A330F A330R A33OH N325D
N325E N325A N325T N325VN325H L328D/I332E L328E/I332E
L328N/I332E L328Q/I332E L328V/I332E L328T/I332E
L328H/I332E L328I/I332E L328A I332T I332H I332Y I332A
S239E/V264I/I332E S239Q/V264I/I332E
S239E/V264FA330Y/I332E S239E/V264I/S298A/A330Y/I332E
S239D/N297D/I332E S239E/N297D/I332E
S239D/D265V/N297D/I332E S239D/D265I/N297D/I332E
S239D/D265L/N297D/I332E S239D/D265F/N297D/I332E
S239D/D265Y/N297D/I332E S239D/D265H/N297D/I332E
S239D/D265T/N297D/I332E V264I/N297D/I332E
Y296D/N297D/I332E Y296E/N297D/I332E Y296N/N297D/I332E
Y296Q/N297D/I332E Y296H/N297D/I332E Y296T/N297D/I332E
N297D/T299V/I332E N297D/T2991/I332E N297D/T299L/I332E
N297D/T299F/I332E N297D/T299H/I332E N297D/T299E/I332E
N297D/A330Y/I332E 



N297D/S298A/A330Y/I332E S239D/A330Y/I332E
S239N/A330Y/I332E S239D/A33OL/I332E S239N/A330L/I332E
V264I/S298A/I332E S239D/S298A/I332E S239N/S298A/I332E
S239D/V264I/I332E S239D/V264I/S298A/I332E
S239D/V264I/A330L/I332E T256A K290A D312ABIT-ACCURATE
SEED INITIALIZATION FOR PSEUDO- RANDOM NUMBER
GENERATORS USED IN A VIDEO SYSTEM CROSS-REFERENCE TO
RELATED APPLICATIONS This application claims the
benefit of U.S. Provisional Application Serial No.
60/628,500, filed on November 16, 2004 and entitled
"BIT ACCURATE SEED INITIALIZATION FOR PSEUDO-RANDOM
NUMBER GENERATORS USED IN A VIDEO SYSTEM," which is
incorporated by reference herein in its entirety.
FIELD OF THE INVENTION The present invention relates
generally to video encoders and video decoders and,
more particularly, to bit-accurate seed initialization
for pseudo-random number generators (PRNGs) used for
film grain simulation in video systems. BACKGROUND OF
THE INVENTION Film grain forms in motion picture
images during the process of development. Film grain
is clearly noticeable in high definition (HD) images
and becomes a distinctive cinema trait that should be
preserved through the whole image processing and
delivery chain. Nevertheless, film grain preservation
is a challenge for current encoders since compression
gains related to temporal prediction cannot be
exploited. Due to the random nature of the grain,
visually lossless encoding is only achieved at very
high bit-rates. Lossy encoders tend to suppress the
film grain when filtering the high frequencies
typically associated with noise and fine textures.
Film Grain Management (FGM) has been presented as a
new tool that allows encoding the grain in motion
picture film by means of a parameterized model to be
transmitted as parallel information. To support FGM,
the Fidelity Range Extension (FRExt) Amendment to the
ITU-T Rec. H.264 I ISO/IEC 14496-10 I MPEG-4 AVC I
Joint Video Team (JVT) standard (hereinafter the
"H.264 standard") has defined a Film Grain
Characteristics Supplemental Enhancement Information
(SEI) message. The SEI message describes the film
grain characteristics regarding attributes such as
size and intensity, and allows a video decoder to
simulate the film grain look onto the decoded picture.
The H.264 standard specifies which parameters are
present in the film grain SEI message, how to
interpret the parameters, and the syntax for
encodingthe SEl message in binary format. However, the
H.264 standard does not specify the exact procedure to
simulate film grain upon reception of the film grain
SEI message. It is to be appreciated that FGM can be
used jointly with any other video coding method since
it utilizes parallel information, transmitted from an
encoder, that does not affect the decoding process. In
FGM1the encoder models the film grain of the video
sequence and the decoder simulates the film grain
according to the received information. The encoder can
use FGM to enhance the quality of the compressed video
when there is difficulty retaining the film grain.
