
ANTIGEN BINDING MOLECULES HAVINGMODIFIED FC REGIONS
AND ALTERED BINDING TO FC RECEPTORS BACKGROUND OF THE
INVENTION Field of the Invention [0001] The present
invention is directed to antigen binding molecules,
including antibodies, comprising a Fc region having
one or more amino acid modifications, wherein the
antigen binding molecule exhibits altered binding to
one or more Fc receptors as a result of the
modification(s). The invention is further directed to
polynucleotides and vectors encoding such antigen
binding molecules, to host cells comprising same, to
methods for making the antigen binding molecules of
the invention, and to their use in the treatment of
various diseases and disorders, e.g., cancers.
Background of the Invention [0002] Antibodies provide
a link between the humoral and the cellular immune
system with IgG being the most abundant serum
immunoglobulin. While the Fab regions of the antibody
recognize antigens, the Fc portion binds to Fcg
receptors (FcgRs) that are differentially expressed by
all immune competent cells. Upon receptor crosslinking
by a multivalent antigen/antibody complex,
degranulation, cytolysis or phagocytosis of the target
cell and transcriptional-activation of
cytokine-encoding genes are triggered (Deo, Y.M. et
al, Immunol. Today 18(3):127-135 (1997)). [0003] The
effector functions mediated by the antibody Fc region
can be divided into two categories: (1) effector
functions that operate after the binding of antibody
to an antigen (these functions involve, for example,
the participation of the complement cascade or Fc
receptor (FcR)-bearing cells); and (2) effector
functions that operate independently of antigen
binding (these functions confer, for example,
persistence in the circulation and the ability to be
transferred across cellular barriers by transcytosis).
For example, binding of the Cl component of complement
to antibodies activates the complement system.
Activation of complement is important in the
opsonisation and lysis of cell pathogens. The
activation of complement also stimulates the
inflammatory response and may also be involved in
autoimmune hypersensitivity. Further, antibodies bind
to cells via the Fcregion, with an Fc receptor binding
site on the antibody Fc region binding to a Fc
receptor (FcR) on a cell. There are a number of Fc
receptors which are specific for different classes of
antibody, including IgG (gamma receptors), IgE
(epsilon receptors), IgA (alpha receptors) and IgM (mu
receptors). While the present invention is not limited
to any particular mechanism, binding of antibody to Fc
receptors on cell surfaces triggers a number of
important and diverse biological responses including
engulfhient and destruction of antibody-coated
particles, clearance of immune complexes, lysis of
antibody-coated target cells by killer cells (known as
antibody-dependent cell-mediated cytotoxicity, or
ADCC), release of inflammatory mediators, placental
transfer and control of immunoglobulin production.
[0004] FcRs are defined by their specificity for
immunoglobulin isotypes; Fc receptors for IgG
antibodies are referred to as FcgR, for IgE as FceR,
for IgA as FcaR and so on. Three subclasses of human
FcgR have been identified: FcgRI (CD64), FcgRII (CD32)
and FcgRIII (CD16). [0005] Because each FcgR subclass
is encoded by two or three genes, and alternative RNA
splicing leads to multiple transcripts, a broad
diversity in FcgR isoforms exists. The three genes
encoding the FcgRI subclass (FcgRIA, FcgRIB and
FcgRIC) are clustered in region Iq21.1 of the long arm
of chromosome 1; the genes encoding FcgRII isoforms
(FcgRIIA, FcgRIIB and FcgRIIC) and the two genes
encoding FcgRIII (FcgRIIIA and FcgRIIIB) are all
clustered in region Iq22. These different FcR subtypes
are expressed on different cell types {see, e.g.,
Ravetch, J.V. and Kinet, J.P. Annu. Rev. Immunol. 9 :
457- 492 (1991)). For example, in humans, FcgRIIIB is
found only on neutrophils, whereas FcgRIIIA is found
on macrophages, monocytes, natural killer (NK) cells,
and a subpopulation of T-cells. Notably, FcgRIIIA is
the only FcR present on NK cells, one of the cell
types implicated in ADCC. [0006] FcgRI, FcgRII and
FcgRIII are immunoglobulin superfamily (IgSF)
receptors; FcgRI has three IgSF domains in its
extracellular domain, while FcgRII and FcgRIH have
only two IgSF domains in their extracellular domains.
[0007] Another type of Fc receptor is the neonatal Fc
receptor (FcRn). FcRn is structurally similar to major
histocompatibility complex (MHC) and consists of an a-
chain non-covalently bound to b2-microglobulin.'[0008]
Recently the importance of the activating receptor
FcgRIIIa for the in vivo elimination of tumor cells
was discovered. In follicular non-Hodgkin's lymphoma
patients a relationship was reported between the
FcgRIIIa genotype and clinical and molecular responses
to rituximab, an anti-CD20 chimeric antibody used
against haematological malignancies (Cartron, G. et
al, Blood 99(3):154-15% (2002)). The authors
demonstrated that the efficacy of rituximab was higher
in patients homozygous for the "high
affinity"-FcgRIIIa, characterized by a valine at
position 158 (FcgRIIIa[Val- 158]), than in patients
heterozygous or homozygous for the "low
affmity"-FcgRIIIa, which has a phenylalanine residue
at this position (FcgRIIIa[Phe-158]). This
dissimilarity 



seems to account for the significantly different
affinities for the antibody displayed by
FcgRIIIa-positive immune cells (Dall'Ozzo, S. et al.,
Cancer Res. 64(13) -.4664-4669 (2004)). [0009] The
above observations imply a crucial role for FcgRIIIa
in the elimination of tumor cells and support the idea
that monoclonal antibodies (mAbs) with increased
affinity for FcgRIIIa will have improved biological
activity. One route to enhance the affinity towards
FcgRIIIa and consequently the effector functions of
monoclonal antibodies is the manipulation of their
carbohydrate moiety (Umana, P. et al., Nat. Biotech.
170:176-180 (1999), Shields, R.L. et al, J. Biol.
Chem. 2 77(30) :26733-26740 (2002), Ferrara, C. et
al., submitted). The N-glycosylation of Fc at Asn-297
in both Cg2 domains is crucial to the affinity to all
FcgRs (Tao, M.H. & Morrison, S.L., J. Immunol.
J43(8):2595-2601 (1989), Mimura, Y., et al, J. Biol.
Chem. 276(49):45539-45547 (2001) and to elicit proper
effector functions (Wright, A. & Morrison, S.L., J.
Exp. Med. 180(3):10%l-l096 (1994), Sarmay, G. et al,
MoI Immunol. 29(5):633-639 (1992)). It is comprised of
a conserved pentasaccharide structure with variable
addition of fucose and outer arm sugars (Jefferis, R.
et al, Immunol. Rev. 163:59-16 (1998)). The
Nglycosylation pattern of mAbs has been manipulated by
engineering the glycosylation pathway of a production
cell line using enzyme activities that lead to
naturally occurring carbohydrates. The resulting
glycoengineered (GE) antibodies feature high
proportions of bisected, non-fucosylated
oligosaccharides, improved affinity for FcgRIIIa and
enhanced ADCC (Umana, P. et al, Nat. Biotech. 17(2)
:17'6-180 (1999), Ferrara, C. et al, submitted).
Similar results are found using a production cell line
which is unable to addfucose residues to N-linked
oligosaccharides (Sarmay, G. et ah, MoI. Immunol.
29(5):633-639 (1992). [0010] In contrast to the
situation with IgG Fc, little information is available
on the influence of FcgRIIIa glycosylation on receptor
activity. The crystal structure of unglycosylated
FcgRIII in complex with the Fc fragment of hlgGl
indicates that the putative carbohydrate moiety of
FcgRIII potentially attached at Asn-162 would point
into the central cavity within the Fc fragment
(Shields, R.L. et ah, J. Biol. Chern.
277(30):26733-26740 (2002)), where the rigid core
glycans attached to IgG-Asn-297 are also located
(Huber, R. et al, Nature 264(S585) :415-420 (1976)).
This arrangement suggests a possible approach of the
carbohydrate moieties of both proteins upon complex
formation. [0011] To dissect the interaction between
IgGl and soluble human (sh) FcgRIIIa on a molecular
level, binding of shFcgRIIIa variants to distinct
antibody glycovariants was evaluated by surface
plasmon resonance (SPR) and in a cellular system.
SUMMARY OF THE INVENTION [0012] In one embodiment, the
invention is directed to a glycoengineered
antigen-binding molecule comprising a Fc region,
wherein said Fc region has an altered oligosaccharide
structure as a result of said glycoengineering and has
at least one amino acid modification, and wherein said
antigen binding molecule exhibits increased binding to
a human FcgRIII receptor compared to the antigen
binding molecule that lacks said modification. In a
preferred embodiment, the glycoengineered antigen
binding molecule does not exhibit increased binding to
a human FcgRII receptor, such as the FcgRIIa receptor
or the FcgRIIb receptor. [0013] Preferably, the
FcgRIII receptor is glycosylated such that it
comprises N-linked oligosaccharides at Asnl62. In one
embodiment, the FcgRIII receptor is FcgRIIIa. In
another embodiment, the FcgRIII receptor is FcgRIIIb.
In certain embodiments, the FcgRIIIa receptor has a
valine residue at position 158. hi other embodiments,
the FcgRIIIa receptor has a phenylalanine residue at
position 158. [0014] In a preferred embodiment, the
glycoengineered antigen binding molecule of the
present invention contains a modification that does
not substantially increase binding to anonglycosylated
FcgRIII receptor compared to the antigen binding
molecule lacking said modification. In one embodiment,
the glycoengineered antigen binding molecule of the
present invention comprises a substitution at one or
more of amino acids 239, 241, 243, 260, 262, 263, 264,
265, 268, 290, 292, 293, 294, 295, 296, 297, 298, 299,
300, 301, 302, or 303. In some embodiments, the
glycoengineered antigen binding molecule comprises two
or more of the substitutions listed in Tables 2 and 4.
In some embodiments, the glycoengineered antigen
binding molecule comprises the two or more
substitutions listed in Table 5. [0015] The present
invention is further directed to a glycoengineered
antigen binding molecule comprising one or more
substitutions that replace the naturally occurring
amino acid residue with an amino acid residue that
interacts with the carbohydrate attached to Asnl62 of
the FcgRIII receptor. Preferably, the amino acid
residue that interacts with the carbohydrate attached
to Asnl62 of the FcgRIII receptor is selected from
the- group consisting of: Trp, His, Tyr, GIu, Arg,
Asp, Phe, Asn, and GIn. [0016] In a preferred
embodiment, the glycoengineered antigen binding
molecule comprises a substitution selected from the
group consisting of: Ser239Asp, Ser239Glu, Ser239Trp,
Phe243His, Phe243Glu, Thr260His, His268Asp, His268Glu.
Alternatively or 



