
Monoclonal Antibodies against Tissue Factor Pathway Inhibitor (TFPI)
Sequence listing submission [0001] The Sequence Listing associated with
this application is filed in electronic format via EFS-Web and hereby
incorporated by reference into the specification in its entirety. The name
of the text file containing the Sequence Listing is
MSB7329PCT_Sequence_Listing_ST25. Field of the embodiments [0002] Provided
are isolated monoclonal antibodies and fragments thereof that bind human
tissue factor pathway inhibitor (TFPI) and related inventions. Background
[0003] Blood coagulation is a process by which blood forms stable clots to
stop bleeding. The process involves a number of proenzymes and procofactors
(or "coagulation factors") that are circulating in the blood. Those
proenzymes and procofactors interact through several pathways through which
they are converted, either sequentially or simultaneously, to the activated
form. Ultimately, the process results in the activation of prothrombin to
thrombin by activated Factor X (FXa) in the presence of Factor Va, ionic
calcium, and platelets. The activated thrombin in turn induces platelet
aggregation and converts fibrinogen into fibrin, which is then cross linked
by activated Factor XIII (FXIIIa) to form a clot. [0004] The process
leading to the activation of Factor X can be carried out by two distinct
pathways: the contact activation pathway (formerly known as the intrinsic
pathway) and the tissue factor pathway (formerly known as the extrinsic
pathway). It was previously thought that the coagulation cascade consisted
of two pathways of equal importance joined to a common pathway. It is now
known that the primary pathway for the initiation of blood coagulation is
the tissue factor pathway. [0005] Factor X can be activated by tissue
factor (TF) in combination with activated Factor VII (FVIIa). The complex
of Factor Vila and its essential cofactor, TF, is a potent initiator of the
clotting cascade. [0006] The tissue factor pathway of coagulation is
negatively controlled by tissue factor pathway inhibitor ("TFPI"). TFPI is
a natural, FXa-dependent feedback inhibitor of the FVIIa/TF complex. It is
a member of the multivalent Kunitz-type serine protease
inhibitors.Physiologically, TFPI binds to activated Factor X (FXa) to form
a heterodimeric complex, which subsequently interacts with the FVIIa/TF
complex to inhibit its activity, thus shutting down the tissue factor
pathway of coagulation. In principle, blocking TFPI activity can restore
FXa and FVIIa/TF activity, thus prolonging the duration of action of the
tissue factor pathway and amplifying the generation of FXa, which is the
common defect in hemophilia A and B. [0007] Indeed, some preliminary
experimental evidence has indicated that blocking the TFPI activity by
antibodies against TFPI normalizes the prolonged coagulation time or
shortens the bleeding time. For instance, Nordfang et al. showed that the
prolonged dilute prothrombin time of hemophilia plasma was normalized after
treating the plasma with antibodies to TFPI (Thromb. Haemost, 1991, 66(4):
464-467). Similarly, Erhardtsen et al. showed that the bleeding time in
hemophilia A rabbit model was significantly shortened by anti-TFPI
antibodies (Blood Coagulation and Fibrinolysis, 1995, 6: 388-394). These
studies suggest that inhibition of TFPI by anti-TFPI antibodies may be
useful for the treatment of hemophilia A or B. Only polyclonal anti-TFPI
antibody was used in these studies. [0008] Using hybridoma techniques,
monoclonal antibodies against recombinant human TFPI (rhTFPI) were prepared
and identified. See Yang et al., Chin. Med. J., 1998, 111(8): 718-721. The
effect of the monoclonal antibody on dilute prothrombin time (PT) and
activated partial thromboplastin time (APTT) was tested. Experiments showed
that anti-TFPI monoclonal antibody shortened dilute thromboplastin
coagulation time of Factor IX deficient plasma. It is suggested that the
tissue factor pathway plays an important role not only in physiological
coagulation but also in hemorrhage of hemophilia (Yang et al., Hunan Yi Ke
Da Xue Xue Bao, 1997, 22(4): 297-300). [0009] U.S. Patent No. 7,015,194 to
Kjalke et al. discloses compositions comprising FVIIa and a TFPI inhibitor,
including polyclonal or monoclonal antibodies, or a fragment thereof, for
treatment or prophylaxis of bleeding episodes or coagulative treatment. The
use of such composition to reduce clotting time in normal mammalian plasma
is also disclosed. It is further suggested that a Factor VIII or a variant
thereof may be included in the disclosed composition of FVIIa and TFPI
inhibitor. A combination of FVIII or Factor IX with TFPI monoclonal
antibody is not suggested. 



[0010] In addition to the treatment for hemophilia, it has also been
suggested that TFPI inhibitors, including polyclonal or monoclonal
antibodies, can be used for cancer treatment (see U.S. Pat. No. 5,902,582
to Hung).[001 1] Accordingly, antibodies specific for TFPI are needed for
treating hematological diseases and cancer. [0012] Generally, therapeutic
antibodies for human diseases have been generated using genetic engineering
to create murine, chimeric, humanized or fully human antibodies. Murine
monoclonal antibodies were shown to have limited use as therapeutic agents
because of a short serum half-life, an inability to trigger human effector
functions, and the production of human antimouse-antibodies. Brekke and
Sandlie, "Therapeutic Antibodies for Human Diseases at the Dawn of the
Twenty-first Century," Nature 2, 53, 52-62 (Jan. 2003). Chimeric antibodies
have been shown to give rise to human anti-chimeric antibody responses.
Humanized antibodies further minimize the mouse component of antibodies.
However, a fully human antibody avoids the immunogenicity associated with
murine elements completely. Thus, there is a need to develop fully human
antibodies to avoid the immunogenicity associated with other forms of
genetically engineered monoclonal antibodies. In particular, chronic
prophylactic treatment such as would be required for hemophilia treatment
with an anti-TFPI monoclonal antibody has a high risk of development of an
immune response to the therapy if an antibody with a murine component or
murine origin is used due to the frequent dosing required and the long
duration of therapy. For example, antibody therapy for hemophilia A may
require weekly dosing for the lifetime of a patient. This would be a
continual challenge to the immune system. Thus, the need exists for a fully
human antibody for antibody therapy for hemophilia and related genetic and
acquired deficiencies or defects in coagulation. [0013] Therapeutic
antibodies have been made through hybridoma technology described by Koehler
and Milstein in "Continuous Cultures of Fused Cells Secreting Antibody of
Predefined Specificity," Nature 256, 495-497 (1975). Fully human antibodies
may also be made recombinantly in prokaryotes and eukaryotes. Recombinant
production of an antibody in a host cell rather than hybridoma production
is preferred for a therapeutic antibody. Recombinant production has the
advantages of greater product consistency, likely higher production level,
and a controlled manufacture that minimizes or eliminates the presence of
animal-derived proteins. For these reasons, it is desirable to have a
recombinantly produced monoclonal anti-TFPI antibody. Summary [0014]
Monoclonal antibodies to human tissue factor pathway inhibitor (TFPI) are
provided. Further provided are the isolated nucleic acid molecules encoding
the same. Pharmaceutical compositions comprising the anti-TFPI monoclonal
antibodies and methodsof treatment of genetic and acquired deficiencies or
defects in coagulation such as hemophilia A and B are also provided. Also
provided are methods for shortening the bleeding time by administering an
anti-TFPI monoclonal antibody to a patient in need thereof. Methods for
producing a monoclonal antibody that binds human TFPI according to the
present invention are also provided. Brief description of the drawings
[0015] Fig. 1: The binding activity of representative examples of Fabs,
selected from the panning and screening, to human TFPI ("h-TFPI") and mouse
TFPI ("m-TFPI"). A control Fab against Estradiol-BSA ("EsB") and 12 Fabs
(1-4 and 6-13) selected from panning TFPI were tested. Y-axis denotes
fluorescence units of ELISA results. [0016] Fig. 2: The dose-dependent in
vitro functional activity of four representative anti- TFPI antibodies
(4B7: TP-4B7, 2A8: TP-2A8, 2G6: TP-2G6, 2G7: TP-2G7) obtained from the
panning and screening of a human antibody library as shown by their
shortening dPT. The experiment involved 0.5 ug/mL of mTFPI spiked into TFPI
depleted plasma. [0017] Fig. 3: The in vitro functional activity of
anti-TFPI Fab, Fab-2A8 (from TP-2A8), as tested in ROTEM assay. [0018] Fig.
4: The binding activity to human TFPI and mouse TFPI of clones TP-2G6
("2G6") after the conversion to IgG. D: IgG-2G6 binding to mouse TFPI; D:
IgG-2G6 binding to human TFPI;  : control IgG binding to mouse TFPI; :
control IgG binding to human IgG. [0019] Fig 5: The anti-TFPI antibodies
TP-2A8 ("2A8"), TP-3G1 ("3Gl"), and TP-3C2 ("3C2") shortened the whole
blood clotting time in hemophilia A mice as tested in ROTEM assay. Each dot
represents one individual hemophilia A mouse. [0020] Fig. 6: The amino acid
sequence alignment between the variable light chains of 