Additionally, the encoder has the option of removing
or attenuating the grain prior to encoding in order to
reduce the bit-rate. Film grain simulation aims at
synthesizing film grain samples that simulate the look
of original film content. Unlike film grain modeling,
which is entirely performed at the encoder, film grain
simulation is performed at the decoder. Film grain
simulation is done after decoding the video stream and
prior to display. Images with added film grain are not
used within the decoding process. Being a
post-processing method, synthesis of simulated film
grain on the decoded images for the display process is
not specified in the H.264 standard. The film grain
simulation process includes the decoding of film grain
supplemental information, transmitted in a film grain
SEI message as specified by the Fidelity Range
Extensions Amendment of the H.264 standard. Thus, it
is to be appreciated that film grain simulation is a
relatively new technology used in post-production to
simulate film grain on computer-generated material, as
well as during restoration of old film stocks. For
these types of applications, there exists commercial
software in the market like Cineon(r), from Eastman
Kodak Co, Rochester, NY, and Grain Surgery(tm), from
Visual Infinity. These tools generally operate based
on user interaction and are complex to implement,
which makes them unsuitable for real-time video coding
applications. Furthermore, none of these tools has the
capability to interpret a film grain SEI message as
specified by the H.264 standard. A description will
now be given regarding pseudo-random number generator
(PRNG) seed initialization in accordance with the
prior art. In previous techniques to perform film
grain simulation on HD DVD systems, bit-accuracy was
only achieved during normal play mode, that is, when
the film grain simulation process started at the
beginning of the sequence and was not
interruptedduring the whole decoding processes. During
trick mode play, the PRNG used for film grain
simulation could be in a different state than during
normal play, resulting in a non-bit-accurate film
grain reproduction. This means that the same picture
could have different grain depending on whether it has
been decoded during normal play or during a trick mode
play (like fast forward or jump). While this may not
always be an 



issue from a visual quality standpoint (even if the
film grain is not bit-accurate, often it visually
looks the same), it becomes relevant for test software
or hardware implementations because without
bit-accuracy it is impossible to compare an obtained
result against a reference result. Thus, in the
previous techniques, the difference in film grain
reproduction was due to the different state of the
PRNG at a given frame depending on how that frame was
reached (normal play or trick mode play). This means
that even if the same parameters are used on a given
picture, if the state of the PRNG is not the same,
then different grain is inserted. Based on the
aforementioned Supplemental Enhancement Information
(SEI) message, several prior art approaches have been
developed relating to specifications for simulating
film grain. These prior art approaches target high
quality applications and provide large flexibility in
the simulation of different film grain patterns on
both luma and chroma color components with a small
increase in computational cost. However, these prior
art approaches do not provide a bit-accurate and H.264
standard compliant film grain simulation process.
Accordingly, it would be desirable and highly
advantageous to have methods and apparatus for
bit-accurate seed initialization for a pseudo-random
number generator (PRNG) used to simulate film grain in
a video system. Such methods and apparatus should
allow for film grain simulation that is both
bit-accurate and H.264 standard compliant. SUMMARY OF
THE INVENTION These and other drawbacks and
disadvantages of the prior art are addressed by the
present invention, which is directed to bit-accurate
seed initialization for a pseudo-random number
generator (PRNG) used to simulate film grain in a
video system. The present invention advantageously
allows for film grain simulation that is both
bit-accurate and H.264 standard compliant.According to
an aspect of the present invention, there is provided
a method for initializing a pseudo-random number
generator (PRNG) seed for use in a video system. The
method includes the steps of creating a look-up table
of PRNG seeds, and initializing one of the PRNG seeds
from the look-up table for a picture by accessing the
look-up table using a value corresponding to an order
of the picture. According to another aspect of the
present invention, there is provided a method for
initializing a pseudo-random number generator (PRNG)
seed for a film grain simulation. The method includes
the steps of creating a look-up table of PRNG seeds,
and initializing one of the PRNG seeds from the
look-up table for a picture by accessing the look-up
table using at least one supplemental information
value. According to yet another aspect of the present
invention, there is provided a method for transmitting
at least one value used to derive a pseudo-random
number generator (PRNG) seed. The method includes the
step of transmitting the at least one value as
supplemental information. According to a further
aspect of the present invention, there is provided a
method for transmitting a pseudo-random number
generator (PRNG) seed for.a film grain simulation. The
method includes the step of transmitting the PRNG seed
for the film grain simulation in a user data field,
wherein the user data field corresponds to a non-H.264
standard encoded user data field. According to a still
further aspect of the present invention, there is
provided an apparatus for initializing a pseudo-random
number generator (PRNG) seed for use in a video
system. The apparatus includes a film grain simulator
for creating a look-up table of PRNG seeds, and
initializing one of the PRNG seeds from the look-up
table for a picture by accessing the look-up table
using a value corresponding to an order of the
picture. According to an additional aspect of the
present invention, there is provided an apparatus for
initializing a pseudo-random number generator (PRNG)
seed for a film grain simulation. The apparatus
includes a film grain simulator for creating a look-up
table of PRNG seeds, and initializing one of the PRNG
seeds from the look-up table for a picture by
accessing the look-up table using at least one
supplemental information value. According to a still
additional aspect of the present invention, there is
provided an apparatus for transmitting at least one
value used to derive a pseudo-randomnumber generator
(PRNG) seed. The apparatus includes a film grain
modeler for transmitting the at least one value as
supplemental information. According to a yet
additional aspect of the present invention, there is
provided an apparatus for transmitting a pseudo-random
number generator (PRNG) seed for a film grain
simulation. The apparatus includes a film grain
modeler for transmitting the PRNG seed for the film
grain simulation in a user data field, wherein the
user data field corresponds to a non-H.264 standard
encoded user data field. These and other aspects,
features and advantages of the present invention will
become apparent from the following detailed
description of exemplary embodiments, which is to be
read in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS The present
invention may be better understood in accordance with
the following exemplary figures, in which: FIG. 1 is a
block diagram illustrating a Film Grain Management
(FGM) processing chain to which the present invention
may be applied; FIG. 2 is a flow diagram illustrating
a method for bit-accurate seed initialization for a
