
MODIFIED ANTIGEN BINDING MOLECULES WITH ALTERED CELL
SIGNALING ACTIVITY BACKGROUND OF THE INVENTION Field
of the Invention [0001] The present invention relates
to antigen binding molecules (ABMs). In particular
embodiments, the present invention relates to
recombinant monoclonal antibodies or fragments,
including chimeric, primatized or humanized antibodies
or fragments, having altered ability to mediate cell
signaling activity by a target antigen, and/or altered
ability to mediate cross-linking of one or more target
antigens. In addition, the present invention relates
to nucleic acid molecules encoding such ABMs, and
vectors and host cells comprising such nucleic
acidmolecules. The invention further relates to
methods for producing the ABMs of the invention, and
to methods of using these ABMs in treatment of
disease. In addition, the present invention relates to
ABMs with modified glycosylation having improved
therapeutic properties, including antibodies with
increased Fc receptor binding and increased effector
function. Background Art [0002] Antibodies, also
called immunoglobulins, have a basic structure
comprising four polypeptide chains: two identical
heavy (H) chains paired with two identical light (L)
chains. Each heavy and light chain comprises a
variable region (VH and VL, respectively) and a
constant region (CH and CL, respectively). The CH
region has 3 domains (CHl, CH2, and CH3), while the
smaller CL region has only one domain (simply refered
to as CL). Each VH and VL region comprises 3
complementarity determinhig regions (CDRs) flankedby 4
framework regions in the following order:
FR1-CDR1-FR2-CDR2-FR3- CDR3-FR4. The CDRs are the most
variable part of the of the V region, and determine
the antigen specificity of the antibody. Together, a
paired VH and VL form the antigen binding site, and
bivalent antibodies have two such antigen binding
sites. It should be noted that this basic antibody
structure can bemodified in various ways (e.g., by
generating fragments of the structure) while still
retaining or even improving desired functions and/or
antigen binding activity. [0003] The interface between
the VH and CHl domains comprises conserved amino
acids. This area of contact can be described as a
"molecular ball-andsocket joint." This joint
determines the "elbow motion" and also the so called
"elbow angle" of the VH andVL regions with respect to
the CHl andCLregions, and prevents a rigid contact
from forming between the V and Cregions (Lesk and
Chothia, L r (1988) 335(8): 188-1 90)). The socket of
the ball-and-socketjoint is formed by amino acid
residues in the VH framework region, specifically
those at positions 11, 110, and 112 (according to the
numbering system of Kabat et al., (1987) Sequences of
Proteins of Immunological Interest, 4th ed. (Public
Health Services, NIH, Washington, DC)). (See Lesk and
Chothia, Nature (1988) 335(8): 188-190.) The "ball" of
this ball-and-socket joint is found in the CHl domain,
and is formed mainly by the two amino acids at
positions 148 and 149 (See Landolfi et al, J. Immunol.
(2001) 166:1748-1754; Lesk and Chothia, Nature (1988)
335(8):188-190) (wherein the CHl residues forming the
"ball" are numbered 149 and 150, respectively)).
Differences in the amino acids at these positions can
dictate the elbow angle that is formed between the V
and Cregions, and therefore the orientation of the
VH-VL dimer (see Lesk and Chothia, Nature ( 1988)
335(8): 188-190). The amino acid residues that occupy
these VHpositions are highly conserved across
immunoglobulin sequences (see e.g., Lesk and Chothia,
Nature (1988) 335(8):188-190). AUresidues involved in
this joint (e.g., positions 11, 110, 112, 148, and
149), are located in the framework regions (e.g.,
residues 11, 110, and 112) or the constant domain
(e.g., 148 and 149 (according to Landolfi et al.;
positions 149 and 150 according to Lesk and Chothia),
and do not appear to be directly involved in antigen
binding. Landolfi et al, J.Immunol. (2001)
166:1748-1754. [0004] In addition to mediating
effector functions such as antibody dependent
cell-mediated cytotoxicity (ADCC) and complement
dependent cytotoxicity (CDC), monoclonal antibodies
can modulate cellular functions by inducing or
inhibiting cell signaling pathways. For example,
monoclonal antibodies have been shown to mediate
antigen cross-linking, activate death receptors (e.g.,
by facilitating oligomerization of receptors or
mimicking ligand binding), andblocking of
ligand-mediated cell signaling in cell growth
differentiation, and/or proliferation pathways (see,
e.g., Ludwig et ah, Oncogene (2003) 22: 9097- 9106).
[0005] Apoptosis, or programmed cell death, can be
triggered by several different mechanisms. For
example, the activation of signaling pathways through
cell membrane-bound "death receptors," e.g., members
of the tumor necrosis factor receptor (TNFR)
superfamily, can lead to induction of apoptosis.
Likewise, dimerization or cross-linking of surface
antigen, e.g., CD20, can also induce apoptosis (see,
e.g., Ludwig et al, Oncogene (2003) 22: 9097-9106).
[0006] There remains a need for enhanced therapeutic
approaches targeting antigens associated with cell
signaling, including, but not limited to, the
induction of apoptosis, for the treatment of disease
in primates, including, but not limited to, humans.
BRIEF SUMMARY OF THE INVENTION [0007] Recognizing the
tremendous therapeutic potential of modified antigen
binding molecules (ABMs) that have altered ability to
mediate cell signaling activity by a target antigen,
and/or altered ability to mediate cross-linking of one
or more target antigens, the present inventors
developed such ABMs, as well as a method for producing
such ABMs. Inter alia, this method involves producing
recombinant, chimeric antibodies or chimeric fragments
thereof. The efficacy of these modified ABMs is
further enhanced by engineering the glycosylation
profile of the antibody Fc region. [0008] Accordingly,
in one aspect, the invention is directed to a modified
antigen binding molecule comprising a heavy chain or
light chain variable region comprising at least one
amino acid residue substitution in at least one
framework region of said heavy chain or light chain
variable region as compared to the heavy chain or
light chain variable region of a parent antigenbinding
molecule, wherein said substitution results in altered
cell signaling activity of a target antigen when said
modified antigen binding molecule is complexed with
said target antigen. In a particular embodiment, the
altered cell signaling activity is apoptosis. hi one
embodiment, the modified antigen binding molecule has
an increased ability toinduce apoptosis. In another
embodiment, the modified antigen binding molecule has
a reduced ability to induce apoptosis. [0009] In
another aspect, the invention is directed to a
modified antigen binding molecule comprising a heavy
chain or light chain variable region comprising at
least one amino acid residue substitution in at least
one framework region of said heavy chain or light
chain variable region as compared to the heavy chain
or light chain variable region of aparent antigen
binding molecule, wherein saidmodified antigen binding
molecule has altered ability to mediate cross-linking
of one or more target antigens as a result of said
substitution. [0010] In one embodiment, the modified
antigen binding molecule of the present invention
comprises a substitution in FRl of the heavy chain
variable region. In 



another embodiment, the substitution comprises a
replacement selected from the group consisting of at
least 2, at least 3, or at least 4 amino acids. [0011]
In one embodiment, the substitution comprises
areplacement of the entire FRl of the heavy chain
variable region. In a further embodiment, the entire
FRl " is replaced by a germline VH FRl . In particular
embodiments, the germline VH FRl comprises an amino
acid sequence at Kabat positions 8 to 13 selected from
the group consisting of SEQ ID NO:63, SEQ ID NO:64,
SEQ ID NO: 65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID
NO:68, SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ
ID NO:72, SEQ ID NO.73, SEQ ID NO:74, SEQ ID NO:75,
SEQ ID NO:76, SEQ ID NO:77, SEQ ID NO:78, SEQ ID
NO:79, SEQ ID NO:101, SEQ ID NO: 102,' SEQ ID NO:103,
SEQ ID NO:104, and SEQ ID NO:105. [0012] In one
embodiment, the modified ABM comprises a substitution
in FRl of the heavy chain variable region which
comprises a replacement of an amino acid residue at
one or more of Kabat positions 8, 9, 10, 11, 12, or
13. [0013] In a particular embodiment, the
substitution in FRl of the heavy chain variable region
comprises a replacement of the amino acid residue at
Kabat position 8. In a more specific embodiment, the
substitution in FRl of the heavy chain variable region
comprises a replacement of the amino acid residue at
Kabat position 8 with an amino acid residue selected
from the group consisting of arginine, and glycine.
[0014] In another particular embodiment, the
substitution in FRl of the heavy chain variable region
comprises a replacement of the amino acid residue at
Kabatposition 9. In a more specific embodiment, the
substitution in FRl of the heavy chain variable region
comprises a replacement of the amino acid residue at
Kabat position 9 with an amino acid residue selected
from the group consisting of alanine, proline,
glycine, serine, and histidine. [0015] In one
particular embodiment, the substitution in FRl of the
heavy chain variable region comprises a replacement of
the amino acid residue at Kabat position 10. In a more
specific embodiment, the substitution comprises a
replacement of the amino acid residue at Kabat
position 10 with an amino acid residue selected from
the group consisting of glutamate, threonine, glycine,
alanine, and valine. [0016] In another particular
embodiment, the substitution in FRl of the heavy chain
variable region comprises a replacement of the amino
acid residue at Kabat position 11. In specific
embodiment, the substitution comprises a replacement
of the amino acid residue at Kabat position 11 with
any amino acid but leucine. In another specific
embodiment, the substitution comprises a replacement
of the amino acid residue at Kabat position 11with a
nonpolar amino acid. In another specific embodiment,
the substitution comprises a replacement of the amino
acid residue at Kabat position 11with an amino acid
residue selected from the group consisting of valine,
leucine, isoleucine, serine, and phenylalanine. In a
particular embodiment, the substitution comprises a
replacement of the amino acid residue at Kabat
position 11 with a leucine. [0017] In another
particular embodiment, the substitution in FRl of the
heavy chain variable region comprises a replacement of
the amino acid residue at Kabat position 12. In a
specific embodiment, the substitution comprises
areplacement of the amino acid residue at Kabat
position 12 with an amino acid residue selected from
the group consisting of lysine, valine, leucine, and
isoleucine. [0018] In another particular embodiment,
the substitution in FRl of the heavy chain variable
region comprises a replacement of the amino acid
residues at Kabat positions 11 and 12. In a specific
embodiment, the substitution comprises a replacement
of the amino acid residue at Kabat position 11with a
valine and at Kabat position 12 with a lysine; a
replacement of the amino acid residue at Kabat
position 11 with a leucine and at Kabat position 12
with a valine; a replacement of the amino acid residue
at Kabat position 11with a valine and at Kabat
position12 with an isoleucine; or a replacement of the
amino acid residue at Kabat position 11 with a valine
and at Kabat position 12 with a valine. [0019] In
another particular embodiment, the substitution in FRl
of the heavy chain variable region comprises a
replacement of the amino acid residue at Kabat
position 13. In a specific embodiment, the
substitution comprises a replacement of the amino acid
residue at Kabat position 13 with an amino acid
residue selected from the group consisting of lysine,
arginine, glutamine and glutamate. [0020] In another
aspect of the present invention, the substitution in
the ABM comprises replacement of at least one amino
acid residue in FR4 of the heavy chain variable
region. In a particular embodiment, the substitution
in FR4 of the heavy chain variable region comprises a
replacement of an amino acid residue at one or more of
Kabat positions 110 or 112. [0021] In a particular
embodiment, the substitution comprises a replacement
of the amino acid residue at Kabat position 110 with
an amino acid selected fr om the group consisting of
leucine, isoleucine, threonine or serine. In amore
specific embodiment, the substitution comprises a
replacement of the amino acid residue at Kabat
position 110 with an isoleucine. [0022] In another
embodiment, the substitution comprises a replacement
of the amino acid residue at Kabat position 112 with
an amino acid selected from the group consisting of
valine, leucine, isoleucine, or threonine. In a more
specific embodiment, the substitution comprises a
replacement of the amino acid residue at Kabat
position 112 with an isoleucine. [0023] In one aspect,
the present invention is further directed to a
modified antigen binding molecule comprising a CHl
domain comprising at least one amino acid residue
substitution as compared to the CHl domain of a parent
polypeptide, wherein the substitution results in
altered cell signaling activity of a target antigen
when the modified antigen binding molecule is
complexed with the target antigen. [0024] In another
aspect, the present invention is further directed to a
modified antigen binding molecule comprising a CHl
domain comprising at least one amino acid residue
substitution as compared to the CHl domain of a parent
polypeptide, wherein the antigen binding molecule has
altered ability to mediate cross-linking of one or
more target antigens as a result of the
substitution.[0025] In a particular embodiment, the
substitution in CHl comprises a replacement of an
amino acid residue at one or more of positions 148,
149 or 150. In a more specific embodiment, the
substitution comprises a replacement of the amino acid
residue position 149 with a leucine. In another
embodiment, the substitution comprises a replacement
of the entire CHl domain. In another embodiment, the
substitution comprises a replacement of an IgG CHl
domain with an IgM CHl domain. [0026] In another
aspect, the invention is directed to a modified
antigen binding molecule comprising at least one amino
acid substitution, wherein said substitution comprises
a replacement of an amino acid residue in the light
chain in the region of the interface between the
variable and constant regions, wherein the
substitution results in altered cell signaling
activity of a target antigenbinding molecule when said
modified antigen binding molecule is complexed with
said target antigen. [0027] In another aspect, the
invention is directed to a modified antigen binding
molecule comprising at least one amino acid
substitution, wherein said 



substitution comprises a replacement of an amino acid
residue in the light chain in the region of the
interface between the variable and constant regions,
wherein said modified antigen binding molecule has
altered ability to mediate crosslinking of one or more
target antigens as a result of said substitution.
[0028] In a particular embodiment, the substitution in
the light chain variable region of the ABM comprises a
replacement of an amino acid at one or more of Kabat
positions 10, 12, 39, 40, 41, 80, 81, 83, 84, 103,
105, 106, and 108. In a particular embodiment, the
substitution in the light chain variable region of the
ABM comprises a replacement of an amino acid residue
at one or more of Kabat positions 40, 80, 83, 105, or
106. [0029] In another particular embodiment, the
substitution in the light chain of the ABM comprises a
replacement of an amino acid residue at one or more of
Kabat positions 40, 80, 83, 105, or 106 with a
non-polar amino acid. [0030] In another particular
embodiment, the substitution in the light chain of the
ABM comprises a replacement of an amino acid residue
at Kabat position 40 with an alanine.[0031] In another
particular embodiment, the substitution in the light
chain of the ABM comprises a replacement of an amino
acid residue at Kabat position 80 with a proline.
[0032] In another particular embodiment, the
substitution in the light chain of the ABM comprises a
replacement of an amino acid residue at Kabat position
83 with a phenylalanine. [0033] In another particular
embodiment, the substitution in the light chain of the
ABM comprises a replacement of an amino acid residue
at Kabat position 105 with an alanine. [0034] In
another particular embodiment, the substitution in the
light chain of the ABM comprises a replacement of an
amino acid residue at Kabat position 106 with an
alanine. In a more particular embodiment, the
substitution in the light chain of the ABM comprises a
replacement of an amino acid residue at Kabat position
106, wherein the antigen binding molecule is reduced
in its ability to induce apoptosis. [0035] In some
embodiments, the substitutions of the present
invention comprise a combination of any of the amino
acid residue replacements in the heavy and/or light
chain variable and/or constant regions as described
herein. [0036] In one aspect, the amino acid
substitution(s) in the modified ABMs of the present
invention result in altered cell signaling activity of
a target antigen when the modified ABM is complexed
with the target antigen. [0037] In one aspect of the
invention, the altered cell signaling activity is
increased agonist activity. In one embodiment, the
increased agonist activity is selected from the group
consisting induction of apoptosis and induction of
cell differentiation. [0038] In another aspect of the
invention, the altered cell signaling activity is
increased antagonist activity. In one embodiment, the
antagonist activity is blockade of a cell signaling
pathway selected from the group consisting of cell
survival, cell growth, cell proliferation, and
angiogenesis. [0039] In a further aspect, the modified
antigen binding molecule of the present invention
binds specifically to human CD20. In another aspect,
the modified antigen binding molecule binds
specifically to a member of the human TNF receptor
superfamily. In a particular embodiment, the TNF
receptor superfamilyis selected from the group
consisting of TNFRl, CD95, TRAILRl, TRAILR2, EDAR, and
p75NGFR. [0040] In another aspect of the invention,
the modified antigen binding molecule binds
specifically to a receptor tyrosine kinase. In a
particular embodiment, the receptor tyrosine kinase is
selected from the group consisting ofHERl (EGFRl),
HER2/neu, HER3, HER4, IGF-IR, FGFR PDGFR, VEGFRl,
VEGFR2, and VEGFR3. In a more specific embodiment, the
receptor tyrosine kinase is HERl (EGFRl). [0041] In
another aspect, the present invention is further
directed to a modified ABM that can be selected from,
but is not limited to, the group consisting of a whole
antibody, an Fab fragment or a fusion protein thereof,
an F(ab')2 fragment or a fusion protein thereof, a
minibody, a diabody, a triabody, and a tetrabody. In a
particular embodiment, the modified ABM is chimeric or
fully human. In a more particular embodiment, the
chimeric modified ABM is humanized. In another
particular embodiment, the modified ABM is
multispecific. In a more particular embodiment, the
modified ABM is bispecific. [0042] In another aspect,
the parent antigen binding molecule according to the
present invention comprises a heavy chain variable
region selected from the group consisting of SEQ ID
NO:55, SEQ ID NO:56, SEQ IDNO:57, SEQ ID NO:58, SEQ ID
NO:59, SEQ ID NO:60, SEQ ID NO:61, and SEQ ID NO:62.
[0043] In another aspect, the parent antigen binding
molecule according to the present invention comprises
a light chain selected from the group consisting of
SEQ IDNO: 48, SEQ ID NO:130, SEQ IDNO:131, SEQ ID
NO:132, SEQ ID NO: 133, and SEQ ID NO: 134. [0044] In
a further aspect, the present invention is also
directed to a modified ABM further comprising a human
Fc region. According to one embodiment, the Fc region
of the modified ABM has been modified to have altered
oligosaccharides. In a more specific embodiment, the
Fc region has been modified to have a decreased
proportion of fucose residues compared to a
nonmodified Fc region. In another specific embodiment,
the Fc region has an increased proportion of bisected
oligosaccharides compared to a non-modified Fc region.
In another specific embodiment, the modified
oligosaccharides are bisected complex. In another
specific embodiment, the modified oligosaccharides
have an increased proportion of bisected,
nonfucosylatedoligosaccharides in the Fc region
compared to a non-modified Fc region. In another
specific embodiment, the Fc region has an increased
proportion of GIcNAcresidues to fucose residues in the
modified Fc region compared to a nonmodified Fc
region. In another specific embodiment, the bisected,
nonfacosylated oligosaccharides are hybrid, hi another
specific embodiment, the bisected, nonfucosylated
oligosaccharides are complex. [0045] According to
another aspect, the target antigen according to the
present invention is a cell surface receptor selected
from the group consisting of a membrane transport
receptor, a G-protein-linked receptor, and an
enzyme-linked receptor. In a particular embodiment,
the membrane transport receptor is a channel-linked
receptor i another particular embodiment, the
enzyme-linked receptor is selected from the group
consisting of receptor guanylyl cyclases, receptor
tyrosine kinases, tyrosine-kinase associated
receptors, receptor tyrosine phosphatases, and
receptor serine/threonine kinases. [0046] In another
aspect, the invention is related to apharmaceutical
composition comprising the modified ABM of the
invention. It is contemplated that the pharmaceutical
composition may further comprise apharmaceutically
acceptable carrier, an adjuvant or a combination
thereof. [0047] The present invention is also directed
to a method of treating a disease treatable by altered
cell signaling activity in a patient, the method
comprising administering to the patient a
therapeutically effective amount of a pharmaceutical
composition comprising a modified ABM according to the