anti-TFPI monoclonal antibodies TP-2A10 (SEQ ID NO: 18), TP-2B1 (SEQ ID NO:
22), TP- 2A2 (SEQ ID NO: 2), TP-2G2 (SEQ ID NO: 66), TP-2A5.1 (SEQ ID NO:
6), TP-3A3 (SEQ ID NO: 98), TP-2A8 (SEQ ID NO: 14), TP-2B8 (SEQ ID NO: 34),
TP-2G7 (SEQ ID NO: 82), TP-4H8 (SEQ ID NO: 170), TP-2G4 (SEQ ID NO: 70),
TP-3F2 (SEQ ID NO: 134), TP- 2A6 (SEQ ID NO: 10), TP-3A2 (SEQ ID NO: 94),
TP-2C1 (SEQ ID NO: 42), TP-3E1 (SEQ ID NO: 126), TP-3F1 (SEQ ID NO: 130),
TP-3D3 (SEQ ID NO: 122), TP-4A7 (SEQ ID NO: 150), TP-4G8 (SEQ ID NO: 166),
TP-2B3 (SEQ ID NO: 26), TP-2F9 (SEQ ID NO: 62), TP- 2G5 (SEQ ID NO: 74),
TP-2G6 (SEQ ID NO: 78), TP-2H10 (SEQ ID NO: 90), TP-2B9 (SEQ ID NO: 38),
TP-2C7 (SEQ ID NO: 46), TP-3G3 (SEQ ID NO: 142), TP-3C2 (SEQ IDNO: 114),
TP-3B4 (SEQ ID NO: 110), TP-2E5 (SEQ ID NO: 58), TP-3C3 (SEQ ID NO: 118),
TP-3G1 (SEQ ID NO: 138), TP-2D7 (SEQ ID NO: 50), TP-4B7 (SEQ ID NO: 158),
TP-2E3 (SEQ ID NO: 54), TP-2G9 (SEQ ID NO: 86), TP-3C1 (SEQ ID NO: 86),
TP-3A4 (SEQ ID NO: 102), TP-2B4 (SEQ ID NO: 30), TP-3H2 (SEQ ID NO: 146),
TP-4A9 (SEQ ID NO: 154), TP-4E8 (SEQ ID NO: 162), and TP-3B3 (SEQ ID NO:
106). [0021] Fig. 7: The amino acid sequence alignment between the variable
heavy chains of anti-TFPI monoclonal antibodies TP-2A10 (SEQ ID NO: 20),
TP-3B3 (SEQ ID NO: 108), TP-2G4 (SEQ ID NO: 72), TP-2A5.1 (SEQ ID NO: 8),
TP-4A9 (SEQ ID NO: 156), TP-2A8 (SEQ ID NO: 16), TP-2B3 (SEQ ID NO: 28),
TP-2B9 (SEQ ID NO: 40), TP-2H10 (SEQ ID NO: 92), TP-3B4 (SEQ ID NO: 112),
TP-2C7 (SEQ ID NO: 48), TP-2E3 (SEQ ID NO: 56), TP-3C3 (SEQ ID NO: 120),
TP-2G5 (SEQ ID NO: 76), TP-4B7 (SEQ ID NO: 160), TP-2G6 (SEQ ID NO: 80),
TP-3C2 (SEQ ID NO: 116), TP-2D7 (SEQ ID NO: 52), TP-3G1 (SEQ ID NO: 140),
TP-2E5 (SEQ ID NO: 60), TP-2B8 (SEQ ID NO: 36), TP-3F1 (SEQ ID NO: 132),
TP-3A3 (SEQ ID NO: 100), TP-4E8 (SEQ ID NO: 164), TP-4A7 (SEQ ID NO: 152),
TP- 4H8 (SEQ ID NO: 172), TP-2A6 (SEQ ID NO: 12), TP-2C1 (SEQ ID NO: 44),
TP-3G3 (SEQ ID NO: 144), TP-2B1 (SEQ ID NO: 24), TP-2G7 (SEQ ID NO: 84),
TP-3H2 (SEQ ID NO: 148), TP-2A2 (SEQ ID NO: 4), TP-3E1 (SEQ ID NO: 128),
TP-2G2 (SEQ ID NO: 68), TP-3D3 (SEQ ID NO: 124), TP-2G9 (SEQ ID NO: 88),
TP-2B4 (SEQ ID NO: 32), TP-3A2 (SEQ ID NO: 96), TP-2F9 (SEQ ID NO: 64),
TP-3A4 (SEQ ID NO: 104), TP-3C1 (SEQ ID NO: 136), TP-3F2 (SEQ ID NO: 136),
and TP-4G8 (SEQ ID NO: 168). [0022] Fig. 8: Graph showing the survival rate
over 24 hours post-tail vein transection for mice treated with (1) the
anti-TFPI antibody TP-2A8 ("2A8"), (2) 2A8 and recombinant factor VIII, (3)
mouse IgG, and (4) recombinant factor VIII. [0023] Fig. 9: Graphs showing
clotting time and clot formation time assays for mice treated with the
anti-TFPI antibody TP-2A8 ("2A8"), factor Vila, and the combination of 2A8
and factor Vila. [0024] Fig. 10: Graph showing clotting time for normal
human blood treated with a FVIII inhibitor with the anti-TFPI antibody
TP-2A8 ("2A8")and anti-TFPI antibody TP-4B7 ("4B7") as compared to FVIII
inhibitor alone. Detailed description Definitions [0025] The term "tissue
factor pathway inhibitor" or "TFPI" as used herein refers to any variant,
isoform and species homolog of human TFPI that is naturally expressed by
cells. Ina preferred embodiment of the invention, the binding of an
antibody of the invention to TFPI reduces the blood clotting time. [0026]
As used herein, an "antibody" refers to a whole antibody and any antigen
binding fragment (i.e., "antigen -binding portion") or single chain
thereof. The term includes a fulllength immunoglobulin molecule (e.g., an
IgG antibody) that is naturally occurring or formed by normal
immunoglobulin gene fragment recombinatorial processes, or an
immunologically active portion of an immunoglobulin molecule, such as an
antibody fragment, that retains the specific binding activity. Regardless
of structure, an antibody fragment binds with the same antigen that is
recognized by the full-length antibody. For example, an anti-TFPI
monoclonal antibody fragment binds to an epitope of TFPI. The
antigen-binding function of an antibody can be performed by fragments of a
full-length antibody. Examples of binding fragments encompassed within the
term "antigen-binding portion" of an antibody include (i) a Fab fragment, a
monovalent fragment consisting of the VL, VH, CL and CHI domains; (ii) a
F(ab') 2 fragment, a bivalent fragment comprising two Fab fragments linked
by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting
of the VH and CHI domains; (iv) a Fv fragment consisting of the VL and VH
domains of a single arm of an antibody, (v) a dAb fragment (Ward et al.,
(1989) Nature 341:544-546), which consists of a VH domain; and (vi) an
isolated complementarity determining region (CDR). Furthermore, although
the two domains of the Fv fragment, VL and VH, are coded for by separate
genes, they can be joined, using 



recombinant methods, by a synthetic linker that enables them to be made as
a single protein chain in which the VL and VH regions pair to form
monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et
al. (1988) Science 242:423-426; and Huston et al (1988) Proc. Natl. Acad.
Sci. USA 85:5879-5883). Such single chain antibodies are also intended to
be encompassed within the term "antigen-binding portion" of an antibody.
These antibody fragments are obtained using conventional techniques known
to those with skill in the art, and the fragments are screened for utility
in the same manner as are intact antibodies. [0027] As used herein, the
terms "inhibits binding" and "blocks binding" (e.g., referring to
inhibition/blocking of binding of TFPI ligand to TFPI) are used
interchangeably and encompass both partial and complete inhibition or
blocking. Inhibition and blocking are also intended to include any
measurable decrease in the binding affinity of TFPI to a physiological
substrate when in contact with an anti-TFPI antibody as compared to TFPI
not in contact with an anti-TFPI antibody, e.g., the blocking of the
interaction of TFPI with factor Xa or blocking the interaction of a
TFPI-factor Xa complex with tissue factor, factor Vila or the complex
oftissue factor/factor Vila by at least about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%. [0028] The terms
"monoclonal antibody" or "monoclonal antibody composition" as used herein
refer to a preparation of antibody molecules of single molecular
composition. A monoclonal antibody composition displays a single binding
specificity and affinity for a particular epitope. Accordingly, the term
"human monoclonal antibody" refers to antibodies displaying a single
binding specificity which have variable and constant regions derived from
human germline immunoglobulin sequences. The human antibodies of the
invention may include amino acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced by random or
site-specific mutagenesis in vitro or by somatic mutation in vivo). [0029]
An "isolated antibody," as used herein, is intended to refer to an antibody
which is substantially free of other antibodies having different antigenic
specificities (e.g., an isolated antibody that binds to TFPI is
substantially free of antibodies that bind antigens other than TFPI). An
isolated antibody that binds to an epitope, isoform or variant of human
TFPI may, however, have cross-reactivity to other related antigens, e.g.,
from other species (e.g., TFPI species homologs). Moreover, an isolated
antibody may be substantially free of other cellular material and/or
chemicals. [0030] As used herein, "specific binding" refers to antibody
binding to a predetermined antigen. Typically, the antibody binds with an
affinity of at least about 105M 1 and binds to the predetermined antigen
with an affinity that is higher, for example at least two-fold greater,
than its affinity for binding to an irrelevant antigen (e.g., BSA, casein)
other than the predetermined antigen or a closely-related antigen. The
phrases "an antibody recognizing an antigen" and "an antibody specific for
an antigen" are used interchangeably herein with the term "an antibody
which binds specifically to an antigen." [0031] As used herein, the term
"high affinity" for an IgG antibody refers to a binding affinity of at
least about 107M 1, in some embodiments at least about 108M 1, in some
embodiments at least about 109M 1, 10 10M 1, 10 11M 1 or greater, e.g., up
to 10 13M 1 or greater. However, "high affinity" binding can vary for other
antibody isotypes. For example, "high affinity" binding for an IgM isotype
refers to a binding affinity of at least about 1.0 x 107M 1 . As used
herein, "isotype" refers to the antibody class (e.g., IgM or IgGl) that is
encoded by heavy chain constant region genes.[0032]
"Complementarity-determining region" or "CDR" refers to one of three
hypervariable regions within the variable region of the heavy chain or the
variable region of the light chain of an antibody molecule that form the
N-terminal antigen-binding surface that is complementary to the
three-dimensional structure of the bound antigen. Proceeding from the
N-terminus of a heavy or light chain, these complementarity-determining
regions are denoted as "CDRl," "CDR2," and "CDR3," respectively. CDRs are
involved in antigenantibody binding, and the CDR3 comprises a unique region
specific for antigen-antibody binding. An antigen-binding site, therefore,
may include six CDRs, comprising the CDR regions from each of a heavy and a
light chain V region. [0033] As used herein, "conservative substitutions"
refers to modifications of a polypeptide that involve the substitution of
one or more amino acids for amino acids having similar biochemical
properties that do not result in loss of a biological or biochemical
function of the polypeptide. A "conservative amino acid substitution" is
one in which the amino acid residue is replaced with an amino acid residue
having a similar side chain. Families of amino acid residues having similar
side chains have been defined in the art. 



These families include amino acids with basic side chains (e.g., lysine,
arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine,
serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g.,
alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine,
isoleucine), and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). It is envisioned that the antibodies of the present
invention may have conservative amino acid substitutions and still retain
activity. [0034] For nucleic acids and polypeptides, the term "substantial
homology" indicates that two nucleic acids or two polypeptides, or
designated sequences thereof, when optimally aligned and compared, are
identical, with appropriate nucleotide or amino acid insertions or
deletions, in at least about 80% of the nucleotides or amino acids, usually
at least about 85%, preferably about 90%, 91%, 92%, 93%, 94%, or 95%, more
preferably at least about 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%,
or 99.5% of the nucleotides or amino acids. Alternatively, substantial
homology for nucleic acids exists when the segments will hybridize under
selective hybridization conditions to the complement of the strand. The
invention includes nucleic acid sequences and polypeptide sequences having
substantial homology to the specific nucleic acid sequences and amino acid
sequences recited herein. [0035] The percent identity between two sequences
is a function of the number of identical positions shared by the sequences
(i.e., % homology = # of identical positions / total# of positions x 100),
taking into account the number of gaps, and the length of each gap, which
need to be introduced for optimal alignment of the two sequences. The
comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm, such as
without limitation the AlignX(tm) module of VectorNTI(tm) (Invitrogen
Corp., Carlsbad, CA). For AlignX(tm), the default parameters of multiple
alignment are: gap opening penalty: 10; gap extension penalty: 0.05; gap
separation penalty range: 8; %identity for alignment delay: 40. (further
details found at
http://www.invitrogen.com/site/us/en/home/LINNEA-Online-Guides/LINNEACommun
ities/
Vector-NTI-Community/Sequence-analysis-and-data-management-softwarefor-
PCs/AlignX-Module-f or-Vector-NTI-Advance .reg.us .html) . [0036] Another
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 CLUSTALW
computer program (Thompson et al., Nucleic Acids Research, 1994, 2(22):
4673-4680), which is based on the algorithm of Higgins et al., (Computer
Applications in the Biosciences (CABIOS), 1992, 8(2): 189-191). In a
sequence alignment the query and subject sequences are both DNA sequences.
The result of said global sequence alignment is in percent identity.
Preferred parameters used in a CLUSTALW alignment of DNA sequences to
calculate percent identity via pairwise alignments are: Matrix = IUB,
k-tuple = 1, Number of Top Diagonals = 5, Gap Penalty = 3, Gap Open Penalty
= 10, Gap Extension Penalty = 0.1. For multiple alignments, the following
CLUSTALW parameters are preferred: Gap Opening Penalty = 10, Gap Extension
Parameter = 0.05; Gap Separation Penalty Range = 8; % Identity for
Alignment Delay = 40. [0037] The nucleic acids may be present in whole
cells, in a cell lysate, or in a partially purified or substantially pure
form. A nucleic acid is "isolated" or "rendered substantially pure" when
purified away from other cellular components with which it is normally
associated in the natural environment. To isolate a nucleic acid, standard
techniques such as the following may be used: alkaline/SDS treatment, CsCl
banding, column chromatography, agarose gel electrophoresis and others well
known in the art. Monoclonal Antibodies [0038] Forty-four TFPI-binding
antibodies were identified from panning and screening of human antibody
libraries against human TFPI. The heavy chain variable region and light
chain variable region of each monoclonal antibody were sequenced and their
CDR regions were identified. The sequence identifier numbers ("SEQ ID NO")
correspond to these regions of each monoclonal antibody are summarized in
Table 1.[0039] Table 1. Summary of the sequence identifier numbers ("SEQ ID
NO") of the heavy chain variable region ("VH") and light chain variable
region ("VL") of each TFPIbinding monoclonal antibodies. The sequence
identifier numbers for the CDR regions ("CDRl," "CDR2," and "CDR3") of each
heavy and light chain are also provided. N.A.: nucleic acid sequence; A.A.:
amino acid sequence.[0040] In one embodiment, provided is an isolated
monoclonal antibody that binds to human tissue factor pathway inhibitor,
wherein the antibody comprises a CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 388-430. These CDR3s are
identified from the heavy chains of the antibodies identified during
panning and 