pseudo-random number generator (PRNG) for film grain
simulation in a video system in accordance with the
principles of the present invention; FIG. 3 is a
diagram illustrating an exemplary look-up table (LUT)
index computation in accordance with the principles of
the present invention; FIG. 4 is a flow diagram
illustrating another method for bit-accurate seed
initialization for a pseudo-random number generator
(PRNG) for film grain simulation 



in a video system in accordance with the principles of
the present invention; FIG. 5 is a diagram
illustrating another exemplary look-up table (LUT)
index computations in accordance with the principles
of the present invention; FIG. 6 is a diagram
illustrating yet another exemplary look-up table (LUT)
index computations in accordance with the principles
of the present invention; FIG. 7 is a flow diagram
illustrating a further method for bit-accurate seed
initialization for a pseudo-random number generator
(PRNG) for film grain simulation in a video system in
accordance with the principles of the present
invention; FIG. 8 is a flow diagram illustrating a
still further method for bit-accurate seed
initialization for a pseudo-random number generator
(PRNG) for film grain simulation in a video system in
accordance with the principles of the present
invention;FIG. 9 is a flow diagram illustrating a yet
further method for bit-accurate seed initialization
for a pseudo-random number generator (PRNG) for film
grain simulation in a video system in accordance with
the principles of the present invention; FIG. 10 is a
flow diagram illustrating an additional method for
bit-accurate seed initialization for a pseudo-random
number generator (PRNG) for film grain simulation in a
video system in accordance with the principles of the
present invention; and FIG. 11 is a flow diagram
illustrating yet an additional method for bit-accurate
seed initialization for a pseudo-random number
generator (PRNG) for film grain simulation in a video
system in accordance with the principles of the
present invention. DETAILED DESCRIPTION The present
invention is directed to bit-accurate seed
initialization for a pseudo-random number generator
(PRNG) used to simulate film grain in a video system.
The present invention may be employed to initialize a
PRNG seed, e.g., upon reception of a new film grain
Supplemental Enhancement Information (SEI) message and
at the beginning of each picture prior to performing
film grain simulation. Advantageously, the present
invention allows for film grain simulation that is
both bit-accurate and H.264 standard compliant.
Moreover, the present invention advantageously may be
used for film grain simulation during normal play and
trick mode play. That is, unlike the prior art, the
state of the PRNG is the same, independent of the
reproduction mode (e.g., normal play, trick mode
play). Film grain simulation is performed after
decoding the video bit-stream and prior to pixel
display. The film grain simulation process may involve
the decoding of film grain supplemental information
transmitted, e.g., in a film grain SEI message as
specified by the FRExt Amendment to the H.264
standard. The present description illustrates the
principles of the present invention. It will thus be
appreciated that those skilled in the art will be able
to devise various arrangements that, although not
explicitly described or shown herein, embody the
principles of the invention and are included within
its spirit and scope. All examples and conditional
language recited herein are intended for pedagogical
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 tobe construed as being without limitation to such
specifically recited examples and conditions.
Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention, as well as
specific examples thereof, are intended to encompass
both structural and functional equivalents thereof.
Additionally, it is intended that such equivalents
include both currently known equivalents as well as
equivalents developed in the future, i.e., any
elements developed that perform the same function,
regardless of structure. Thus, for example, it will be
appreciated by those skilled in the art that the block
diagrams presented herein represent conceptual views
of illustrative circuitry embodying the principles of
the invention. Similarly, it will be appreciated that
any flow charts, flow diagrams, state transition
diagrams, pseudocode, and the like represent various
processes which may be substantially represented in
computer readable media and so executed by a computer
or processor, whether or not such computer or
processor is explicitly shown. The functions of the
various elements shown in the figures may be provided
through the use of dedicated hardware as well as
hardware capable of executing software in association
with appropriate software. When provided by a
processor, the functions may be provided by a single
dedicated processor, by a single shared processor, or
by a plurality of individual processors, some of which
may be shared. Moreover, explicit use of the term
"processor" or "controller" should not be construed to
refer exclusively to hardware capable of executing
software, and may implicitly include, without
limitation, digital signal processor ("DSP") hardware,
read-only memory ("ROM") for storing software, random
access memory ("RAM"), and non-volatile storage. Other
hardware, conventional and/or custom, may also be
included. Similarly, any switches shown in the figures
are conceptual only. Their function may be carried out
through the operation of program logic, through
dedicated logic, through the interaction of program
control and dedicated logic, or even manually, the
particular technique being selectable by the
implementer as more specifically understood from the
context. In the claims hereof, any element expressed
as a means for performing a specified function is
intended to encompass any way of performing that
function including, for example, a) a combination of
circuit elements that performs thatfunction or b)
software in any form, including, therefore, firmware,
microcode or the like, combined with appropriate
circuitry for executing that software to perform the
function. The invention as defined by such claims
resides in the fact that the functionalities provided
by the various recited means are combined and brought
together in the manner which the claims call for. It
is thus regarded that any means 



that can provide those functionalities are equivalent
to those shown herein. Turning to FIG. 1, a Film Grain
Management (FGM) processing chain to which the present
invention may be applied is indicated generally by the
reference numeral 100. The FGM processing chain
includes a transmitter 110 and a receiver 150. The
transmitter includes a film grain remover 112, a video
encoder 114, and a film grain modeler 116. The
receiver 150 includes a video decoder 152, a film
grain simulator 154, and a combiner 156 (shown as a
summing device, but other means for combining the
output of the video decoder 152 and film grain
simulator 154 are also contemplated as being within
the scope of the invention). An input to the
transmitter 110 is connected in signal communication
with an input of the film grain remover 112 and a
first input of the film grain modeler 116. An output
of the film grain remover 112 is connected in signal
communication with an input of the video encoder 114
and a second input of the film grain modeler 116. An
output of the video encoder 114 is available as a
first output of the transmitter 110. An output of the
film grain modeler 116 is available as a second output
of the transmitter 110. The first output of the
transmitter 110 is connected in signal communication
with a first input of the receiver 150. The second
output of the transmitter 110 is connected in signal
communication with a second input of the receiver 150.