additionally, the glycoengineered antigen binding
molecule according to the present invention may
contain one or more substitutions listed in Tables 2
or 4. [0017] In a preferred embodiment, the
glycoengineered antigen binding molecule of the
present invention binds to the FcgRIII receptor with
at least 10 % increased affinity, at least 20%
increased affinity, at least 30% increased affinity,
at least 40% increased affinity, at least 50%
increased affinity, at least 60% increased affinity,
at least 70% increased affinity, at least 80%
increased affinity, at least 90%, increased affinity,
or at least 100% increased affinity compared to the
same antigen binding molecule lacking said
modification. [0018] The glycoengineered antigen
binding molecule of the present invention preferably
comprises a human IgG Fc region. In one embodiment,
the antigen binding molecule is an antibody or an
antibody fragment comprising an Fc region. In a
preferred embodiment, the antibody or antibody
fragment is chimeric or humanized. [0019] In certain
embodiments, the glycoengineered antigen binding
molecule according to the invention exhibits increased
effector function. Preferably, the increased
effectorfunction is increased antibody-dependent
cellular cytotoxicity or increased complement
dependent cytotoxicity. [0020] The altered
oligosaccharide structure in the glycoengineered
antigen binding molecules of the present invention
preferably comprises a decreased number of fucose
residues as compared to the nonglycoengineered antigen
binding molecule. In a preferred embodiment, at least
20%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80% or more of the
oligosaccharides in the Fc region are nonfucosylated.
[0021] The altered oligosaccharide structure in the
glycoengineered antigen binding molecules of the
present invention may also comprise an increased
number of bisected oligosaccharides as compared to the
nonglycoengineered antigen binding molecule. The
bisected oligosaccharide may be of the hybrid type or
the complex type. The present invention also
encompasses a glycoengineered antigen binding
molecule, wherein said altered oligosaccharide
structure comprises an increase in the ratio of GIcNAc
residues to , fucose residues as compared to the
nonglycoengineered antigen binding molecule. [0022] In
a preferred embodiment, the glycoengineered antigen
binding molecules of the present invention selectively
bind an antigen selected from the group consisting of:
the human CD20 antigen, the human EGFR antigen, the
human MCSP antigen, the human MUC-I antigen, the human
CEA antigen, the human HER2 antigen, and the human
TAG- 72 antigen. [0023] The present invention is also
directed to a glycoengineered antigen binding molecule
comprising a Fc region, wherein said Fc region has an
altered oligosaccharide structure as a result of said
glycoengineering and has at least one amino acid
modification, and wherein said antigen binding
molecule exhibits increased specificity to a human
FcgRIII receptor compared to the antigen binding
molecule that lacks said modification. Preferably, the
glycoengineered antigen binding molecule of the
present invention does not exhibit increased
specificity to a human FcgRII receptor, such as the
human FcgRIIa receptor or the human FcgRIIb receptor.
[0024] The FcgRIII receptor is preferably
glycosylated, (i.e., it comprises N-linked
oligosaccharides at Asnl62). In one embodiment, the
FcgRIII receptor is FcgRIIIa. In an alternative
embodiment, the FcgRIII receptor is FcgRIIIb. In
certain embodiments, the FcgRIIIa receptor has a
valine residue at position 158. In other embodiments,
the FcgRIIIa receptor has a phenylalanine residue at
position 158.[0025] In a preferred embodiment, the
amino acid modification of an antigen binding molecule
does not substantially increase specificity for a
nonglycosylated FcgRIII receptor compared to the
antigen binding molecule lacking the modification.
[0026] In a particularly preferred embodiment, the
modification comprises an amino acid substitution at
one or more of amino acid positions 239, 241, 243,
260, 262, 263, 264, 265, 268, 290, 292, 293, 294, 295,
296, 297, 298, 299, 300, 301, 302, or 303. In a
preferred embodiment, the substitution replaces the
naturally occurring amino acid residue with an amino
acid residue that interacts with the carbohydrate
attached to Asnl62 of the FcgRIII receptor. In one
embodiment, the amino acid residue that interacts with
the carbohydrate attached to Asnl62 of the FcgRIII
receptor is selected from the group consisting of:
Trp, His, Tyr, GIu, Arg, Asp, Phe, Asn, and GIn.
[0027] In one embodiment, the substitution is selected
from the group consisting of: Ser239Asp, Ser239Glu,
Ser239Trp, Phe243His, Phe243Glu, Thr260His, His268Asp,
His268Glu. The glycoengineered antigen binding
molecule according to the present invention may also
contain one or more of the substitutions listed in
Tables 2 or 5. [0028] In a preferred embodiment, the
invention encompasses a glycoengineered antigen
binding molecule wherein said antigen binding molecule
binds to a FcgRIII receptor with at least 10%
increased specificity, at least 20% increased
specificity, at least 30% increased specificity, at
least 40% increased specificity, at least 50%
increased specificity, at least 60% increased
specificity, at least 70% increased specificity, at
least 80% increased specificity, at least 90%
increased specificity, or at least 100% increased
specificity or more compared to the antigen binding
molecule lacking said modification. 



[0029] Preferably, the glycoengineered antigen binding
molecule of the invention exhibiting increased
specificity contains a human IgG Fc region. In another
preferred embodiment, the antigen binding molecule is
an antibody or an antibody fragment comprising an Fc
region. In a particularly preferred embodiment, the
antibody or antibody fragment is chimeric or
humanized. [0030] The glycoengineered antigen binding
molecule according to the invention preferably
exhibits increased effector function, e.g., increased
antibody-dependent cellular cytotoxicity or increased
complement dependent cytotoxicity. [0031] The altered
oligosaccharide structure may comprise a decreased
number of fucose residues as compared to the
nonglycoengineered antigen binding molecule. For
example,the invention encompasses a glycoengineered
antigen binding molecule, wherein at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, at least 90% or more of
the oligosaccharides in the Fc region are
nonfucosylated. [0032] In another embodiment, the
altered oligosaccharide structure may comprise an
increased number of bisected oligosaccharides as
compared to the nonglycoengineered antigen binding
molecule. The bisected oligosaccharides may be of
hybrid type or the complex type m one embodiment, the
altered oligosaccharide structure comprises an
increase in the ratio of GIcNAc residues to fucose
residues as compared to the nonglycoengineered antigen
binding molecule. [0033] In a preferred embodiment,
the glycoengineered antigen binding molecules
according to the invention selectively bind an antigen
selected from the group consisting of: the human CD20
antigen, the human EGFR antigen, the human MCSP
antigen, the human MUC-I antigen, the human CEA
antigen, the human HER2 antigen; and the human TAG-72
antigen. [0034] The present invention is also directed
to a polynucleotide encoding a polypeptide comprising
an antibody Fc region or a fragment of an antibody Fc
region, wherein said Fc region or fragment thereof has
at least one amino acid modification, and wherein said
polypeptide exhibits increased binding to a human
FcgRIII receptor compared to the same polypeptide that
lacks said modification. The present invention is also
directed to polypeptides encoded by such
polynucleotides. The polypeptide may be an antibody
heavy chain. The polypeptide may also be fusion
protein. [0035] The present invention is further
directed to vectors and host cells comprising the
polynucleotides of the invention. [0036] The present
invention is also directed to a method for producing a
glycoengineered antigen binding molecule comprising a
Fc region, wherein said Fc region has an altered
oligosaccharide structure as a result of said
glycoengineering and has at least one amino acid
modification, and wherein said antigen binding
molecule exhibits increased binding to a human FcgRIII
receptor compared to the antigen binding molecule that
lacks said modification, said method comprising: (i)
culturing the host cell of the invention under
conditions permitting the expression of said
polynucleotide; and(ii) recovering said
glycoengineered antigen binding molecule from the
culture medium. [0037] The invention is also directed
to a method for producing a glycoengineered antigen
binding molecule comprising a Fc region, wherein said
Fc region has an altered oligosaccharide structure as
a result of said glycoengineering and has at least one
amino acid modification, and wherein said antigen
binding molecule exhibits increased selectivity to a
human FcgRIII receptor compared to the antigen binding
molecule that lacks said modification, said method
comprising: (i) culturing the host cell of the
invention under conditions permitting the expression
of said polynucleotide; and (ii) recovering said
glycoengineered antigen binding molecule from the
culture medium. BRIEF DESCRIPTION OF THE DRAWINGS
[0038] Fig. l(a-c). Oligosaccharide characterization
of glycoengineered (GE) and native antibodies: (a)
Carbohydrate moiety associated with the Asn297 of
human IgGl-Fc. The sugars in bold define the
pentasaccharide core; the addition of the other sugar
residues is variable. The bisecting bl,4-linked GIcNAc
residue is introduced by GnT-III. (b) MALDI-MS spectra
of neutral oligosaccharides released from native and
GE antibodies. The m/z value corresponds to the
sodium-associated oligosaccharide ion. To confirm the
carbohydrate type the antibodies were treated with
Endoglycosidase H which only hydrolyzes hybrid but not
complex glycans. (c) Oligosaccharide distributions of
the IgG glycovariants used in this study. Glyco-1
refers to a glycoengineered antibody variant generated
from overexpression of GnT-III alone. Glyco-2 refers
to a glycoengineered antibody variant generated by
co-expression of GnT-III and recombinant ManII. [0039]
Fig. 2(a-b). Binding of the shFcgRIIIa[Val-158] or
shFcgRIUa[Phe-158] to immobilized IgGl glycovariants.
The association phase is represented by a solid bar
above the curves (a) Overlay of sensograms of the
binding events for shFcgRHIa[Val- 158] and
shFcgRIIIa[Phe-158], respectively. To compare the
binding event of GE 