screening. In a further embodiment, this antibody further comprises (a) a
CDRl comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 302-344, (b) a CDR2 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 345-387, or (c) both a
CDRl comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 302-344 and a CDR2 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 345-387. [0041] In
another embodiment, provided are antibodies that share a CDR3 from one of
the light chains of the antibodies identified during panning and screening.
Thus, the present invention is directed to an isolated monoclonal antibody
that binds to human tissue factor pathway inhibitor, wherein the antibody
comprises a CDR3 comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 259-301. In further embodiments, the antibody
further comprises (a) a CDRl comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 173-215, (b) a CDR2 comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs:
216-258, or (c) both a CDRl comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 173-215 and a CDR2 comprising an amino
acid sequence selected from the group consisting of SEQ ID NOs: 216-258.
[0042] In another embodiment, the antibody comprises a CDR3 from a heavy
chain and a CDR3 from a light chain of the antibodies identified from
screening and panning. Thus, provided is an antibody that binds to human
tissue factor pathway inhibitor, wherein the antibody comprises a CDR3
comprising an amino acid sequence selected from the groupconsisting of SEQ
ID NOs: 388-430 and a CDR3 comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 259-301. In a further embodiment, the
antibody further comprises (a) a CDRl comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 302-344, (b) a CDR2
comprising an amino acid sequence selected from the group consisting of SEQ
ID NOs: 345-387, (c) a CDRl comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 173-215, and/or (d) a CDR2 comprising
an amino acid sequence selected from the group consisting of SEQ ID NOs:
216-258. [0043] In other specific embodiments, the antibody comprises heavy
and light chain variable regions comprising: (a) a light chain variable
region comprising an amino acid sequence comprising SEQ ID NOs: 173, 216
and 259 and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 302, 345 and 388; (b) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 174, 217 and 260
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 303, 346 and 389; (c) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 175, 218 and 261
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 304, 347 and 390; (d) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 176, 219 and 262
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 305, 348 and 391; (e) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 177, 220 and 263
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 306, 349 and 392; (f) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 178, 221 and 264
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 307, 350 and 393; (g) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 179, 222 and 265
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 308, 351 and 394;(h) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 180, 223 and 266
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 309, 352 and 395; (i) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 181, 224 and 267
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 310, 353 and 396; (j) a light chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 182, 225 and 268
and a heavy chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 311, 354 and 397; 



(k) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 183, 226 and 269 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 312, 355 and 398;
(1) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 184, 227 and 270 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 313, 356 and 399;
(m) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 185, 228 and 271 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 314, 357 and 400;
(n) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 186, 229 and 272 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 315, 358 and 401;
(o) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 187, 230 and 273 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 316, 359 and 402;
(p) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 188, 231 and 274 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 317, 360 and 403;
(q) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 189, 232 and 275 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 318, 361 and 404;
(r) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 190, 233 and 276 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 319, 362 and 405;
(s) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 191, 234 and 277 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 320, 363 and 406;
(t) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 192, 235 and 278 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 321, 364 and 407;
(u) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 193, 236 and 279 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 322, 365 and 408;
(v) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 194, 237 and 280 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 323, 366 and 409;
(w) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 195, 238 and 281 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 324, 367 and 410;
(x) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 196, 239 and 282 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 325, 368 and 411;
(y) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 197, 240 and 283 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 326, 369 and 412;
(z) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 198, 241 and 284 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 327, 370 and 413;
(aa) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 199, 242 and 285 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 328, 371 and 414;
(bb) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 200, 243 and 286 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 329, 372 and 415;
(cc) a light chain variable region comprising an amino acid sequence
comprising SEQ ID NOs: 201, 244 and 287 and a heavy chain variable region
comprising an amino acid sequence comprising SEQ ID NOs: 330, 373 and; (dd)
a light chain variable region comprising an amino acid sequence comprising
SEQ ID NOs: 202, 245 and 288 and a heavy chain variable region comprising
an amino acid sequence comprising SEQ ID NOs: 331, 374 and 417; (ee) a
light chain variable region comprising an amino acid sequence comprising
SEQ ID 



NOs: 203, 246 and 289 and a heavy chain variable region comprising an amino
acid sequence comprising SEQ ID NOs: 332, 375 and 418; (ff) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
204, 247 and 290 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 333, 376 and 419; (gg) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
205, 248 and 291 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 334, 377 and 420; (hh) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
206, 249 and 292 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 335, 378 and 421; (ii) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
207, 250 and 293 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 336, 379 and 422; (jj) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
208, 251 and 294 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 337, 380 and 423; (kk) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
209, 252 and 295 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 338, 381 and 424;(11) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
210, 253 and 296 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 339, 382 and 425; (mm) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
211, 254 and 297 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 340, 383 and 426; (nn) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
212, 255 and 298 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 341, 384 and 427; (oo) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
213, 256 and 299 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 342, 385 and 428; (pp) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
214, 257 and 300 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 343, 386 and 429; (qq) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
215, 258 and 301 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 344, 387 and 430; or (rr) a light chain
variable region comprising an amino acid sequence comprising SEQ ID NOs:
194, 237 and 280 and a heavy chain variable region comprising an amino acid
sequence comprising SEQ ID NOs: 335, 378 and 421. [0044] In another
embodiment, the invention is directed to antibodies comprising: (a) a light
chain variable region having the polypeptide sequence of SEQ ID NO: 2 and a
heavy chain variable region having the polypeptide sequence of SEQ ID NO:
4; (b) a light chain variable region having the polypeptide sequence of SEQ
ID NO: 6 and a heavy chain variable region having the polypeptide sequence
of SEQ ID NO: 8; (c) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 10 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 12;(d) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 14 and a heavy chain variable
region having the polypeptide sequence of SEQ ID NO: 16; (e) a light chain
variable region having the polypeptide sequence of SEQ ID NO: 18 and a
heavy chain variable region having the polypeptide sequence of SEQ ID NO:
20; (f) a light chain variable region having the polypeptide sequence of
SEQ ID NO: 22 and a heavy chain variable region having the polypeptide
sequence of SEQ ID NO: 24; (g) a light chain variable region having the
polypeptide sequence of SEQ ID NO: 



26 and a heavy chain variable region having the polypeptide sequence of SEQ
ID NO: 28; (h) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 30 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 32; (i) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 34 and a heavy chain variable
region having the polypeptide sequence of SEQ ID NO: 36; (j) a light chain
variable region having the polypeptide sequence of SEQ ID NO: 38 and a
heavy chain variable region having the polypeptide sequence of SEQ ID NO:
40; (k) a light chain variable region having the polypeptide sequence of
SEQ ID NO: 42 and a heavy chain variable region having the polypeptide
sequence of SEQ ID NO: 44; (1) a light chain variable region having the
polypeptide sequence of SEQ ID NO: 46 and a heavy chain variable region
having the polypeptide sequence of SEQ ID NO: 48; (m) a light chain
variable region having the polypeptide sequence of SEQ ID NO: 50 and a
heavy chain variable region having the polypeptide sequence of SEQ ID NO:
52;(n) a light chain variable region having the polypeptide sequence of SEQ
ID NO: 54 and a heavy chain variable region having the polypeptide sequence
of SEQ ID NO: 56; (o) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 58 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 60; (p) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 62 and a heavy chain variable
region having the polypeptide sequence of SEQ ID NO: 64; (q) a light chain
variable region having the polypeptide sequence of SEQ ID NO: 66 and a
heavy chain variable region having the polypeptide sequence of SEQ ID NO:
68; (r) a light chain variable region having the polypeptide sequence of
SEQ ID NO: 70 and a heavy chain variable region having the polypeptide
sequence of SEQ ID NO: 72; (s) a light chain variable region having the
polypeptide sequence of SEQ ID NO: 74 and a heavy chain variable region
having the polypeptide sequence of SEQ ID NO: 76; (t) a light chain
variable region having the polypeptide sequence of SEQ ID NO: 78 and a
heavy chain variable region having the polypeptide sequence of SEQ ID NO:
80; (u) a light chain variable region having the polypeptide sequence of
SEQ ID NO: 82 and a heavy chain variable region having the polypeptide
sequence of SEQ ID NO: 84; (v) a light chain variable region having the
polypeptide sequence of SEQ ID NO: 86 and a heavy chain variable region
having the polypeptide sequence of SEQ ID NO: 88; (w) a light chain
variable region having the polypeptide sequence of SEQ ID NO: 90 and a
heavy chain variable region having the polypeptide sequence of SEQ ID NO:
92;(x) a light chain variable region having the polypeptide sequence of SEQ
ID NO: 94 and a heavy chain variable region having the polypeptide sequence
of SEQ ID NO: 96; (y) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 98 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 100; (z) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 102 and a heavy chain
variable region having the polypeptide sequence of SEQ ID NO: 104; (aa) a
light chain variable region having the polypeptide sequence of SEQ ID NO:
106 and a heavy chain variable region having the polypeptide sequence of 