The first input of the receiver 150 is connected in
signal communication with an input of the video
decoder 152. The second input of the receiver 150 is
connected in signal communication with a first input
of the film grain simulator 154. A first output of the
video decoder 152 is connected in signal communication
with a second input of the film grain simulator 154. A
second output of the video decoder 152 is connected in
signal communication with a first input of the
combiner 156. An output of the film grain simulator is
connected in signal communication with a second input
of the combiner 156. An output of the combiner 156 is
available as an output of the receiver 150. It is to
be appreciated that in some embodiments of the present
invention, PRNG seeds for film grain simulation are
generated at the receiver 150 (in particular,by the
film grain simulator 154), while in other embodiments,
the PRNG seeds for film grain simulation are generated
at the transmitter 110 (in particular, by the film
grain modeler 116) and transmitted to the receiver 150
for use thereby. Moreover, in yet other embodiments, a
PRNG seed generated at the transmitter 110 is sent to
the receiver 150 for combining with a PRNG seed
generated at the receiver 150 to obtain a new PRNG
seed for use for a current picture for which film
grain simulation is to be performed. Thus, for
illustrative purposes, both the film grain modeler 116
and the film grain simulator 154 shown in FIG.1
include a pseudo-random number generator 199 for use
in accordance with the principles of the present
invention. Of course, depending on the embodiment,
only one of the film grain modeler 116 and the film
grain simulator 154 need include a PRNG. Given the
teachings of the present invention provided herein,
one of ordinary skill in this and related arts will
contemplate these and other variations to a
transmitter and receiver (and, in particular, to a
film grain modeler and a film grain simulator), while
maintaining the spirit of the present invention.
Regarding the prior art, to overcome the
above-described difference in the prior art regarding
the state of the pseudo-random number generator
(particularly when transitioning from normal playback
to trick mode play) and the associated resulting prior
art problem of inserting a different grain, a
bit-accurate method is proposed to initialize the
PRNG's seed at the beginning of each picture that is
not dependant on the play mode. The bit-accurate
methods described herein in accordance with the
principles of the present invention advantageously are
also compliant with the H.264 standard. A description
will now be given regarding a first illustrative
embodiment in accordance with the principles of the
present invention. The first illustrative embodiment
is described initially and is then followed by a
further description of a corresponding method shown
and described with respect to FIG. 2 and an example
thereof shown and described with respect to FIG. 3. A
look-up table (LUT) of seeds is defined as follows:
LUT = {seedo, seed-i, seed2, ..., seedn} where seedi
is a possible seed for the PRNG, and L is the number
of possible seeds. While not mandatory, to ensure
proper randomness, L should be equal to or largerthan
the maximum distance (in pictures) between consecutive
film grain SEI messages. In a particular embodiment
where a 32-bit register is used to implement the PRNG,
seedi will be a 32-bit integer value. Then, the PRNG
seed is set to the following value at the beginning of
a picture (at time t): seed(t) = LUT[ (POC(t) +
offset) % L ] where POC(t) is the picture order count
of the picture at time t as defined in the H.264
standard, L is the length of the look-up table, and
offset is a value set upon reception of a new film
grain SEI message. In order to avoid repeating the
same sequence of indices when accessing the LUT, L may
be equal to a prime number, like 6 1 or 127. In the
first illustrative embodiment, the offset is set as
follows: offset = 0 This provides a very simple way of
determining the PRNG seed because only the POC of the
current picture is needed, which is already known by
the decoder. Besides, since the picture order count
(POC) of a given picture will always be the same
regardless of how the picture is reached, the same
seed will be used on any play mode. Turning to FIG. 2,
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 200. The method 200 includes a
start block 202 that passes control to a function 



block 205. The function block 205 specifies a look-up
table of seeds as follows: LUT = {seedo, seedi, seed2,
..., seedL-i} and passes control to a function block 2
10. The function block 210 sets the PRNG seed to the
following value at the beginning of a picture (at time
t): seed(t) = LUT[ (POC(t) + offset) % L ].Further
regarding function block 210, the offset is set as
follows offset = 0 and control is passed to an end