antibodies within a similar response range, the
sensograms obtained at concentrations of 800 nM or 6.4
mM for the native antibody were overlaid. All
sensograms werenormalized to the immobilization level
(b) Kinetic analysis for shFcgRIIIa[Val-158] or
shFcgRIIIa[Phe-158] binding to Glyco-2. Fitted curves
and residual errors (below) were derived by non-linear
curve fitting. [0040] Fig. 3(a-c). Binding of IgG
glycovariants to hFcgRIIa[Val-158/Gln-162]. All
sensograms were normalized to the immobilization level
(a) Overlay of sensograms of the binding events for
shFcgRIIIa[Val-158/Gln-162]. The association phase is
represented by a solid bar above the curves (b)
Overlay of sensograms of the binding events for
shFcgRIIIa[Val-158/Ghi-162] or shFcgRIIIa[Val-158]
binding to WT or Glyco-2. (c) Whole-cell binding of
IgG to hFcgRIIIa[Val-158/Gln-162]- and
hFcgRIIIa[Vall58]-expressing or untransfected Jurkat
cells. FcgRIIIa binding is given in arbitrary units.
[0041] Fig. 4(a-b). The proposed interaction of the
glycosylated FcgRIII with the Fcfragment of IgG. (a)
The crystal structure of FcgRIII in complex with the
Fc-fragment of native IgG (PDB code Ie4k) is shown in
the inset. The rectangle indicates the clipping shown
above. The two chains of the Fc fragment and the
unglycosylated FcgRIII are depicted as surface with
Asnl62 and the fucose residue indicated. The glycans
attached to the Fc are shown as ball and sticks. The
fucose residue linked to the carbohydrate of the Fc
fragment chain is responsible for the sterical
hindrance of the proposed interaction with the FcgRIII
carbohydrate (b) Model of interaction between a
glycosylated FcgRIII and the (non-fucosylated) Fc
fragment of GE-IgG. As the fucose residue is not
present within GE-IgG, the carbohydrates attached at
Asnl62 of the receptor can thoroughly interact with
the GE-IgG. The figure was created using the program
PYMOL (www.delanoscientific.com). DETAILED DESCRIPTION
OF THE INVENTION [0042] Terms are used herein as
generally used in the art, unless otherwise defined as
follows. [0043] ABBREVIATIONS: Ig, Immunoglobulin;
ADCC5 Antibody-dependent cellular cytotoxicity; CDC,
Complement-dependant cytotoxicity; PBMC, Peripheral
blood mononuclear cells; GE, Glyco-engineered; GIcNAc,
N-Acetylglucosamine; Man, mannose; Gal, galactose;
Fuc, fucose; NeuAc, N-acetylneuraminic acid; GnT-III,
Nacetylglucosaminyltransferase III; Ic0n, association
rate constant; koff, dissociation rate constant.
[0044] 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 at least one effector function, e.g., ADCC, and
fusion proteins that include a region functionally
equivalent to the Fc region of an immunoglobulin and
that retain binding specificity and at least one
effector function. Also encompassed are chimeric and
humanized antibodies, as well as camelized and
primatized antibodies. [0045] As used herein, the term
Fc region is intended to refer to a C-terminal region
of a human IgG heavy chain. Although the boundaries of
the Fc 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. [0046] 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
the Fc region of an immunoglobulin without substantial
loss of biological function. Such variants 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)).
[0047] As used herein, the term antigen binding
molecule or ABM refers in its broadest sense to a
molecule that specifically binds an antigenic
determinant. Preferably, the ABM is an antibody;
however, single chain antibodies, single chain Fv
molecules, Fab fragments, diabodies, triabodies,
tetrabodies, and the like are also contemplated by the
present invention. [0048] By specifically binds or
binds with the same specificity when used to describe
an antigen binding molecule of the invention is meant
that the binding is selective for the antigen and can
be discriminated from unwanted or nonspecific
interactions.[0049] As used herein, the terms fusion
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
non-antigen 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 substantially
identical to that of a recombinant antibody having the
amino acid sequence of the murine variable region.
Humanized antibodies are a particularly preferred form
of fusion or chimeric antibody. [0050] As used herein,
a polypeptide having, for example, GnT-III activity
refers to a polypeptide that is able to catalyze the
addition of a N-acetylglucosamine (GIcNAc) residue in
b-1-4 linkage to the b-linked mannoside of the
trimannosyl core of'Nrlinked 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-mannosyl-glycoprotein
4-b-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 GnT-III, but rather
substantially similar to the dose dependence in a
given activity as compared to the GnT-III (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 GnT-III.) [0051] 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
substitution, addition and/or deletion in such manner
that does not substantially affect antigen binding
affinity or antibody effector function. 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 sequences. [0052] 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 the polypeptide or domains of other
peptides added to the polypeptide to modify the
properties of any part of the polypeptide, to change
characteristics such as ligand-binding affinities,
interchain affinities, or degradation/turnover rate.
[0053] Preferably, amino acid "substitutions" are the
result of replacing one amino acid with another amino
acid having similar structural and/or chemical
properties, i.e., conservative amino acid
replacements. "Conservative" amino acid substitutions
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 alanine, leucine, isoleucine, valine,
proline, phenylalanine, tryptophan, and methionine;
polar neutral amino acids include glycine, serine,
threonine, cysteine, tyrosine, asparagine, and
glutamine; positively charged (basic) amino acids
include arginine, lysine, and histidine; and
negatively charged (acidic) amino acids include
aspartic acid and glutamic acid. "Insertions" or
"deletions" are preferably in the range of about 1 to
about 20 amino acids, more preferably about 1 to about
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. [0054] As used herein, the term
humanized is used to refer to an antigen binding
molecule (ABM) derived from a non-human antigen
binding molecule, for example, a murine 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 byvarious
methods including (a) grafting only the non-human
complementarity determining regions (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 (b) 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., Nature 321:6069, 522-525 (1986); Morrison et
al., Proc. Natl. Acad. Sci. 57:6851-6855 (1984);
Morrison and Oi, Adv. Immunol. 44:65-92 (1988);
Verhoeyen et al., Science 259:1534-1536 (1988);
Padlan, Molec. Immun. 25:489-498 (1991); Padlan,
Molec. Immun. 31(3):169-217 (1994), all of which are
incorporated by reference in their entirety herein.
[0055] There are generally three 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): FRl -CDRl
-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 entirety. [0056] 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
antigen binding properties of the parent molecule but
which is less immunogenic in primates. [0057] 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. 196:901-911 (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 theCDRs as defined by each of the
above cited references are set forth below in Table 1
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 DEFES[ITIONS 1
Numbering of all CDR definitions in Table 1 is
according to the numbering conventions set forth by
Kabat et a\. (see below). [0058] 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 unambiguously 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 in Kabat et ah, U.S. Dept. of Health and Human
Services, "Sequence of Proteins of Immunological
Interest" (1983) (incorporated herein by reference in
its entirety). The sequences of any sequence listing
(i.e., SEQ ID NO:1 to SEQ ID NO:2) are not numbered
according to the Kabat numbering system. However, as
stated above, it is well within the ordinary skill of
one in the art to determine the Kabat numbering scheme
of any variable region sequence in the Sequence
Listing based on the numbering of the sequences as
presented therein. [0059] By a nucleic acid or
polynucleotide having a nucleotide sequence at least,
for example, 95% identical, or having 95% identity, to
a reference nucleotide sequence of the present
invention, it is intended that the nucleotide sequence
of the polynucleotide isidentical 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. [0060] 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. 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 et ah, Comp. App. Biosci.
(5:237-245 (1990). hi 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 Penalty=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.
[0061] 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 51 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
thepurposes 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. [0062] 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 from the 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 3' end
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. [0063] 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.
[0064] 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
bedetermined 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 et ah, 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, Mismatch
Penalty=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. [0065] 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. [0066] 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 Nterminus 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 notmatched/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, only residue
positions outside the N-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. [0067] 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 niM 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 650C. [0068]
As used herein, the term Golgi localization domain
refers to the amino acid sequence of a Golgi resident
polypeptide which is responsible for, anchoring the
polypeptide in location within the Golgi complex.
Generally, localization domains comprise amino
terminal "tails" of an enzyme. [0069] 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, antibody-dependent cellular
cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis (ADCP), cytokine secretion,
immune-complexmediated antigen uptake by
antigen-presenting cells, down-regulation of cell
surface receptors, etc. [0070] As used herein, the
terms engineer, engineered, engineering,
glycoengineer, glycoengineered, glycoengineering, and
glycosylation engineering are considered to include
any manipulation of the glycosylation pattern of a
naturally occurring or recombinant polypeptide, such
as an antigen binding molecule (ABM), or
fragmentthereof. 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.
Furthermore, glycosylation engineering includes the
effects of mutations and cell environment on
glycosylation. hi 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. [0071] 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. In one embodiment, the host cell is
engineered to allow the production of an antigen
binding molecule with modified glycoforms. Li a
preferred embodiment, the antigen binding molecule is
an antibody, antibody fragment, or fusion protein hi
certain embodiments, the host cells have been further
manipulated to express increased: levels of one or
more polypeptides having GnT-III activity, hi 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.
Host cells include cultured cells, e.g., mammalian
cultured cells, such as CHO cells, BHK cells, NSO
cells, SP2/0 cells, YO myeloma 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. [0072] As used herein the term
native sequence Fc region refers to an amino acid
sequence that is identical to the amino acid sequence
of an Fc region commonly found in nature. Exemplary
native sequence human Fc regions include a native
sequence human IgGl Fc region (non-A and A allotypes);
native sequence human IgG2 Fc region; native sequence
human IgG3 Fc region; and native sequence human IgG4
Fc region as well as naturally occurring variants
thereof. Other sequences are contemplated and are
readily obtained from various web sites (e.g., NCBI's
web site). [0073] The terms Fc receptor and FcR are
used to describe a receptor that binds to an Fc region
(e.g. the Fc region of an antibody or antibody
fragment) of the functional equivalent of an Fc
region. Portions of Fc receptors are specifically
contemplated insome embodiments of the present
invention. In preferred embodiments, the FcR is a
native sequence human FcR. In other preferred
embodiments, the FcR is one which binds an IgG
antibody (a gamma receptor) and includes receptors of
the FcgRI, FcgRII, and FcgRIII subclasses, including
allelic variants and alternatively spliced forms of
these receptors. FcgRII receptors include FcgRIIa (an
"activating receptor") and FcgRIIb (an 