invention and a pharmaceutically acceptable carrier.
[0048] hi another aspect, the invention is directed to
an isolated polynucleotide encoding a polypeptide
comprising a heavy chain or light chain variable
region, wherein the heavy chain or light chain
variable region comprises at least one amino acid
residue substitution in at least one framework region
as compared to a parent heavy chain or light chain
variable region, and wherein the substitution results
in altered cell signaling activity of a target
antigenwhen the polypeptide is complexed with the
target antigen. [0049] In a further aspect, the
invention is directed to an isolated polynucleotide
encoding a polypeptide comprising a heavy chain or
light chain variable region, wherein the heavy chain
or light chain variable region comprises at least one
amino acid residue substitution in at least one
framework region as compared to aparent heavy chain or
light chain variable region, and wherein the
polypeptide has altered ability to mediate
cross-linking of one or more target antigens as a
result of the substitution. [0050] hi one embodiment,
a polynucleotide according to the present invention
encodes a polypeptide, wherein the polypeptide
comprises an antibody heavy chain or light chain, hi
another embodiment, a polynucleotide according to the
present invention encodes a polypeptide, wherein the
polypeptide comprises a fusion protein. The present
invention is also directed to polypeptides encodedby
the polynucleotides of the present invention [0051]
The present invention is also directed to a vector
comprising a polynucleotide according to the
invention, and a host cell comprising the vector.
[0052] The invention is further directed to a
polynucleotide encoding a polypeptide comprising a
heavy chain or light chain variable region which
comprises at least one amino acid residue substitution
in at least one framework region of the heavy chain or
light chain variable region as compared to the heavy
chain or light chain variable region of a parent
antigen binding molecule, wherein the polypeptide is a
modified ABM according to the invention. [0053] The
present invention is also directed to a host cell
engineered to express at least one nucleic acid
encoding a polypeptide having
b(l,4)-Nacetylglucosaminyltransferase III activity in
an amount sufficient to modify the oligosaccharides in
the Fc region of a polypeptide produced by the host
cell, wherein the polypeptide is a modified ABM
according to the invention. In one embodiment, the
polypeptide having b(l
,4)-N-acetylglucosaminyltransferase ITI activity is a
fusion polypeptide i a particular embodiment, the
fusion polypeptide comprises the catalytic domain of
b(l,4)-Nacetylglucosaminyltransf erase III. hi another
embodimentthe fusion polypeptide further comprises the
Golgi localization domain of a heterologous Golgi
resident polypeptide. The Golgi localization domain
can be selected from, but is not limited to, the group
consisting of the localization domain of mannosidase
II, the localization domain of b(l
,2)-N-acetylglucosaminyltransferase I, the
localization domain of
b(l,2)-N-acetylglucosaminyltransferase II, the
localization domain of mannosidase I, and the
localization domain of al-6 core fucosyltransferase.
[0054] In another embodiment, the modifiedABMcomprises
a region equivalent to the Fc region of a human
IgG.[0055] In a further embodiment, the modified ABM
produced by the host cell of the present invention
exhibits increased Fc receptor binding affinity and/or
increased effector function as a result of the
oligosaccharide modification. According to the present
invention, the increased effector function is selected
from the group consisting of increased Fc-mediated
cellular cytotoxicity, increased binding to NK cells,
increased binding to macrophages, increased binding to
polymorphonuclear cells, increased binding to
monocytes, increased direct signaling inducing
apoptosis, increased dendritic cell maturation, and
increased T cell priming. In one embodiment, the Fc
receptor is Fcg activating receptor. In another
embodiment, the Fc receptor is FcgRIIIA receptor.
[0056] The host cell of the present invention may be
selected from the group that includes, but is not
limited to, a CHO cell, an HEK293-EBNA cell, aBHK
cell, a NSO cell, a SP2/0 cell, aYO myeloma cell, a
P3X63 mouse myeloma cell, aPER cell, a PER.C6 cell or
a hybridoma cell. [0057] In another aspect, the
present invention is directed to a method for
producing a modified ABM comprising a heavy chain or
light chain variable region comprising at least one
amino acid residue substitution in at least one
framework region of the heavy chain or light chain
variable region as compared to the heavy chain or
light chain variable region of a parent ABM, wherein
the substitution results in altered cell signaling
activity of a target antigen when the modified ABM is
complexed with the target antigen, the method
comprising: (i) culturing the host cell of the present
invention under conditions permitting the expression
of the polynucleotide; and (ii) recovering the
modifiedABMfrom the culture medium. [0058] In a
further aspect, the invention is directed to a method
for producing a modified ABM comprising a heavy chain
or light chain variable region comprising at least one
amino acid residue substitution in at least one
framework region of the heavy chain or light chain
variable region as compared to the heavy chain or
light chain variable region of a parent antigen
binding molecule, wherein the modified antigen binding
molecule has altered ability to mediate cross-linking
as a result of the substitution, the method
comprising: (i) culturing the host cell of the present
invention under conditions permitting the expression
of the polynucleotide; and (ii) recovering the
modified ABM from the culture medium.[0059] In a
further aspect, the invention is directed to a method
of altering the ability of an ABM to facilitate
formation of complexes comprising the target antigen
of the ABM, the method comprising: replacing at least
one amino acid residue in at least one heavy chain or
light chain variable region framework region of a
parent ABM. In one embodiment, the ABM increases
induction of apoptosis in a cell expressing the target
antigen. In another embodiment, the ABM increases
induction of cell differentiation in a cell expressing
the target antigen. [0060] The present invention is
also directed to a method of inducing apoptosis in a
cell, the method comprising contacting the cell with a
modified ABM comprising a heavy chain or light chain
variable region which comprises at least one amino
acid residue substitution in at least one framework
region of said heavy chain or light chain variable
region as compared to the heavy chain or light chain
variable region of a parent ABM, wherein the
modifiedABM has increased ability to induce apoptosis
compared to the parent polypeptide. In a particular
embodiment, the cell is a tumor cell hi one
embodiment, the contacting occurs in vivo. [0061] In
another aspect, the present invention is also directed
method of treating a disease or disorder that is
treatable by altered cell signaling activity of a
target antigen, the method comprising administering to
a subject in need thereof a therapeutically effective
amount of amodified ABM, wherein the modifiedABM
comprises a heavy chain or light chain variable region
comprising at least one amino acid substitution in at
least one framework region of the heavy chain or light
chain variable region compared to the heavy chain or
light chain variable region of a p'arent ABM, and
wherein the substitution results in altered cell
signaling activity of a target antigen when the
modified ABM is complexed with 



the target antigen. [0062] hi a further aspect, the
invention is directed to a method of treating a
disease or disorder that is treatable by altered
ability to mediate cross linking of one or more target
antigens, the method comprising administering to a
subject in need thereof a therapeutically effective
amount of a modified ABM, wherein the modified ABM
comprises a heavy chain or light chain variable region
comprising at least one amino acid substitution in at
least one framework region of the heavy chain or light
chain variable region compared to the heavy chain or
light chainvariable region of a parent ABM, and
wherein the modified ABM has altered ability to
mediate cross-linking of one or more target antigens
as a result of the substitution. [0063] In a
particular embodiment, the modifiedABM administered
according to the present invention comprises a heavy
chain variable region selected from the group
consisting of SEQ ID NO:4, SEQ E) NO:36, and SEQ ID
NO.38. [0064] In one aspect, the disease or disorder
to be treated with a modified ABM of the present
invention is a cell proliferation disorder hi one
embodiment, cell proliferation disorder is cancer. In
another aspect, the disease or disorder to be treated
with a modified ABM of the present invention is a B
cell disorder. In a specific embodiment, the B cell
disorder is a B cell lymphoma. [0065] The present
invention is also directed to use of a modified ABM
according to the present invention for the manufacture
of a medicament for the treatment or prophylaxis of
cancer. [0066] In a particular embodiment, the present
invention is also directed to use of a modified ABM
according to the present invention for the manufacture
of a medicament for the treatment or prophylaxis of
cancer, wherein said cancer is selected from the group
consisting of B-cell lymphoma, breast cancer, bladder
cancer, head and neck cancer, skin cancer, pancreatic
cancer, lung cancer, ovarian cancer, colon cancer,
prostate cancer, kidney cancer, and brain cancer.
[0067] In another particular embodiment, the present
invention is also directed to use of a modified ABM
according to the present invention for the manufacture
of a medicament for the treatment or prophylaxis of
cancer, wherein said antigen binding molecule is used
in a therapeutically effective amount from about 1.0
mg/kg to about 15 mg/kg. hi a further embodiment, the
therapeutically effective amount is from about 1.5
mg/kg to about 12 mg/kg. In a further embodiment, the
therapeutically effective amount is from about 1.5
mg/kg to about 4.5 mg/kg. In a further embodiment, the
therapeutically effective amount is from about 4.5
mg/kg to about 12 mg/kg. hi a further embodiment, the
therapeutically effective amount is about 1.5 mg/kg.
In a further embodiment, the therapeutically effective
amount is about 4.5 mg/kg. hi a further embodiment,
the therapeutically effective amount is about 12
mg/kg. [0068] The present invention is also directed
to a method for the treatment or prophylaxis of cancer
comprising administering a therapeutically
effectiveamount of a pharmaceutical composition of the
invention to a patient in need thereof. In a
particular embodiment, the cancer is selected from the
group consisting of B-cell lymphoma, breast cancer,
bladder cancer, head and neck cancer, skin cancer,
pancreatic cancer, lung cancer, ovarian cancer, colon
cancer, prostate cancer, kidney cancer, and brain
cancer. [0069] The present invention is also directed
to a method for the treatment or prophylaxis of a
precancerous condition or lesion comprising
administering a therapeutically effective amount of
the pharmaceutical composition of claim 85 or 158 to a
patient in need thereof. In a particular embodiment,
the precancerous condition or lesion is selected from
the group consisting of oral leukoplakia, actinic
keratosis (solar keratosis), precancerous polyps of
the colon or rectum, gastric epithelial dysplasia,
adenomatous dysplasia, hereditary nonpolyposis colon
cancer syndrome (HNPCC), Barrett's esophagus, bladder
dysplasia, and precancerous cervical conditions.
[0070] The present invention is also directed to a
modified antigen binding molecule of the present
invention for use in the treatment or prophylaxis of
cancer. In a particular embodiment, the cancer is
selected from the group consisting of B-cell lymphoma,
breast cancer, bladder cancer, head and neck cancer,
skin cancer, pancreatic cancer, lung cancer, ovarian
cancer, colon cancer, prostate cancer, kidney cancer,
and brain cancer. [0071] The present invention is also
directed to a modified antigen binding molecule of the
present invention for use in the treatment or
prophylaxis of a precancerous condition or lesion. In
a particular embodiment, the precancerous condition or
lesion is selected from the group consisting of oral
leukoplakia, actinic keratosis (solar keratosis),
precancerous polyps of the colon or rectum, gastric
epithelial dysplasia, adenomatous dysplasia,
hereditary nonpolyposis colon cancer syndrome (HNPCC),
Barrett's esophagus, bladder dysplasia, and
precancerous cervical conditions. [0072] The present
invention is also directed to a modified antigen
binding molecule according to the present invention
for use in therapy of a disorder that is related to
altered cell signaling activity and/or altered
cross-linking of one or more target antigens.BRIEF
DESCRIPTION OF THE FIGURES [0073] FIG 1. Amino acid
sequence alignment of various anti-CD20 antibody heavy
chain variable region constructs. The amino acid
sequence of the variable chain heavy region of
monoclonal antibody 1F5 is used as the reference
sequence. Differences in amino acids from 1F5 are
shaded. [0074] FIG 2. Binding of different humanized
anti-CD20 antibodies to Raji B-cells. The parental
(chimeric) B-IyI is compared to those two humanized
heavy chain variants that were identified to induce
strong apoptosis (BHH2 and BHH6), as well as those
derivatives of the (humanized, nonapoptotic) BHL8
variant that were hypothesized to restore this effect
(B-HLl 1 to 17). All humanized heavy chain variants
were paired with the same BKVl humanized light chain
variant. [0075] FIG 3. Binding of rituximab (O) and
chB-lyl (D) to CD20 on Raji Blymphoma cells. [0076]
FIG 4. Comparison of antibody-dependent apoptosis by
three anti-CD20 antibodies. chB-lyl wt represents a
chimeric B-IyI antibody construct having a murine
variable region and a human constant region. BHH2-BKV1
represents a humanized variant comprising murine B-IyI
CDRs and human framework regions derived from VHl
class human germline V genes for the heavy chain and
paired with the BKVl humanized B-IyI light chain.
BHL8-BKV1wt represents a humanized variant comprising
murine B-IyI CDRs and human framework regions derived
from two different human germline V genes and paired
with the BKVl humanized B-IyI light chain. [0077] FIG
5. Comparison of antibody-dependent apoptosis by five
humanized variants of the B-IyI anti-CD20 antibody.
BHH2-BKV1 represents a humanized variant comprising
murine B-IyI CDRs and human framework regions derived
from VHl class for the heavy chain (BHH2) and paired
with the BKVl humanized B-IyI light chain. BHL8-BKVlwt
represents a humanized variant comprising murine B-IyI
CDRs and human framework regions derived from two
different human germline V genes and paired with the
BKVl humanized B-IyI light chain. BHL14-BKV1
represents a derivative of BHL8, with a valine to 



lysine substitution at Kabat position 12 and a valine
to methionine substitution at Kabat position 48 of the
heavy chain variable region, and paired with the
BKVllight chain construct. BHL15-BKV1 Wl is also
derived from BHL8, with a glycine to serine
substitution at Kabat position 16, and a valine to
methionine substitution at Kabat position 48 of the
heavy chain variable region and paired with the BKVl
light chain construct. BHLl 6-BKV1 Wl is derived from
BHL8, with a leucine to valine substitution at Kabat
position 20, and a valine to methionine substitution
at Kabat position 48 of the heavy chain variable
region and paired with the BKVl light chain construct.
BHL17-BKV1 Wl is derived from BHL8, with a valine to
methionine substitution at Kabat position 48 of the
heavy chain variable region and paired with the BKVl
light chain construct. [0078] FIG 6. Comparison of
antibody-dependent apoptosis in Z-1 38 cells by C2B8
anti-CD20 monoclonal antibody and two humanized
variants of B-IyI antibody, BHH2-BKV1 and BHL13-BKV1.
BHH2-BKV1 represents a humanized variant comprising
murine B-IyI CDRs and human framework regions derived
from VHl class human germline V genes for the heavy
chain and paired with the BKVl humanized B-IyI light
chain. BHL13-BKV1 is derived from BHL8 (see Figure 5,
above), with a leucine to valine substitution at Kabat
position 11 and a valine to methionine substitution at
Kabat position 48 in the heavy chain variable region,
and paired with a BKVl light chain. [0079] FIG 7.
B-CeIl depletion by rituximab (0) and chB-lyl () in
whole blood of the three different classes of
FcgRIIIa-158V/F genotype: (A) whole blood from a F/F
donor, homozygous for the lower affinity receptor; (B)
whole blood from a F/V donor, heterozygous for the
affinity receptor; and (C) whole blood from a V/V
donor, homozygous for the higher affinity receptor.
[0080] FIG 8. MALDI-TOF profile of a glycoengineered,
chimeric B-IyI antibody. (A) Table detailing the
percentages of specific peaks; (B) Spectrum for
glycoengineered chimeric B-IyI ; (C) Spectrum for
glycoengineered chimeric BLyI treated with Endo-H.
[0081] FIG 9. Binding of different humanized anti-CD20
antibodies to Raji Bcells. The differences between the
B-HH2 construct and the B-HL8 and B-HLl 1 constructs
are located in the framework 1 and 2 regions with all
three CDRs being identical. B-HL8 and B-HLIl have
their FRl andFR2 sequences derived from the human VH3
class, whereas the complete B-HH2 framework is human
VHl derived. B-HLIl is a derivative of B-HL8 with the
single mutationGlulGln, with GIn being the amino acid
residue in the B-HH2 construct. This means that the
Glul Gm exchange does not alter binding affinity or
intensity. The other differences between B-HH2 and
B-HL8 are 14 FR residues, from which one or more will
influence the antigen binding behavior of this
antibody. [0082] FIG 10. Binding of the humanized
anti-CD20 antibody BHL4-BKV1 on Raji target cells. The
B-HL4 construct is derived from the B-HH2 antibody by
replacing the FRl of the B-HH2 with that of the human
germ line sequence IGHVl -45 (Ace No X92209). This
construct shows greatly diminished antigen binding
capacity, despite having different amino acids at only
four positions within FRl . These residues are located
at positions 2, 14, 28 and 30 according to Kabat
numbering. Of these, positions 28, and 30 appear to be
influential positions, since they are part of the
Chothia definition of CDRl. [0083] FIG 11. Comparison
of the binding behavior between B-HH1, B-HH2, B-HH3
(all paired with the BKVl humanized B-IyI light
chain), and the parental antibody B-IyI . The data
show that all Abs show a similar EC50 value, but the
B-HHl construct binds with a lower
intensity/stoichiometry than the the variants B-HH2
and B-HH3. B-HHl can be distinguished fromB-HH2
andB-HH3 by its partially human CDRl and CDR2 regions
(Kabat definition), as well as the Ala/Thr
polymorphism at position 28 (Kabat numbering). This
indicates that either position 28, the complete CDRl,
and/or the complete CDR2 is important for
antibody/antigen interaction. [0084] FIG 12.
Comparison of the binding behavior between B-HLl,
B-HHl, and the B-IyI parental antibody. The data
showed absence of anybinding activity in the B-HLl
construct, and about half of the binding intensity
/stoichiometry of B-HHl compared to B-IyI. Both B-HLl,
as well as B-HHl, are designed based on acceptor
frameworks derived from the human VHl class. Among
other differences, position 71 (Kabat numbering) of
the B-HLl construct is a striking difference,
indicating its putative importance for antigen
binding. [0085] FIG 13. Comparison of the binding
behavior between the anti-CD20 antibody heavy chain
construct B-HL2, and B-HL3 to its antigen. In both
cases the murine VL sequence was combined with the
humanized heavy chains The data showed that the B-HL2
and B-HL3 constructs do not display CD-20 binding
activity. [0086] FIG 14. Apoptotic effect of anti-CD20
antibodies on Z-138 MCL cells.[0087] FIG 15. Apoptosis
by anti-CD20 antibodies. Assay details: 5 x 105
cells/well were seeded in 24-well plates (5 x 105
cells/ml) in culture medium. 10 mg/ml final
concentration of the respective antibody,PBS for the
negative control or 5mM Camptothecin (CPT) positive
control were added to the wells. Samples were
incubated o/n (16 h), stained with AnnV-FITC and
analysed by FACS. Assays were performed in triplicate.
(*): Signal for PBS alone subtracted (PBS alone gave
8% and 2% AnnV+ for PR-I and Z-138 cells,
respectively). Antibodies used were: C2B8 (chimeric,
non-glycoengineered); BHH2-BKV1 (humanized,
non-glycoengineered). Note: this assay does not
involve any additional effector cells, just targets
plus antibody or controls. [0088] FIG 16. Target-cell
killing by anti-CD20 antibodies with immune effector
cells. Assay details: B-cell depletion in normal whole
blood was determined by overnight incubation and
analysis for CD19+/CD3+ by FACS. ADCC was determined
using PBMCs as effectors with a 4 h incubation and a
25:1 effector:target ratio. Target-killing was
measured by Calcein-retention relative to
detergent-lysis (100%) and to lysis without antibody
(0%). Antibodies used were: C2B8 (chimeric,
non-glycoengineered form); BHH2-BKVl-wt (humanized,
non-glycoengineered form of BHH2-BKV1); BHH2-BKV1-GE
(humanized, glycoengineered form of BHH2-BKV1). [0089]
FIG 17. MALDI/TOF-MS profile of PNGaseF-released
Fcoligosaccharides of unmodified,
nonglycoengineeredBHH2-BKVl humanized IgGl B-IyI
anti-human CD20 antibody. [0090] FIG 18. MALDI/TOF-MS
profile of PNGaseF-released Fcoligosaccharides of
glycoengineered BHH2-BKVlgl humanized IgGl B-IyI
anti-human CD20 antibody. Glycoengineering was
performed by co-expression in host cells of antibody
genes and a gene encoding an enzyme with
b-l,4-Nacetylglucosaminyltransferase III (GnT-IH)
catalytic activity. [0091] FIG 19. MALDI/TOF-MS
profile of PNGaseF-released Fcoligosaccharides of
glycoengineered BHH2-BKVlg2 humanized IgGl B-IyI
anti-human CD20 antibody. Glycoengineering was
performed by co-expression in host cells of antibody
genes and genes encoding an enzyme with
b-l,4-Nacetylglucosaminyltransferase in (GnT-III)
catalytic activity and encoding an enzyme with Golgi
a-mannosidase II catalytic activity.[0092] FIG 20.
Binding of non-glycoengineered and glycoengineered (g2
version; see Figures 17 - 19 for glycosylation
profiles) antibodies to human FcgammaRIIIa receptor
displayed on the surface of CHO cells expressing
recombinant CD16. 