block 215. Turning to FIG. 3, an example of a look-up
table (LUT) index computation is indicated generally
by the reference numeral 300. In particular, the LUT
index computation is for a case where L = 6 1 and the
offset = 0. A description will now be given regarding
a second illustrative embodiment in accordance with
the principles of the present invention. The second
illustrative embodiment is described initially and is
then followed by a further description of a
corresponding method shown and described with respect
to FIG. 4 and examples thereof shown and described
with respect to FIGs. 5 and 6. For sequences with
frequent POC resets, the previous approach described
with respect to FIG. 2 it is not very efficient
because the same sequence of seeds will be reused on
consecutive frames. For those cases, the second
illustrative embodiment is disclosed where the offset
is equal to the POC value of the picture where the
film grain SEI message is inserted before resetting
the POC, as follows: offset = POC(t FG SEi) This
approach is only slightly more complex (utilizes two
POCs) but it yields a different sequence of seeds even
after a POC reset, provided that resets do not occur
at a steady pace. Turning to FIG. 4, 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 400. The method 400 includes a start block 402
that passes control to a function block 405. The
function block 405 specifies a look-up table of seeds
as follows: LUT = {seedo, seedi, seed2, ..., seedn}
and passes control to a function block 410.The
function block 410 sets the PRNG seed to the following
value at the beginning of a picture (at time t) where
the film grain SEI is inserted before resetting the
POC as follows: seed(t) = LUT[ (POC(t) + offset) % L ]
. Further regarding function block 4 10, the offset is
set as follows offset = POC(t FG SEi) where, as noted
above, POC(tpGSEi) is equal to the POC value of the
picture where the film grain SEI message is inserted
before resetting the POC. The function block 410 then
passes control to an end block 415. Turning to FIGs. 5
and 6, examples of look-up table (LUT) index
computations are indicated generally by the reference
numerals 500 and 600, respectively. In particular,
FIG. 5 represents an LUT index computation for L=61 ,
offset = POC(t FG SEi), and FIG. 6 represents an LUT
index computation for L=61 , offset = POC(t FG SEI)
with POC resets. It is to be noted that the index used
to access the LUT should be positive. If it is
negative (for instance, because of a negative POC
value), then the absolute value may be used as the
index. In order to deal with sequences with frequent
and steady POC resets due to Instantaneous Decoding
Refresh (IDR) pictures, the idr_pic_id parameter sent
in the slice header of H.264 I MPEG AVC bit streams
can also be used to determine the offset. For example,
the following equation may be used to calculate the
offset: offset = idr_pic_idFG SEI where idr_pic_idpG
SEI is the picture identification number of the last
IDR picture where the film grain SEI has been
inserted. Of course, given the teachings of the
present invention provided herein, the preceding and
the following equations for calculating offset may be
used as well as variations thereof while maintaining
the spirit and scope of the present invention.Turning
to FIG. 7, 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 700. The
method 700 includes a start block 702 that passes
control to a function block 705. The function block
705 specifies a look-up table of seeds as follows: LUT
= {seedo, seed-), seed2, ..., seedn} and passes
control to a function block 710. The function block
710 sets the PRNG seed to the following value at the
beginning of a picture (at time t) where the film
grain SEI is inserted before resetting the POC as
follows: seed(t) = LUT[ (POC(t) + offset) % L ].
Further regarding function block 710, the offset is
set as follows offset = idr_pic_id FGSEI where, as
noted above, idr_pic_id FG SEI is the picture
identification number of the last IDR picture where
the film grain SEI has been inserted. The function
block 7 10 then passes control to an end block 715. A
description will now be given regarding a third
illustrative embodiment in accordance with the
principles of the present invention. The third
illustrative embodiment is described initially and is
then followed by a further description of a
corresponding method shown and described with respect
to FIG. 8. The third embodiment is directed to
sequences with frequent and steady POC resets, and
provides for use of the film grain repetition period
parameter transmitted in the film grain SEI. The
offset is defined as: offset = film grain SEI
message(film_grain_characteristics_repetition_period )



where the film grain characteristics repetition period
parameter is larger than or equal to the maximum
distance between consecutive film grain SEI messages.