"inhibiting receptor"), which have similar amino acid
sequences that differ primarily in the cytoplasmic
domains thereof. Activating receptor FcgRIIa contains
an immunoreceptor tyrosine based activation motif
(ITAM) in its cytoplasmic domain. Inhibiting receptor
FcgRIIb contains an immunoreceptor tyrosine-based
inhibition motif (ITIM) in its cytoplasmic domain. The
term also includes the neonatal receptor, FcRn, which
is responsible for the transfer of maternal IgGs to
the fetus. An example of one Fc receptor encompassed
by the present invention is the low affinity
immunoglobulin gamma Fc region receptor III-A
precursor (IgG Fc receptor III-2) (Fc-gamma RHI-alpha)
(Fc-gamma RIIIa) (FcRIIIa) (Fc-gamma RIII) (FcRIII)
(Antigen CD16-A) (FcR-IO). [gi:l 19876], the sequence
of which is set forth below: RTEDLPKAW FLEPQWYRVL
EKDSVTLKCQ GAYSPEDNST QWFHNESLIS SQASSYFIDA ATVDDSGEYR
CQTNLSTLSD PVQLEVHIGW LLLQAPRWVF KEEDPIHLRC HSWKNTALHK
VTYLQNGKGR KYFHHNSDFY IPKATLKDSG SYFCRGLFGS KNVSSETVNI
TITQGLAVST ISSFFPPGYQ VSFCLVMVLL FAVDTGLYFS VKTNIRSSTR
DWKDHKFKWR KDPQDK ] As used herein, a polypeptide
variant with altered FcR binding affinity or effector
function(s) is one which has either enhanced {i.e.
increased) or diminished (i.e. reduced) FcR binding
activity and/or effector function compared to a parent
polypeptide or to a polypeptide comprising a native
sequence Fc region. A polypeptide variant which
exhibits increased binding to an FcR binds at least
one FcR with better affinity than the parent
polypeptide. A polypeptide variant which exhibits
decreased binding to an FcR, binds at least one FcR
with worse affinity than a parent polypeptide. Such
variants which display decreased binding to an FcR may
possess little or no appreciable binding to an FcR,
e.g., 0-20% binding to the FcR compared to a parent
polypeptide. A polypeptide variant which binds an FcR
with increased affinity compared to a parent
polypeptide, is one which binds any one or more of the
above identified FcRs with higher binding affinity
than the parent antibody, when the amounts of
polypeptide variant and parent polypeptide in a
binding assay are essentially the same, and all other
conditions areidentical. For example, a polypeptide
variant with improved FcR binding affinity may display
from about 1.10 fold to about 100 fold (more typically
from about 1.2 fold to about 50 fold) improvement
(i.e. increase) in FcR binding affinity compared to
the parent polypeptide, where FcR binding affinity is
determined, for example, in an FACS-based assay or a
SPR analysis (Biacore). [0075] As used herein, an
amino acid modification refers to a change in the
amino acid sequence of a given amino acid sequence.
Exemplary modifications include, but are not limited
to, an amino acid substitution, insertion, and/or
deletion. In preferred embodiments, the amino acid
modification is a substitution (e.g. in an Fc region
of a parent polypeptide). An amino acid modification
at a specified position (e.g. in the Fc region) refers
to the substitution or deletion of the specified
residue, or the insertion of at least one amino acid
residue adjacent the specified residue. The insertion
may be Nterminal or C-terminal to the specified
residue. [0076] The term binding affinity refers to
the equilibrium dissociation constant (expressed in
units of concentration) associated with each Fc
receptor-Fc binding interaction. The binding affinity
is directly related to the ratio of the kinetic
off-rate (generally reported in units of inverse time,
e.g. seconds.sup.-l) divided by the kinetic on-rate
(generally reported in units of concentration per unit
time, e.g. molar/second). In general it is not
possible to unequivocally state whether changes in
equilibrium dissociation constants are due to
differences in on-rates, off-rates or both unless each
of these parameters are experimentally determined
(e.g., by BIACORE {see www.biacore.com) or SAPIDYNE
measurements) [0077] As used herein, the term
Fc-mediated cellular cytotoxicity includes
antibodydependent 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:
[0078] 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 Fcfusion 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.[0079] The
antibody-targeted cells are cells bound by the ABMs
(e.g., antibodies or Fcfusion proteins) of the
invention. In general, the antibodies or Fc
fusion-proteins bind to target cells via the protein
part N-terminal to the Fc region. [0080] 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 and at a given concentration of antibody
or Fc-fusion protein in the medium surrounding the
target cells by the mechanism of Fc-mediated cellular
cytotoxicity defined above, and/or a reduction in the
concentration of antibody or Fc-fusion protein in the
medium surrounding the target cells required to
achieve the lysis of a given number of
"antibodytargeted 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 which have not been produced by host
cells glycoengineered to express the
glycosyltransferase GnT-III by the methods described
herein. [0081] 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 in the art. One
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 RPMI 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 ml 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 ml 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 ml of
a 2% (WV) aqueous solution of nonionic 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 ml 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 4C; viii) 50 ml of the PBMC
suspension (point i above) are added to each well to
yield an effectortarget 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
GnT-III. Variant Fc Regions [0082] The present
invention provides polypeptides, including antigen
binding molecules, having modified Fc regions, nucleic
acid sequences (e.g., vectors) encoding such
polypeptides, methods for generating polypeptides
having modified Fc regions, and methods for using same
in the treatment of various diseases and disorders.
Preferably, the modified Fc regions of the present
invention differ from the nonmodified parent Fc region
by at least one amino acid modification. The "parent",
"starting" or "nonmodified" polypeptide preferably
comprises at least a portion of an antibody Fc region,
and may be prepared using techniques available in the
art for generating polypeptides comprising an Fc
region or portion thereof. In preferred embodiments,
the parent polypeptide is an antibody. The parent
polypeptide may, however, be any other polypeptide
comprising at least a portion of an Fc region (e.g. an
antigen binding molecule) i certain embodiments, a
modified Fc 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 variable domain or binding domain of a
receptor or ligand. In preferred embodiments, the
polypeptides of the invention comprise an entire
antibody comprising light and heavy chains having a
modified Fc region. [0083] In preferred embodiments,
the parent polypeptide comprises an Fc region or
functional portion thereof. Generally the Fc region of
the parent polypeptide will comprise a native sequence
Fc region, and preferably a human native sequence Fc
region. However, the Fc region of the parent
polypeptide may have one or more pre-existing amino
acid sequence alterations or modifications from a
native sequence Fc region. For example, the CIq
binding activity of the Fc region may have been
previously altered or the FcgR binding affinity of the
Fc region may have been altered. In further
embodiments, the parent polypeptide Fc region is
conceptual (e.g. mental thought or a visual
representation on a computer or on paper), and while
it does not physically exist, the antibody engineer
may decide upon a desired modified Fc region amino
acid sequence and generate a polypeptide comprising
that sequence or a DNA encoding the desiredmodified Fc
region amino acid sequence. However, in preferred
embodiments, a nucleic acid encoding an Fc region of a
parent polypeptide is available (e.g. commercially)
and this nucleic acid sequence is altered to generate
a variant nucleic acid sequence encoding the modified
Fc region. [0084] Polynucleotides encoding a
polypeptide comprising a modified Fc 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 sitedirected (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 al.
Nucleic Acids Res. 13: 4431-4443 (1985) and Kunkel et.
al, Proc. Natl. Acad. Sd. USA 82: 488 (1987), both of
which are hereby incorporated by reference). Briefly,
in carrying out site directed mutagenesis of DNA, 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 doublestranded DNA.
[0085] PCR mutagenesis is also suitable for making
amino acid sequence variants of the nonmodified
starting polypeptide (see, e.g., Vallette et. ah, Nuc.
Acids Res. 17: 723-733 (1989), hereby incorporated by
reference). 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. [0086] Another method for preparing
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 usingthe 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. [0087] Alternatively, or
additionally, the desired amino acid sequence encoding
a polypeptide variant can be determined, and a nucleic
acid sequence encoding such amino acid sequence
variant can be generated synthetically. [0088] The
amino acid sequence of the parent polypeptide may be
modified in order to generate a variant Fc region with
altered Fc receptor binding affinity or activity in
vitro and/or in vivo and/or one or more altered
effector functions, such as antibody-dependent
cell-mediated cytotoxicity (ADCC) activity, in vitro
and/or in vivo. The amino acid sequence of the parent
polypeptide may also be modified in order to generate
a modified Fc region with altered complement binding
properties and/or circulation half-life. [0089]
Substantial modifications in the biological properties
of the Fc region may be 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: norleucine, 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.[0090]
Non-conservative substitutions will entail exchanging
a member 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. [0091] One can
engineer an Fc region to produce a variant with
altered binding affinity for one or more FcRs. One
may, for example, modify one or more amino acid
residues of the Fc region in order to alter (e.g.
increase or decrease) binding to an FcR. In preferred
embodiments, the modification comprises one or more of
the Fc region residues identified herein (See, e.g,
Table 2). Generally, one will make an amino acid
substitution at one or more of the Fc region residues
identified herein as effecting FcR binding in order to
generate such an Fc region variant. In preferred
embodiments, no more than one to about ten Fc region
residues will be deleted or substituted. The Fc
regions herein comprising one or more amino acid
modifications (e.g. substitutions) will preferably
retain at least about 80%, and preferably at least
about 90%, and most preferably at least about 95% of
the parent Fc region sequence or of a native sequence
human Fc region. [0092] One may also make amino acid
insertion modified Fc regions, which variants have
altered effector function. For example, one may
introduce at least one amino acid residue (e.g. one to
two amino acid residues and generally no more than ten
residues) adjacent to one or more of the Fc region
positions identified herein as impacting FcR binding.
By adjacent is meant within one to two amino acid
residues of a Fc region residue identified herein.
Such Fc region variants may display enhanced or
diminished FcR binding and/or effector function. In
order to generate such insertion variants, one may
evaluate a co-crystal structure of a polypeptide
comprising a binding region of an FcR (e.g. the
extracellular domain of the FcR of interest) and the
Fc region into which the amino acid residue(s) are to
be inserted (see, e.g., Sondermann et al. Nature
406:261 (2000); Deisenhofer, Biochemistry 20 (9):
2361-2370 (1981); and Burmeister et al, Nature 3442:
379-383, (1994), all of which are herein incorporated
by reference) in order to rationally design a modified
Fc region that exhibits, e.g., improved FcR binding
ability. [0093] By introducing the appropriate amino
acid sequence modifications in a parent Fc region, one
can generate a variant Fc region which (a) mediates
one or more effector functions in the presence of
human effector cells more or less effectively and/or
(b) binds an Fc g receptor (FcgR) or Fc neonatal
receptor (FcRn) with better affinity than the
parentpolypeptide. Such modified Fc regions will
generally comprise at least one amino acid
modification in the Fc region. [0094] In preferred
embodiments, the parent polypeptide Fc region is a
human Fc region, e.g. a native human IgGl (A and non-A
allotypes), IgG2, IgG3, or IgG4 Fc region, including
all allotypes known or discovered. Such regions have
sequences such as those shown in SEQ ID NOS: 1-2 .
[0095] Li certain embodiments, the parent polypeptide
Fc region is a non-human Fc region. Non-human Fc
regions include Fc regions derived from non-human
species such as, but not limited to, equine, porcine,
bovine, murine, canine, feline, non-human primate, and
avian subjects, e.g. a native non-human IgG Fc region,
including all subclasses and allotypes known or
discovered. [0096] In certain embodiments, in order to
generate a modified Fc region with improved effector
function (e.g., ADCC), the parent polypeptide
preferably has pre-existing,ADCC activity (e.g., the
parent polypeptide comprises a human IgGl or human
IgG3 Fc region) hi some embodiments, a modified Fc
region with improved ADCC mediates ADCC substantially
more effectively than an antibody with a native
sequence IgGl or  gG3 Fc region. [0097] hi preferred
embodiments, one or more amino acid modification(s)
are introduced into the CH2 domain of the parent Fc
region in order to generate a modified IgG Fc region
with altered Fc g receptor (FcgR) binding affinity or
activity. [0098] hi certain embodiments, the one or
more amino acid modification(s) introduced into the
CH2 domain of the parent Fc region occur at those
positions indicated in Table 2. Table 2MODULAR SMOKING
ARTICLE AND METHOD OF USE FIELD OF THE INVENTION The
present invention relates to smoking of cigarettes and
flavoring, filtering, and taste articles for use with
cigarettes as well as to methods of testing new
cigarettes and articles for facilitating the testing
of new cigarettes. BACKGROUND OF THE INVENTION In the
description that follows, reference is made to certain
structures and methods. However, such references
should not 