[0093] FIG 2 1. Apoptotic effect of non-Fc engineered
and Fc-engineered anti- CD20 antibodies on Z-138 MCL
cells. Assay details: 5 x 105 cells/well were seeded
in 24-well plates (5 x 105 cells/ml) in culture
medium. 10 mg/ml final concentration of the respective
antibody, or PBS for the negative control, were added
to the wells. Samples were incubated o/n (16 h),
stained with AnnV-FITC and analysed by FACS. Assays
were performed in triplicate. Antibodies used were:
C2B8 = rituximab (chimeric, non-glycoengineered form);
BHH2-BKV1 (humanized, non-glycoengineered-see Figure
17 - 19 for glycosylation profile); BHH2-BKVlgl
(humanized, glycoengineered); BHH2-BKVlg2 (humanized,
glycoengineered). Note: this assay does not involve
any additional effector cells, just targets plus
antibody or controls. (*): Signal for PBS alone was
subtracted. [0094] FIG 22. Binding of different
humanized anti-CD20 antibodies to Raji Bcells. The
humanized heavy chain constructBHH2 is compared to its
derivatives BHH4 and BHH7. Also shown are variants
that address the influence of Kabat positions 28 and
30 (BHH8 and BHH9). [0095] FIG 23. Effect of single
amino-acid exchange on apoptosis by anti-CD20
antibodies on Z-138 MCL cells. Assay details: 5 x 105
cells/well were seeded in 24-well plates (5 x 105
cells/ml) in culture medium. 10 mg/ml final
concentration of the respective antibody, or PBS for
the negative control (no Ab), were added to the wells.
Samples were incubated o/n (16 h), stained with
AnnV-FITC and analysed by FACS. Assays were performed
in triplicate. Antibodies used were: C2B8 (chimeric,
non-glycoengineered), BHH2 (humanized,
nonglycoengineered), BHH2-A (a derivative of BHH2 with
a valine to leucine substitution at Kabat position
11), and BHH2-B (a derivative of BHH2 with a lysine to
valine substitution at Kabat position 12), the latter
three paired with a BKVl light chain. KD of antigen
binding remains unchanged by substitution. Note: this
assay does not involve any additional effector cells,
just targets plus antibody or controls.[0096] FIG 24.
Effect of single amino-acid exchange on apoptosis by
previously inactive anti-CD20 antibodies on Z-138 MCL
cells. Assay details: 5 x 105 cells/well were seeded
in 24-well plates (5 x 105 cells/ml) in culture
medium. 10 mg/ml final concentration of the respective
antibody, or PBS for the negative control, were added
to the wells. Samples were incubated o/n (16 h),
stained with AnnV-FITC and analysed by FACS. Assays
were performed in triplicate. Antibodies used were:
C2B8 (chimeric, non-glycoengineered), BHL8 (humanized,
non-glycoengineered), BHLl 3 (a derivative of BHL8
with a leucine to valine substitution at Kabat
position 11 and a valine to methionine substitution at
Kabat position 48), and BHL14 (a derivative of BHL8
with a valine to lysine substitution at Kabat position
12 and a valine to methionine substitution at Kabat
position 48), the latter three paired with a BKVl
light chain. Note: this assay does not involve any
additional effector cells, just targets plus antibody
or controls. [0097] FIG 25. Effect of single
amino-acid exchange within the light chain on
apoptosis by anti-CD20 antibodies on Z-138 MCL cells.
Assay details: 5 x 105 cells/well were seeded in
24-well plates (5 x 105 cells/ml) in culture medium.
10 mg/ml final concentration of the respective
antibody,PBS for the negative control (no Ab)5or 5mM
Camptothecin (CPT) for the positive control were added
to the wells. Samples were incubated o/n (16 h),
stained with AnnV-FITC and analysed by FACS. Assays
were performed in triplicate. Antibodies used were:
BHH2-A (a derivative of BHH2 with a valine to leucine
substitution at Kabat position 11) paired with a BKVl
light chain, BHH6 (a derivative ofBHH2 with a
methionine to isoleucine substitution at Kabat
position 34) paired with a BKVl light chain, and BHH6
paired with a BKV14 light chain (a derivative of BKVl
with an isoleucine to alanine substitution at Kabat
position 106). [0098] FIG 26. 3-dimensional depiction
of a molecular "ball and socketjoint" at the interface
between the VH and CHl domains. DETAILED DESCRIPTION
OF THE INVENTION [0099] Terms are used herein as
generally used in the art, unless otherwise defined as
follows and herein.[0100] As used herein, the term
antigen binding molecule (ABM) refers in its broadest
sense to a molecule that specifically binds an
antigenic determinant. By "specifically binds" is
meant that the binding is selective for the antigen
and can be discriminated from unwanted or nonspecific
interactions. As used herein, the term modified
antigen binding molecule (or modified ABM) is intended
to refer to an ABM comprising at least one amino acid
residue substitution in the heavy chain variable
region and/or CHl region and/or at least one amino
acid residue substitution in the light chain variable
region and/or CL region. [0101] As used herein, the
term antibody is intended to include whole antibody
molecules, including monoclonal, polyclonal and
multispecific {e.g., bispecific) antibodies, as well
as antibody fragments having the Fc region and
retaining binding specificity, and fusion proteins
that include a region equivalent to the Fc region of
an immunoglobulin and that retain binding specificity.
Also encompassed are antibody fragments that retain
binding specificity including, but not limited to, VH
fragments, VL fragments, Fab fragments, F(ab') 2
fragments, scFv fragments, Fv fragments, minibodies,
diabodies, triabodies, andtetrabodies {see, e.g.,
Hudson and Souriau, Nature Med. 9: 129-134 (2003),
incorporated herein by reference in its entirety).
Also encompassed are humanized, primatized and
chimeric antibodies. As used herein, whole antibody
refers to an immunoglobulin molecule comprising two
heavy chains and two light chains, each of which
comprises a variable and constant region. [0102] As
used herein, the term variable region is intended to
refer to the Nterminal domain of an immunoglobulin
heavy or light chain. According to one embodiment of
the present invention, a modifiedABM can comprise a
functional fragment of a variable region. [0103] As
used herein, the term heavy chain variable region is
intended to refer to the N-terminal domain of an
immunoglobulin heavy chain. In one example, the heavy
chain variable region is defined by Kabat positions 1
to 113 (with possible insertions at particular
residues as designated by Kabat et ah, U.S. Dept. of
Health and Human Services, "Sequence of Proteins of
Immunological Interest" (1983)). According to one
embodiment of the present invention, a modified ABM
can comprise a functional fragment of a heavy chain
variable region. [0104] As used herein, the term heavy
chain constant region is intended to refer to the C
terminal domain of a immunoglobulin heavy chain. There
are fivenaturally-occurring classes of heavy chain
constant regions: IgA, IgG, IgE, IgD, and IgM. In one
example, the heavy chain constant region comprises a
CHl domain, a CH2 domain, and a CH3 domain. [0105] As
used herein, the term CHl region is intended to refer
to the domain of the heavy chain of an immunoglobulin
that is just C-terminal to the variable region and
N-terminal to the hinge region. In an immunoglobulin
of the IgG type, for example, CHl is normally defined
by Kabat positions 114 to 228. [0106] As used herein,
the term apoptosis is intended to refer toprogrammed
cell death, which is characterized by certain cellular
events such as nuclear fragmentation and/or formation
of apoptotic bodies by condensation of cytoplasm,
plasma membranes and/or organelles. [0107] As used
herein, the term agonist activity is intended to refer
to activity of 



an agent (e.g., an antigen binding molecule) when it
interacts with (for example, binds to) a molecule
associated with a cell surface and initiates or
induces a reaction. [0108] As used herein, the term
antagonist activity is intended to refer to activity
of an agent (e.g., an antigen binding molecule) when
it interacts with (for example, binds to) a molecule
on a cell and prevents initiation or induction of a
reaction or discontinues an ongoing reaction. [0109]
As used herein, the termsfusion and chimeric, when
used in reference to polypeptides such as ABMs refer
to polypeptides comprising amino acid sequences
derived from two or more heterologous polypeptides,
such as portions of antibodies from different species.
For chimeric ABMs, for example, the nonantigen binding
components may be derived from a wide variety of
species, including primates such as chimpanzees and
humans. The constant region of the chimeric ABM is
most preferably substantially identical to the
constant region of a natural human antibody; the
variable region of the chimeric antibody is most
preferably derived from a non-human (i.e., donor)
antigen binding molecule that specifically binds an
antigen of interest. The chimeric ABM may comprise the
entire donor variable region; alternatively, the
chimeric antibodymay comprise a humanized or
primatized antibody. Humanized antibodies are a
particularly preferred form of fusion or chimeric
antibody. [0110] As used herein, the term humanized is
used to refer to an antigen binding molecule derived
from a non-human antigen-binding molecule, for
example, amurine antibody, that retains or
substantially retains the antigen-binding properties
of the parent molecule but which is less immunogenic
in humans. This may be achieved by various methods
including (a) grafting the entire non-human variable
domains onto human constant regions to generate
chimeric antibodies, (b) grafting only the non-human
CDRs onto human framework and constant regions with or
without retention of critical framework residues
(e.g., those that are important for retaining good
antigen binding affinity or antibody functions), or
(c) transplanting the entire non-human variable
domains, but "cloaking" them with a human-like section
by replacement of surface residues . Such methods are
disclosed in Jones et al., Morrison et al., Proc.
Natl. Acad. Sd., 81:6851-6855 (1984); Morrison and Oi,
Adv. Immunol, 44:65-92 (1988); Verhoeyen et al.,
Science, 239:1534-1536 (1988); Padlan, Molec. Immun.,
28:489-498 (1991); Padlan, Molec. Immun.,
31(3):169-217 (1994), all of which are incorporated by
reference in their entirety herein. [0111] There are
generally 3 complementarity determining regions, or
CDRs, (CDRl, CDR2 and CDR3) in each of the heavy and
light chain variable domains of an antibody, which are
flanked by four framework subregions (i.e., FRl, FR2,
FR3, and FR4) in each of the heavy and light chain
variable domains of an antibody:
FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4. A discussion of
humanized antibodies can be found, inter alia, in U.S.
Patent No. 6,632,927, and in published U.S.
Application No. 2003/0175269, both of which are
incorporated herein by reference in their entireties.
[0112] Similarly, as used herein, the term primatized
is used to refer to an antigen-binding molecule
derived from a non-primate antigen-binding molecule,
for example, a murine antibody, that retains or
substantially retains the antigenbinding properties of
the parent molecule but which is less immunogenic in
primates. [0113] In the case where there are two or
more definitions of a term which is used and/or
accepted within the art, the definition of the term as
used herein is intended to include all such meanings
unless explicitly stated to the contrary. A specific
example is the use of the term "complementarity
determining region" ("CDR") to describe the
non-contiguous antigen combining sites found within
the variable region of both heavy and light chain
polypeptides. This particular region has been
described by Kabat et al., U.S. Dept. of Health and
Human Services,"Sequences of Proteins of Immunological
Interest" (1983) and by Chothia et al., J MoI Biol.
196:901-917 (1987), which are incorporated herein by
reference, where the definitions include overlapping
or subsets of amino acid residues when compared
against each other. Nevertheless, application of
either definition to refer to a CDR of an antibody or
variants thereof is intended to be within the scope of
the term as defined and used herein. The appropriate
amino acid residues which encompass the CDRs as
defined by each of the above cited references are set
forth below in Table I as a comparison. The exact
residue numbers which encompass a particular CDR will
vary depending on the sequence and size of the CDR.
Those skilled in the art can routinely determine which
residues comprise a particular CDR given the variable
region amino acid sequence of the antibody. TABLE l .
CDR Definitions 1 'Numbering of all CDR definitions in
Table 1is according to the numbering conventions set
forth by Kabat et al. (see below). 211OxAbM" refers to
the CDRs as defined by Oxford Molecular's "AbM"
antibody modeling software. Kabat et al. also defined
a numbering system for variable domain sequences that
is applicable to any antibody. One of ordinary skill
in the art can unambigously assign this system of
"Kabat numbering" to any variable domain sequence,
without reliance on any experimental data beyond the
sequence itself. As used herein, "Kabat numbering"
refers to the numbering system set forth by Kabat et
al, U.S. Dept. of Health and Human Services, "Sequence
of Proteins of Immunological Interest" (1983). Unless
otherwise specified, references to the numbering of
specific amino acid residue positions in an ABM are
according to the Kabat numbering system. The sequences
of the sequence listing are not numbered according to
the Kabat numbering system.[0115] As used herein, a
polypeptide having "GnTIII activity" refers to
polypeptides that are able to catalyze the addition of
a N-acetylglucosamine (GIcNAc) residue in b-1-4
linkage to the b-linkedmannoside of the trimannosyl
core of N-linked oligosaccharides. This includes
fusion polypeptides exhibiting enzymatic activity
similar to, but not necessarily identical to, an
activity of b(l,4)-N-acetylglucosaminyltransferase
III, also known as b-l,4-mannosylglycoprotein
4-beta-N-acetylglucosaminyl-transferase (EC
2.4.1.144), according to the Nomenclature Committee of
the International Union of Biochemistry and Molecular
Biology (NC-IUBMB), as measured in a particular
biological assay, with or without dose dependency. In
the case where dose dependency does exist, it need not
be identical to that of GnTIII, but rather
substantially similar to the dose-dependence in a
given activity as compared to the GnTIH (i.e., the
candidate polypeptide will exhibit greater activity or
not more than about 25-fold less and, preferably, not
more than about tenfold less activity, and most
preferably, not more than about three-fold less
activity relative to the GnTIII.) [0116] As used
herein, the term variant (or analog) refers to a
polypeptide differing from a specifically recited
polypeptide of the invention by amino acid insertions,
deletions, and substitutions, created using, e g.,
recombinant DNA techniques. Variants of the ABMs of
the present invention include chimeric, primatized or
humanized antigen binding molecules wherein one or
several of the amino acid residues are modified by
replacement, addition and/or deletion in such manner
that does not substantially affect antigen binding
affinity. Guidance in determining which amino acid
residues may be replaced, added or deleted 