It is to benoted that even if the film grain
characteristics repetition period was not intended for
this use, this approach is still compliant with the
H.264 standard. Turning to FIG. 8, 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 800. The method 800 includes a start block 802
that passes control to a function block 805. The
function block 805 specifies a look-up table of seeds
as follows: LUT = {seedo, seed-i, seed2 seedn} and
passes control to a function block 810. The function
block 810 sets the PRNG seed to the following value at
the beginning of picture (at time t): seed(t) = LUT[
(POC(t) + offset) % L ]. Further regarding function
block 810, the offset is set as follows offset = film
grain SEI
message(film_grain_characteristics_repetition_period)
and control is passed to an end block 815. A
description will now be given regarding a fourth
illustrative embodiment in accordance with the
principles of the present invention. The fourth
illustrative embodiment is described initially and is
then followed by a further description of a
corresponding method shown and described with respect
to FIG. 9. In the fourth embodiment, the offset is
conveyed in a separate SEI message, transmitted
preceding the same picture than the film grain
characteristics SEI message. The additional SEI
message, which for clarity is named random seed offset
SEI message, would contain, among other possible
information, the offset value to be used in the seed
initialization process. According to the fourth
embodiment, the offset is calculated as follows:
offset = random seed offset SEI message
(offset_value)The random seed offset SEI could be
either an unregistered user data SEI message, a
registered user data SEI message or a reserved SEI
message. It is to be noted it is also possible to
transmit the random seed offset SEI message for every
picture, even if no film grain SEI message is sent. In
this case, the LUT of seeds is accessed as follows:
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. Turning 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 = {seedo, seed-i, seed2, , seed|_-i}
and passes control to a function block 910. The
function block 9 10 sets the PRNG seed to the
following value at the beginning of picture (at time
t): seed(t) = LUT[ offset % L ] Further regarding
function block 9 10, the offset is set as follows
offset = random seed offset SEI message (offset_value)
and control is passed to an end block 915.A
description will now be given regarding a fifth
illustrative embodiment in accordance with the
principles of the present invention. The fifth
illustrative embodiment is described initially and is
then followed by a further description of a
corresponding method shown and described with respect
to FIG. 10. In the fifth illustrative embodiment, a
random seed SEI message is defined with the random
seed to be used on that frame. The seed at time t is
initialized as follows: seed(t) = random seed SEI
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 SEI message or a reserved SEI 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 rely on POC
values, but utilizes a random seed SEI 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 pseudorandom
number generator (PRNG) for film grain simulation in a
video system is indicated generally by the reference
numeral 1000. The method 1000 includes a start block
1002 that passes control to a function block 101 0.
The function block 1010 initializes a seed at time t
as follows: seed(t) = random seed SEI 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, additional offset for 



each color component as follows:seed(t) = LUT[ (POC(t)
+ offset + offset_component(c)) % L ] where
offset_component(c) is the offset for color component
c. offset is a value tied to the picture at time t
that can be conveyed using any of the embodiments
previously described. In one illustrative extension to
the fifth illustrative embodiment, these offsets could
be {0, 1/3L, 2/3L}. It is to be appreciated that these
offsets are constant and, thus they do not need to be
transmitted nor updated. Moreover, it is to be
appreciated that the present invention is not limited
to the preceding offsets and, thus, other offsets may
also be used in accordance with the principles of the
present invention while maintaining the spirit of the
present invention. Turning to FIG. 11, 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 1100. The method 1100 includes a start block
1102 that passes control to a function block 1105. The
function block 1105 specifies a look-up table of seeds
as follows: LUT = {seedo, seed-i, seed2, ..., seedL-i}
and passes control to a function block 1110. The
function block 1110 sets the PRNG seed to the
following value at the beginning of picture (at time
t), when multiple PRNGs are used (e.g., one per color
component) so that when the same LUT is used for all
of the multiple PRNGs, the following fixed, additional
offset is defined for each, e.g., color component as
follows: seed(t) = LUT[ (POC(t) + offset +
offset_component(c)) % L ] where offset_component(c)
is the offset for color component c, and offset is the
offset for picture at time t . Further regarding
function block 1110, control is passed to an end block
1115. As noted above, given the teachings of the
present invention provided herein, the present
invention may be applied to other video
encoding/decoding techniques that can benefit from the
preservation of film grain while maintaining the
spirit of the present invention.These and other
features and advantages of the present invention may
be readily ascertained by one of ordinary skill in the
pertinent art based on the teachings herein. It is to
be understood that the teachings of the present
invention may be implemented in various forms of
hardware, software, firmware, special purpose
processors, or combinations thereof. Most preferably,
the teachings of the present invention are implemented
as a combination of hardware and software. Moreover,
the software is preferably implemented as an
application program tangibly embodied on a program
storage unit. The application program may be uploaded
to, and executed by, a machine comprising any suitable
architecture. Preferably, the machine is implemented
on a computer platform having hardware such as one or
more central processing units ("CPU"), a random access
memory ("RAM"), and input/output ("I/O") interfaces.
The computer platform may also include an operating
system and microinstruction code. The various
processes and functions described herein may be either
part of the microinstruction code or part of the
application program, or any combination thereof, which
may be executed by a CPU. In addition, various other
peripheral units may be connected to the computer
platform such as an additional data storage unit and a
printing unit. It is to be further understood that,
because some of the constituent system components and
methods depicted in the accompanying drawings are
preferably implemented in software, the actual
connections between the system components or the
process function blocks may differ depending upon the
manner in which the present invention is programmed.