SEQ ID NO: 108; (bb) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 110 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 112; (cc) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 114 and a heavy chain
variable region having the polypeptide sequence of SEQ ID NO: 116; (dd) a
light chain variable region having the polypeptide sequence of SEQ ID NO:
118 and a heavy chain variable region having the polypeptide sequence of
SEQ ID NO: 120; (ee) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 122 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 124; (ff) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 126 and a heavy chain
variable region having the polypeptide sequence of SEQ ID NO: 128; (gg) a
light chain variable region having the polypeptide sequence of SEQ ID NO:
130 and a heavy chain variable region having the polypeptide sequence of
SEQ ID NO: 132;(hh) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 134 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 136; (ii) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 138 and a heavy chain
variable region having the polypeptide sequence of SEQ ID NO: 140; (jj) a
light chain variable region having the polypeptide sequence of SEQ ID NO:
142 and a heavy chain variable region having the polypeptide sequence of
SEQ ID NO: 144; (kk) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 146 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 148; (11) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 150 and a heavy chain
variable region having the polypeptide sequence of SEQ ID NO: 152; (mm) a
light chain variable region having the polypeptide sequence of SEQ ID NO:
154 and a heavy chain variable region having the polypeptide sequence of
SEQ ID NO: 156; (nn) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 158 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 160; (oo) a light chain variable region
having the polypeptide sequence of SEQ ID NO: 162 and a heavy chain
variable region having the polypeptide sequence of SEQ ID NO: 164; (pp) a
light chain variable region having the polypeptide sequence of SEQ ID NO:
166 and a heavy chain variable region having the polypeptide sequence of
SEQ ID NO: 168; (qq) a light chain variable region having the polypeptide
sequence of SEQ ID NO: 170 and a heavy chain variable region having the
polypeptide sequence of SEQ ID NO: 172; or(rr) a light chain variable
region having the polypeptide sequence of SEQ ID NO: 86 and a heavy chain
variable region having the polypeptide sequence of SEQ ID NO: 136. [0045]
Also provided is an isolated monoclonal antibody that binds to human tissue
factor pathway inhibitor, wherein the antibody comprises a human heavy
chain variable region comprising an amino acid sequence having at least
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.5% identity to
an amino acid sequence selected from the group consisting of the amino acid
sequences set forth in SEQ ID NO:4, SEQ ID NO:8, SEQ ID NO: 12, SEQ ID NO:
16, SEQ ID NO:20, SEQ ID NO:24, SEQ ID NO:28, SEQ ID NO:32, SEQ ID NO:36,
SEQ ID NO:40, SEQ ID NO:44, SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:56, SEQ
ID NO:60, SEQ ID NO:64, SEQ ID NO:68, SEQ ID NO:72, SEQ ID NO:76, SEQ ID
NO:80, SEQ ID NO:84, SEQ ID NO:88, SEQ ID NO:92, SEQ ID NO:96, SEQ ID 



NO: 100, SEQ ID NO: 104, SEQ ID NO: 108, SEQ ID NO: 112, SEQ ID NO: 116,
SEQ ID NO: 120, SEQ ID NO: 124, SEQ ID NO: 128, SEQ ID NO: 132, SEQ ID NO:
136, SEQ ID NO: 140, SEQ ID NO: 144, SEQ ID NO: 148, SEQ ID NO: 152, SEQ ID
NO: 156, SEQ ID NO: 160, SEQ ID NO: 164, SEQ ID NO: 168, and SEQ ID NO:
172. [0046] Also provided is an isolated monoclonal antibody that binds to
human tissue factor pathway inhibitor, wherein the antibody comprises a
human light chain variable region comprising an amino acid sequence having
at least 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.5% identity to an amino
acid sequence selected from the group consisting of the amino acid
sequences set forth in SEQ ID NO:2, SEQ ID NO:6, SEQ ID NO: 10, SEQ ID NO:
14, SEQ ID NO: 18, SEQ ID NO:22, SEQ ID NO:26, SEQ ID NO:30, SEQ ID NO:34,
SEQ ID NO:38, SEQ ID NO:42, SEQ ID NO:46, SEQ ID NO:50, SEQ ID NO:54, SEQ
ID NO:58, SEQ ID NO:62, SEQ ID NO:66, SEQ ID NO:70, SEQ ID NO:74, SEQ ID
NO:78, SEQ ID NO:82, SEQ ID NO:86, SEQ ID NO:90, SEQ ID NO:94, SEQ ID
NO:98, SEQ ID NO: 102, SEQ ID NO: 106, SEQ ID NO: 110, SEQ ID NO: 114, SEQ
ID NO: 118, SEQ ID NO: 122, SEQ ID NO: 126, SEQ ID NO: 130, SEQ ID NO: 134,
SEQ ID NO: 138, SEQ ID NO: 142, SEQ ID NO: 146, SEQ ID NO: 150, SEQ ID NO:
154, SEQ ID NO: 158, SEQ ID NO: 162, SEQ ID NO: 166, and SEQ ID NO: 170.
[0047] In addition to relying on the antibody descriptions using the
sequence identifiers discussed above, some embodiments may also be
described by reference to the Fab clones isolated in the experiments
described herein. In some embodiments, the recombinant antibodies comprise
the heavy and/or light chain CDR3s of the following clones: TP-2A2,
TP-2A5.1, TP-2A6, TP-2A8, TP-2A10, TP-2B1, TP-2B3, TP-2B4, TP-2B8, TP-2B9,
TP2Cl, TP-2C7, TP-2D7, TP-2E3, TP-2E5, TP-2F9, TP-2G2, TP-2G4, TP-2G5,
TP-2G6, TP- 2G7, TP-2G9, TP-2H10, TP-3A2, TP-3A3, TP-3A4, TP-3B3, TP-3B4,
TP-3C1, TP-3C2, TP- 3C3, TP-3D3, TP-3E1, TP-3F1, TP-3F2, TP-3G1, TP-3G3,
TP-3H2, TP-4A7, TP-4A9, TP- 4B7, TP-4E8, TP-4G8, or TP-4H8. In some
embodiments, the antibodies further can comprise the CDR2s of these
antibodies and still further comprise the CDRIs of these antibodies. In
other embodiments, the antibodies can further comprise any combinations of
the CDRs. [0048] Accordingly, in another embodiment, provided are anti-TFPI
antibodies comprising: (1) human heavy chain framework regions, a human
heavy chain CDRl region, a human heavy chain CDR2 region, and a human heavy
chain CDR3 region, wherein the human heavy chain CDR3 region is the heavy
chain CDR3 of TP-2A2, TP-2A5.1, TP-2A6, TP-2A8, TP-2A10, TP-2B1, TP-2B3,
TP-2B4, TP-2B8, TP-2B9, TP-2C1, TP-2C7, TP-2D7, TP-2E3, TP-2E5, TP-2F9,
TP-2G2, TP-2G4, TP-2G5, TP-2G6, TP-2G7, TP-2G9, TP-2H10, TP-3A2, TP-3A3,
TP-3A4, TP-3B3, TP-3B4, TP-3C1, TP-3C2, TP-3C3, TP-3D3, TP-3E1, TP-3F1,
TP-3F2, TP-3G1, TP-3G3, TP-3H2, TP-4A7, TP-4A9, TP-4B7, TP-4E8, TP-4G8, or
TP-4H8; and (2) human light chain framework regions, a human light chain
CDRl region, a human light chain CDR2 region, and a human light chain CDR3
region, wherein the human light chain CDR3 region is the light chain CDR3
of TP-2A2, TP-2A5.1, TP-2A6, TP-2A8, TP-2A10, TP-2B1, TP-2B3, TP-2B4,
TP-2B8, TP-2B9, TP-2C1, TP-2C7, TP-2D7, TP-2E3, TP-2E5, TP-2F9, TP-2G2,
TP-2G4, TP-2G5, TP-2G6, TP-2G7, TP-2G9, TP-2H10, TP-3A2, TP-3A3, TP-3A4,
TP-3B3, TP-3B4, TP-3C1, TP-3C2, TP-3C3, TP-3D3, TP-3E1, TP-3F1, TP-3F2,
TP-3G1, TP-3G3, TP-3H2, TP-4A7, TP-4A9, TP-4B7, TP-4E8, TP-4G8, or TP-4H8,
wherein the antibody binds TFPI. The antibody may further comprise the
heavy chain CDR2 and/or the light chain CDR2 of TP-2A2, TP-2A5.1, TP-2A6,
TP-2A8, TP-2A10, TP-2B1, TP-2B3, TP-2B4, TP-2B8, TP-2B9, TP-2C1, TP-2C7,
TP-2D7, TP-2E3, TP-2E5, TP-2F9, TP-2G2, TP-2G4, TP-2G5, TP-2G6, TP-2G7,
TP-2G9, TP-2H10, TP-3A2, TP-3A3, TP-3A4, TP-3B3, TP-3B4, TP-3C1, TP-3C2,
TP-3C3, TP-3D3, TP-3E1, TP-3F1, TP-3F2, TP-3G1, TP-3G3, TP-3H2, TP-4A7,
TP-4A9, TP-4B7, TP-4E8, TP-4G8, or TP-4H8. The antibody may further
comprise the heavy chain CDRl and/or the light chain CDRl of TP-2A2, TP-
2A5.1, TP-2A6, TP-2A8, TP-2A10, TP-2B1, TP-2B3, TP-2B4, TP-2B8, TP-2B9,
TP-2C1, TP-2C7, TP-2D7, TP-2E3, TP-2E5, TP-2F9, TP-2G2, TP-2G4, TP-2G5,
TP-2G6, TP-2G7, TP-2G9, TP-2H10, TP-3A2, TP-3A3, TP-3A4, TP-3B3, TP-3B4,
TP-3C1, TP-3C2, TP-3C3, TP-3D3, TP-3E1, TP-3F1, TP-3F2, TP-3G1, TP-3G3,
TP-3H2, TP-4A7, TP-4A9, TP-4B7, TP-4E8, TP-4G8, or TP-4H8.[0049] The CDRl,
2, and/or 3 regions of the engineered antibodies described above can
comprise the exact amino acid sequence(s) as those of TP-2A2, TP-2A5.1,
TP-2A6, TP-2A8, TP-2A10, TP-2B1, TP-2B3, TP-2B4, TP-2B8, TP-2B9, TP-2C1,
TP-2C7, TP-2D7, TP-2E3, TP-2E5, TP-2F9, TP-2G2, TP-2G4, TP-2G5, TP-2G6,
TP-2G7, TP-2G9, TP-2H10, TP-3A2, TP-3A3, TP-3A4, TP-3B3, TP-3B4, TP-3C1,
TP-3C2, TP-3C3, TP-3D3, TP-3E1, TP-3F1, 