without abolishing activities of interest, maybe found
by comparing the sequence of the particular
polypeptide with that of homologous peptides and
minimizing the number of amino acid sequence changes
made in regions of high homology (conserved regions)
or by replacing amino acids with consensus sequence.
[0117] Alternatively, recombinant variants encoding
these same or similar polypeptides may be synthesized
or selected by making use of the "redundancy" in the
genetic code. Various codon substitutions, such as the
silent changes which produce various restriction
sites, may be introduced to optimize cloning into a
plasmid or viral vector or expression in a particular
prokaryotic or eukaryotic system. Mutations in the
polynucleotide sequence may be reflected in
thepolypeptide or domains of other peptides added to
the polypeptide to modify the properties of any part
of the polypeptide, to change characteristics such as
ligandbinding affinities, interchain affinities, or
degradation/turnover rate. [0118] As used herein,
amino acid residue substitution is intended to refer
to replacing one or more amino acids in a reference
sequence (e.g., a parent molecule, such as an antigen
binding molecule). In one embodiment, amino acid
residue substitution may be achieved by, for example,
a point mutation in the sequence of a nucleic acid
encoding a polypeptide as compared to a parent
sequence. In another embodiment, substitution of an
amino acid residue maybe achieved by replacing the
entire framework region of the parent polypeptide
with, for example, a framework region from a germline
VH sequence that comprises the desired amino acid at
the position to be substituted in reference to the
parent. [0119] "Conservative" amino acid substitutions
are those made by replacing one amino acid with
another amino acid having similar structural and/or
chemical properties, i.e., conservative amino acid
replacements, and may be made on the basis of
similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues involved. For example, nonpolar
(hydrophobic) amino acids include glycine, alanine,
leucine, isoleucine, valine, proline, phenylalanine,
tryptophan, and methionine; polar neutral amino acids
include serine, threonine, cysteine, tyrosine,
asparagine, and glutamine; positively charged (basic)
amino acids include arginine, lysine, andhistidine;
andnegatively charged (acidic) amino acids include
aspartic acid and glutamic acid. "Insertions" or
"deletions" are preferably in the range of about 1 to
20 amino acids, more preferably 1 to 10 amino acids.
The variation allowed may be experimentally determined
by systematically making insertions, deletions, or
substitutions of amino acids in a polypeptide molecule
using recombinant DNA techniques and assaying the
resulting recombinant variants for activity. [0120] As
used herein, the term parent antigen binding molecule,
or parent molecule refers to a polypeptide having
aparticular amino acid sequence encoded by a
polynucleotide sequence. The sequence of the parent
molecule {i.e., the parent sequence) serves as a
reference sequence for making amino acid residue
substitutions that alter the ability of the resulting
molecule (e.g., a modified antigen binding molecule)
to induce or block cell signaling activity and/or
crosslinking of antigen. Likewise, the activity of a
parent molecule serves as thereference when
determining whether a substitution has an effect on
cell signaling activity and/or cross-linking of
antigen, and, where relevant, the extent of that
effect. A sequence containing one or more amino acid
substitutions in comparison to its parent (e.g., a
modified ABM) may in turn serve as a parent sequence
for further substitutions. [0121] As used herein, the
term altered cell signaling activity is intended to
refer to an increase or decrease in the ability of an
ABM to induce or inhibit cell signaling activity of a
target antigen. [0122] As used herein, the term
altered cross-linking of one or more target antigens
is intended to refer to an increase or decrease in the
ability of an ABM to bring into closer proximity to
each other, and/or into closer proximity with other
membrane-associated molecules, and/or into a more
favorable conformation for interaction target antigens
that are capable of forming complexes (e.g., through
cross-linking of proteins, or oligomerization of
membrane-associated receptors) to initiate cell
signaling pathways. [0123] As used herein, cell
signaling mechanism or cell signaling activity is
intended to refer to the entire signaling (i.e.,
signal transduction) pathway that leads to a
particular cellular event or biological function, as
well as any signaling steps along the pathway. [0124]
By a nucleic acid or polynucleotide having a
nucleotide sequence at least, for example, 95%
"identical" to a reference nucleotide sequence of the
present invention, it is intended that the nucleotide
sequence of the polynucleotide is identical to the
reference sequence except that the polynucleotide
sequence may include up to five point mutations per
each 100 nucleotides of the reference nucleotide
sequence. In other words, to obtain a polynucleotide
having a nucleotide sequence at least 95% identical to
a reference nucleotide sequence, up to 5% of the
nucleotides in the reference sequence may be deleted
or substituted with another nucleotide, or a number of
nucleotides up to 5% of the total nucleotides in the
reference sequence may be inserted into the reference
sequence. [0125] As a practical matter, whether any
particular nucleic acid molecule or polypeptide is at
least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to a nucleotide sequence or polypeptide
sequence of the present invention can be determined
conventionally using known computer programs.
Apreferred methodfor determining the best overall
match between a query sequence (a sequence of the
present invention) and a subject sequence, also
referred to as a global sequence alignment, can be
determined using the FASTDB computer program based on
the algorithm of Brutlag et al, Comp. App. Biosci.
<5:237-245 (1990). In a sequence alignment the query
and subject sequences are both DNA sequences. An RNA
sequence can be compared by converting U's to T's. The
result of said global sequence alignment is in percent
identity. Preferred parameters used in a FASTDB
alignment of DNA sequences to calculate percent
identity are: Matrix=Unitary, k-tuple=4, Mismatch
Penalty=l, Joining Penaltv=30, Randomization Group
Length=0, Cutoff Score=l, Gap Penalty=5, Gap Size
Penalty 0.05, Window Size=500 or the length of the
subject nucleotide sequence, whichever is shorter.
[0126] If the subject sequence is shorter than the
query sequence because of 5' or 3' deletions, not
because of internal deletions, a manual correction
must be made to the results. This is because the
FASTDB program does not account for 5' and 3'
truncations of the subject sequence when calculating
percent identity. For subject sequences truncated at
the 5' or 3' ends, relative to the query sequence, the
percent identity is corrected by calculating the
number of bases of the query sequence that are 5' and
3' of the subject sequence, which are not
matched/aligned, as a percent of the total bases of
the query sequence. Whether a nucleotide is
matched/aligned is determined by results of the FASTDB
sequence alignment. This percentage is then subtracted
from the percent identity, calculated by the above
FASTDB program using the specified parameters, to
arrive at a final percent identity score. This
corrected score is what is used for the purposes of
the present invention. Only bases outside the 5' and
3' bases of the subject sequence, as displayed by the
FASTDB alignment, which are not matched/aligned with
the query sequence, are calculated for the purposes of



manually adjusting the percent identity score. [0127]
For example, a 90 base subject sequence is aligned to
a 100 base query sequence to determine percent
identity. The deletions occur at the 5' end of the
subject sequence and therefore, the FASTDB alignment
does not show a matched/alignment of the first 10
bases at 5' end. The 10 unpaired bases represent 10%
of the sequence (number of bases at the 5' and 3' ends
not matched/total number of bases in the query
sequence) so 10% is subtracted fromthe percent
identity score calculated by the FASTDB program. If
the remaining 90 bases were perfectly matched the
final percent identity would be 90%. In another
example, a 90 base subject sequence is compared with a
100 base query sequence. This time the deletions are
internal deletions so that there are no bases on the
5' or 3' end of the subject sequence which are not
matched/aligned with the query. In this case the
percent identity calculated by FASTDB is not manually
corrected. Once again, only bases on the 5' and 31end
of the subject sequence which are not matched/aligned
with the query sequence are manually corrected for. No
other manual corrections are to made for the purposes
of the present invention. [0128] By a polypeptide
having an amino acid sequence at least, for example,
95% "identical" to a query amino acid sequence of the
present invention, it is intended that the amino acid
sequence of the subject polypeptide is identical to
the query sequence except that the subject polypeptide
sequence may include up to five amino acid alterations
per each 100 amino acids of the query amino acid
sequence. In other words, to obtain a polypeptide
having an amino acid sequence at least 95% identical
to a query amino acid sequence, up to 5% of the amino
acid residues in the subject sequence may be inserted,
deleted, or substituted with another amino acid. These
alterations of the reference sequence may occur at the
amino or carboxy terminal positions of the reference
amino acid sequence or anywhere between those terminal
positions, interspersed either individually among
residues in the reference sequence or in one or more
contiguous groups within the reference sequence.
[0129] As a practical matter, whether any particular
polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identical to a reference polypeptide can be
determined conventionally using known computer
programs. A preferred method for determining the best
overall match between a query sequence (a sequence of
the present invention) and a subject sequence, also
referred to as a global sequence alignment, can be
determined using the FASTDB computer program based on
the algorithm of Brutlag bt al, Comp. App. Biosci.
(5:237-245 (1990). In a sequence alignment the query
and subject sequences are either both nucleotide
sequences or both amino acid sequences. The result of
said global sequence alignment is in percent identity.
Preferred parameters used in a FASTDB amino acid
alignment are: Matrix=PAM 0, k-tuple=2,
MismatchPenalty=l, Joining Penalty=20, Randomization
Group Length=O, Cutoff Score=l, Window Size^sequence
length, Gap Penalty=5, Gap Size Penalty=0.05, Window
Size=500 or the length of the subject amino acid
sequence, whichever is shorter. [0130] If the subject
sequence is shorter than the query sequence due to N-
or C-terminal deletions, not because of internal
deletions, a manual correction must be made to the
results. This is because the FASTDB program does not
account for N- and C-terminal truncations of the
subject sequence when calculating global percent
identity. For subject sequences truncated at the N-
and C-termini, relative to the query sequence, the
percent identity is corrected by calculating the
number of residues of the query sequence that are N-
and C-terminal of the subject sequence, which are not
matched/aligned with a corresponding subject residue,
as a percent of the total bases of the query sequence.
Whether a residue is matched/aligned is determined by
results of the FASTDB sequence alignment. This
percentage is then subtracted from the percent
identity, calculated by the above FASTDB program using
the specified parameters, to arrive at a final percent
identity score. This final percent identity score is
what is used for the purposes of the present
invention. Only residues to the N-and C-termini of the
subject sequence, which are not matched/aligned with
the query sequence, are considered for the purposes of
manually adjusting the percent identity score. That
is, only query residue positions outside the farthest
N- and C-terminal residues of the subject sequence.
[0131] For example, a 90 amino acid residue subject
sequence is aligned with a 100 residue query sequence
to determine percent identity. The deletion occurs at
the N-terminus of the subject sequence and therefore,
the FASTDB alignment does not show a
matching/alignment of the first 10 residues at the
N-terminus. The 10 unpaired residues represent 10% of
the sequence (number of residues at the N- and C-
termini not matched/total number of residues in the
query sequence) so 10% is subtracted from the percent
identity score calculated by the FASTDB program. If
the remaining 90 residues were perfectly matched the
final percent identity would be 90%. In another
example, a 90 residue subject sequence is compared
with a 100 residue query sequence. This time the
deletions are internal deletions so there are no
residues at the N- or C-termini of the subject
sequence which are not matched/aligned with the query.
In this case the percent identity calculated by FASTDB
is not manually corrected. Once again, onlyresidue
positions outside theN- and C-terminal ends of the
subject sequence, as displayed in the FASTDB
alignment, which are not matched/aligned with the
query sequence are manually corrected for. No other
manual corrections are to be made for the purposes of
the present invention. [0132] As used herein, a
nucleic acid that "hybridizes under stringent
conditions" to a nucleic acid sequence of the
invention, refers to a polynucleotide that hybridizes
in an overnight incubation at 42 C in a solution
comprising 50% formamide, 5x SSC (750 mM NaCl, 75 mM
sodium citrate), 50 mM sodium phosphate (pH 7.6), 5x
Denhardt's solution, 10% dextran sulfate, and 20 mg/ml
denatured, sheared salmon sperm DNA, followed by
washing the filters in O.lx SSC at about 65C. [0133]
As used herein, the term Fc region is intended to
refer to a C-terminal region of an IgG heavy chain.
Although the boundaries of the Ec region of an IgG
heavy chain might vary slightly, the human IgG heavy
chain Fc region is usually defined to stretch from the
amino acid residue at position Cys226 to the
carboxyl-terminus . [0134] As used herein, the term
region equivalent to the Fc region of an
immunoglobulin is intended to include naturally
occurring allelic variants of the Fc region of an
immunoglobulin as well as variants having alterations
which produce substitutions, additions, or deletions
but which do not decrease substantially the ability of
the immunoglobulin to mediate effector functions (such
as antibody dependent cellular cytotoxicity). For
example, one or more amino acids can be deleted from
the N-terminus or C-terminus of theFc region of an
immunoglobulin without substantial loss of biological
function. Suchvariants can be selected according to
general rules known in the art so as to have minimal
effect on activity. {See, e.g., Bowie, J.U. et al.,
Science 247:1306-10 (1990)). In one embodiment, a
region equivalent to the Fc region can also form part
of a heterologous fusion protein. In some embodiments,
a region equivalent to the Fc region also encompasses
a corresponding region from another class of
immunoglobulin heavy chain {e.g., IgA, IgE, IgD, and
IgM). 



[0135] As used herein, the term Golgi localization
domain refers to the amino acid sequence of a Golgi
resident polypeptide which is responsible for
anchoringthe polypeptide in location within the Golgi
complex. Generally, localization domains comprise
amino terminal "tails" of an enzyme. [0136] As used
herein, the term effector function refers to those
biological activities attributable to the Fc region (a
native sequence Fc region or amino acid sequence
variant Fc region) of an antibody. Examples of
antibody effector functions include, but are not
limited to, Fc receptor binding affinity,
antibodydependent cellular cytotoxicity (ADCC),
antibody-dependent cellular phagocytosis (ADCP),
cytokine secretion, immune-complex-mediated antigen
uptake by antigen-presenting cells, down-regulation of
cell surface receptors, etc. [0137] As used herein,
the terms engineer, engineered, engineering,
glycoengineer,glycoengineered, glycoengineering,
glycosylation engineering axe considered to include
any manipulation of the glycosylation pattern of a
naturally occurring or recombinant polypeptide, such
as an antigen binding molecule (ABM), or fragment
thereof. Glycosylation engineering includes metabolic
engineering of the glycosylation machinery of a cell,
including genetic manipulations of the oligosaccharide
synthesis pathways to achieve altered glycosylation of
glycoproteins expressed in cells. In one embodiment,
the glycosylation engineering is an alteration in
glycosyltransferase activity. In a particular
embodiment, the engineering results in altered
glucosaminyltransferase activity and/or
fucosyltransferase activity. [0138] As used herein,
the term host cell covers any kind of cellular system
which can be engineered to generate the polypeptides
and antigen-binding molecules of the present
invention. Host cells include cultured cells, e.g.,
mammalian cultured cells, such as CHO cells, BHK
cells, HEK293-EBNA cells, NSO cells, SP2/0 cells,
YOmyeloma cells, P3X63 mouse myeloma cells, PER cells,
PER.C6 cells or hybridoma cells, yeast cells, insect
cells, and plant cells, to name only a few, but also
cells comprised within a transgenic animal, transgenic
plant or cultured plant or animal tissue. In one
embodiment, the host cell is engineered to allow the
production of an antigen binding molecule with
modified glycoforms. In a preferred embodiment, the
antigen binding molecule is an antibody, antibody
fragment, or fusion protein. In certain embodiments,
the host cells have been further manipulated to
express increased levels of one or more polypeptides
having GnTIII activity. In other embodiments, the host
cells have been engineered to have eliminated, reduced
or inhibited core al,6-fucosyltransferase activity.
The term core al ,6-fucosyltransferase activity
encompasses both expression of the core al
,6-fucosyltransferase gene as well as interaction of
the core al ,6-fucosyltransferase enzyme with its
substrate. [0139] As used herein, the term Fc-mediated
cellular cytotoxicity includes antibody-dependent
cellular cytotoxicity and cellular cytotoxicity
mediated by a soluble Fc-fusion protein containing a
human Fc-region. It is an immune mechanism leading to
the lysis of "antibody-targeted cells" by "human
immune effector cells", wherein: [0140] The human
immune effector cells are a population of leukocytes
that display Fc receptors on their surface through
which they bind to the Fc-region of antibodies or of
Fc-fusion proteins and perform effector functions.
Such a population may include, but is not limited to,
peripheral blood mononuclear cells (PBMC) and/or
natural killer (NK) cells. [0141] The
antibody-targeted cells are cells bound by the
antibodies or Fc-fusion proteins. The antibodies or Fc
fusion-proteins bind to target cells via the protein
part N-terminal to the Fc region. [0142] As used
herein, the term increased Fc-mediated cellular
cytotoxicity is defined as either an increase in the
number of "antibody-targeted cells" that are lysed in
a given time, at a given concentration of antibody, or
of Fc-fusion protein, in the medium surrounding the
target cells, by the mechanism of Fcmediated cellular
cytotoxicity defined above, and/or a reduction in the
concentration of antibody, or of Fc-fusion protein, in
the medium surrounding the target cells, required to
achieve the lysis of a given number of
"antibody-targeted cells", in a given time, by the
mechanism of Fc -mediated cellular cytotoxicity. The
increase in Fc-mediated cellular cytotoxicity is
relative to the cellular cytotoxicity mediated by the
same antibody, or Fc-fusion protein, produced by the
same type of host cells, using the same standard
production, purification, formulation and storage
methods, which are known to those skilled in the art,
but that has not been produced by host cells
engineered to express the glycosyltransferase GnTIII
by the methods described herein. [0143] By antibody
having increased antibody dependent cellular
cytotoxicity (ADCC) is meant an antibody, as that term
is defined herein, having increased ADCC as determined
by any suitable method known to those of ordinary
skill inthe art. One accepted ADCC assay is described
in the Examples set forth herein below. Another
accepted in vitro ADCC assay is as follows: 1) the
assay uses target cells that are known to express the
target antigen recognized by the antigen-binding
region of the antibody; 2) the assay uses human
peripheral blood mononuclear cells (PBMCs), isolated
from blood of a randomly chosen healthy donor, as
effector cells; 3) the assay is carried out according
to following protocol: i) the PBMCs are isolated using
standard density centrifugation procedures and are
suspended at 5 x 106 cells/ml in PvPMI cell culture
medium; ii) the target cells are grown by standard
tissue culture methods, harvested from the exponential
growth phase with a viability higher than 90%, washed
in RPMI cell culture medium, labeled with 100
micro-Curies Of 5 1Cr, washed twice with cell culture
medium, and resuspended in cell culture medium at a
density of 105 cells/ml; iii) 100 microliters of the
final target cell suspension above are transferred to
each well of a 96-well microtiter plate; iv) the
antibody is serially-diluted from 4000 ng/ml to 0.04
ng/ml in cell culture medium and 50 microliters of the
resulting antibody solutions are added to the target
cells in the 96-well microtiter plate, testing in
triplicate various antibody concentrations covering
the whole concentration range above; v) for the
maximum release (MR) controls, 3 additional wells in
the plate containing the labeled target cells, receive
50 microliters of a 2% (V/V) aqueous solution of
non-ionic detergent (Nonidet, Sigma, St. Louis),
instead of the antibody solution (point iv above); vi)
for the spontaneous release (SR) controls, 3
additional wells in the plate containing the labeled
target cells, receive 50 microliters of RPMI cell
culture medium instead of the antibody solution (point
iv above); vii) the 96-well microtiter plate is then
centrifuged at 50 x g for 1 minute and incubated for 1
hour at 40C;viii) 50 microliters of the PBMC
suspension (point i above) are added to each well to
yield an effector.iarget cell ratio of 25:1 and the
plates are placed in an incubator under 5% CO2
atmosphere at 370C for 4 hours; ix) the cell-free
supernatant from each well is harvested and the
experimentally released radioactivity (ER) is
quantified using a gamma 