Given the teachings herein, one of ordinary skill in
the pertinent art will be able to contemplate these
and similar implementations or configurations of the
present invention. Although the illustrative
embodiments have been described herein with reference
to the accompanying drawings, it is to be understood
that the present invention is not limited to those
precise embodiments, and that various changes and
modifications may be effected therein by one of
ordinary skill in the pertinent art without departing
from the scope or spirit of the present invention. All
such changes and modifications are intended to be
included within the scope of the present invention as
set forth in the appended claims.CLAIMS: 1. A method
for initializing a pseudo-random number generator
(PRNG) seed for use in a video system, comprising the
steps of: creating (205) a look-up table of PRNG
seeds; and initializing (210) one of the PRNG seeds
from the look-up table for a picture, by accessing the
look-up table using a value corresponding to an order
of the picture. 2. The method of claim 1, wherein the
value corresponding to the order of the picture is a
picture order count (POC) value (210). 3. The method
of claim 1, wherein the order of the picture is an
intended display order. 4. The method of claim 1,
wherein the order of the picture is an intended decode
order. 5. The method of claim 1, wherein the method is
used for film grain simulation. 6. The method of claim
1, wherein the method is bit accurate. 7. The method
of claim 1, wherein said initializing step further
uses a picture order count (POC) value of a picture to
access the look-up table (21 0). 8. The method of
claim 7, wherein the film grain supplemental
information message is provided in a Supplemental
Enhancement Information (SEI) message. 9. The method
of claim 7, wherein the POC value of the picture is
used to access the look-up table when a number of POC
resets in a corresponding video sequence is greater
than a threshold.10. The method of claim 1, wherein
said initializing step further uses an 



idr_pic_id parameter of an Instantaneous Decoding
Refresh (IDR) picture to access the look-up table
(710). 11. The method of claim 10, wherein a picture
order count (POC) value of the picture is used to
access the look-up table when a number of POC resets
in a corresponding video sequence is greater than a
threshold. 12. The method of claim 1, wherein said
initializing step further uses a
film_grain_characteristics_repetition_period parameter
transmitted in a film grain Supplemental Enhancement
Information (SEI) message to access the look-up table
(810). 13. The method of claim 1, wherein a state of
the one of the initialized PRNG seeds is independent
of a reproduction mode of a current picture. 14. A
method for initializing a pseudo-random number
generator (PRNG) seed for a film grain simulation,
comprising the steps of: creating (905) a look-up
table of PRNG seeds; and initializing (91 0) one of
the PRNG seeds from the look-up table for a picture,
by accessing the look-up table using at least one
supplemental information value. 15. The method of
claim 14, wherein said supplemental information value
is included within a supplemental enhancement
information (SEI) message. 16. A method for
transmitting at least one value used to derive a
pseudo random number generator (PRNG) seed, comprising
the step of transmitting (810) the at least one value
as supplemental information. 17. The method of claim
16, wherein the at least one value is the pseudo
random number generator (PRNG) seed for a film grain
simulation. 18. The method of claim 16, wherein said
supplemental information is included within a
Supplemental Enhancement Information (SEI) message.19.
The method of claim 18, wherein the at least one value
is combined with a picture order count (POC) value of
a current picture to generate a new PRNG seed for the
film grain simulation for the current picture (810).
20. A method for transmitting a pseudo-random number
generator (PRNG) seed for a film grain simulation,
comprising the step of transmitting the PRNG seed for
the film grain simulation in a user data field,
wherein the user data field corresponds to a non-H.264
standard encoded user data field (910). 2 1. An
apparatus for initializing a pseudo-random number
generator (PRNG) seed for use in a video system,
comprising a film grain simulator (154) for creating a
look-up table of PRNG seeds, and initializing one of
the PRNG seeds from the look-up table for a picture by
accessing the look-up table using a value
corresponding to an order of the picture. 22. The
apparatus of claim 2 1, wherein the value
corresponding to the order of the picture is a picture
order count (POC) value. 23. The apparatus of claim 2
1, wherein the order of the picture is an intended
display order. 24. The apparatus of claim 2 1, wherein
the order of the picture is an intended decode order.
25. The apparatus of claim 2 1, wherein the one of the
PRNG seeds is used for film grain simulation. 26. The
apparatus of claim 2 1, wherein the simulating of film
grain is bit accurate. 27. The apparatus of claim 2 1,
wherein said film grain simulator (154) further uses a
picture order count (POC) value of a picture to access
the look-up table.28. The apparatus of claim 27,
wherein the film grain supplemental information
message is provided in a Supplemental Enhancement
Information (SEI) message. 29. The apparatus of claim
27, wherein the POC value of the picture is used to
access the look-up table when a number of POC resets
in a corresponding video sequence is greater than a
threshold. 30. The apparatus of claim 2 1, wherein
said film grain simulator ( 154) further uses an
idr_pic_id parameter of an Instantaneous Decoding
Refresh (IDR) picture to access the look-up table. 3
1. The apparatus of claim 30, wherein a picture order
count (POC) value of the picture is used to access the
look-up table when a number of POC resets in a
corresponding video sequence is greater than a
threshold. 32. The apparatus of claim 2 1, wherein
said film grain simulator (154) further uses a
film_grain__characteristics_repetition_period
parameter transmitted in a film grain Supplemental
Enhancement Information (SEI) message to access the
look up table. 33. The apparatus of claim 2 1, wherein
a state of the one of the initialized PRNG seeds is
independent of a reproduction mode of a current
picture. 34. An apparatus for initializing a
pseudo-random number generator (PRNG) seed for a film
grain simulation, comprising a film grain simulator
(154) for creating a look-up table of PRNG seeds, and
initializing one of the PRNG seeds from the look-up
table for a picture by accessing the look-up table
using at least one supplemental information value. 35.