TP-3F2, TP-3G1, TP-3G3, TP-3H2, TP-4A7, TP-4A9, TP-4B7, TP-4E8, TP-4G8, or
TP-4H8 disclosed herein. [0050] However, the ordinarily skilled artisan
will appreciate that some deviation from the exact CDR sequences of TP-2A2,
TP-2A5.1, TP-2A6, TP-2A8, TP-2A10, TP-2B1, TP- 2B3, TP-2B4, TP-2B8, TP-2B9,
TP-2C1, TP-2C7, TP-2D7, TP-2E3, TP-2E5, TP-2F9, TP- 2G2, TP-2G4, TP-2G5,
TP-2G6, TP-2G7, TP-2G9, TP-2H10, TP-3A2, TP-3A3, TP-3A4, TP-3B3, TP-3B4,
TP-3C1, TP-3C2, TP-3C3, TP-3D3, TP-3E1, TP-3F1, TP-3F2, TP-3G1, TP-3G3,
TP-3H2, TP-4A7, TP-4A9, TP-4B7, TP-4E8, TP-4G8, or TP-4H8 may be possible
while still retaining the ability of the antibody to bind TFPI effectively.
Accordingly, in another embodiment, the engineered antibody may be composed
of one or more CDRs that are, for example, at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 99.5% identical to one or more CDRs of
TP-2A2, TP-2A5.1, TP-2A6, TP-2A8, TP-2A10, TP-2B1, TP-2B3, TP-2B4, TP-2B8,
TP-2B9, TP-2C1, TP-2C7, TP-2D7, TP-2E3, TP-2E5, TP-2F9, TP-2G2, TP-2G4,
TP-2G5, TP-2G6, TP-2G7, TP-2G9, TP-2H10, TP-3A2, TP-3A3, TP-3A4, TP-3B3,
TP-3B4, TP-3C1, TP-3C2, TP-3C3, TP-3D3, TP-3E1, TP-3F1, TP-3F2, TP-3G1,
TP-3G3, TP-3H2, TP-4A7, TP-4A9, TP-4B7, TP-4E8, TP-4G8, or TP-4H8. [0051]
The antibody may be of any of the various classes of antibodies, such as
without limitation an IgGl, an IgG2, an IgG3, an IgG4, an IgM, an IgAl, an
IgA2, a secretory IgA, an IgD, and an IgE antibody. [0052] In one
embodiment, provided is an isolated fully human monoclonal antibody to
human tissue factor pathway inhibitor. [0053] In another embodiment,
provided is an isolated fully human monoclonal antibody to Kunitz domain 2
of human tissue factor pathway inhibitor. Nucleic Acids [0054] Also
provided are isolated nucleic acid molecules encoding any of the monoclonal
antibodies described above. Methods of Preparing Antibodies to TFPI[0055]
The monoclonal antibody may be produced recombinantly by expressing a
nucleotide sequence encoding the variable regions of the monoclonal
antibody according to the embodiments of the invention in a host cell. With
the aid of an expression vector, a nucleic acid containing the nucleotide
sequence may be transfected and expressed in a host cell suitable for the
production. Accordingly, also provided is a method for producing a
monoclonal antibody that binds with human TFPI comprising: (a) transfecting
a nucleic acid molecule encoding a monoclonal antibody of the invention
into a host cell, (b) culturing the host cell so to express the monoclonal
antibody in the host cell, and optionally (c) isolating and purifying the
produced monoclonal antibody, wherein the nucleic acid molecule comprises a
nucleotide sequence encoding a monoclonal antibody of the present
invention. [0056] In one example, to express the antibodies, or antibody
fragments thereof, DNAs encoding partial or full-length light and heavy
chains obtained by standard molecular biology techniques are inserted into
expression vectors such that the genes are operatively linked to
transcriptional and translational control sequences. In this context, the
term "operatively linked" is intended to mean that an antibody gene is
ligated into a vector such that transcriptional and translational control
sequences within the vector serve their intended function of regulating the
transcription and translation of the antibody gene. The expression vector
and expression control sequences are chosen to be compatible with the
expression host cell used. The antibody light chain gene and the antibody
heavy chain gene can be inserted into separate vectors or, more typically,
both genes are inserted into the same expression vector. The antibody genes
are inserted into the expression vector by standard methods (e.g., ligation
of complementary restriction sites on the antibody gene fragment and
vector, or blunt end ligation if no restriction sites are present). The
light and heavy chain variable regions of the antibodies described herein
can be used to create full-length antibody genes of any antibody isotype by
inserting them into expression vectors already encoding heavy chain
constant and light chain constant regions of the desired isotype such that
the VH segment is operatively linked to the CH segment(s) within the vector
and the VL segment is operatively linked to the CL segment within the
vector. Additionally or alternatively, the recombinant expression vector
can encode a signal peptide that facilitates secretion of the antibody
chain from a host cell. The antibody chain gene can be cloned into the
vector such that the signalpeptide is linked in-frame to the amino terminus
of the antibody chain gene. The signal 



peptide can be an immunoglobulin signal peptide or a heterologous signal
peptide (i.e., a signal peptide from a non-immunoglobulin protein). [0057]
In addition to the antibody chain encoding genes, the recombinant
expression vectors of the invention carry regulatory sequences that control
the expression of the antibody chain genes in a host cell. The term
"regulatory sequence" is intended to include promoters, enhancers and other
expression control elements (e.g., polyadenylation signals) that control
the transcription or translation of the antibody chain genes. Such
regulatory sequences are described, for example, in Goeddel; Gene
Expression Technology. Methods in Enzymology 185, Academic Press, San
Diego, Calif. (1990). It will be appreciated by those skilled in the art
that the design of the expression vector, including the selection of
regulatory sequences may depend on such factors as the choice of the host
cell to be transformed, the level of expression of protein desired, etc.
Examples of regulatory sequences for mammalian host cell expression include
viral elements that direct high levels of protein expression in mammalian
cells, such as promoters and/or enhancers derived from cytomegalovirus
(CMV), Simian Virus 40 (SV40), adenovirus, (e.g., the adenovirus major late
promoter (AdMLP)) and polyoma. Alternatively, nonviral regulatory sequences
may be used, such as the ubiquitin promoter or b-globin promoter. [0058] In
addition to the antibody chain genes and regulatory sequences, the
recombinant expression vectors may carry additional sequences, such as
sequences that regulate replication of the vector in host cells (e.g.,
origins of replication) and selectable marker genes. The selectable marker
gene facilitates selection of host cells into which the vector has been
introduced (see, e.g., U.S. Pat. Nos. 4,399,216, 4,634,665 and 5,179,017,
all by Axel et al). For example, typically the selectable marker gene
confers resistance to drugs, such as G418, hygromycin or methotrexate, on a
host cell into which the vector has been introduced. Examples of selectable
marker genes include the dihydrofolate reductase (DHFR) gene (for use in
dhfr- host cells with methotrexate selection/amplification) and the neo
gene (for G418 selection). [0059] For expression of the light and heavy
chains, the expression vector(s) encoding the heavy and light chains is
transfected into a host cell by standard techniques. The various forms of
the term "transfection" are intended to encompass a wide variety of
techniques commonly used for the introduction of exogenous DNA into a
prokaryotic or eukaryotic host cell, e.g., electroporation,
calcium-phosphate precipitation, DEAE-dextran transfection and the like.
Although it is theoretically possible to express the antibodies of the
invention ineither prokaryotic or eukaryotic host cells, expression of
antibodies in eukaryotic cells, and most preferably mammalian host cells,
is the most preferred because such eukaryotic cells, and in particular
mammalian cells, are more likely than prokaryotic cells to assemble and
secrete a properly folded and immunologically active antibody. [0060]
Examples of mammalian host cells for expressing the recombinant antibodies
include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells,
described in Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA
77:4216-4220, used with a DHFR selectable marker, e.g., as described in R.
J . Kaufman and P. A. Sharp (1982) MoI. Biol. 159:601-621), NSO myeloma
cells, COS cells, HKBl 1 cells and SP2 cells. When recombinant expression
vectors encoding antibody genes are introduced into mammalian host cells,
the antibodies are produced by culturing the host cells for a period of
time sufficient to allow for expression of the antibody in the host cells
or secretion of the antibody into the culture medium in which the host
cells are grown. Antibodies can be recovered from the culture medium using
standard protein purification methods, such as ultrafiltration, size
exclusion chromatography, ion exchange chromatography and centrifugation.
Use of PartialAntibody Sequences to Express Intact Antibodies [0061]
Antibodies interact with target antigens predominantly through amino acid
residues that are located in the six heavy and light chain CDRs. For this
reason, the amino acid sequences within CDRs are more diverse between
individual antibodies than sequences outside of CDRs. See, e.g., Figs. 6
and 7, in which the CDR regions in the light and heavy variable chains,
respectively, of the monoclonal antibody according to the present invention
are identified. Because CDR sequences are responsible for most
antibody-antigen interactions, it is possible to express recombinant
antibodies that mimic the properties of specific naturally occurring
antibodies by constructing expression vectors that include CDR sequences
from the specific naturally occurring antibody grafted onto framework
sequences from a different antibody with different properties (see, e.g.,
Riechmann, L. et al., 1998, Nature 332:323-327; Jones, P. et al., 1986,
Nature 321:522-525; and Queen, C. et al., 1989, 



Proc. Natl. Acad. Sci. U.S.A. 86:10029-10033). Such framework sequences can
be obtained from public DNA databases that include germline antibody gene
sequences. These germline sequences will differ from mature antibody gene
sequences because they will not include completely assembled variable
genes, which are formed by V(D)J joining during B cell maturation. It is
not necessary to obtain the entire DNA sequence of a particular antibody in
order to recreate an intact recombinant antibody having binding properties
similar to those of the original antibody (see WO 99/45962). Partial heavy
and light chain sequence spanningthe CDR regions is typically sufficient
for this purpose. The partial sequence is used to determine which germline
variable and joining gene segments contributed to the recombined antibody
variable genes. The germline sequence is then used to fill in missing
portions of the variable regions. Heavy and light chain leader sequences
are cleaved during protein maturation and do not contribute to the
properties of the final antibody. For this reason, it is necessary to use
the corresponding germline leader sequence for expression constructs. To
add missing sequences, cloned cDNA sequences can be combined with synthetic
oligonucleotides by ligation or PCR amplification. Alternatively, the
entire variable region can be synthesized as a set of short, overlapping,
oligonucleotides and combined by PCR amplification to create an entirely
synthetic variable region clone. This process has certain advantages such
as elimination or inclusion or particular restriction sites, or
optimization of particular codons. [0062] The nucleotide sequences of heavy
and light chain transcripts are used to design an overlapping set of
synthetic oligonucleotides to create synthetic V sequences with identical
amino acid coding capacities as the natural sequences. The synthetic heavy
and kappa chain sequences can differ from the natural sequences in three
ways: strings of repeated nucleotide bases are interrupted to facilitate
oligonucleotide synthesis and PCR amplification; optimal translation
initiation sites are incorporated according to Kozak's rules (Kozak, 1991,
J . Biol. Chem. 266:19867-19870); and HindIII sites are engineered upstream
of the translation initiation sites. [0063] For both the heavy and light
chain variable regions, the optimized coding, and corresponding non-coding,
strand sequences are broken down into 30-50 nucleotide sections at
approximately the midpoint of the corresponding non-coding oligonucleotide.
Thus, for each chain, the oligonucleotides can be assembled into
overlapping double stranded sets that span segments of 150-400 nucleotides.
The pools are then used as templates to produce PCR amplification products
of 150-400 nucleotides. Typically, a single variable region oligonucleotide
set will be broken down into two pools which are separately amplified to
generate two overlapping PCR products. These overlapping products are then
combined by PCR amplification to form the complete variable region. It may
also be desirable to include an overlapping fragment of the heavy or light
chain constant region in the PCR amplification to generate fragments that
can easily be cloned into the expression vector constructs. [0064] The
reconstructed heavy and light chain variable regions are then combined with
cloned promoter, translation initiation, constant region, 3' untranslated,
polyadenylation, and transcription termination sequences to form expression
vector constructs. The heavy andlight chain expression constructs can be
combined into a single vector, co-transfected, serially transfected, or
separately transfected into host cells which are then fused to form a host
cell expressing both chains. [0065] Thus, in another aspect, the structural
features of a human anti-TFPI antibody, e.g., TP2A8, TP2G6, TP2G7, TP4B7,
etc., are used to create structurally related human anti-TFPI antibodies
that retain the function of binding to TFPI. More specifically, one or more
CDRs of the specifically identified heavy and light chain regions of the
monoclonal antibodies of the invention can be combined recombinantly with
known human framework regions and CDRs to create additional,
recombinantly-engineered, human anti-TFPI antibodies of the invention.
[0066] Accordingly, in another embodiment, provided is a method for
preparing an anti- TFPI antibody comprising: preparing an antibody
comprising (1) human heavy chain framework regions and human heavy chain
CDRs, wherein the human heavy chain CDR3 comprises an amino acid sequence
selected from the amino acid sequences of SEQ ID NOs: 388-430 and/or (2)
human light chain framework regions and human light chain CDRs, wherein the
light chain CDR3 comprises an amino acid sequence selected from the amino
acid sequences of SEQ ID NOs: 259-301; wherein the antibody retains the
ability to bind to TFPI. In other embodiments, the method is practiced
using other CDRs of the invention. Pharmaceutical Compositions [0067] Also
provided are pharmaceutical compositions comprising therapeutically 