counter; x) the percentage of specific lysis is
calculated for each antibody concentration according
to the formula (ER-MR)/(MR-SR) x 100, where ER is the
average radioactivity quantified (see point ix above)
for that antibody concentration, MR is the average
radioactivity quantified (see point ix above) for the
MR controls (see point v above), and SR is the average
radioactivity quantified (see point ix above) for the
SR controls (see point vi above); 4) "increased ADCC"
is defined as either an increase in the maximum
percentage of specific lysis observed within the
antibody concentration range tested above, and/or a
reduction in the concentration of antibody required to
achieve one half of the maximum percentage of specific
lysis observed within the antibody concentration range
tested above. The increase in ADCC is relative to the
ADCC, measured with the above assay, mediated by the
same antibody, produced by the same type of host
cells, using the same standard production,
purification, formulation and storage methods, which
are known to those skilled in the art, but that has
not been produced by host cells engineered to
overexpress GnTIII. Antigen Binding Molecules with
Heavy Chain and/or Light Chain Amino Acid
Substitutions [0144] In one aspect, the present
invention is directed to ABMs comprising modfied heavy
chain and/or light chain V regions and/or C regions,
and to the discovery that the ability of these ABMs to
induce cell signaling activity of a target antigen
and/or mediate cross-linking of target antigen can be
enhanced (i.e., induced or increased) or reduced
(i.e., inhibited or decreased) by such modifications.
Thus, the present invention provides polypeptides,
including ABMs, having modified heavy chain and/or
light chain V regions and/or C regions, nucleic acid
sequences (e.g. vectors) encoding such
polypeptides,methods for generating polypeptides
having modified heavy chain and/or light chainV
regions and/or C regions, and methods for using same
in the treatment of various diseases and disorders.
[0145] It is known that several mechanisms are
involved in the therapeutic efficacy of antibodies,
including antibody dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC), and
the induction of growth arrest or apoptosis and the
blocking or inhibition of cell growth, cell
proliferation, cell survival and/or other cellular
events. For example, instances of induction of cell
death and other cell signaling events by agonistic
monoclonal antibodies have been reported. Cerisano et
al, showed the induction of caspaseindependent cell
death characterized by apoptosis-like features
(including phosphatidyl-serine (PS) exposure,
morphological changes and/or propidiumiodide (PI)
uptake), as well as homotypic aggregation of Ewing's
sarcoma cells, by stimulation with agonistic
antibodies against the transmembrane glycoprotein,
CD99 (e.g., anti-CD99 013 MAb and 0662 MAb) (Cerisano
et al, Oncogene 23: 5664-5674 (2003)). Likewise, Hahn
et al reported activation ofMAPK signaling pathways by
engagement of CD99 with anti-CD99 monoclonal
antibodies (e.g., DNl 6 and YG32), which led to
homotypic aggregation of cells (Hahn et al, FEBS
Letters 470: 350-354 (2000)). Pettersen et al.
identified a new functional domain of CD99 that could
be activated by the anti-CD99 monoclonal antibody,
Ad20, which activation induced apoptosis in
transformed T cells (Pettersen et al, J. Immunol.
166:4931-4942 (2001)). Monoclonal antibodies against
CD47 (e.g., B6H12) can also induce caspase-independent
cell death, which is associated with cytoskeletal
reorganization signaling pathways (Mateo et al, Blood
100:2882- 2890 (2002)). Each of the above-mentioned
references is incorporated herein by reference in its
entirety. [0146] In other examples, certain antibodies
against CD20 (e.g., rituximab and tositumomab) and
CD52 (CAMPATH-IH) have been shown to directly induce
apoptosis in tumor cells. See Ludwig et al, Oncogene
22: 9097-9106 (2003). For rituximab and several other
monoclonal antibodies with little or no signaling
activity (anti-CD 19, CD21, CD22 and Her2), ability to
induce apoptosis or growth arrest was enhanced by
chemically converting the antibodies into
IgGIgGhomodimers. Ghetie et al, Proc. Natl. Acad. ScL
94:7509-14 (1997). It was speculated that the
enhancement was due to increased negative signaling
and/orhypercrosslinking by the tetravalent antibody
homodimers. Ghetie et al, Proc. Natl. Acad. Sci.
94:7509-14 (1997). Cross-linking and increased
apoptosis have also been achieved through the use of
secondary antibodies or Fc-receptorbearing accessory
cells. See Jazhirehi and Bonavida, Oncogene 24:2121-43
(2005). Each of the above-mentioned references is
incorporated herein by reference in its entirety.
[0147] Without wishing to be bound by theory, the
present inventors have determined that modifications
to the amino acid residues in the elbow hinge region
of an antigen binding molecule can affect the ability
of the ABM to induce or inhibit signaling activity
and/or cross-linking of target antigen. The angle of
the elbow hinge region controls the orientation of the
V region with respect to the C region of an
immunoglobulin, and as such, facilitates the
interactions of antibodies with antigen and effector
proteins. See Lesk and Chothia, Nature 335: 188-90
(1988). Lesk and Chothia identified the residues that
make up the molecular ball-and-socket joint of the
elbow binge region in antibodies, i.e., Kabat
positions 11, 110, and 112 in the VH region and
positions 149 and 150 in the CHl region, and noted the
high degree of conservation across antibodies of
residues that make up this joint. Lesk and Chothia,
Nature 335: 188-90 (1988) (herein incorporated by
reference in its entirety). However, they did not make
modifications to the ball-and-socket residues or the
residues in their vicinity. Landolfi et al. showed
that modifications to Kabat positions 10-13 in AF2, a
neutralizing antibody against human IFNg, resulted in
a significant loss in neutralizing activity of the
antibody, but did not affect binding of the antibody
to its target antigen. Landolfi et al, J. Immunol.
166: 1748-54 (2001) (herein incorporated by reference
in its entirety). However, Landolfi et al. did not
show an effect on the ability of an antibody to induce
cell signaling or to mediate antigen cross-linking.
[0148] With a multivalent ABM, the ability to change
the orientation of the antigen binding sites allows
for the adjustment of the proximity of bound antigen
units when it is complexed with the multiple antigen
binding sites. The proximity of the antigen units to
each other facilitates greater or lesser interaction
(e.g., cross-linking, dimerization, etc.) between the
antigen units. For example, if the elbow angle of each
VH/VL-CHl/CL pair in an ABM is oriented such that the
antigen binding sites are brought into closer
proximity to each other, the boundantigen units (e.g,
cell surface receptor molecules) will also bebrought
into closer proximity to each other or brought into a
conformation that is more favorable for interaction.
This proximity or conformational change can mediate
interactions, for example, cross4inking and
oligomerization, between the bound antigens. On the
other hand, orientation of the antigen binding sites
so that they are farther apart or have a less
favorable conformation can prevent them from
interacting. [0149] Amino acid residues at the VL-CL
interface can also be modified to affect the antigen
binding site orientation. For example, Kabat residues
40, 80, 83, 105, and 106 in the light chain variable
region frameworks are situated at the VL/CL 



interface. [0150] The activity of any cell signaling
mechanisms can be affected (i.e. induced or inhibited)
by the ABMs of the present invention. In one aspect of
the invention, the cell signaling mechanisms involved
are those initiated through cell surface receptor
proteins including ion-channel linked,
G-protein-linked, and enzyme-linked cell-surface
receptor proteins. See generally, Chapter 15: Cell
Signaling in MOLECULAR BIOLOGY OF THE CELL, Alberts et
ah, eds., (3d ed. 1994) (incorporated herein by
reference). Thus, for example, the cell signaling
activities of the present invention include, but are
not limited to, those which result in apoptosis, cell
differentiation, cell growth, cell proliferation, and
cell survival, as well as any of the signaling steps
along the pathway. In one embodiment, the cell
signaling activity occurs through an enzyme-linked
receptor; in a particular embodiment, the
enzyme-linked receptor is a receptor tyrosine kinase.
In another embodiment, the cell signaling activity is
through an ion channel-linked receptor. [0151] The
modified heavy chain or light chain V regions and/or
Cregions of the ABMs of the present invention differ
from the corresponding nonmodified parent polypeptide
(e.g., a parent antigen binding molecule) regions by
at least one amino acid substitution. The "parent,"
"starting," or "nonmodified" polypeptide preferably
comprises at least a portion of an antibody heavy
chain or light chain, and may be prepared using
techniques available in the art for generating
polypeptides comprising a heavy chainV region or CHl
region or portion thereof and/or a light chain V or C
region or portion thereof, hi specific embodiments,
the parent polypeptide is an antigen binding molecule
and comprises at least a portion of a VH or VL region.
In certain embodiments, a modified heavy chainand/or
light chain V region may be generated (e.g. according
to the methods disclosed herein) and can be fused to a
heterologous polypeptide of choice, such as an
antibody Fc. In one embodiment of the present
invention, a modifiedABM or fragment thereof comprises
a fusion protein, wherein a modified heavy chainV
region or fragment thereof is fused to a heavy chain
constant region selected from the group consisting of
IgA, IgG, IgE, IgD, and IgM, or a fragment or
derivative thereof. In a particular embodiment, the
heavy chain constant region is IgG. hi another
embodiment of the present invention, a modified ABM or
fragment thereof comprises a fusion protein, wherein a
modified light chain V region or fragment thereof is
fused to a light chain constant region selected from
the group consisting of IgA, IgG, IgE, IgD, and IgM,
or a fragment or derivative thereof. In a particular
embodiment, the light chain constant region is IgG. hi
specific embodiments, the polypeptides of the
invention comprise a whole antibody (e.g., IgG)
comprising light chains and heavy chains having a
modified heavy chain and/or light chain V region.
[0152] Polynucleotides encoding a polypeptide
comprising a modified heavy chain V region or CHl
region or light chain V region or CL region may be
prepared by methods known in the art using the
guidance of the present specification for particular
sequences. These methods include, but are not limited
to, preparation by site-directed (or
oligonucleotide-mediated) mutagenesis, PCR
mutagenesis, and cassette mutagenesis of an earlier
prepared nucleic acid encoding the polypeptide.
Site-directed mutagenesis is a preferred method for
preparing substitution variants. This technique is
well known in the art (see e.g., Carter et a Nucleic
Acids Res. 13: 4431-4443 (1985) and Kunkel et. al,
Proc. Natl. Acad. ScL USA 82: 488 (1987), both of
which are hereby incorporated by reference). Briefly,
in carrying out site directed mutagenesis ofDNA, the
starting DNA is altered by first hybridizing an
oligonucleotide encoding the desired mutation to a
single strand of such starting DNA. After
hybridization, a DNA polymerase is used to synthesize
an entire second strand, using the hybridized
oligonucleotide as a primer, and using the single
strand of the starting DNA as a template. Thus, the
oligonucleotide encoding the desired mutation is
incorporated in the resulting double-stranded DNA.
[0153] PCR mutagenesis is also suitable for making
amino acid sequence variants of the nonmodified
starting polypeptide (see, e.g., Vallette et. al,
Nuc.Acids Res. 17: 723-733
(1989),herebyincorporatedbyreference). Briefly, when
small amounts of template DNA are used as starting
material in a PCR, primers that differ slightly in
sequence from the corresponding region in a template
DNA can be used to generate relatively large
quantities of a specific DNA fragment that differs
from the template sequence only at the positions where
the primers differ from the template. [01541 Another
method for preparing ABM variants, cassette
mutagenesis, is based on the technique described by
Wells et al, Gene 34: 315-323 (1985), hereby
incorporated by reference. The starting material is
the plasmid (or other vector) comprising the starting
polypeptide DNA to be modified. The codon(s) in the
starting DNA to be mutated are identified. There must
be a unique restriction endonuclease site on each side
of the identified mutation site(s). If no such
restriction sites exist, they may be generated using
the above-described oligonucleotide-mediated
mutagenesis method to introduce them at appropriate
locations in the starting polypeptide DNA. The plasmid
DNA is cut at these sites to linearize it. A
double-stranded oligonucleotide encoding the sequence
of the DNA between the restriction sites but
containing the desired mutation(s) is synthesized
using standard procedures, wherein the two strands of
the oligonucleotide are synthesized separately and
then hybridized together using standard techniques.
This double-stranded oligonucleotide is referred to as
the cassette. This cassette is designed to have 5' and
3' ends that are compatible with the ends of the
linearized plasmid, such that it can be directly
ligated to the plasmid. This plasmid now contains the
mutated DNA sequence. [0155] Alternatively, or
additionally, the desired amino acid sequence encoding
a polypeptide variant can be determined, and a nucleic
acid sequence encoding such an amino acid sequence
variant can be generated synthetically. [0156] The
amino acid sequence of the parent polypeptide may be
modified to generate an ABM having a modified heavy
chain V region and/or modified CHl region, and/or a
modified light chain V region and/or modified CL
region, with altered ability to induce cell signaling
activity of a target antigen when the modified ABM is
complexed with (e.g., bound to) the target antigen.
The cell signaling activity can be agonist activity or
antagonist activity. According to one aspect of the
invention, agonist activity is induced by a modified
antigen binding molecule when it binds to a cell
membrane-associated receptor and initiates a
cellsignaling pathway. In a specific embodiment, the
cell signaling pathway is an apoptosis pathway. In
another embodiment, the cell signaling pathway is a
cell differentiation pathway. According to another
aspect of the invention, antagonist activity by a
modified antigen binding molecule occurs, for example,
when the ABMbinds to a cell membrane-associated
receptor and prevents the induction of a cell
signaling pathway or disrupts an ongoing signal.
Antagonist activity may be achieved, for example, by
blocking the binding and subsequent signal
transduction of an endogenous ligand and/or by
preventing the cross-linking or oligomerization of
receptors or other molecules that would be necessary
for induction of a cell signaling pathway. In one
embodiment, the cell signaling pathway that is
inhibited or disrupted is a cell growth pathway. In
another embodiment, the cell signaling pathway that is
inhibited or disrupted is a cell 



division pathway. In another embodiment the cell
signaling pathway that is inhibited or disrupted is a
cell survival pathway. Likewise, the amino acid
sequence of the parent polypeptide may also be
modified to generate an ABM having a modified heavy
chain V region or modified Cregion (e.g., a modified
CHl region), and/or amodified light chainV region
and/or modified CL region, with altered ability to
mediate cross-linking of one or more target antigens
when the modified ABM is complexed with (e;g., bound
to) the target antigen(s). hi one embodiment, the
bound target antigens (e.g, cell surface receptor
molecules) are brought into closer proximity to each
other and/or a more favorable conformation for
interaction than they would beby the corresponding
non-modified parent ABM, thereby increasing
cross-linking and oligomerization between the bound
antigens. In another embodiment, the bound target
antigens (e.g, cell surface receptor molecules) are
kept farther apart from each other, and/or in a less
favorable conformation for interaction than they would
be by the corresponding non-modified parent ABM,
thereby reducing or preventing cross-linking and
oligomerization between the bound antigens. In a
particular embodiment, the increased cross-linking or
oligomerization results in increased apoptosis. hi
another embodiment, the increased cross-linking or
oligomerization results in increased cell
differentiation. In another embodiment, the reduction
in cross-linking or oligomerization results in
decreased cell growth, decreased cell division, or
decreased cell survival.[0158] Substantial
modifications in the biological properties of the
heavy chainV region or CHl region, or light chainV
region or CL region, maybe accomplished by selecting
substitutions that differ significantly in their
effect on maintaining (a) the structure of the
polypeptide backbone in the area of the substitution,
for example, as a sheet or helical conformation, (b)
the charge or hydrophobicity of the molecule at the
target site, or (c) the bulk of the side chain.
Naturally occurring residues are divided into classes
based on common side-chain properties: (1)
hydrophobic: met, ala, val, leu, ile; (2) neutral
hydrophilic: cys, ser, thr; (3) acidic: asp, glu; (4)
basic: asn, gin, his, lys, arg; (5) residues that
influence chain orientation: gly, pro; and (6)
aromatic: trp, tyr, phe. [0159] Non-conservative
substitutions will entail exchanging amember of one of
these classes for a member of another class.
Conservative substitutions will entail exchanging a
member of one of these classes for another member of
the same class. Exemplary Polypeptides Comprising
Modified ABMs [0160] In one aspect, the present
invention is related to antigenbinding molecues with
amino acid modifications that alter the ability of the
ABMs to induce cell signaling activity and/or to
mediate cross-linking of antigens. In one embodiment,
the modification to the ABM comprises at least one
amino acid residue substitution in at least one
framework region of the heavy chain or light chain
variable region as compared to a parent molecule. In a
particular embodiment, the substitution replaces an
amino acid residue in heavy chainFRl . In a preferred
embodiment, the modification to the ABM comprises a
substitution of an amino acid residue at one or more
of Kabat positions 8, 9, 10, 11, 12, or 13 in the
heavy chain variable region. In another embodiment,
the i modification to the ABM comprises a substitution
of an amino acid residue in heavy chain FR4. In a
particular embodiment, the modification to the ABM
comprises a substitution of an amino acid residue at
one or more of Kabatpositions 110 or 112 in the heavy
chain variable region. In another embodiment, the
modification to the ABM comprises at least one amino
acid residue substitution in the light chain at the
interface between the V and C regions. In a more
particular embodiment, the modification to the ABM
comprises a substitution of an amino acid residue at
one or more of Kabat positions 40, 80, 83, 105, or
106. [0161] In one embodiment, an amino acid may be
substituted by generating a point mutation in the
parent sequence that results in the desired change in
the amino acid residue(s). Alternatively, the
modification to the ABM may comprise replacing an
entire framework region of a parent molecule with a
framework region that comprises a desired amino acid
residue at a particular position. In a particular
embodiment, the modification to the ABM comprises
replacing the FRl of a parent molecule with the FRl
encoded by a germline variable gene sequence. [0162]
Ih another embodiment of the invention, the ABM
comprises at least a CHl region and modification of
the ABM comprises at least one amino acid residue
substitution as compared to a parent polypeptide. In a
particular embodiment, the modification to the ABM
comprises substitution of one or more of the amino
acid residues at positions 148, 149 and/or 150 in the
heavy chain constant region. [0163] In another aspect,
the invention is directed to modified antigen binding
molecules comprising one or more truncated CDRs of a
parent antigen binding molecule. Such truncated CDRs
will contain, at a minimum, the specificitydetermining
amino acid residues for the given CDR. By
"specificity-deterrnining residue" is meant those
residues that are directly involved in the interaction
with the antigen. In general, only about one-fifth to
one-third of the residues in a given CDR participate
in binding to antigen. The specificity-determining
residues in a particular CDR can be identified by, for
example, computation of interatomic contacts from
three-dimensional modeling and determination of the
sequence variability at a given residue position in
accordance with the methods described in Padlan et al,
FASEBJ. P(7J:133-139 (1995), the contents of which are
hereby incorporated by reference in their entirety.
[0164] Accordingly, the invention is also directed to
an isolated polynucleotide comprising at least one
complementarity determining region of a
parentmolecule, or a variant or truncated form thereof
containing at least the specificitydetermining
residues for said complementarity determining region,
wherein said isolated polynucleotide encodes a fusion
polypeptide. Preferably, such isolated polynucleotides
encode a fusion polypeptide that is a modified antigen
binding molecule. Ih one embodiment, the
polynucleotide comprises three complementarity
determining regions of parent molecule, or variants or
truncated forms thereof containing at least the
specificity-determining residues for each of said
three complementarity determining regions. In another
embodiment, the polynucleotide encodes the entire
variable region of the light or heavy chain of a
chimeric (e.g., humanized) antibody. The invention is
further directed to the polypeptides encoded by such
polynucleotides. [0165] In another embodiment, the
invention is directed to a modified antigen binding
molecule comprising at least one complementarity
determiningregion of a parent molecule, or a variant
or truncated form thereof containing at lest the
specificity-determining residues for said
complementarity determining region, and comprising a
sequence derived from a heterologous polypeptide. In
one embodiment, the modified antigen binding molecule
comprises three complementarity determining regions of
the parent moleclue, or variants or 