necessarily be construed as an admission that these
structures and methods qualify as prior art under the
applicable statutoryprovisions. Applicants reserve the
right to demonstrate that any of the referenced
subject matter does not constitute prior art. Various
smoking articles, cigarette holders and cigarette
holders with filtering arrangements are disclosed in
US 4 250 901; US 4 201 232; US 4 171 000; US 4 157
721; US 4 071 036; and, US 3 771 534. In addition, US
2003/0154993 discloses a cigarette filter with beaded
carbon. The beaded carbon may be combined with
inactivated (or less activated) beaded material, or
with beaded material flavor carriers, or with other
suitable filler material such as glass beads . SUMMARY
OF THE INVENTION In the preferred embodiments
disclosed herein, a modular article for smoking a
cigarette with a predetermined volume of a particular
medium such as flavoring, filtering, or taste
materials, comprises an outer sleeve member having a
first end and a second end. The first end of the outer
sleeve member is arranged to receive an end of a
cigarette and the outer sleeve member defines a
passageway through the outer sleeve member. A
plurality of inner sleeve members are each receivable
within the passageway of the outer sleeve. Each of the
inner sleeve members defines a passageway through the
inner sleeve member with a compartment provided within
the passageway of the inner sleeve member having a
predetermined volume. The predetermined volume of the
compartment is different for different inner sleeve
members ofthe plurality of inner sleeve members. In
this way, a different volume of a particular medium
may be used when smoking a different cigarette . In
other preferred embodiments, the modular article
further comprises a mouthpiece with the second end of
the outer sleeve being arranged to receive the
mouthpiece . The second end of the outer sleeve may
also provide the mouthpiece for the article. In
another preferred embodiment, the modular article
comprises an end member arranged to be received by the
second end of the outer sleeve member with the end
member being arranged to receive a cigarette filter.
In a preferred embodiment, each of the plurality of
inner sleeve members defines a first end and a second
end with the compartment provided between the first
end and the second end of the inner sleeve member. The
inner sleeve members each are snugly received within
the passageway of the outer sleeve so that
substantially all fluid passing from the first end of
the outer sleeve to the second end of the outer sleeve
passes through the compartment of the inner sleeve.
The modular article further comprises a first sieve
member arranged to be received adjacent the first end
of the inner sleeve member with an arrangement for
retaining the first sieve adjacent the first end of
the inner sleeve member. A second sieve member is
arranged to be received adjacent the second end of the
inner sleeve member with an arrangement provided for
retaining the second sieve member adjacent the second
end of the inner sleeve member. In a preferred
embodiment, each of the plurality of inner sleeve
members has a different predetermined length and a
common predetermined inner diameter. Also, each of the
plurality of inner sleeve members may provide a
resistance to draw for a smoker which is generally
imperceptible to the smoker when smoking a cigarette.
Preferably, the volume of the compartments of the
plurality of inner sleeve members ranges from about
0.025cm to about 0.3cm3 and the plurality of inner
sleeve members are filled with a predetermined
particular medium. In another preferred embodiment, a
modular article for smoking a cigarette with a
predetermined volume of a particular medium such as
flavoring, filtering, or taste materials, comprises an
outer sleeve member having a first end and a second
end. The first end of saidouter sleeve member is
arranged to receive an end of a cigarette and the
outer sleeve member defines a passageway through the
outer sleeve member. An inner sleeve member is
receivable within the passageway of the outer sleeve.
The inner sleeve member defines a passageway through
the inner sleeve member with a compartment provided
within the passageway of the inner sleeve member
having a predetermined volume . The predetermined
volume of the compartment is determined by the 



length of a portion of the inner sleeve member. In
this way, a predetermined volume of a particular
medium may be used when smoking a cigarette. In other
preferred embodiments, the modular article comprises a
mouthpiece with the second end of the outer sleeve
being arranged to receive the mouthpiece. The second
end of the outer sleeve may also provide a mouthpiece
for the article. The inner sleeve member defines a
first end and a second end with the compartment
provided between the first end and the second end of
the inner sleeve member. The inner sleeve member is
snugly received within the passageway of the outer
sleeve so that substantially all fluid passing from
the first end of the outer sleeve to the second end of
the outer sleeve passes through the compartment of the
inner sleeve. The modular article further comprises a
first sieve member arranged to be received adjacent
the first end of the inner sleeve member with an
arrangement provided for retaining the first sieve
adjacent the first end of the inner sleeve member. A
second sieve member is arranged to be received
adjacent the second end of the inner sleeve member and
an arrangement is provided for retaining the second
sieve member adjacent the second end of the inner
sleeve member. The modular article further comprises a
mouthpiece with the second end of the outer sleeve
being arranged to receive the mouthpiece. An end
member may be arranged to be received by the second
end of the outer sleeve member with the end member
being arranged to receive a cigarette filter. The
second end of the outer sleeve may provide a
mouthpiece for the article and the second end of the
outer sleeve may be arranged to receive a cigarette
filter. The inner sleeve member provides a resistance
to draw for a smoker which is generally imperceptible
to the smoker when smoking a cigarette. The
predetermined volume of the compartment of the inner
sleeve memberis preferably between about 0.025cm3 to
about 0.3cm3 and filled with a predetermined
particular medium. In a preferred method disclosed
herein, a cigarette may be tested with different
predetermined volumes of a particular medium such as
flavoring, filtering, or taste materials. In the
preferred method, a first inner sleeve member is
selected from a plurality of inner sleeve members and
the selected inner sleeve member has a passageway with
a compartment having a first predetermined volume. The
compartment of the first inner sleeve member is filled
with a predetermined medium and the compartment is
closed with a sieve member to retain the medium within
the compartment. The first inner sleeve member is
inserted within an outer sleeve member and one end of
a cigarette is inserted in a first end of the outer
sleeve member. The cigarette is then smoked. The first
inner sleeve member is then removed from the outer
sleeve member and a second inner sleeve member is
selected from the plurality of inner sleeve members.
The second inner sleeve member has a passageway with a
compartment having a second predetermined volume,
different than the first predetermined volume. The
compartment of the second inner sleeve member is
filled with the predetermined medium and the
compartment is closed with a sieve member to retain
the medium within the compartment. The second inner
sleeve member is inserted within the outer sleeve
member and one end of a cigarette is inserted in a
first end of the outer sleeve member. The cigarette is
then smoked, whereby different volumes of a
predetermined flavor, filter or taste material for
cigarettes may be tested. The steps of smoking the
cigarette may be performed by an individual or by a
machine . Another preferred method for smoking a
cigarette with a predetermined volume of a particular
medium such as flavoring, filtering, or taste
materials, comprises the steps of selecting a first
inner sleeve member from a plurality of inner sleeve
members. The selected first inner sleeve member has a
passageway with a compartment having a first
predetermined volume . The compartments of the
plurality of inner sleeve members provide a variety of
predetermined volumes with the compartment of each of
the plurality of inner sleeve members being filled
with a predetermined medium. The first inner sleeve
member is inserted within an outer sleeve member and
one end of a cigarette is inserted in a first end of
the outersleeve member. The cigarette is then smoked
and the first inner sleeve member is removed from the
outer sleeve member. A second 



inner sleeve member is selected from the plurality of
inner sleeve members with the selected second inner
sleeve member having a passageway with a compartment
having a second predetermined volume filled with a
predetermined medium. The second inner sleeve member
is inserted within the outer sleeve member and one end
of a cigarette is inserted in the first end of the
outer sleeve member and the cigarette is smoked. The
predetermined volume of the second selected inner
sleeve member may be substantially the same as the
predetermined volume of the first selected inner
sleeve member and the medium provided in the
compartment of the second selected inner sleeve member
may be substantially the same as the medium provided
in the compartment of the first selected inner sleeve
member. The predetermined volume of the second
selected inner sleeve member may be different than the
predetermined volume of the first selected inner
sleeve member and the medium provided in the
compartment of the second selected inner sleeve member
may be different than the medium provided in the
compartment of the first selected inner sleeve member.
The cigarette may be smoked by an individual . BRIEF
DESCRIPTION OF THE DRAWING FIGURES Fig. 1 is a
perspective view of a preferred embodiment of a
modular smoking article. Fig. 2 is an exploded view of
the modular smoking article of Fig. 1 . Fig. 3 is a
perspective view of another preferred embodiment of a
modular smoking article. Fig. 4 is an exploded view of
the modular smoking article of Fig. 3 . Figs. 5a to 5e
are cross-sectional side views of differently sized
inner sleeve members of the modular smoking article.
Fig. 6 is a graph of analytical RTD versus amount of
carbon beads in a modular smoking article . Fig. 7 is
a graph of sensory RTD versus amount of carbon beads
in a modular smoking article.Fig. 8 is a schematic
illustration of a machine for smoking a cigarette
using the modular smoking article. DETAILED
DESCRIPTION With reference now to Fig. 1 , a preferred
embodiment of a modular smoking article 20 includes an
outer sleeve 22. One end of a cigarette 24 is inserted
into a first end 34 of the modular smoking article 20
with a second end 36 of the modular smoking article 20
providing a mouthpiece 28 for the article. An end
piece 26 which forms the mouthpiece 28 in the
embodiment of Fig. 1 is received within a second end
32 of the outer sleeve 22 of the modular smoking
article 20. With reference now to Fig. 2 , an exploded
view of the modular smoking article 20 and cigarette
24 of Fig. 1 is provided. The outer sleeve 22 is
generally cylindrical in shape with a passageway 31
extending through the outer sleeve 22 from the first
end 34 of the outer sleeve 22 to the second end 32 of
the outer sleeve. A first portion 35 of the passageway
at the first end 34 of the outer sleeve has a diameter
corresponding to the diameter of the cigarette 24 to
be smoked so that an end of the cigarette may be
snugly received by the first end of the outer sleeve
22. A central portion 33 of the passageway 31 has a
larger diameter than the first portion 35 with the
diameter of the central portion 33 corresponding
generally to the outside diameter of an assembly
including an inner sleeve 40 and annular retainers 52,
62 for the inner sleeve. The inside end of the first
portion 35 of the passageway 31 provides a shoulder 38
which prevents the assembly including the inner sleeve
40 from passing through the first end of the outer
sleeve 22 . The central portion 33 of the passageway
31 has a length that is sufficient to receive a
variety of inner sleeve assemblies having different
lengths as will be explained below. The passageway 31
may be tapered at the second end 32 of the outer
sleeve so as to snugly receive the end piece 26 and to
facilitate insertion of the inner sleeve assembly into
the passageway 31. 