effective amounts of anti-TFPI monoclonal antibody and a pharmaceutically
acceptable carrier. "Pharmaceutically acceptable carrier" is a substance
that may be added to the active ingredient to help formulate or stabilize
the preparation and causes no significant adverse toxicological effects to
the patient. Examples of such carriers are well known to those skilled in
the art and include water, sugars such as maltose or sucrose, albumin,
salts such as sodium chloride, etc. Other carriers are described for
example in Remington's Pharmaceutical Sciences by E.W. Martin. Such
compositions will contain a therapeutically effective amount of at least
one anti-TFPI monoclonal antibody. [0068] Pharmaceutically acceptable
carriers include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile injectable solutions
or dispersion. The use of such media and agents for pharmaceutically active
substances is known in the art. The composition is preferably formulated
for parenteral injection. The composition can be formulated as a solution,
microemulsion, liposome, orother ordered structure suitable to high drug
concentration. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene glycol, and the like), and
suitable mixtures thereof. In some cases, it will include isotonic agents,
for example, sugars, polyalcohols such as mannitol, sorbitol, or sodium
chloride in the composition. [0069] Sterile injectable solutions can be
prepared by incorporating the active compound in the required amount in an
appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by sterilization microfiltration. Generally,
dispersions are prepared by incorporating the active compound into a
sterile vehicle that contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, some methods
of preparation are vacuum drying and freeze-drying (lyophilization) that
yield a powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered solution thereof.
Pharmaceutical Uses [0070] The monoclonal antibody can be used for
therapeutic purposes for treating genetic and acquired deficiencies or
defects in coagulation. For example, the monoclonal antibodies in the
embodiments described above may be used to block the interaction of TFPI
with FXa, or to prevent TFPI-dependent inhibition of the TF/FVIIa activity.
Additionally, the monoclonal antibody may also be used to restore the
TF/FVIIa-driven generation of FXa to bypass the insufficiency of FVIII- or
FIX-dependent amplification of FXa. [0071] The monoclonal antibodies have
therapeutic use in the treatment of disorders of hemostasis such as
thrombocytopenia, platelet disorders and bleeding disorders (e.g.,
hemophilia A and hemophilia B). Such disorders may be treated by
administering a therapeutically effective amount of the anti-TFPI
monoclonal antibody to a patient in need thereof. The monoclonal antibodies
also have therapeutic use in the treatment of uncontrolled bleeds in
indications such as trauma and hemorrhagic stroke. Thus, also provided is a
method for shortening the bleeding time comprising administering a
therapeutically effective amount of an anti-TFPI monoclonal antibody of the
invention to a patient in need thereof. [0072] The antibodies can be used
as monotherapy or in combination with other therapies to address a
hemostatic disorder. For example, co-administration of one or more
antibodies of the invention with a clotting factor such as factor Vila,
factor VIII or factor IX is believeduseful for treating hemophilia. In one
embodiment, provided is a method for treating genetic and acquired
deficiencies or defects in coagulation comprising administering (a) a first
amount of a monoclonal antibody that binds to human tissue factor pathway
inhibitor and (b) a second amount of factor VIII or factor IX, wherein said
first and second amounts together are effective for treating said
deficiencies or defects. In another embodiment, provided is a method for
treating genetic and acquired deficiencies or defects in coagulation
comprising administering (a) a first amount of a monoclonal antibody that
binds to human tissue factor pathway inhibitor and (b) a second amount of
factor VIII or factor IX, wherein said first and second amounts together
are effective for treating said deficiencies or defects, and further
wherein factor VII is not coadministered. The invention also includes a
pharmaceutical composition comprising a therapeutically effective amount of
the combination of a monoclonal antibody of the invention and factor VIII
or factor IX, wherein the composition does not contain factor VII. "Factor
VII" includes factor VII and factor Vila. These combination therapies are
likely to reduce the necessary infusion frequency of the clotting factor.
By co-administration or combination therapy is meant administration of the
two 



therapeutic drugs each formulated separately or formulated together in one
composition, and, when formulated separately, administered either at
approximately the same time or at different times, but over the same
therapeutic period. [0073] The pharmaceutical compositions may be
parenterally administered to subjects suffering from hemophilia A or B at a
dosage and frequency that may vary with the severity of the bleeding
episode or, in the case of prophylactic therapy, may vary with the severity
of the patient' s clotting deficiency. [0074] The compositions may be
administered to patients in need as a bolus or by continuous infusion. For
example, a bolus administration of an inventive antibody present as a Fab
fragment may be in an amount of from 0.0025 to 100 mg/kg body weight, 0.025
to 0.25 mg/kg, 0.010 to 0.10 mg/kg or 0.10-0.50 mg/kg. For continuous
infusion, an inventive antibody present as an Fab fragment may be
administered at 0.001 to 100 mg/kg body weight/minute, 0.0125 to 1.25
mg/kg/min., 0.010 to 0.75 mg/kg/min., 0.010 to 1.0 mg/kg/min. or 0.10-0.50
mg/kg/min. for a period of 1-24 hours, 1-12 hours, 2-12 hours, 6-12 hours,
2-8 hours, or 1-2 hours. For administration of an inventive antibody
present as a full-length antibody (with full constant regions), dosage
amounts may be about 1-10 mg/kg body weight, 2-8 mg/kg, or 5-6 mg/kg. Such
full-length antibodies would typically be administered by infusion
extending for a period of thirty minutes to three hours. The frequency of
theadministration would depend upon the severity of the condition.
Frequency could range from three times per week to once every two or three
weeks. [0075] Additionally, the compositions may be administered to
patients via subcutaneous injection. For example, a dose of 10 to 100 mg
anti-TFPI antibody can be administered to patients via subcutaneous
injection weekly, biweekly or monthly. [0076] As used herein,
"therapeutically effective amount" means an amount of an anti- TFPI
monoclonal antibody or of a combination of such antibody and factor VIII or
factor IX that is needed to effectively increase the clotting time in vivo
or otherwise cause a measurable benefit in vivo to a patient in need. The
precise amount will depend upon numerous factors, including, but not
limited to the components and physical characteristics of the therapeutic
composition, intended patient population, individual patient
considerations, and the like, and can readily be determined by one skilled
in the art. Examples General Materials and Methods Example 1 Panning and
screening of human antibody library against human TFPI Panning human
antibody library against TFPI [0077] Anti-TFPI antibodies were selected by
panning phage displayed combinatorial human antibody library HuCaI Gold
(Rothe et al, J . MoI. Biol, 2008, 376: 1182-1200) against human TFPI
(American Diagnostica). Briefly, 200 ml of TFPI (5 mg/ml) was coated on
96-well Maxisorp plates for overnight at 4 C and the plates were then
blocked with a PBS buffer containing 5% milk. After the plates were washed
with PBS containing 0.01% Tween- 20 (PBST), an aliquot of combinatorial
human antibody library was added to the TFPI-coated wells and incubated for
2 hours. Unbound phage was washed away with PBST, and the antigen-bound
phage was eluted with dithiothreitol, infected and amplified in E. coli
strain TGl . The phage was rescued by helper phage for next round of
panning. A total of three rounds of panning were conducted and the clones
from last two rounds were screened against human TFPI in an ELISA assay.
Screening antibody clones by antigen-binding in an ELISA [0078] To select
antibody clones that bind to human TFPI, Fab genes of the phage clones from
the second and third round of panning were subcloned into a bacterial
expression vector and expressed in E. coli strain TGl. The bacterial lysate
was added to the wells of the human TFPI-coated Maxisorp plates. After
washing, HRP-conjugated goat anti-human Fab wasused as a detection antibody
and the plates were developed by adding AmplexRed (Invitrogen) with
hydrogen peroxide. A signal of at least five-fold higher than the
background was considered as positive. The cross reactivity of the
anti-human TFPI antibodies to mouse TFPI was determined by a similar mouse
TFPI-binding ELISA. The plates were coated with mouse TFPI (R&D System),
BSA and lysozyme. The later two antigens were used as negative controls. A
representative set of data is shown in Fig 1. Sequences of anti-TFPI human
antibodies [0079] After the panning and screening of the HuCaI Gold human
antibody library against TFPI, DNA sequencing was performed on the positive
antibody clones, resulting in 44 unique antibody sequences (Table 2). Among
these antibody sequences, 29 were lambda light chains and 15 were kappa
light chains. Our analysis of variable region of heavy chains 



reveals 28 of VH3, 14 of VH6, 1 of VHl and 1 of VH5. [0080] Table 2.
Peptide sequence of variable region of 44 anti-TFPI antibodiesZONED
TOPSHEET FIELD OF THE INVENTION The present invention relates to a topsheet
for an absorbent article. BACKGROUND OF THE INVENTION Absorbent articles,
such as sanitary napkins, diapers, adult incontinence products, and the
like, are designed to be worn in close proximity to the crotch of the
wearer. Absorbent articles need to provide for fluid acquisition and
retention and need to be comfortable to wear. In use, absorbent articles
are stressed by a variety of fluid handling demands. For instance, the
central portion of the pad may be assaulted with fluid flow that may either
be a trickle or a gush of fluid. If the wearer is lying down on her front
or back, fluid may have a tendency to run off of the front end or rear end
of the absorbent article. Typical absorbent articles are approximately the
same width as the crotch of the wearer, which can be somewhat narrow. Thus,
there is potential for fluid to run off the sides of the absorbent article
and soil the wings of the absorbent article, if present, or soil the
wearer's undergarment and/or clothing. A woman's crotch region can comprise
many different types of tissues. For instance, the pubic area, labia
majora, inner thigh, and anus can each have a different skin texture.
Sanitary napkins commonly cover the labia, portions of the crotch forward
of the labia, portions of the crotch rearward of the labia, and portions of
the crotch laterally adjacent the labia. As a woman wearing a sanitary
napkin moves, portions of the sanitary napkin can rub up against nearby
body surfaces. Given the complex geometry of a woman's crotch region and
the dynamic geometry of a woman's crotch as she moves, different portions
of the woman's crotch are exposed to different rubbing forces and the
friction between the sanitary napkin and wearer' s crotch can vary
depending on the location. The moisture and chemical environments of a
woman' s crotch can also vary as a function of location. For instance, the
labia majora may be exposed to menses and/or urine. The medial portion of
the woman's pubic area may be exposed to perspiration. Portions adjacent
the medial area may be subjected to more moisture due to the lack of hair
and the tendency for a woman's panty to closely conform to the juncture of
the inner thigh and the crotch and pubic area. The area near the anus may
be exposed to more perspiration and anal leakage than areas further away
from the anus. Given the variety of fluid handling demands placed on
different portions of an absorbent article, the different physical
interactions between portions of an absorbent article and portions of a
wearer's body, and different moisture and chemical environments of
different portions of awearer' s crotch region, there is continuing and
unaddressed need for absorbent articles having a topsheet that has
different textures that are arranged to provide fluid handling benefits
where needed, skin comfort benefits where needed, and in regions of the
topsheet where fluid handling benefits and skin comfort benefits are both
desired, a texture is provided that can be acceptable for meeting both
needs. SUMMARY OF THE INVENTION An absorbent article comprising a topsheet
and an absorbent core in facing relationship with the topsheet is
disclosed. The topsheet has a longitudinal centerline and transverse
centerline. The topsheet comprises a central region, an inner intermediate
region, an outer intermediate region, and an edge region. The inner
intermediate region is between the central region and the outer
intermediate region and the outer intermediate region is between the inner
intermediate region and the edge region. The central region has a central
region body facing surface having a central region texture. The inner
intermediate region has an inner intermediate region body facing surface
having an inner intermediate region texture. The outer intermediate region
has an outer intermediate region body facing surface having an outer
intermediate region texture. The edge region has an edge region body facing
surface having an edge region texture. The central region texture differs
from the inner intermediate texture, the outer intermediate region texture,
and the edge region texture. The inner intermediate region texture differs
from the outer intermediate region texture and the edge region texture. The
outer intermediate region texture differs from the edge region texture. The
central region is on the longitudinal centerline. At least one of the
central region, the inner intermediate region, the outer intermediate
region, and the edge region comprises tufted fibers. BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1 is a schematic of a top view of a sanitary napkin.
Figure 2 is a schematic of a top view of a sanitary napkin. Figure 3 is
schematic of a film having raised portions. 