truncated forms thereof containing at least the
specificity-determining residues for each of said
three complementarity determining regions. Jn another
aspect, the modified antigen binding molecule
comprises the variable region of an antibody light or
heavy chain. In one particularly useful embodiment,
the antigen binding molecule is a chimeric, e.g.,
humanized, antibody. The invention is also directed to
methods of making such modified antigen binding
molecules, and the use of same in the treatment of
disease, including cell proliferation disorders.
[0166] It is known that several mechanisms are
involved in the therapeutic efficacy of antibodies,
including antibody dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC), and
the induction of growth arrest, cell differentiation,
or apoptosis. [0167] The present invention is directed
to modified ABMs that have increased ability to induce
apoptosis compared to the corresponding non-modified
parent ABM. For example, a parent ABM that has little
or no ability to induce apoptosis may be modified
according to the present invention to generate a
modified ABM that does have the ability to induce
apoptosis or that has an increased ability toinduce
apoptosis. The present invention is also directed to
modified ABMs that have increased ability to induce
growth arrest or cell differentiation as compared to
the corresponding non-modified parent ABM. For
example, a parent ABM that has little or no ability to
induce growth arrest or cell differentiation may be
modified according to the present invention to
generate a modified ABM that does have the ability to
induce growth arrest or differentiation or that has an
increased ability to induce growth arrest or
differentiation. [0168] With respect to anti-CD20
antibodies in particular, for example, the majority of
experimental evidence indicates that rituximab
operates through conventional effector mechanisms
measured by CDC and ADCC assays. Similarly, it has
been shown that the resistance of different lymphoma
cells to rituximab in vivo is a function of their
sensitivity to CDC in vitro. In contrast, the mode of
action in vivo of another anti-CD20 antibody that has
been approved for therapeutic use, B1, requires
neither complement nor natural killer (NK) cell
activity. Rather, the efficacy of Bl in vivo is due to
its ability to induce potent apoptosis. In general,
anti~CD20 monoclonal antibodies fall into two distinct
categories based on their mechanism of action in
eradicating lymphoma cells. Type I anti-CD20
antibodies primarily utilize complement to kill target
cells, while Type II antibodies operate by different
mechanisms, primarily apoptosis. Rituximab and 1F5 are
examples of Type I anti~CD20 antibodies, whereas Bl is
an example of a Type II antibody. See, e.g., Cragg,
M.S. and Glennie, M.J., Blood 103(7):2738-2743 (April
2004); Teeling, J.L. et al., Blood 104(6): 1793- 1800
(September 2004), the entire contents of which are
hereby incorporated by reference. [0169] U.S. Pat.
Appl. Pub. No. 2005/0123546 to Umafia et al. (which is
herein incorporated by reference in its entirety)
discloses the first known instance in which a Type I
anti-CD20 antibody was engineered to have increased
effector functions such as ADCC, and to generate
potent apoptosis ability, effectively changing a Type
I anti-CD20 antibody into a Type II anti-CD20 antibody
m one embodiment, the present invention is directed to
a modified anti-CD20 antibody comprising a
substitution in a heavy chain or light chain variable
region compared to a Type I parent anti-CD20 antibody,
wherein the substitutions) result in increased
induction of apoptosis by the modified anti-CD20
antibody. In another embodiment, the present invention
is directed to engineered Type IIanti-CD20 antibodies
having increased ADCC as a result of engineering for
increased effector function and without loss of
substantial ability to induces apoptosis. In one
embodiment, the Type II anti-CD20 antibodies comprise
a substitution in one or more amino acids in the heavy
chain or light chain variable region compared to a
parent molecule. In another embodiment, the Type I
and/or Type p anti-CD20 antibodies have been
engineered to have an altered pattern of glycosylation
in the Fc region. In a particular embodiment, the
altered glycosylation of the modified ABM comprises an
increased level of bisected complex residues in the Fc
region. In another particular embodiment, the altered
glycosylation of the modified ABM comprises a reduced
level of fucose residues in the Fc region. See U.S.
Pat. Appl. Pub. No. 2004 0093621 to Shitara etal, the
entire contents of which is incorporated by reference.
In another embodiment, the Type I or Type II anti-CD20
antibodies have undergone polypeptide engineering as
taught inU.S. Pat. No. 6,737,056 to Presta or U.S.
Pat. Appl. Pub. No. 2004 0185045 (Macrogenics) or U.S.
Pat. Appl. Pub. No. 2004 0132101 (Xencor), the entire
contents of each of which are incorporated by
reference. The invention is further directed to
methods of making such engineered Type I or Type II
antibodies and to methods of using such antibodies in
the treatment of various B cell disorders, including B
cell lymphomas. Chimeric and Humanized Modified ABMs
Chimeric mouse/human antibodies have been described.
See e.g, Morrison, S. L. et al, PNAS 11:6851-6854
(November 1984); European Patent Publication No.
173494; Boulianna, G. L, at al., Nature 312:642
(December 1984); Neubeiger, M. S. et al., Nature
314:268 (March 1985); European Patent Publication No.
125023; Tan et al., J Immunol. 135:8564 (November
1985); Sun, L. K et al., Hybridoma 5(1):517 (1986);
Sahagan et al., J. Immunol. 137:1066- 1074 (1986). See
generally, Muron, Nature 312:597 (December 1984);
Dickson, Genetic Engineering News 5(3) (March 1985);
Marx, Science 229:455 (August 1985); and Morrison,
Science 229:1202-1207 (September 1985). Robinson
etal., in PCT Publication Number WO/88104936 describe
a chimeric antibody with human constant region and
murine variable region, having specificity to an
epitope of CD20; the murine portion of the chimeric
antibody of the Robinson references is derived from
the 2H7 mouse monoclonal antibody (gamma 2b,kappa).
While the reference notes that the described chimeric
antibody is a "prime candidate" for the treatment of B
cell disorders, this statement can be viewed as no
more than a suggestion to those in the art to
determine whether or not this suggestion is accurate
for this particular antibody, particularly because the
reference lacks any data to support an assertion of
therapeutic effectiveness, and importantly, data using
higher order mammals such as primates or humans.
[0171] Methodologies for generating chimeric
antibodies are availabletothose in the art. For
example, the light and heavy chains can be expressed
separately, using, for example, immunoglobulin light
chain and immunoglobulin heavy chains in separate
plasmids, or on a single (e.g., polycistronic) vector.
These can then be purified and assembled in vitro into
complete antibodies; methodologies for accomplishing
such assembly have been described. See, for example,
Scharff, M., Harvey Lectures 69:125 (1974). In vitro
reaction parameters for the formation of IgG
antibodies from reduced isolated light and heavy
chains have also been described. See, for example,
Sears et al, Biochem. 16(9):2016-25 (1977). [0172] In
a particularly preferred embodiment, the chimeric ABM
of the present invention is a humanized antibody.
Methods for humanizing non-human antibodies are known
in the art. For example, humanized ABMs of the present
invention can be prepared according to the methods of
U.S. Pat. No. 5,225,539 to Winter, U.S. Pat. No.
6,180,370 to Queen et al, or U.S. Pat. No. 6,632,927
to Adair et al, U.S. Pat. Appl. Publ. No. 2003/0039649
to Foote; U.S. Pat. Appl. 



Publ. No. 2004/0044187 to Sato et al; or U.S. Pat.
Appl. Publ. No., 2005/0033028 to Leung et al., the
entire contents of each of which are hereby
incorporated by reference. Preferably, a humanized
antibody has one or more amino acid residues
introduced into it from a source which is non-human.
These non-human amino acid residues are often referred
to as "import" residues, which are typically taken
from an "import" variable domain. Humanization can be
essentially performed following the method of Winter
and co-workers (Jones et al., Nature, 321 :522-525
(1986); Riechmann et al., Nature, 332:323-327 (1988);
Verhoeyen et al, Science, 239: 1534-1536 (1988)), by
substituting hypervariable region sequences for the
corresponding sequences of a human antibody.
Accordingly, such "humanized" antibodies are chimeric
antibodies (U.S. Pat. No. 4,816,567) wherein
substantially less than an intact human variable
domain hasbeen substituted by the corresponding
sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in
which some hypervariable region residues and possibly
some FR residues are substituted by residues from
analogous sites in rodent antibodies. The subject
humanized anti- CD20 antibodies will comprise constant
regions of human immunoglobulin. [0173] The choice of
human variable domains, both light and heavy, to be
used in making the humanized antibodies is very
important to reduce antigenicity. According to the
so-called "best-fit" method, the sequence of the
variable domain of a rodent antibody is screened
against the entire library of known human
variable-domain sequences. The human sequence which is
closest to that of the rodent is then accepted as the
human framework region (FR) for the humanized antibody
(Sims et al., J. Immunol, 151:2296 (1993); Chothia et
al., J MoI. Biol, 196:901 (1987)). Another method of
selecting the human framework sequence is to compare
the sequence of each individual subregion of the full
rodent framework (i.e., FRl , FR2, FR3, and FR4) or
some combination of the individual subregions (e.g.,
FRl and FR2) against a library of known human variable
region sequences that correspond to that framework
subregion (e.g., as determined by Kabat numbering),
and choose the human sequence for each subregion or
combination that is the closest to that of the rodent
(Leung U.S. Patent Application Publication No.
2003/0040606A1, published Feb. 27, 2003). Another
method uses a particular framework region derived from
the consensus sequence of all human antibodies of a
particular subgroup of light or heavy chains. The same
framework may be used for several different humanized
antibodies (Carter et al., Proc. Natl. Acad. ScL USA,
89:4285 (1992); Presta et al., J Immunol., 151 :2623 (
1993), the entire contents of each of which are herein
incorporated by reference in their entireties). [0174]
It is further important that antibodies be humanized
with retention of high affinity for the antigen and
other favorable biological properties. To achieve this
goal, according to a preferred method, humanized
antibodies are prepared by a process of analysis of
the parental sequences and various conceptual
humanized products using three-dimensional models of
the parental and humanized sequences.
Three-dimensional immunoglobulin models can be
generated using computer programs familiar to those
skilled in the art (e.g. Insightp, accelrys inc
(former MSI), or at http://swissmodel.expasy.org/
described by Schwede et al.,Nucleic Acids Res. 2003
(13):3381-3385). Inspection of these models permits
analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence,
i.e., the analysis of residues that influence the
ability of the candidate immunoglobulin to bind its
antigen. In this way, FR residues can be selected and
combined from the recipient and import sequences so
that the desired antibody characteristic, such as
maintained affinity for the target antigen(s), is
achieved. In general, the hypervariable region
residues are directly and most substantially involved
in influencing antigen binding. [0175] In another
embodiment, the antigen binding molecules of the
present invention are engineered to have enhanced
binding affinity according to, for example, the
methods disclosed in U.S. Pat. Appl. Pub. No.
2004/0132066 to Balint et al., the entire contents of
which are hereby incorporated by reference. [0176] In
a preferred embodiment, the present invention is
directed to an isolated polynucleotide comprising a
sequence that encodes a polypeptide having an amino
acid sequence as shown in Tables 3 and/or 5, below.
The invention is further directed to an isolated
nucleic acid comprising a sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% identical to a
nucleotide sequence shown in Tables 2 and/or 4, below.
In another embodiment, the invention is directed to an
isolated nucleic acid comprising a sequence that
encodes a polypeptide having an amino acid sequence at
least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to an amino acid sequence in Tables 3 and/or
5, below. The invention also encompasses an isolated
nucleic acid comprising a sequence that encodes a
polypeptide having the amino acid sequence of any of
the constructs in Tables 3 and/or 5, with conservative
amino acid substitutions. In certain embodiments, any
of the polynucleotides or polypeptides of Tables2- 5
maybe excluded. Therefore, for example, in certain
embodiments, the modified ABM, and/or the
polynucleotide encoding the modifiedABM, does not
comprise any or all of SEQ ID NO:3, SEQ IDNO:4, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In
another example, in certain embodiments, the modified
ABM of the present invention does not comprise any or
all of SEQ ID NOs:55-62. [0177] In another embodiment,
the present invention is directed to an isolated
polypeptide comprising an amino acid sequence as shown
in Tables 3 and/or 5, below. The invention is further
directed to an isolated polypeptide comprising
asequence encoded by a nucleotide sequence shown in
Tables 2 and/or 4, below. In another embodiment, the
invention is directed to an isolated polypeptide
comprising an amino acid sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% identical to an amino
acid sequence in Tables 3 and/or 5, below. The
invention also encompasses an isolated polypeptide
comprising an amino acid sequence of any of the
constructs in Tables 3 and/or 5, with conservative
amino acid substitutions, hi certain embodiments, any
of the polynucleotides or polypeptides of Tables 2- 5
maybe excluded. Therefore, for example, in certain
embodiments, the polypeptide does not comprise an
amino acid sequence corresponding to or encoded by any
or all of SEQ ID NO:3, SEQ ID NO.4, SEQ ID NO:35, SEQ
ID NO.36, SEQ ID NO:37, or SEQ ID NO:38. In another
example, in certain embodiments, the modified ABM of
the present invention does not comprise any or all of
SEQ ID NOs:55-62.TABLE2LIQUID RELEASE DEVICE FOR A
SMOKING ARTICLE The present invention relates to a
device for releasing a liquid which upon activation
provides flavouring or other smoke modification to a
smoking article, for example a cigarette. The present
invention also relates to a smoking article comprising
such a liquid release device. Smoking articles
including liquid additives which modify the smoking
characteristics of the smoking article are known in
the art. For example, US-A-4 889 144 discloses a
flavourant encapsulated in frangible particles which
are enclosed in a hollow space within the filter of a
cigarette. To release the flavour, the smoker crushes
the particles prior to smoking by application of a
force to the outer surface of the filter. 



The smoking articles disclosed in US-A-5 067 500
comprise a container including an additive. Relative
rotation or axial movement of the container components
causes the container with the additive to be opened,
or a capsule containing the additive material to be
pierced by protrusions. Thus, an air flow pathway is
provided so that the additive material can modify the
characteristics of the smoking article.
US-A-2004/0261807 discloses smoking articles with a
filter element including at least one frangible
capsule. The filter element is made of plasticized
cellulose acetate tow. The smoking articles may be
smoked without breaking the capsule or the capsule may
be crushed before, during or after smoking. There is a
need to improve the controlled delivery of a liquid to
a smoking article, for example to modify the smoking
characteristics of the smoking article effectively and
selectively. According to the present invention there
is provided a smoking article, preferably a cigarette,
comprising a rod of smokable material and a liquid
release device in axial alignment with the rod, the
device comprising: a stationary porous element fixed
with respect to the rod; a mobile porous element
axially aligned with and axially movable relative to
the stationary porous element; and at least one
frangible capsule of liquid retained between the
elements, whereby axial movement of the mobile element
from a first position in which the capsule is intact
toward the stationary element to a secondposition
causes the capsule to rupture and release the liquid
into the porous elements, the mobile element being
restrained against undesired axial movement in at
least one, preferably both, of the first and second
positions. The smoking article according to the
invention has the advantage that the mobile element
cannot be completely separated from the remainder of
the smoking article. This ensures that the movable
element is not removed, for example while the smoker
is drawing on the cigarette. There is therefore no
risk of the mobile element being swallowed. In the
smoking articles of the invention, the liquid release
device is the mouthpiece and acts as a smoke modifier
delivery device. Upon activation by the smoker, that
is as the mobile element of the device is moved to the
final condition, release of the smoke modifying agent
or agents from the capsule is effected in a controlled
manner, ideally immediately before the article is
smoked. In use, as the mainstream smoke passes through
the device, the agent or agents is desorbed from the
porous surface of the axially aligned elements of the
device. In a liquid release device of the invention,
the elements are held together in such a way that they
are capable of relative axial movement but cannot
readily be completely separated from each other. This
can advantageously be achieved by the elements being a
friction fit with each other, or by employment of a
deformable connector between them. The connector is of
a material which can be readily deformed by a smoker
pushing the mobile element toward the stationary
element and may be, for example, a perforated or
slotted plug wrap surrounding the mobile element and
the stationary porous element. The plug wrap may be
for example stiff or standard porous cellulose
acetate. When the mobile element is moved towards the
stationary porous element, the deformable connector
collapses into the space between the mobile element
and the stationary porous element without breaking.
Thereby the connection of the mobile element and the
stationary porous element is maintained and the mobile
element remains restrained against undesired axial
movement away from the stationary porous element. In
this case the undesired axial movement of the
mobileelement is any movement of the mobile element
away from the stationary porous element beyond the
initial first position. Preferably slots in the plug
wrap paper are angled relative to the longitudinal
direction of the smoking article. This reduces the
stiffness of the connector and thus eases the movement
of the mobile element relative to the sleeve. By a
slot is meant a hole which is longer in a first
direction than in a second direction perpendicular to
the first. In a preferred embodiment the connector
comprises plug wrap with or without perforation or
slots that wraps the mobile element only for a
fraction of the circumference of the mobile element,
for example between 90 to 180 degrees, preferably 120
degrees. Preferably, the liquid release device is a
cylinder of circular cross section and has a diameter
of a conventional cigarette, which is typically
between about 6mm and about 9mm. It. is preferred that
the liquid release device further comprises a sleeve
around at least a part of one of the elements, one of
the elements being fixed relative to the sleeve and
the other element being movable relative to the
sleeve. The sleeve accommodates at least one and
preferably both of the two axially aligned elements.
The sleeve may also serve to hold the elements
together. Preferably, the sleeve is fixed to the
mobile element. Also preferably, the sleeve is around
at least a portion of the stationary element, and may
be attached thereto. In a preferred embodiment of the
liquid device, the sleeve is provided by a relatively
rigid tube designed to retain the two axially aligned
elements by a friction fit. Preferably, the tube is
substantially cylindrical and has a uniform circular
cross-section, the outer diameter being in the range
of from about 6mm and to about 9mm. Preferably, the
tube length is between about 8mm and about 10mm.
Advantageously, the tube is made of a rigid material
which cannot easily be squeezed. A preferred tube
material is a suitable thermoplastic material, such as
a polyolefin, preferably a polyethylene, or rigid soft
board. The tub e is preferably airimpermeable. In some
embodiments, the tube circumscribes only the opposed
end portions of the elements, the opposite end of each
element, the free end, extending beyond the sleeve (in
the first position) .In a smoking article of the
present invention, the liquid release device is
permanently attached to the wrapped rod of tobacco or
other smoking material, for example to make a
cigarette or similar smoking article, by tipping fixed
to part or all of the stationary element. The tipping
may be fixed directly to the stationary element or
indirectly by being attached to a sleeve of the liquid
release device. 