The inner sleeve member 40 is generally cylindrical in
shape with a passageway extending axially through the
inner sleeve member 40.Both ends of the inner sleeve
member are generally identical and include a shoulder
46 provided a short distance inside the end of the
inner sleeve member. The end of the inner sleeve
member 40 is slightly tapered outwardly to snugly and
releasably receive a corresponding portion of one of
the retainers 52 , 62 . A sieve member 50, 60 is
provided adjacent the shoulder 46 at each end of the
inner sleeve member 40. The sieve member 50, 60 is
held by the associated retainer 52, 62 adjacent the
shoulder 46 of the inner sleeve member with the sieve
members 50, 60 defining a compartment within the inner
sleeve member between the two sieve members 50, 60. A
material such as a flavoring, filtering, or taste
medium 58 may be provided inside the compartment of
the inner sleeve as desired. The retainers 52, 62 for
the inner sleeve member 40 may have knurled ends 56
which facilitate insertion and removal of the
retainers 52, 62 from the ends of the inner sleeve
member 40. The retainers 52, 62 have a generally
cylindrical surface which is received by a respective
tapered end of the inner sleeve member 40. If desired,
the retainers and the ends of the inner sleeve member
may be threaded so that the retainers are screwed into
the ends of the inner sleeve member or provided with
another engagement arrangement as readily apparent to
one skilled in the art. If desired, the ends of the
retainers may be tapered and the taper omitted from
the ends of the inner sleeve or neither the retainers
nor the ends of the inner sleeve may be tapered. The
sieves 50, 60 are selected so as to have openings
which are generally smaller than the minimum particle
size of the medium 58 to retain the medium 58 between
the sieves 50, 60 while permitting a fluid such as air
or tobacco smoke to pass readily through the sieves
and the medium 58. The end piece 26 has a reduced
diameter portion 70 which corresponds to the second
end 32 of the outer sleeve 22 and which is arranged to
be snugly and releasably received by the second end 32
of the outer sleeve. The end piece 26 has a conical
portion which ends in a tubular portion 71 that forms
the mouthpiece for the modular smoking article 20. The
end piece has a passageway extending through the end
piece with a diameter generally the same as the
diameter ofthe passageway through the inner sleeve 40.
The end piece 26 and the second end of the outer
sleeve member may b e threaded to facilitate assembly
and disassembly of the article. The various components
of the modular smoking article 20 (other than the
sieves 50, 60 and the medium 58) are all preferably
formed of a plastic material which is suitable for use
with smoking articles and which does not absorb
flavoring and taste characteristics so that the
plastic material remains substantially inert
throughout use. One suitable material is a
polyetheretherketone (PEEJt) polymer. The sieves 50,
60 may also be formed of plastic although the sieves
50, 60 are generally comprised of metal such as
stainless steel or may be formed of wire mesh. For
example, a #250 sieve having openings of 0.0635mm
(0.00250 inch) is appropriate for use with a 0.35mm
diameter beaded carbon medium (i.e., a typical bead
diameter of about 0.3 6mm (0.014 inches)). The various
components of the modular smoking article 20 are
arranged to be readily assembled and disassembled so
that the various components (other than the medium 58)
may be washed or otherwise cleaned between uses. While
beaded carbon is described above, other flavored or
unflavored organic and inorganic materials can be used
such as silica gel, molecular sieve materials,
zeolites, resins, cellulosic materials, metal oxides
such as alumina, titania, spinels, or the like may be
used. Likewise, while beaded materials have been
described, other forms of material such as fibrous
material {e.g., filter tow), particle bearing fibrous
material {e.g., carbon-on-tow) can be used. Depending
upon the medium being used with the inner sleeve, it
may be desirable to coat a substance, such as a
flavoring material, onto the carbon beads. However,
the beaded carbon may be used alone, i.e., unflavored
beaded carbon. Generally, the flavoring, filtering, or
taste materials will be granular, beaded, or
particulate materials 



(collectively referred to as "granular materials") .
In use, typically one end of the inner sleeve 40 is
provided with the first sieve 50 and the first
retainer 52. The compartment of the inner sleeve
member 40 is then provided with a predetermined medium
58. If desired, the amount of the predetermined medium
58 to be provided in the compartment may be determined
by measuring the weight of the medium 58 or by
measuring the volume of the medium 58. Thedesired
amount of the medium 58 may also be determined by
simplyfilling the compartment with the medium 58 until
the level of the medium reaches the shoulder 46 for
the second sieve 60. When the compartment has been
provided with the appropriate amount of the medium 58,
the second sieve 60 is inserted into the inner member
and the second retainer is provided at the second end
of the inner sleeve member 40. In this way, the inner
sleeve member is prepared with the predetermined
amount of the medium 58 and the inner sleeve member 40
is then inserted into the second end of the outer
sleeve member 22 . After the inner sleeve member 40
has been positioned in the passageway of the outer
sleeve member 22, the end piece 26 is provided at the
second end of the outer sleeve 22 to retain the inner
sleeve member in place and to provide a mouthpiece 28
for the article. If a cigarette has not been already
provided for the article, one end of a cigarette 24 is
inserted into the first end of the outer sleeve member
22 and the cigarette may then be smoked either by a
person or by a machine. If desired, measurements or
observations regarding the characteristics of tobacco
smoke passing through the particular medium 58 may be
recorded. With reference to Fig. 8 , a suitable,
conventional smoking machine 12 0 is provided with one
or more modular smoking articles 20 with the
mouthpiece 26 of the article 20 being received within
a port 122 of the machine 120. A cigarette 24 is
received by the modular smoking article 20 and then
the cigarette may be smoked and the desired parameters
measured and recorded by the machine 12 0 as
conventionally known in the art. Especially when the
modular smoking article is being used with a
conventional smoking machine 120, the end piece 26 may
be omitted and the second end of the outer sleeve may
provide the mouthpiece for the modular smoking article
20. Typically, the cigarette 24 used with the modular
smoking article will not have a filter provided as
part of the cigarette 24. However, if the cigarette 24
does have a filter (not shown) the end of the
cigarette 24 with the filter would be inserted into
the first end of the outer sleeve 22 and the other end
of the cigarette would be lit to smoke the cigarette .
With reference now to Pig. 3 , another preferred
embodiment of the modular smoking article 20' has an
end piece 76 which is arranged toreceive a
conventional cigarette filter 72 to provide the
mouthpiece for the article. The modular smoking
article 20' is otherwise generally identical to the
modular smoking article of the embodiment of Figs. 1
and 2 with a cigarette 24 received within a first end
of an outer sleeve 22 . With reference to Fig. 4 , the
outer sleeve 22 and the inner sleeve assembly of the
modular smoking article 20' corresponds to the * outer
sleeve 22 and the inner sleeve assembly of the modular
smoking article 20 of Fig. 1 . Likewise, the end piece
76 has a reduced diameter portion 78 which corresponds
to the second end of the outer sleeve 22 and which is
arranged to be snugly received by the second end 32 of
the outer sleeve. The end piece 16 has a conical
portion with an inner tapered surface 80. The end
piece 76 has a passageway through the end piece with a
diameter corresponding generally to the diameter of
the passageway of the inner sleeve 40 and which is
configured to receive one end of a conventional
cigarette filter 72 . In this way, the cigarette
filter 72 provides the mouthpiece for the modular
smoking article 20' and enables the cigarette 24 to be
smoked with the filter 72 in addition to any filtering
provided by the medium 58. With reference now to Figs.
5a through 5e, five inner sleeve members are provided
which are substantially identical to one another
except that the length of the inner sleeve member
varies from one embodiment to the next. Specifically,
the length of the compartment 