The apparatus of claim 34, wherein said supplemental
information value is included within a supplemental
enhancement information (SEI) message.36. An apparatus
for transmitting at least one value used to derive a
pseudo-random number generator (PRNG) seed, comprising
a film grain modeler ( 1 16) for transmitting the at
least one value as supplemental information. 37. The
apparatus of claim 36, wherein the at least one value
is the pseudo-random number generator (PRNG) seed for
a film grain simulation. 38. The apparatus of claim
36, wherein said supplemental information is included
within a Supplemental Enhancement Information (SEI)
message. 39. The apparatus of claim 38, wherein the at
least one value is combined 



with a picture order count (POC) value of a current
picture to generate a new PRNG seed for the film grain
simulation for the current picture. 40. An apparatus
for transmitting a pseudo-random number generator
(PRNG) seed for a film grain simulation, comprising a
film grain modeler ( 1 16) for transmitting the PRNG
seed for the film grain simulation in a user data
field, wherein the user data field corresponds to a
non-H.264 standard encoded user data field. 4 1. An
apparatus for initializing a pseudo-random number
generator (PRNG) seed for use in a video system,
comprising: means (154) for creating a look-up table
of PRNG seeds; and means (154) for initializing one of
the PRNG seeds from the look-up table for a picture,
by accessing the look-up table using a value
corresponding to an order of the picture. 42. The
apparatus of claim 4 1, wherein the value
corresponding to the order of the picture is a picture
order count (POC) value. 43. The apparatus of claim 4
1, wherein the order of the picture is an intended
display order. 44. The apparatus of claim 4 1, wherein
the order of the picture is an intended decode
order.45. The apparatus of claim 4 1, wherein the one
of the PRNG seeds is used for film grain simulation.
46. The apparatus of claim 4 1, wherein the simulating
of film grain is bit accurate. 47. The apparatus of
claim 4 1, wherein said initializing means (154)
further uses a picture order count (POC) value of a
picture to access the look-up table. 48. The apparatus
of claim 47, wherein the film grain supplemental
information message is provided in a Supplemental
Enhancement Information (SEI) message. 49. The
apparatus of claim 47, wherein the POC value of the
picture is used to access the look-up table when a
number of POC resets in a corresponding video sequence
is greater than a threshold. 50. The apparatus of
claim 4 1, wherein said initializing means (154)
further uses an idr_pic_id parameter of an
Instantaneous Decoding Refresh (IDR) picture to access
the look-up table. 5 1. The apparatus of claim 50,
wherein a picture order count (POC) value of the
picture is used to access the look-up table when a
number of POC resets in a corresponding video sequence
is greater than a threshold. 52. The apparatus of
claim 4 1, wherein said initializing means ( 154)
further uses a
film_grain_characteristics_repetition_period parameter
transmitted in a film grain Supplemental Enhancement
Information (SEI) message to access the look-up table.
53. The apparatus of claim 4 1, wherein a state of the
one of the initialized PRNG seeds is independent of a
reproduction mode of a current picture.54. An
apparatus for initializing a pseudo-random number
generator (PRNG) seed for a film grain simulation,
comprising: means ( 154) for creating a look-up table
of PRNG seeds; and means ( 154) for initializing one
of the PRNG seeds from the look-up table for a
picture, by accessing the look-up table using at least
one supplemental information value. 55. The apparatus
of claim 54, wherein said supplemental information
value is included within a supplemental enhancement
information (SEI) message. 56. An apparatus for
transmitting at least one value used to derive a
pseudo-random number generator (PRNG) seed, comprising
means ( 116) for transmitting the at least one value
as supplemental information. 57. The apparatus of
claim 56, wherein the at least one value is the
pseudo-random number generator (PRNG) seed for a film
grain simulation. 58. The apparatus of claim 56,
wherein said supplemental information is included
within a Supplemental Enhancement Information (SEI)
message. 59. The apparatus of claim 58, wherein the at
least one value is combined with a picture order count
(POC) value of a current picture to generate a new
PRNG seed for the film grain simulation for the
current picture. 60. An apparatus for transmitting a
pseudo-random number generator (PRNG) seed for a film
grain simulation, comprising means ( 1 16) for
transmitting the PRNG seed for the film grain
simulation in a user data field, wherein the user data
field corresponds to a non-H.264 standard encoded user
data field. 