Preferably, the sleeve is provided by rigid soft board
or by the tube described above. Preferably, a smoking
article according to the invention has about the same
resistance to draw as a comparable smoking article
without the liquid release device. It is preferred
that the liquid release device is about 9mm or less in
length in the final condition. In a smoking article
according to the invention, the stationary element is
fixed to the rest of the smoking article such that it
does not move relative to the rest of the smoking
article during proper use and handling of the device
and the smoking article. Upon application of
longitudinal force on the free end of the mobile
element, the mobile element moves axially toward the
stationary element. Typically, the stationary and the
mobile element each have a substantially cylindrical
shape. The opposed end faces of the elements are
preferably of substantially respective complementary
male and female configurations . In some embodiments,
the end face of one of the elements opposed to the
other element has a cavity for reception of the
capsule which is closed by the opposed end face of the
said other element. In some preferred embodiments, the
end face of the said other element has a cylindrical
boss of substantially the same diameter as the cavity.
In a preferred embodiment, the capsule is spherical
and the end face of one element is conical and extends
away from the body of the said one element, and the
end face of the other element is of generally
complementary shape, and the cavity is a part
spherical cavity in the centre of the end face of the
said other element, the diameter of the cavity is
substantially equal to but slightly greater than the
diameter of the capsule. In other embodiments, the
capsule or capsules is in an annular chamber defined
by opposed end faces of the elements. In a first,
starting, condition, the mobile element is in the
first position and the opposed end faces of the
stationary and themobile elements do not abut each
other but are spaced apart and define a space which
accommodates the frangible capsule or capsules. In a
second, final, condition, the mobile element is in the
second position and the end faces of the two elements
at least partially abut each other and the space has
almost disappeared. Both the first and the second
positions are predefined. To change from the first to
the second condition the mobile element is moved
toward the stationary element. This axial movement
causes rupture of the capsule or capsules and release
of the liquid therefrom. The space defined by the
opposed end faces of the two elements in the starting
condition is designed to retain the capsule or
capsules in a defined and stable position, to protect
and preserve the integrity of the said capsule or
capsules. The space is shaped so that the capsule can
be inserted easily during manufacture of the device.
Advantageously, the space is only slightly larger than
the capsule it accommodates. In some embodiments, the
end face of the mobile element has at least one
protruding component which can pierce the capsule when
the mobile element is moved and facilitates rupture of
the capsule. Preferably, the opposed end faces of the
two axially aligned elements have a substantially
complementary configuration. In some preferred
embodiments of lit-end smoking articles according to
the invention, the device is designed so that a
smoking article incorporating the device cannot be
smoked properly until the device is in the final
condition, that is, until the at capsule or capsules
has been ruptured and the liquid released. This can be
achieved by providing significant ventilation (air
flow) into and through the device when it is the first
condition to the extent that drawing on the mouth end
of the smoking article results in insufficient, if
any, air flow draws through the tobacco or other
smoking material, so that the article cannot be
ignited or burning cannot be sustained. When the
device is in the final condition, the air flow
directly into the device is significantly reduced, by
a significant increase in the resistance to the air
flow, allowing sufficient air flow through the tobacco
or other smoking material and so allowing the smolcing
article to be readily smoked. This can be achieved by
provision of a ventilation zone, preferably in the
form of a circumferential ring, overlying the gap
between the mobile element and the stationary element
in the first condition or elsewhere. Meansand methods
for providing such a ventilation zone are well known
in the art and include, for example, a suitable number
of perforations which may be arranged in one or more
lines . Ventilation in other parts of the smoking
article of the invention, in particular in a filter
element, may be provided so that ventilation takes
place as desired during smoking of the smoking
article. In preferred embodiments, the device
comprises mechanical retention means to define and
maintain the device in the starting condition until
movement of the mobile element is effected. Such
retention means may also be employed in the final
condition when the mobile element has been moved to
rupture the capsule. For example, a suitable
mechanical retention system involves projections and
corresponding depressions which engage with one
another to maintain the desired position. In some
embodiments, the retention system acts in a
ratchet-like manner effectively retaining the mobile
element within the sleeve and allowing it to move only
toward the stationary element. In other embodiments,
the mobile element has a circumferential ridge around
it which fits in a corresponding first groove in the
stationary element or in the sleeve when the device is
in the starting condition, restraining it against
undesired movement. Preferably, a corresponding second
groove in is provided the stationary element or in the
sleeve in which the ridge fits when the device is in
the final condition. It will be appreciated that,
alternatively, the mobile element may have a
circumferential groove into which fit corresponding
ridges on the stationary element or on the sleeve. In
yet other embodiments, in which a tube is employed,
the mobile element has a row of protrusions or teeth
and the inner wall of the tube has one or two grooves.
The first groove is located toward the end of the tube
accommodating the mobile element and the second groove
is located closer to the other end of the tube (and to
the stationary element) . In the first position, the
teeth of the mobile element are mechanically engaged
with the first groove. In the second position, the
teeth are engaged with the second groove. The mobile
element has at least two, preferably at least four
teeth. The teeth 



and the grooves are preferably shaped so that relative
movement of the tube and the mobile element is
possible in one direction only. Thus, movement of the
mobile element from the starting condition to the
final condition is possible, but movement of the
mobile element out ofthe tube or from the final
condition to the starting condition is prevented. In
other embodiments, rows of detents to receive the
teeth are provided in the tube wall instead of
grooves. The two axially aligned elements are made of
an air permeable and inherently porous material, for
example of a porous thermoplastic material.
Alternatively, the elements may be composed of or
formed from sintered metal, steel mesh, ceramic
materials, heat treated cellulose acetate, non-woven
materials, or fibrous materials, for example
bi-component, continuous or stable fibre media made by
an extrusion or pultrusion process. It is preferred
that the elements are of very low, or substantially
no, filtration efficiency. Filtration may be provided,
for example by a suitable filter plug located between
the device and the wrapped rod of tobacco or other
smoking material. Suitable filter plugs are known in
the art and may comprise one or more filter elements.
The filter plug may be of any suitable filter
material, such as cellulose acetate or paper. If
desired, charcoal or other known adsorbent materials
may be distributed in another filter material, such as
cellulose acetate. Preferably, smoking articles
according to the invention include a single, double,
triple or multiple filter. More preferably, the filter
plug is a dual filter plug. A preferred material to
form the inherently porous elements of the device is a
thermoplastic material, more preferably a sinterable
thermoplastic material. A preferred thermoplastic
material to make the elements is a polyolefin,
including, but not limited to, ethylene vinyl acetate
(EVA) ; ethylene methyl acrylate (EMA) ,
polyethylenes, polypropylenes, ethylene-propylene
rubbers, ethylene-propylenediene rubbers, polystyrene,
a biodegradable aliphatic polyester, such as
polylactic acid, and mixtures and derivatives thereof.
A particularly preferred polyolefin is a polyethylene.
Examples of suitable polyethylenes include low density
polyethylene (LDPE) , linear low density polyethylene
(LLDPE) , high density polyethylene (HDPE) , ultra
high molecular weight polyethylene (UHMWPE) , and
derivatives thereof. Porous thermoplastic materials
suitable for use in forming the two axially aligned
elements of the device of the invention are known in
the art and readily commercially available. If
desired, the porous thermoplastic materials may
further comprise additives, such as lubricants,
fillers or colourants. Advantageously, the elements
aremoulded from a sintered porous thermoplastic
material in one continuous and contiguous piece.
Preferably, both elements are of the same material,
which has been approved for use in food by a competent
regulatory authority. The porous material can be any
material, preferably a high density material, capable
of adsorbing and/or absorbing flavourant compositions
at the concentration employed in the capsule or
capsules. Preferably, the average pore size (pore
diameter) of the porous material used to make the
elements is at least about 10 microns, preferably in
the range of from about 5 microns, preferably from
about 50 microns, to about 300 microns, preferably to
about 250 microns. Advantageously, the average pore
volume or average void volume, that is the average
ratio of the air volume of the porous material to the
total volume of the said material, ranges between
about 40% and about 60%. A particularly preferred
polyethylene material for the mobile and stationary
elements is an inherently porous high density
polyethylene (HDPE) , coarse type, obtainable from
Porex, Porous Products Group, Germany. The HDPE has an
average pore size of 130 microns and an average void
volume of 55% and a density of 0.46g/cm 3 or an
average void volume of 40% and a density of 0.57g/cm
3. Capsules for incorporation in the devices of the
invention comprise an impermeable outer shell
enclosing a liquid charge. Preferably, the capsule is
substantially spherical. Typically, the capsule is a
sphere of from about lmm to about 5mm, preferably
about lmm to about 4mm, in diameter; the size is
essentially determined by the amount of encapsulated
liquid and the amount of active agent to be available
to mainstream smoke. The outer shell may be of any
suitable material, typically a polymeric material,
compatible with the capsule contents. Examples of
suitable materials include an alginate, polyvinyl
acetate and cellulose. The outer shell may include a
filler such as gelatine and optionally a softening
agent, such as glycerol, and/or a preservative.
Methods and techniques to make capsules suitable for
use in the present invention are known in the art. The
liquid charge encapsulated in the frangible capsule
comprises at least one active agent or compound which,
upon its release from the capsule, is capable of
modifying one or more properties of a smoking article
as it is smoked; preferably, the mainstream smoke is
modified, particularly preferably the particulate
phase of the mainstream smoke.For example, a smoke
modifying agent in the capsule may be a flavourant or
a smoke modifying agent other than a flavourant, such
as water or a chelating agent, for example citric
acid. Each puff taken by the smoker as the smoking
article is smoked has enhanced flavour and aroma.
Flavourants which may be useful for the present
invention include, for example, essential oils,
oleoresi 'ns, absolutes, fruit concentrates, fruit
extracts, distillates and natural- artificial
chemicals. Examples of flavourants which can be
included in the capsule in the device are tobacco,
cinnamon, spearmint, peppermint, vanilla, orange,
peach, blueberry, strawberry flavour, cranberry,
geranium- extract, linalool, coffee, chocolate,
menthol, eucalyptus, clove, ginger and citrus. A
preferred flavourant is menthol. The flavourants may
be natural or synthetic and more than one flavourant
may be present. The flavourant is preferably in a
diluent or solvent suitable to act as a carrier, keep
the flavour homogeneous, regulate the strength of the
flavourant, allow physical fixation and/or act as a
preservative. For example, a suitable is an oil of
vegetable origin; typically, the carrier will form
about 45% of the capsule contents. A smoke modifying
agent other than a flavourant is capable of altering
the nature of the mainstream smoke, for example by
interacting with at least one constituent of the
mainstream smoke or reducing the amount of such at
least one constituent while the smoking article is
burning, or by having a moistening, cooling or
smoothing effect. Preferably, the interaction with the
constituent or constituents of the mainstream 



smoke is selective for the pre-defined constituent or
constituents and/or has a positive effect on the
smoker or his/her surroundings. As mentioned above,
the liquid charge may comprise one, two, three or more
flavourants or other smoke modifying agents, or any
combination thereof provided that the agents are
compatible and do not adversely affect each other.
Preferably, the liquid charge of the capsule comprises
one or more flavourants, most preferably menthol. The
.strength of the capsule is smch that .it can be
readily crushed by -the mobile element of the device
on exertion of a reasonably strong longitudinal force
but sufficient to facilitate handling of the capsule
during manufacture of the device. The -force required
to crush the capsule depends on its size and shape but
istypically up to about 4N for a spherical capsule of
up to 3mm diameter. The capsule is ruptured by
application of an external force which moves the
mobile element from the first to the second position.
This force is exerted by pushing the mobile element in
the longitudinal direction toward the stationary
element. Such force can conveniently and gently be
applied by one finger on the free end of the mobile
element. On rupture , the capsule releases its liquid
charge into the stationary and mobile elements; the
charge is then absorbed and/or adsorbed by the porous
material of the elements. Optionally, the device
includes a removable cap covering the mouth end of the
smoking article, in particular, the free end of the
mobile element. Advantageously, the external force to
move the mobile element from the starting to the final
condition is applied while the cap covers the mobile
element and before it is removed, for example by
peeling it off. The cap must be removed before the
smoking article of the invention can be smoked. The
cap can be of any shape and of any material so long as
it can be removed from the mouth end of the smoking
article before the smoking article is smoked. The cap
is preferably of a flexible material, such as a film
of, for example, polyethylene or polyvinyl acetate.
The cap can protect the liquid release device against
unintentional activation and may serve as an
indication to the smoker of the freshness of the
smoking article. In the smoking articles of the
invention, the liquid release device is the mouthpiece
and acts as a smoke modifier delivery device. Upon
activation by the smoker, that is as the mobile
element of the device is moved to the final condition,
release of the smoke modifying agent or agents from
the capsule or capsules is effected in a controlled
manner, ideally immediately before the article is
smoked. In use, as the mainstream smoke passes through
the device, the agent or agents is desorbed from the
porous surface of the axially aligned elements of the
device. The liquid release devices of the invention
may be used in any smoking article but find particular
application in low tar smoking articles . In the
manufacture of a liquid release device and smoking
article according to the invention, a tobacco rod, a
filter plug and the stationary element may be
assembled and wrapped with tipping. Preferably, a dual
filter plug is employed, one part of which may bethe
stationary element. The capsule may be fixed to one of
the elements with a spot of adhesive. The tobacco rod,
filter plug and the stationary element may then be
attached to the mobile element so that the liquid
release device is in the first position, with the
capsule between the two elements and intact. The
invention will be further described, by way of example
only, with reference to the drawings, in which: Figure
1 shows a cross sectional view of a cigarette
including a liquid release device according to a first
embodiment of the invention; Figure IA is an exploded
enlargement of the area A of Figure 1 ; Figure 2 shows
a cross sectional view of a cigarette including a
liquid release device according to a second embodiment
of the invention; Figure 3 shows a cross sectional
view of a cigarette including a liquid release device
according to a third embodiment of the invention;
Figure 4 shows a cross sectional view of a cigarette
including a liquid release device according to a
fourth embodiment of the invention; Figure 5 shows a
cross sectional view (on line V - V of Figure 6 ) of a
cigarette including a liquid release device according
to a fifth embodiment of the invention; Figure 6 shows
a cross sectional view on line VI-VI of Figure 5 ;
Figure 7 shows a cross sectional view of a cigarette
including a liquid release device according to a sixth
embodiment of the invention; Figure 8 shows a cross
sectional view of a cigarette including a liquid
release device according to a seventh embodiment of
the invention; Figure 9 shows a cross sectional view
of a cigarette including a liquid release device
according to an eighth embodiment of the invention;
Figure 10 shows a cross sectional view of a cigarette
including a liquid release device according to a ninth
embodiment of the invention;Figure 11 shows a cross
sectional view of a cigarette including a liquid
release device according to a tenth embodiment of the
invention; Figure 12 shows an embodiment of an element
of the tenth embodiment of the invention; and Figure
13 shows a top view of a cap according to the
invention. The embodiments shown in the Figures have
several components in common; these have been given
the same reference numerals throughout. Each cigarette
shown in the drawings includes a tobacco rod 12 only a
part of which is shown, formed of a cylinder of
tobacco 14 wrapped in cigarette paper 1 (shown in
Figure 1), in axial alignment with a liquid release
device according to the invention. The liquid release
devices each comprise a stationary element 20 and a
mobile element 22 and are joined to the rod 12 by
tipping 24. A filter plug 26 is interposed between the
rod 12 and the device; the stationary element 20 abuts
the filter plug 26 and is immobile relative to the rod
12 and the filter plug 26, and the mobile element 22
is in axial alignment with and axially movable
relative to the stationary element 20. The 



free ends of the liquid release devices shown in the
Figures are covered by a cap 28 of a flexible
polyethylene film material which is peeled off before
the cigarette is smoked. The cap 28 may come free as
the user pushes the mobile element 22 from the first
to the second position, or it may be peeled off by the
user of the cigarette once the liquid release device
is in the final condition. The Figures show the
embodiments in the starting condition, before
activation. To move to the final condition, the mobile
element 22 is moved toward the tobacco rod 12 (to the
left in the drawings) . The cigarette 110 shown in
Figure 1 includes a liquid release device 118
comprising two axially aligned circularly cylindrical
elements 20, 22 of porous high density polyethylene.
Tipping paper 24 is fixed to and extends along the
entire length of the stationary element 20, extends
over the filter plug 26 and is fixed to the mouth end
region of the cigarette paper wrapper 16 of the
tobacco rod 12. The stationary element 20 defines a
cavity 30 formed by a blind cylindrical passage
extending axially from its end face opposed to the
mobile element 22. The mobile element 22 is located in
the passage and is axially movable therein while being
a snug fit. When the device 118 is in the first
condition, that is, when the capsule is not
ruptured,as shown in Figure 1 , the end face 32 of the
mobile element 22 and the walls of the passage through
the stationary element 20 define the cavity 30, which
contains a frangible spherical capsule 34 of diameter
d containing a charge of liquid flavourant or other
smoke modifier. The end face 32 of the mobile element
22 is spaced from the end wall 36 of the passage
through the stationary element 20 by a distance 2 ;
typically, 1 = d + 0.2mm. The mobile element 22
protrudes from the passage in the stationary element
24 by a distance p . p is less than I ; typically, p =
0.8d. The mobile element 22 is restrained against
movement relative to the stationary element 20. A
ridge 38 of triangular section extends
circumferentially around the part of the mobile
element 22 which is within the passage in the
stationary element 20. The circumferential ridge 38 is
received in a mating circumferential groove 40 of
triangular section in the wall of the blind passage in
the stationary element 20, best seen in Figure IA,
which is an exploded enlargement of the area A in
Figure 1 . A second triangular section circumferential
groove 42 extends around the wall of the blind passage
nearer to the end wall 36 of the passage; the two
grooves 40, 42 are separated by a distance p , the
same as the distance by which the mobile element 22
extends beyond the stationary element 20. The annular
end face of the stationary element 20 and the free end
face of the mobile element 22 are covered by the cap
28. To operate the device, the user gently pushes on
the cap 28 axially toward the tobacco rod 12,
preferably with one finger, thus moving the mobile
element 22 from a first position along the passage in
the stationary element 20 toward the capsule 34; the
force required to achieve this must be sufficient to
push the circumferential ridge 38 in the mobile
element out of the first groove 40 in the passage
wall. As the mobile element 22 is pushed along the
passage to a second position it impinges on and
crushes the capsule 34, releasing the liquid charge
into the porous elements 20, 22. When the
circumferential ridge 38 reaches and seats in the
second groove 42 in the passage wall, in the second
position, the free end face of the mobile element 22
is flush with the annular end face of the stationary
element 20, so that the cigarette 110 has a
conventional appearance, and the increase in
resistance to further movement tells the user thatno
further pushing is required. The user then lights the
cigarette 110 and smokes it; the liquid from the
capsule 34, now in the porous polyethylene elements,
is entrained in the smoke and flavours and/or
otherwise modifies it. In the cigarette 210 of Figure
2 , the stationary element 20 has a blind central
axial passage extending from its end face opposed to
the mobile element 22. The mobile element 22 is of the
same outer diameter as the stationary element 20 and
has a cylindrical boss 44 , of substantially the same
diameter as the passage in the stationary element 20
The boss 44 extends centrally from the end face 46
opposed to the stationary element 20 into the blind
passage in the stationary element 20 and can move
axially in the passage. The end face 48 of the boss 44
defines, with the walls of the blind passage, a cavity
30 in which is a frangible capsule 34 of diameter d
containing liquid flavourant and/or other smoke
modifier. The end face 48 of the boss 44 is spaced
from the end wall 36 of the blind passage by a
distance 2 . Typically, 1 = d + 0.2mm. A sleeve around
the mobile 22 and stationary 20 elements is provided
by an impermeable polyethylene tube 50 which
circumscribes the stationary element 20 except for a
circumferential flange 52 at the end which abuts the
filter plug 26. An end of the wall of the tube 50
abuts the said flange 52. The tube 50 circumscribes
the end portion of the body (that is, the portion of
greatest diameter) of the mobile element 22 which
opposes the stationary element 20. The tipping 24
circumscribes and is fixed to the tube 50 and the
flange 52 of the stationary element 20, extends over
the filter plug 26 and attaches the device 218 to the
tobacco rod 12. The mobile element 22 is a sliding fit
in the tube 50 and extends beyond the tube and the
tipping 24 by a distance p , less than 1 ; typically p
= 0 .8d. There is an annular chamber 54 around the
part of the boss 42 of the mobile element 22 which
does not extend into the passage in the stationary
element 20. This annular chamber 54 is defined by the
circumferential surface of this part of the boss 42,
the annular end face of the stationary element 20, the
opposed face of the body of the mobile element 22 and
the inner surface of the tube 50; its axial length is
p .The tipping 24 and the tube 50 are perforated in
the region overlying the annular chamber 54 by a
number of perforations 56 which admit air to the
annular chamber 54. The mobile element 22 of this
embodiment is restrained against unwanted axial
movement in a similar manner to that of the cigarette
110 shown in Figures 1 and IA, by interaction between
a circumferential ridge 38 around the body of the
mobile element 22 and mating first 40 and second 42
circumferential grooves around the inner surface of
the tube 50. A cap 28 covers the free end face of the
mobile element 22 and the annular end face of the tube
50. In the starting condition shown in Figure 2 , the
cigarette 210 