Figure 4 is schematic of an apertured film. Figure 5 is schematic of a
nonwoven having tufts. Figure 6 is schematic of a nonwoven having
embossments. Figure 7 is a schematic of a top view of a sanitary napkin.
Figure 8 is a schematic of a cross section of sanitary napkin, the cross
section taken orthogonal to the longitudinal centerline.Figure 9 is a
schematic of a cross section of sanitary napkin, the cross section taken
orthogonal to the longitudinal centerline. Figure 10 is a schematic of a
cross section of sanitary napkin, the cross section taken orthogonal to the
longitudinal centerline. Figure 11 is a schematic of a cross section of
sanitary napkin, the cross section taken orthogonal to the transverse
centerline. Figure 12 is a schematic of a top view of a sanitary napkin.
Figure 13 is a schematic of a cross section of a nonwoven web having tufts.
Figure 14 is a schematic of an apparatus for forming apertures. Figure 15
is a schematic of an apparatus for forming apertures. Figure 16 is a
schematic of intermeshing rolls. Figure 17 is an apertured web. Figure 18
is a schematic of a film having raised portions. Figure 19 is a schematic
of a forming screen. Figure 20 is a schematic of an apparatus for forming
apertures. Figure 2 1 is a schematic of an apparatus for forming apertures.
Figure 22 is a schematic of an incremental stretching apparatus. Figure 23
is a schematic of a nonwoven having tufts. Figure 24 is a schematic of a
nonwoven having tufts. Figure 25 is a schematic of a apparatus for forming
tufts. Figure 26 is a schematic of teeth for forming tufts. DETAILED
DESCRIPTION OF THE INVENTION Figure 1 is an illustration of an embodiment
of an absorbent article 10 providing for different skin health benefits and
fluid acquisition benefits for different portions of the wearer's crotch.
The absorbent article 10 can comprise a liquid pervious topsheet 20, a
fluid impervious backsheet 30, and an absorbent core 40 disposed between
the topsheet 20 and backsheet 30. The topsheet 20 can be described as being
in a facing relationship with absorbent core 40. The absorbent article can
be selected from the group consisting of an incontinence product, a
sanitary napkin, and a diaper. The absorbent core can be comprised of
cellulosic material, such as Foley Fluff, available from Buckey
Technologies, Inc., Memphis, TN, that is disintegrated and formed into a
core having a density of about 0.07 grams per cubic centimeter and a
caliper of about 10 mm. The absorbent core 40 can be a high internal phase
emulsion foam or a polyacrylate material.The absorbent article 10 is
discussed herein in the context of what is commonly referred to in the art
as a sanitary napkin, menstrual pad, or catamenial pad. It is to be
understood that the absorbent article 10 can be any absorbent article
designed to be worn in proximity with the crotch of the wearer. The
absorbent article 10 and each layer or component thereof can be described
as having a body facing surface and a garment facing surface. As can be
understood by considering the ultimate use for absorbent articles, such as
sanitary napkins, diapers, incontinent products and the like, the body
facing surfaces are the surfaces of the layers or components that are
oriented closer to the body when in use, and the garment facing surfaces
are the surfaces that are oriented closer to the undergarment of the wearer
when in use. Therefore, for example, the topsheet 20 has a body facing
surface 22 (that can actually be a body contacting surface) and a garment
facing surface opposing the body facing surface 22. The garment facing
surface of the backsheet 30, for example, can be oriented closest to, and
can contact the wearer's panties in use. The topsheet 20 can comprise a
central region 50, an inner intermediate region 60, an outer intermediate
region 70, and an edge region 80. The inner intermediate region 60 can be
between the central region 50 and the outer intermediate region 70. The
outer intermediate region 70 can be between the inner intermediate region
60 and the edge region 80. Thus, starting from the intersection of the
longitudinal centerline L and transverse centerline T and moving towards
the periphery 27 of the absorbent article, the various regions can be
arranged in the order of the central region 50, the inner intermediate
region 60, the outer intermediate region 70, and the edge region 80. At
least a portion of the central region 50 can be on the longitudinal
centerline L. At least a portion of the central region 50 can be on the
longitudinal centerline L 



and transverse centerline T. Longitudinal centerline L and transverse
centerline T, the longitudinal centerline L and transverse centerline T
being orthogonal to one another, define a two-dimensional plane of the
absorbent article 10 prior to use, which, in the embodiment shown is
associated with the machine direction (MD) and cross machine direction (CD)
as is commonly known in the art of making absorbent articles using
high-speed commercial production lines. The absorbent article 10 has a
length, which is the longest dimension measured parallel to the
longitudinal axis L. The article 10 has a width, which is the dimension
measured in the CD, e.g., parallel to the transverse centerline T. The
width can vary or be substantially constant along the length of the
sanitary napkin. In general, the width can be measured between lateral side
edges 23 parallel to thetransverse centerline T. The lateral side edges 23
are generally aligned in the longitudinal direction and may be straight,
curved, or combinations of straight and curved sections. As illustrated in
FIG. 1, the central region 50, inner intermediate region 60, outer
intermediate region 70, and edge region 80 can be disposed on a line
generally parallel to the transverse centerline T. The central region 50,
inner intermediate region 60, outer intermediate region 70, and edge region
80 can be disposed on a line that is no more than about thirty degrees out
of alignment with the transverse centerline T. As used herein, the word
"region" refers to an area set off as distinct from surrounding or
adjoining areas. Thus, for example, a topsheet comprising uniformly spaced
apertures, each of which are the same size, over the entire surface of the
topsheet cannot be considered to have any regions. Moreover, for example,
in a topsheet comprising uniformly spaced apertures, each of which are the
same size, a single aperture and locally surrounding material cannot be
considered a region because that single aperture and locally surrounding
material are not distinct from surrounding or adjoining areas. Similarly,
for example, a topsheet comprising uniformly spaced elements, each element
being the same, over the entire surface of the topsheet cannot be
considered to have any regions. Nor, in a topsheet comprising uniformly
spaced elements, for example, may a single element and locally surrounding
material be considered a region. Regions can be separated from one another
such that there is an absence of like structured material between the
zones. A region can comprise an area more than about the product of 5% of
the length of the absorbent article and 5% of the width of the absorbent
article, the width being measured at the centroid of the respective region
(i.e. the particular region selected from the central region 50, inner
intermediate region 60, outer intermediate region 70, and edge region 80).
Individually, any of the central region 50, inner intermediate region 60,
outer intermediate region 70, and edge region 80 can constitute more than
about 5% the width of the absorbent article 10 as measured between the
lateral side edges 23 at the location of the centroid of the region.
Individually, any of the central region 50, inner intermediate region 60,
outer intermediate region 70, and edge region 80 can constitute more than
about 10% the width of the absorbent article 10 as measured between the
lateral side edges 23 at the location of the centroid of the region.
Individually, any of the central region 50, inner intermediate region 60,
outer intermediate region 70, and edge region 80 can constitute more than
about 20% the width of the absorbent article 10 as measured between the
lateral side edges 23 at the location of the centroid of the region. Thus,
in one example embodiment, the central region 50 can constitute about 30%of
the width of the absorbent article, the inner intermediate region 60 can
constitute about 10% of the width of the absorbent article, the outer
intermediate region 70 can constitute about 15% of the width of the
absorbent article, and the edge region 80 can constitute about 10% of the
width of the absorbent article. The central region 50 has a central region
body facing surface 52. The central region body facing surface 52 has a
central region texture 54. The inner intermediate region 60 has an inner
intermediate body facing surface 62. The inner intermediate body facing
surface 62 has a inner intermediate region texture 64. The outer
intermediate region 70 has an outer intermediate region body facing surface
72. The outer intermediate region body facing surface 72 has an outer
intermediate region texture 74. The edge region 80 has an edge region body
facing surface 82. The edge region body facing surface 82 has an edge
region texture 84. The central region texture 54, inner intermediate region
texture 64, outer intermediate region texture 74, and edge region texture
84 can be designed to provide particular benefits with respect to fluid
handling and/or comfort. As used herein, texture refers to the topography
of the relevant material in directions orthogonal to a plane defined by the
longitudinal centerline L and transverse centerline T. The topography of a
material can be provided, for example, by portions of material that are
higher or lower relative to adjacent portions of material, holes through
the material, and portions of the 



material in which the structure of the material is plastically disrupted or
disturbed relative to adjacent portion. Topography can be characterized at
a resolution of about 100 microns over an area of at least about four
square millimeters. For some absorbent articles 10, embodiments are
contemplated in which channels, indentations, dimples, and/or embossments
may not be considered to provide for texture of any of the central region
50, inner intermediate region 60, outer intermediate region 70, and edge
region 80. For such designs, texture for the regions can be provided by
structures other than channels, indentations, dimples, and/or embossments.
As used herein, a "channel" is an indentation having an in-plane length
greater than the width, the length being the longest dimension, curved or
straight, within the indentation and the in-plane width being the shortest
dimension of the indentation. An indentation, dimple, or embossment can be
considered to be a structure created by compressing portions of the
absorbent article. The central region texture 54 can differ from the inner
intermediate region texture 64, the outer intermediate region texture 74,
and the edge region texture 84. The inner intermediate region texture 64
can differ from the outer intermediate region texture 74 and the edge
regiontexture 84. The outer intermediate region texture 74 can differ from
the edge region texture 84. Arranged in this manner, the central region
texture 54, inner intermediate region texture 64, outer intermediate region
texture 74, and edge region texture 84 can differ from one another to
provide for different fluid handling and/or comfort benefits in different
locations of the body facing surface of the topsheet 20. In the embodiment
shown in FIG. 1, the central region texture 54 can be designed to provide
for a region of the topsheet 20 that can rapidly acquire and retain fluid.
The inner intermediate region texture 64 can be designed to be soft so that
the topsheet 20 is not irritating to the wearer's labia when the absorbent
article 10 is worn and/or to provide for resistance to lateral flow on the
body facing surface of the topsheet 20 so as to reduce the potential for
fluid to escape from being collected by the absorbent article 10 by leaking
towards or off the sides edges 23 of the absorbent article 10. The outer
intermediate region texture 74 can be designed to be comfortable to skin
between the labia and inner thigh of the wearer and provide for resistance
to lateral fluid flow on the body facing surface of the topsheet 20. The
edge region texture 84 can be designed to provide for a soft surface that
might come into contact with the wearer's inner thigh if the absorbent
article 10 has flaps 25 that are to be folded about the edges of the
wearer's panty and to provide for resistance to lateral fluid flow on the
surface of the topsheet 20 that can cause soiling of the wearer's skin,
undergarment, or clothing. The central region 50, inner intermediate region
60, outer intermediate region 70, and edge region 80 can be disposed on a
line generally parallel to the longitudinal centerline L, as illustrated in
FIG. 2. The central region 50, inner intermediate region 60, outer
intermediate region 70, and edge region 80 can be disposed on a line that
is no more than about thirty degrees out of alignment with the longitudinal
centerline L. Individually, any of the central region 50, inner
intermediate region 60, outer intermediate region 70, and edge region 80
can constitute more than about one twentieth, or more than about one tenth,
the length of the absorbent article 10 as measured along the longitudinal
axis L. Individually, any of the central region 50, inner intermediate
region 60, outer intermediate region 70, and edge region 80 can constitute
more than about 5% of the length of the absorbent article 10 as measured
along the longitudinal axis L. Individually, any of the central region 50,
inner intermediate region 60, outer intermediate region 70, and edge region
80 can constitute more than about 10% of the length of the absorbent
article 10 as measured along the longitudinal axis L. Thus, in one example
embodiment, the central region 50 can constitute about 30% of the length of
the absorbent article 10, the inner intermediate region 60 can constitute
about 10% of the length of the absorbent article 10, theouter intermediate
region 70 can constitute about 15% of the length of the absorbent article
10, and the edge region 80 can constitute about 10% of the length of the
absorbent article 10. Individually, each of the central region 50, inner
intermediate region 60, outer intermediate region 70, and edge region 80
can constitute more than about 10% of the area of the topsheet 20, area
being measured in the plane of the absorbent article defined by the
longitudinal centerline L and transverse centerline T. Individually, each
of the central region 50, inner intermediate region 60, outer intermediate
region 70, and edge region 80 can constitute more than about 5% of the area
of the topsheet. Individually, each of the central region 50, inner
intermediate region 60, outer intermediate region 70, and edge region 80
can constitute more than about 2% of the area of the topsheet. In the
embodiment shown in FIG. 2, the central region texture 54 can be designed
to provide for a region of the topsheet 20 that can rapidly acquire and
retain fluid. The inner intermediate region texture 64 can be designed to
be soft so that the topsheet 20 is not irritating to 