88 of the inner sleeve member varies from embodiment
to embodiment whereby different volumes of the medium
58 may be used with the modular smoking article 20,
20'. The outer sleeve 22 is preferably configured to
have a length sufficient to receive the longest inner
sleeve member 40 intended to be used with the outer
sleeve member 22. For example, if the inside diameter
of the compartment 88 of the inner sleeve 40 is 3
millimeters, the cross sectional area of the
compartment is 0.07065cm 2. If the medium 58 to be
used in the inner sleeve comprises carbon beads having
a density of 0.6g/cm 3, and, if it is desired to use
15mg of the medium, then the volume of the medium
would be 0.025cm 3 which corresponds to a compartment
having a length of 3.54mm. Similarly, if it were
desired to use 30mg of the medium, thevolume of the
medium would be 0.05cm3 and the length of the
compartment would be 7.08mm. Table 1 below provides
the length in millimeters for the compartment for
various amounts of carbon beads ranging from 15
milligrams to 180mg when the inside diameter of the
compartment is 3mm. TABLE 1 Weight Density I .D . Area
Volume Length mg g/cm3 mm cm2 cm3 mm 15 0.6 3 0.07065
0.025 3.54 30 0.6 3 0.07065 0.05 7.08 45 0.6 3 0.07065
0.075 10.62 60 0.6 3 0.07065 0.1 14.15 75 0.6 3
0.07065 0.125 17.69 90 0.6 3 0.07065 0.15 21.23 105
0.6 3 0.07065 0.175 24.77 120 0.6 3 0.07065 0.2 28.31
150 0.6 3 0.07065 0.25 35.39 180 0.6 3 0.07065 0.3
42.46 If the inside diameter of the inner sleeve is
4mm rather than 3mm, the cross sectional area of the
compartment changes and therefore the length of the
compartment corresponding to various amounts of the
medium changes as well. In Table 2 , the length of the
compartment corresponding to weights of the medium
ranging from 15mg to 180mg with a compartment having
an inside diameter of 4mm is provided.TABLE 2 Weight
Density I .D . Area Volume Length mg g/cm3 mm cm2 cm3
mm 15 0.6 4 0.1256 0.025 1.99 30 0.6 4 0.1256 0.05 3
.98 45 0.6 4 0.1256 0.075 5.97 60 0.6 4 0.1256 0.1
7.96 75 0.6 4 0.1256 0.125 9.95 90 0.6 4 0.1256 0.15
11.94 105 0.6 4 0.1256 0.175 13.93 120 0.6 4 0.1256
0.2 15.92 150 0.6 4 0.1256 0.25 19.90 180 0.6 4 0.1256
0.3 23.89 Similarly, in Table 3 , the corresponding
information for an inner sleeve having an inside
diameter of 5 millimeters is provided. TABLE 3 Weight
Density I .D . Area Volume Length mg g/cm3 mm cm2 cm3
mm 15 0.6 5 0.19625 0.025 1.27 30 0.6 5 0.19625 0.05
2.55 45 0.6 5 0.19625 0.075 3.82 60 0.6 5 0.19625 0.1
5.10 75 0.6 5 0.19625 0.125 6.37 90 0.6 5 0.19625 0.15
7.64 105 0.6 5 0.19625 0.175 8.92 120 0.6 5 0.19625
0.2 10.19 150 0.6 5 0.19625 0.25 12.74 180 0.6 5
0.19625 0.3 15.29 Table 4 provides the corresponding
information for an inner sleeve member having an
inside diameter of 5 .5mm and Table 5 provides the
corresponding information for an inner sleeve having
an inside diameter of 6.5 millimeters.TABLE 4 



Weight Density I .D . Area Volume Length mg g/cm 3 mm
cm2 cm3 mm 15 0.6 5.5 0.237463 0.025 1.05 30 0.6 5.5
0.237463 0.05 2.11 45 0.6 5.5 0.237463 0.075 3.16 60
0.6 5.5 0.237463 0.1 4.21 75 0.6 5.5 0.237463 0.125
5.26 90 0.6 5.5 0.237463 0.15 6.32 105 0.6 5.5
0.237463 0.175 7.37 120 0.6 5.5 0.237463 0.2 8.42 150
0.6 5.5 0.237463 0.25 10.53 180 0.6 5.5 0.237463 0.3
12.63 TABLE 5 Weight Density I .D . Area Volume Length
mg g/cm 3 mm cm2 cm3 mm 15 0.6 6.5 0.331663 0.025 0.75
30 0.6 6.5 0.331663 0.05 1.51 45 0.6 6.5 0.331663
0.075 2 .26 60 0.6 6.5 0.331663 0.1 3.02 75 0.6 6.5
0.331663 0.125 3.77 90 0.6 6.5 0.331663 0.15 4.52 105
0.6 6.5 0.331663 0.175 5.28 120 0.6 6.5 0.331663 0.2
6.03 150 0.6 6.5 0.331663 0.25 7.54 180 0.6 6.5
0.331663 0.3 9.05 Table 6 provides the corresponding
information for an inner sleeve member having an
inside diameter of 3.2mm. Table 7 provides the
corresponding information for an inner sleeve having
an inside diameter of 3 .8mm, and Table 8 provides the
corresponding information for an inner sleeve member
having an inside diameter of 4.8mm.TABLE 6 Weight
Density I .D . Area Volume Length mg g/cm3 mm cm2 cm3
mm 15 0.6 3.2 0.080384 0.025 3 .11 30 0.6 3.2 0.080384
0 .05 6.22 45 0.6 3.2 0.080384 0 .075 9.33 60 0.6 3.2
0.080384 0 .1 12.44 75 0.6 3.2 0.080384 0 .125 15.55
90 0.6 3.2 0.080384 0 .15 18.66 105 0.6 3.2 0.080384 0
.175 21.77 120 0.6 3.2 0.080384 0 .2 24.88 150 0.6 3.2
0.080384 0 .25 31.10 180 0.6 3.2 0.080384 0 .3 37.32
TABLE 7 Weight Density I .D . Area Volume Length mg
g/cm3 mm cm2 cm3 mm 15 0.6 3.8 0.113354 0.025 2.21 30
0.6 3.8 0.113354 0.05 4.41 45 0.6 3 .8 0.113354 0.075
6.62 60 0.6 3.8 0.113354 0.1 8.82 75 0.6 3.8 0.113354
0.125 11.03 90 0.6 3.8 0.113354 0.15 13.23 105 0.6 3.8
0.113354 0.175 15.44 120 0.6 3.8 0.113354 0.2 17.64
150 0.6 3 .8 0.113354 0.25 22.05 180 0.6 3.8 0.113354
0.3 26.47TABLE 8 Weight Density I .D . Area Volume
Length mg g/cm 3 mm cm2 cm3 mm 15 0.6 4.8 0.180864
0.025 1.38 30 0.6 4.8 0.180864 0.05 2.76 45 0.6 4.8
0.180864 0.075 4.15 60 0.6 4.8 0.180864 0.1 5.53 75
0.6 4.8 0.180864 0.125 6.91 90 0.6 4.8 0.180864 0.15
8.29 105 0.6 4.8 0.180864 0.175 9.68 120 0.6 4.8
0.180864 0.2 11.06 150 0.6 4.8 0.180864 0.25 13.82 180
0.6 4.8 0.180864 0.3 16.59 



Table 9 provides the corresponding information for an
inner sleeve member having an inside diameter of 6mm
and Table 10 provides the corresponding information
for an inner sleeve member having an inside diameter
of 5.8mm. TABLE 9 Weight Density I .D . Area Volume
Length mg g/cm 3 mm cm2 cm3 mm 15 0.6 6 0.2826 0.025
0.88 30 0.6 6 0.2826 0.05 1.77 45 0.6 6 0.2826 0.075
2.65 60 0.6 6 0.2826 0.1 3 .54 75 0.6 6 0.2826 0.125
4.42 90 0.6 6 0.2826 0.15 5.31 105 0.6 6 0.2826 0.175
6.19 120 0.6 6 0.2826 0.2 7.08 150 0.6 6 0.2826 0.25
8.85 180 0.6 6 0.2826 0.3 10.62TABLE 10 Weight Density
I .D . Area Volume Length mg g/cm 3 mm cm2 cm3 mm 15
0.6 5.8 0.264074 0.025 0.95 30 0.6 5.8 0.264074 0.05
1.89 45 0.6 5.8 0.264074 0.075 2.84 60 0.6 5.8
0.264074 0.1 3 .79 75 0.6 5.8 0.264074 0.125 4.73 90
0.6 5.8 0.264074 0.15 5.68 105 0.6 5.8 0.264074 0.175
6.63 120 0.6 5.8 0.264074 0.2 7.57 150 0.6 5.8
0.264074 0.25 9.47 180 0.6 5.8 0.264074 0.3 11.36 When
testing cigarettes with new or different flavoring,
filtering or taste mediums, it is desirable to be able
to easily change the amount or such medium without
significantly changing the "resistance to draw" (i.e.,
"RTD") for the cigarette. RTD can be measured
analytically and is conventionally expressed in mm of
water. RTD can also be observed or sensed by the
smoker which is denoted as a "Sensory RTD" in which
the smoker assigns a numerical value such as the
numbers 1-5 to indicate whether the RTD is low (i.e.,
a value of 1), medium (i.e., a value of 3 ) or high
(i.e., a value of 5 ) . Experimental results with a
modular smoking article have shown that an analytical
difference of RTD of about 25mm of water is generally
not perceptible by a smoker when going from a
compartment with at least about 15g of beaded carbon
medium to about 18Og of beaded carbon medium. However,
a change in RTD of even about 25mm of water is
perceptible or decipherable by a smoker if the
compartment goes from 0 beaded carbon medium to about
18Og of beaded carbon medium. Accordingly, the amount
of medium used in a compartment of a modular smoking
article may be varied from about 15mg of medium to
about 180mg of medium while maintaining the RTD within
a general range which is not generally apparent to the
smoker. In Table l l -! the Total RTD Carbon Loadings
for 10 tests using 30mg, 60mg, 75mg, and an empty
inner sleeve are provided along with the calculated
average and standard deviation.TABLE 11 30mg total RTD
60mg Total RTD 75mg Total RTD 0 Total RTD 121 123 130
117 118 121 121 118 116 115 120 113 115 123 129 112
111 117 116 118 119 121 131 115 116 123 121 114 124
130 122 116 111 127 121 115 112 122 126 117 avg. 116.3
122.2 123.7 115.5 Std. dev. 4.3218 4.1253 4.9900
2.0683 In Table 12, the Total RTD Carbon Loadings for
10 tests using 90mg, 12 0mg and 180mg are provided
along with the calculated average 