cannot be smoked; when the smoker draws on the
cigarette, the perforations 56 allow such an air flow
into the annular chamber 54 through the mobile element
22 into the smoker's mouth that insufficient air is
drawn through the tobacco rod to allow it to be lit or
to sustain burning. As the mobile element 22 is
pushed, the circumferential ridge 38 around it is
pushed out of the first circumferential groove 40. As
the mobile element ruptures the capsule 34 and closes
the annular chamber 54 covering the perforations 56,
the ridge 38 is received in the second circumferential
groove 42 to hold the mobile element in position. The
cigarette can then be smoked. When the capsule 34 is
ruptured, the liquid charge is released into the
stationary 20 and mobile 22 elements. In the cigarette
310 of Figure 3 , the sleeve 58 is of rigid soft board
which underlies the tipping 24 for its entire length
and circumscribes the filter plug 26, the stationary
element 20 and part of the mobile element 22. The
stationary element 20 is fixed to the sleeve 58, which
attaches the device 318 to the filter plug 26 and the
tobacco rod 12. The mobile element 22 is a sliding fit
in the sleeve 58 and is of generally the same shape as
the mobile element of the liquid release device 218
shown in Figure 2 . A frangible capsule 34 of diameter
d containing a charge of liquid is in the cavity 30
defined by the blind central axial passage extending
into the stationary element 20 from its end face
opposed to the mobile element 22 and the end face 48
of the cylindrical boss 44 extending from the mobile
element 22 partly into the passage. The end face 48 of
the boss 44 is separated from the end wall 36 of the
passage by a distance 1 ; typically, 1 = d + 0.2mm.
The mobile element22 extends beyond the end of the
sleeve 58, and of the tipping 24, by a distance p ,
less than 2 ; typically, p = 0.8d. The cigarette 310
of this embodiment is rendered unsmokable in the same
way as the cigarette 210 shown in Figure 2 , by
provision of perforations 56 through the tipping 24
and the sleeve 58 into the annular chamber 54, which
are covered as the mobile element 22 is moved toward
the stationary element 20 to rupture the capsule 34.
The mobile element 22 is restrained against axial
movement in the same way as the mobile element of the
cigarette shown in Figures 1 and IA, by interaction of
a circumferential ridge 38 on the boss 44 of the
mobile element 22 with grooves 40, 42 around the wall
of the blind passage in the stationary element 20. The
device 318 operates in the same way as the device 218
of Figure 2 . The cigarette 410 shown in Figure 4 is
similar to the cigarette 310 shown in Figure 3 . In
the device 418 of this embodiment, however, it is the
mobile element 22 which has the blind central axial
passage in it and the stationary element 20 which has
the boss 44' extending into the passage, defining
between them a cavity 30' for the capsule 34. The
elements 20, 22 are constrained against relative axial
movement in the same way as in the cigarettes 110,
210, 310 shown in Figures 1 , 2 and 3 . In this case,
however, there is a circumferential ridge on the
stationary element 20, around the boss 44', and the
two corresponding grooves are in the mobile element
22, in the wall of the blind passage. The device 418
operates in the same way as the device 318 shown in
Figure 3 . The cigarette 510 shown in Figures 5 and 6
is similar to that of Figure 4 , but a plurality
(seven in this embodiment, as can be seen in Figure 6
) of frangible capsules 34' are held in the annular
chamber 54 around the boss 44' of the stationary
element 20, between the stationary element 20 and the
mobile element 22. In this embodiment, the axial
length m of the annular chamber 54 between the opposed
faces of the stationary 20 and mobile 22 elements is
typically d + 0.1mm, where c L is the diameter of the
capsules 34'. The mobile element 22 extends a distance
p , less than m , beyond the sleeve 58; typically, p =
0.8d.The elements 20, 22 are constrained against
relative axial movement in the same way as in the
cigarette 410 shown in Figure 4 . The cigarette 510 is
unsmokable in the starting condition, shown in Figure
5 because of the large amount of ventilation provided
through the perforations 56 in the sleeve 58 and
tipping 24. Application of longitudinal force at the
mouth end of the device 518 moves the mobile element
22 toward the stationary element 20, covering the
perforations 56 and rupturing the capsules 34',
releasing the liquid charge into the elements 20, 22.
In the cigarette 710 shown in Figure 7 , the
stationary 20 and mobile 22 elements of the liquid
release device 718 are similar to those of the device
418 shown in Figure 4 . In this embodiment, however,
an impermeable movable sleeve 60 of rigid soft board
circumscribes and is fixed to the mobile element 22.
The stationary element 20 is fixed to the filter plug
26 by a highly porous plug wrap 62 which circumscribes
the length of the plug 26 and the body (the larger
diameter portion) of the stationary element 20 but not
the boss. The filter plug 26, and thus the device 718,
is fixed to a wrapped tobacco rod 12 by tipping 24
which circumscribes the rod 12 and the filter plug 26
only in the region where they abut one another . The
movable sleeve 60 extends over the annular chamber 54
between the opposed faces and circumscribes, but is
not fixed to, the stationary element 20 and the mouth
end of the filter plug 26. In the starting condition,
shown in Figure 7 , the movable sleeve 60 stops short
of the tipping 24 by a distance p , exposing the
highly porous plug wrap 62 of the filter plug 26 in a
band of width p around the plug 26. The elements 20,
22 are constrained against relative axial movement in
the same way as in the cigarette 410 shown in Figure 4
. In the starting condition shown in Figure 7 , the
cigarette 710 is substantially unsmokable, because
when the smoker draws on the cigarette, so much air is
admitted into the filter plug 26 through the exposed
band of the highly porous plug wrap 62 that lighting
and/or burning of the tobacco rod 12 cannot be
achieved. When the movable element 22 is pushed toward
the stationary element 20, the impermeable movable
sleeve 60 slides over the exposed band of plug wrap
62, and finally abuts the tipping 24, to prevent air
from entering the filterplug 26 circumferentially. The
cigarette 710 can then be lit and smoked. As the
movable element 22 is moved toward the stationary 



element 20, the capsule 34 is ruptured, releasing a
charge of liquid into the elements. The cigarette 810
shown in Figure 8 is similar in structure to and
functions in the same way as the cigarette 710 shown
in Figure 7 . In the liquid release device 318 of this
embodiment, however, the stationary element 20 and the
movable element 22 have the same configurations as
those of the cigarette 310 shown in Figure 3 . That
is, it is the stationary element 20 which has a blind
central axial passage and the movable element 22 which
has a boss 44 extending into the passage to define the
cavity 30 in which is the capsule 34. The elements 20,
22 are constrained against relative axial movement in
the same way as in the cigarette 310 shown in Figure 3
. The device 308 of this embodiment operates in the
same way as that already described for the cigarette
710 shown in Figure 7 . Figure 9 shows a cigarette 910
similar to the cigarette 810 shown in Figure 8 .
However, in the liquid release device 918 of this
embodiment a number of smaller spherical capsules 34'
are held in the annular chamber 54 around the boss 44
of the mobile element 22. In this respect the
arrangement of this embodiment is similar to that of
the liquid release device 518 shown in Figures 5 and 6
; the annular chamber 54 has an axial length m ;
typically m = d + 0.1 mm, where d is the diameter of
the capsules 34' . The movable sleeve 60 stops short
of the tipping 24 by a distance p / typically p =
0.8d. The elements 20, 22 are constrained against
relative axial movement in the same way as in the
cigarette 810 shown in Figure 8 . The cigarette 910 of
this embodiment functions in the same way as already
described for the cigarette 710 shown in Figure 7 .
The liquid release device 1018 of the cigarette 1010
shown in Figure 10 has a sleeve circumscribing the
stationary 20 and mobile 22 elements, which sleeve is
a polyethylene tube 50. The end region of the
stationary element 20 which abuts the filter plug 26
has a circumferential flange 52 which is not
circumscribed by the tube 50, and the free end of the
mobile element 22 extends beyond the tube 50 by a
distance p . The elements 20, 22 have complementary
conical opposed faces; that of the mobile element 22
is a frustoconical surface extendingfrom the body of
the element, and that of the stationary element 20 is
a conical surface extending into the element. The
capsule 34 is retained in a hemispherical cavity in
the centre of the conical face of the stationary
element 20; the diameter of the cavity is only very
slightly larger than the diameter of the capsule 34.
The stationary 20 and mobile 22 elements are
separated, in the starting condition of the device
shown in Figure 10, by an axial distance 2 ;
typically, 1 d + 0.2mm, where d is the diameter of the
capsule 34. The distance p by which the mobile element
22 extends beyond the tube 50 is less than 1 ;
typically, p = 0.8d. The mobile element 22 is held in
the position shown in Figure 10 by co-operation
between a circumferential row of teeth 64 around the
mobile element 22 which are received in a first
circumferential groove 40 in the inner face of the
tube 50. A second circumferential groove 42 is
provided in the inner face of the tube 50 nearer than
the first groove 40 to the stationary element 20, to
receive the teeth 64 when the mobile element 22 is
moved toward the stationary element. The teeth 64 on
the mobile element 22 can be formed by small cuts or
nicks in the circumferential surface of the mobile
element 22; these act against the grooves 40, 42 to
prevent movement of the mobile element out of the free
end of the tube 50 and to restrain the mobile element
22 against unintended or accidental movement toward
the stationary element 20. This restraint is overcome
when sufficient force is applied to the cap 28 to push
the mobile element 22 toward the stationary element
20. This causes the end of the frustoconical surface
of the mobile element 22 to impinge on the capsule 34
and rupture it, so that the liquid charge flows into
the elements 20, 22. The end of the frustoconical face
of the mobile element 22 can be hardened if necessary
to ease rupture of the capsule. Those components of
liquid release devices according to the invention
which are fixed together, that is, which are immobile
relative to each other, may be fixed in any suitable
manner, for example by adhesive or they may be a tight
friction fit where this is possible. For example, in
the liquid release devices 218, 1018 shown in Figures
2 and 10, the stationary element 20 can be a tight
friction fit in the tube 50 or it can be fixed in the
tube with adhesive. The liquid release device 1118 of
the cigarette 1110 shown in Figure 11 has a sleeve
circumscribing the stationary 20 and mobile
22elements. Tipping paper 24 is fixed to and extends
along the entire length of the stationary element 20,
extends over the filter plug 26 and is fixed to the
mouth end region of the cigarette paper wrapper 16 of
the tobacco rod 12. The tipping paper has an inner
lining 51 of stiff porous plug wrap, for example made
from cellulose fibres. The stationary porous element
20 comprises a high density core 20 surrounded by a
low density annulus 21 of cellulose acetate. Likewise
the mobile element 22 comprises a high density core 22
surrounded by a low density annulus 21 of cellulose
acetate. The tipping 24 is perforated by a number of
perforations 56 which admit air into the low density
annulus 21 through the inner lining 51 of stiff porous
plug wrap. The stationary porous element 20 and the
mobile element 22 are linked to each other by a
deformable connector 74, shown in Figure 12. The
connector 74 is of a material which can be readily
deformed by a smoker pushing the mobile element 22
toward the stationary element 20; it may be a
perforated porous plug wrap that is affixed around the
circumferential surfaces of the stationary porous
element 20 and the mobile element 22. An embodiment of
such a deformable connector 74 is shown in Figure 12.
The perforated porous plug wrap 70 comprises a number
of angled slots 72 that weaken the perforated porous
plug wrap 70 in the region of the annular chamber 54.
In an alternative embodiment (not shown) the
deformable connector 74 may be a strip of deformable
material, for example light weight paper or porous
plug wrap, which is wrapped around only a part of the
circumferences of the stationary porous element 20 and
the mobile element 22; for example only a half, a
third, a quarter or a sixth of the circumferences of
the stationary porous element 20 and the mobile
element 22 are wrapped. This corresponds to wrapping
around 180 degrees, 120 degrees, 90 degrees or 60
degrees, respectively. Alternatively any other 



fraction of the circumference may be wrapped; less
than 180 degrees is preferred and 120 degrees is
especially preferred. In use, the mobile element 22 is
moved towards the stationary element 20, breaking the
capsule 34 as has already been described. During this
movement the deformable connector 74 crumples into the
annular chamber 54 without breaking or tearing of the
connector 74, maintaining the link between the mobile
element 22 and the stationary element 20. Because the
link between the mobile element 22 and thestationary
element 20 is maintained, the mobile element 22 is
restrained safely inside the liquid release device
1118. The cap 28 of the cigarette 1110 is shown in
Figure 13. It is made, for example, from laminated
biodegradable food grade polymer film. The cap 28 of
Figure 13 comprises a circular section 23 and a pull
tab 25. The circular section 23 is initially adhered
to the end section of the smoking article 1110 by an
adhesive spot 29 and covers the end section of the
smoking article 1110 to preserve freshness. The pull
tab 25 of the cap 28 is adhered to the side of the
liquid release device 1118 by a further adhesive spot
29. It will be appreciated that the smoking articles
of the invention can be provided with any features
conventionally found on smoking articles, such as
ventilation (in addition to any ventilation employed
to prevent the smoking article from being lit and/or
smoked when the liquid release device is in the first
condition) . The invention provides a liquid release
device for use in smoking articles which allows a
smoker to modify the smoking characteristics of a
smoking article conveniently and effectively.CLAIMS 1
. A smoking article (110), (210), (310), (410), (510),
(710), (810), (910), (1010), (1110), preferably a
cigarette, comprising a rod (12) of smokable material
and a liquid release device (118), (218), (318),
(418), (518), (718), (818), (918), (1018), (1118) in
axial alignment with the rod, the device comprising: a
stationary porous element (20) fixed with respect to
the rod (12); a mobile porous element (22) axially
aligned with and axially movable relative to the
stationary porous element (20) ; and at least one
frangible capsule (34), (34') of liquid retained
between the elements (20), (22), whereby axial
movement of the mobile element (22) from a first
position in which the capsule (34), (34') is intact
toward the stationary element (20) to a second
position causes the capsule to rupture and release the
liquid into the porous elements, the mobile element
(22) being restrained against undesired axial movement
in at least one, preferably both, of the first and
second positions . 2 . A smoking article (110), (210),
(310), (410), (510), (710), (810), (910), (1010),
(1110) according to claim 1 further comprising a
sleeve (24), (50), (58), (60) around at least a part
of one of the elements (20), (22), one of the elements
being fixed relative to the sleeve and the other
element being movable relative to the sleeve. 3 . A
smoking article (110), (210), (310), (410), (510),
(710) , (810) , (910) , (1010) , (1110) according to
any preceding claim in which the liquid in the at
least one frangible capsule comprises at least one
agent capable of modifying one or more properties of
the smoking article, preferably at least one
flavourant, more preferably menthol. 4 . A smoking
article (110), (210), (310), (410), (510), (710),
(810), (910), (1010) according to any preceding claim
in which the restraint is provided by cooperation
between at least one male part (38) on one of the
elements (20), (22) and least one female part on the
other element .5 . A smoking article (110), (210),
(310), (410), (510), (710), (810), (910), (1010),
(1110) according to any claim 1 to 4 in which the
restraint is provided by a deformable connector (74) .
6 . A smoking article (210), (310), (410), (510),
(710), (810), (910), (1010), (1110) according to any
preceding claim including a ventilation zone (56),
(62) for admission of ventilating air into at least
one of the elements (20), (22), the ventilation zone
(56), (62) being open when the mobile element (22) is
in the first position and at least partly covered when
the mobile element is in the second position. 7 . A
smoking article (210), (310), (410), (510), (1010),
(1110) according to claims 2 and 6 in which the
ventilation zone is provided by perforations (56)
through the sleeve (50) , (58) . 8 . A smoking article
(710), (810), (910) according to claim 6 in which the
circumferential surface of the smoking article has an
air permeable portion (62) and in which when the
mobile element (22) is in the first position, the said
air permeable portion (62) is exposed to admit air
into the smoking article to render it unsmokable and
when the mobile element (22) is in the second position
the said air permeable portion (62) is sufficiently
covered by the sleeve (60) to allow the smoking
article to be smoked. 9 . A smoking article (110),
(210), (310), (410), (510), (710), (810), (910),
(1010), (1110) according to any preceding claim
further comprising a filter plug (26) disposed between
the rod (12) of smokable material and the liquid
release device (118), (218), (318), (418), (518),
(718), (818), (918), (1018), (1118). 10. A smoking
article (110), (210), (310), (410), (510), (710),
(810), (910), (1010), (1110) according to any
preceding claim in which the device (118), (218),
(318), (418), (518), (718), (818), (918), (1018)
(1118) is fixed to the rod (12) by tipping (24) . 11.
A smoking article (110), (210), (310), (410), (510),
(710), (810), (910) , (1010) according to any
preceding claim in which the mouth endof the liquid
release device (118), (218), (318), (418), (518),
(718; (818), (918), (1018), (1118) is covered by a cap
(28). 