and standard deviation. TABLE 12 30mg Total RTD 120mg
Total RTD 180mg Total RTD 133 124 138 126 130 145 134
133 137 123 134 138 124 133 138 132 131 133 123 134
133 129 129 138 132 134 135 127 126 130 average 128.3
130 .8 136.5 std. dev. 4.270050741 3.552776692
4.089281382 In Table 13, the Analytical RTD measured
for various volumes of beaded carbon ranging from 0 to
180mg is provided.TABLE 13 Analytical RTD 0 115.5 30mg
116.3 60mg 122.2 75mg 123.7 90mg 128.3 12 0mg 130.8
180mg 136.5 In Table 14, the Sensory RTD for various
volumes of beaded carbon ranging from 0 to 180mg is
provided. TABLE 14 Sensory RTD 0 3.79 30mg 4.07 60mg
4.32 75mg 4.27 90mg 4.64 12 0mg 4.23 180mg 4.57 With
reference to Fig. 6 , the data from Table 13 has been
plotted showing a generally straight-line increase in
analytically measured RTD when going from 0 to 180mg
of beaded carbon medium. In Fig. 7 , the sensory RTD
data of Table 14 is plotted, showing that over a
relatively wide range of amounts of beaded carbon
(i.e., from 30mg to 180mg) the sensory RTD ranges from
about 4 to about 4.5. A sensory RTD which varies by
only about 0.5 on a scale of 1-5 is not considered to
be readily discernible or perceptible to the typical
smoker. With reference again to Figs. 5a to 5e, a set
of inner sleeves 40 may be provided each having a
compartment 80 corresponding to a desired or
predetermined volume. Then during testing of a
particular flavoring, filtering, or testing medium 58,
the various inner sleeves may be filled with the
corresponding different volumes of the medium to be
tested. In this way, the testing of different volumes
of aparticular medium is facilitated. Although in the
preferred embodiments, the length of the compartments
of the inner sleeve members is changed to provide the
different predetermined volumes for the compartments,
the diameter of the compartments may be changed while
maintaining the same length for the compartment and
inner sleeve member. However, changing the diameter of
the compartment is expected to result in a larger
change in RTD than changing the length of the
compartment for a variety of predetermined compartment
volumes . Accordingly, if it were desired to test a
particular flavoring medium 58, using different
amounts of the medium varying from 15mg to 180mg,
preferably a particular inside diameter for the inner
sleeve would be determined, perhaps based upon the
diameter of the cigarettes to be used with the
flavoring medium. Assuming that an inside diameter of
6.5mm were selected, then 10 different inner sleeves
40 having compartments with the lengths provided in
Table 5 would be prepared by filling the compartments
of each of the inner sleeves with the medium.
Generally, the inner sleeves would be prepared by
inserting an appropriate sieve in one end of each of
the inner sleeves 



and then a retainer would be inserted into the end of
the inner sleeve to maintain the sieve in place at one
end of the respective compartment. The compartment of
each inner sleeve could then be filled by hand or
filled in a jig adapted to hold the inner sleeve
vertically while the medium is inserted into the
compartment. A s discussed above, it may be preferable
to either weigh or premeasure the volume of the medium
to be inserted into a particular inner sleeve
compartment. The medium could be tamped to compress
the medium as desired or appropriate to correspond to
any predetermined configuration or density. After
filling, the other sieve is provided at the end of the
compartment and the other retainer is inserted to keep
the medium within the compartment . Each of the
various inner sleeves would be prepared in this
manner. Subsequently, each of the inner sleeves would
be inserted into the outer sleeve one at a time and
then a cigarette would be smoked either by a person or
by a machine and the pertinent measurements or
observations would be recorded. When one cigarette had
been smoked, the inner sleeve would be removed from
the outer sleeve and another inner sleeve with the
next volume of the medium inserted into theouter
sleeve. If necessary, a rod could be inserted into the
first end of the outer sleeve member to push the inner
sleeve member through the second end of the outer
sleeve member. After the second inner sleeve member
had been inserted into the outer sleeve member and
another cigarette inserted into the first end of the
outer sleeve member, the cigarette would then be
smoked and the appropriate measurements or
observations would be recorded. This process would
then be repeated until all of the various
predetermined volumes of medium had been used in
connection with a cigarette. Of course, it may be
preferable to provided multiple outer sleeves so that
multiple cigarettes could be smoked either with the
same volume of medium or with different volumes of the
medium either simultaneously or relatively close in
time to one another. The modular smoking article has
been described above primarily in connection with the
testing of different volumes of flavoring, filtering
or testing mediums. However, the modular smoking
article is also expected to be useful by smokers
generally (i.e., not in a laboratory setting or in a
testing environment) . For example, the modular
smoking article could be sold to consumers who would
be able to select from among an assortment of
different filtering, flavoring and taste mediums
provided in pre-filled inner sleeves with various
volumes of the mediums. It is expected that the
pre-filled inner sleeves would be disposable either
after one or several cigarettes have been smoked but
that the consumer would reuse the outer sleeve and
mouthpiece . The inner sleeves could also be sold to
the consumer either in a set with compartments of
identical volumes or in a set with different
predetermined volumes. In addition, the inner sleeves
could be reused by the consumer by removing one or
both retainers and sieves, cleaning the components as
desired and then refilling the inner sleeve either
with the same medium or with a medium selected by the
consumer. Thus, different mediums can be selected by
the smoker prior to inserting a cigarette in the
smoking article. Once assembled together, the smoking
article and cigarette has dimensions and physical feel
of a traditional lit-end cigarette. This allows the
smoker to experience the same sort of handling
mannerisms normally associated with smoking a
traditional lit-end cigarette.In this way, the modular
smoking article facilitates the insertion of different
amounts of flavors, tastes and filtering medium in the
path of the cigarette smoke stream for delivery to a
smoker or to a testing machine. The modular smoking
article provides the ability to easily and rapidly
change the quantities of the particular mediums being
tested or used with the cigarettes without
significantlychanging the RTD (resistance to draw) of
the cigarette. The modular smoking article can be used
with both filtered or non-filtered cigarettes and
various filters can be provided as the mouthpiece, as
desired. In this way, new cigarette designs can be
easily tested by using standard cigarettes and then
varying the filtering medium, the flavoring medium or
the taste medium as well as the volume or amount 



of such mediums without actually manufacturing each
new design of cigarette. As a consumer product, the
modular smoking article facilitates the selection of
different flavoring, filtering and taste mediums by
the smoker as well as the selection of different
amount of such mediums to be used when smoking. While
the present invention has been particularly shown and
described with reference to exemplary embodiments
thereof, the modular smoking article according to the
present invention may be varied by a person skilled in
the art without departing from the spirit and scope of
the present invention as defined by the following
claims.CLAIMS : 1 . A modular article for smoking a
cigarette with a predetermined volume of a particular
medium such as flavoring, filtering, or taste
materials, comprising: an outer sleeve member having a
first end and a second end, the first end of said
outer sleeve member being arranged to receive an end
of a cigarette, said outer sleeve member defining a
passageway through the outer sleeve member; and a
plurality of inner sleeve members, each of said inner
sleeve members being receivable within said passageway
of said outer sleeve, each of said inner sleeve
members defining a passageway through the inner sleeve
member with a compartment provided within the
passagewayof the inner sleeve member having a
predetermined volume, the predetermined volume of the
compartment being different for different inner sleeve
members of said plurality of inner sleeve members,
wherein a different volume of a particular medium may
be used when smoking a different cigarette . 2 . A
modular article for smoking a cigarette with a
predetermined volume of a particular medium such as
flavoring, filtering, or taste materials, comprising:
an outer sleeve member having a first end and a second
end, the first end of said outer sleeve member being
arranged to receive an end of a cigarette, said outer
sleeve member defining a passageway through the outer
sleeve member; and an inner sleeve member, said inner
sleeve member being receivable within said passageway
of said outer sleeve, said inner sleeve member
defining a passageway through the inner sleeve member
with a compartment provided within the passageway of
the inner sleeve member having a predetermined volume,
the predetermined volume of the compartment being
determined by the length of a portion of the inner
sleeve member, wherein a predetermined volume of a
particular medium may be used when smoking a cigarette
.3 . The modular article of claim 2 further comprising
a mouthpiece, said second end of said outer sleeve
being arranged to receive said mouthpiece and the
smoking article having the physical feel of a
traditional lit-end cigarette upon insertion of a
cigarette in the outer sleeve. 4 . The modular article
of claim 2 wherein said second end of said outer
sleeve provides a mouthpiece for the article. 5 . The
modular article of claim 2 wherein said inner sleeve
member defines a first end and a second end with said
compartment provided between said first end and said
second end of said inner sleeve member, said inner
sleeve member being snugly received within the
passageway of said outer sleeve so that substantially
all fluid passing from the first end of the outer
sleeve to the second end of the outer sleeve passes
through the compartment of the inner sleeve, said
modular article further comprising: a first sieve
member arranged to be received adjacent the first end
of said inner sleeve member; means for retaining said
first sieve adjacent said first end of said inner
sleeve member; a second sieve member arranged to be
received adjacent the second end of said inner sleeve
member; and, means for retaining said second sieve
member adjacent the second end of said inner sleeve
member. 6 . The modular article of claim 5 further
comprising a mouthpiece, said second end of said outer
sleeve being arranged to receive said mouthpiece and
the smoking article having the physical feel of a
traditional lit-end cigarette upon insertion of a
cigarette in the 



outer sleeve . 7 . The modular article of claim 5
further comprising an end member arranged to be
received by said second end of said outer sleeve
member, said end member being arranged to receive a
cigarette filter.8 . The modular article of claim 5
wherein said second end of said outer sleeve provides
a mouthpiece for the article. 9 . The modular article
of claim 5 wherein said second end of said outer
sleeve is arranged to receive a cigarette filter. 10.
The modular article of claim 2 wherein said inner
sleeve member provides a resistance to draw for a
smoker which is generallyimperceptible to the smoker
when smoking a cigarette. 11 . The modular article of
claim 2 wherein the predetermined volume of the
compartment of said inner sleeve member is between
about 0.025cm3 to about 0.3cm3. 12 . The modular
article of claim 2 wherein said inner sleeve member is
filled with a predetermined particular medium. 13. A
method for adjusting treatment of mainstream tobacco
smoke by passing the smoke through a predetermined
volume of a particular medium such as flavoring,
filtering, or taste materials, comprising the steps of
: selecting a first inner sleeve member from a
plurality of inner sleeve members, said selected first
inner sleeve member having a passageway with a
compartment having a first predetermined volume, the
compartment of said plurality of inner sleeve members
providing a variety of predetermined volumes, the
compartment of each of said plurality of inner sleeve
members being filled with a predetermined medium;
inserting the first inner sleeve member within an
outer sleeve member; inserting one end of a cigarette
in a first end of said outer sleeve member; drawing
upon the cigarette while lit; removing the first inner
sleeve member from the outer sleeve member; selecting
a second inner sleeve member from said plurality of
inner sleeve members, said selected second inner
sleeve member havinga passageway with a compartment
having a second predetermined volume filled with a
predetermined medium; inserting the second inner
sleeve member within the outer sleeve member;
inserting one end of a cigarette in a first end of
said outer sleeve member; drawing upon the cigarette
while lit. 14. A smoking kit comprising: a mouthpiece
having a passage therethrough for delivery of
cigarette smoke to a smoker,- an outer sleeve adapted
to receive a cigarette at an upstream end thereof and
the mouthpiece at a downstream end thereof; and a
plurality of inner sleeves sized so as to be
individually received within the outer sleeve, the
inner sleeves having differently sized compartments
through which the cigarette smoke passes, the
compartments being prefilled or fillable with
flavoring, filtering and/or taste mediums . 15. The
smoking kit of claim 14, wherein the inner sleeves are
prefilled with flavoring, filtering and/or taste
mediums. 