the wearer's labia when the absorbent article 10 is worn and/or to provide
for resistance to lateral flow on the surface of the topsheet 20 so as to
reduce the potential for fluid to escape from being collected by the
absorbent article 10 by leaking towards or off the first end edge 28 or
second end edge 29 of the absorbent article 10, the end edges being
generally located at the edges of the absorbent article 10 on the
longitudinal centerline L. Leakage of fluid off of the topsheet by a
pathway towards the end edges of the absorbent article 10 can be a problem
when the wearer of the absorbent article 10 is lying on her front or back,
as might occur when she is sleeping. The outer intermediate region texture
74 can be designed to be comfortable to skin between the wearer's labia and
anus or between the wearer's labia and pubic area and/or provide for
resistance to lateral fluid flow on the surface of the topsheet 20. The
edge region texture 84 can be designed to provide for a soft surface that
might come into contact with the wearer's pubic area or anus and/or to
provide for resistance to lateral fluid flow on the body facing surface of
the topsheet 20 that can cause soiling of the wearer's skin, undergarment,
or clothing. The inner intermediate region (60) can comprise a material
selected from the group consisting of a film 100 having raised portions 90
(FIG. 3), a film 100 having apertures 110 (FIG. 4), tufted fibers 206 (the
tufted fibers forming tufts 209) (FIG. 5), a nonwoven 130, a nonwoven 130
having apertures 110, and a nonwoven 130 having embossments 140 (FIG. 6),
and combinations thereof. The outer intermediate region (70) can comprise a
material selected from the group consisting of tufted fibers 206, a
nonwoven 130 having apertures 110, a nonwoven 130, a nonwoven 130 having
embossments 140, and combinations thereof. The edge region (80)can comprise
a material selected from the group consisting of tufted fibers 206, a
nonwoven 130 having apertures 110, a nonwoven 130, a nonwoven 130 having
embossments 140, and combinations thereof. The central region 50 and the
inner intermediate region 60 can comprise a film 100 in facing relationship
with a nonwoven 130. An example of such an arrangement is illustrated in
FIG. 7. Materials that are in a facing relationship can be related such
that they are substantially continuously facing, continuously facing,
partially facing, or in a facing relationship such that one layer of
material is wrapped around or partially around another material.
Continuously facing means that at least one entire surface of one material
is in effective contact with the other, effective contact being used
because even the flattest of surfaces is rough at some scale of
measurement. Substantially continuously facing means that the majority of
at least one surface of one material is in effective contact with the other
material. Partially facing means that more than about ten percent of at
least one surface of one material is in effective contact with the other
material. An overwrap for a cylindrical absorbent core 40 can be considered
to be in facing relationship with the absorbent core 40. The film 100 can
be in a substantially continuous, continuous, or partially facing
relationship with nonwoven 130. The film 100 in the central region 50 can
comprise apertures 110 to provide a pathway for fluid transport through the
film 100. In the inner intermediate region 60, tufted fibers 206 (forming
tufts 209) from the nonwoven 130 can protrude through the film 100. The
film 100 and nonwoven 130 can be arranged such that in the central region
50, the film 100 is the central region body facing surface 52 and the
nonwoven 130 is between the film 100 and the absorbent core 40. In a
similar embodiment, the central region 50 can comprise a film 100 having
apertures 110 and the inner intermediate region 60 can comprises a film 100
in facing relationship, with a nonwoven 130. In such an arrangement, the
film 100 in the central region 50 and the film 100 in the inner
intermediate region 60 can be comprised of a single web of material, as
illustrated in FIG. 8. The tufted fibers 206 in the inner intermediate
region 60 can provide resistance to lateral fluid flow on the body facing
surface 22 of the topsheet 20 and/or provide for a soft texture to the
portion of the topsheet 20 that might come into contact with the wearer's
body adjacent to the opening between the labia. Also, as illustrated in
FIG. 8, the body facing surface 22 of topsheet 20 can be symmetric about
the longitudinal centerline L with an opposing inner intermediate regions
60, outer intermediate regions 70, and said edge regions 80 on opposite
sides of the longitudinal centerline L.As illustrated in FIG. 9, the
central region 50 and the inner intermediate region 60 can comprise a first
nonwoven 131 and a second nonwoven 132 in a facing relationship. An example
of such an arrangement, in which the central region 50, inner intermediate
region 60, outer intermediate region 70, and edge region 80 are disposed on
a line generally parallel with the transverse centerline T, is shown in
FIG. 9. The central region 50, inner intermediate region 60, outer
intermediate region 70, and edge region 80 can be disposed on a line
generally parallel with the longitudinal centerline L in another
embodiment. As illustrated in FIG. 9, the first nonwoven 131 can form the
central region body facing surface 52. The first nonwoven 131 can be
designed such that the material is able to rapidly acquire fluid and the
ability to resist rewet of the body 



facing surface of the topsheet 20. The first nonwoven 131 can comprise
apertures 110 to provide for rapid acquisition of fluid. In the inner
intermediate region 60, tufted fibers 206 from the second nonwoven 132 can
protrude through the first nonwoven 131 to form tufts 209. In some
embodiments, such an arrangement of tufted fibers 206 can act as a
mechanical bond between the first nonwoven 131 and second nonwoven 132. The
first nonwoven 131 and second nonwoven 132 can be arranged such that in the
central region 50, the first nonwoven 131 is the central region body facing
surface 52 and the second nonwoven 132 is between the first nonwoven 131
and the absorbent core 40. The inner intermediate region (60) can comprise
a film 100 having raised portions 90. An example of a design in which the
inner intermediate region texture 64 is provided by a film 100 having
raised portions 90 that might be practical is one in which the central
region texture 54 is a film 100 having apertures 110, as shown in FIG. 10.
The film 100 in central region 50 and the inner intermediate region 60 can
be comprised of a single unitary web of material. Without being bound by
theory, raised portions 90 are thought to be able to provide for separation
between the topsheet 20 and the wearer' s body, which can provide for
comfort during wear and improved skin health, and can be structured such
that the raised portions 90 provide for a film that has a soft/cushiony
feeling. The central region (50) can comprise a film 100 comprising
apertures 110 and the inner intermediate region (60) can comprise tufted
fibers 206, as illustrated in FIG. 11. As illustrated in FIG. 11, the
central region 50, inner intermediate region 60, outer intermediate region
70, and edge region 80 can be disposed on a line generally parallel with
the longitudinal centerline L. Without being bound by theory, the tufted
fibers 206 are believed to provide for softness of the topsheet 20 in areas
away from the central region 50 and can provide resistance, or a barrier,
to resist runoff of fluid on the body facing surface of the topsheet 20 in
a direction generally alignedwith the longitudinal centerline L. Also, as
illustrated in FIG. 11, the topsheet 20 can be symmetric about a line
parallel to the transverse centerline T, with opposing inner intermediate
regions 60, outer intermediate regions 70, and edge regions 80 on opposite
sides of the transverse centerline T or an axis parallel thereto. The outer
intermediate region (70) and the edge region (80) can comprise tufted
fibers 206, which can form tufts 209, as shown in FIG. 12. The outer
intermediate region 70 can have an outer intermediate region tuft area
density and the edge region 80 can have an edge region tuft area density. A
single tuft is comprised of a plurality of tufted fibers 206. The tuft area
density is the number of tufts per unit area, area being measured in a
plane coincident and/or parallel to the longitudinal centerline L and
transverse centerline T. The outer intermediate region tuft area density
can differ from the edge region tuft area density. For example, the outer
intermediate region tuft area density can be greater than or less than the
edge region tuft area density. Without being bound by theory, it is thought
that by varying the tuft area density of different regions of the topsheet
20, the softness of the outer intermediate region texture 74 can be made to
differ from the softness of edge region texture 84. Furthermore, the higher
the tuft area density, the better the tufts are believed to provide for
resistance to lateral flow on the topsheet. The outer intermediate region
(70) and edge region (80) can be tufted fibers 206 and the outer
intermediate region 70 can have an outer intermediate region tuft height H
and the edge region 80 can have an edge region tuft height H, as shown in
FIG. 13. The tuft height H is measured as the magnitude by which the tufted
fibers 206 extend from the surface of the base material on the side from
which the tufts protrude there from. The outer intermediate region tuft
height H can differ from the edge region tuft height H. The outer
intermediate region tuft height H can be greater than or less than the edge
region tuft height. Without being bound by theory, it is thought that tuft
height is a design factor that can be controlled to provide for the desired
degree of softness of a region, to provide for a barrier having sufficient
resistance to lateral flow on the topsheet, and to provide separation of
the absorbent article from the body where desired. A variety of textures
can be provided to materials for use in a topsheet 20. Materials believed
to be practical include, but are not limited to, apertured film 100,
apertured film 100 having raised portions 90, and apertured nonwoven.
Apertures in a web 1 can be formed as illustrated in FIG. 14 to form
apertures 110 in topsheet 20. The web 1 can be a film or a nonwoven. As
shown in FIG. 14, web 1 can be formed from a generally planar, two
dimensional precursor web 24 having a first side 12 and a second side 14.
Precursor web 24 can be, for example, a polymer film, a nonwoven web,
awoven fabric, a paper web, a tissue paper web, or a knitted fabric, or a
multilayer laminate of any of the aforementioned. In general, the term
"side" is used herein in the common usage of the term to describe the two
major surfaces of generally two-dimensional webs, such as paper and films.
In a composite or laminate structure, the first side 12 of the web 1 is the
first side of one of 



the outermost layers or plies opposing one another, and the second side 14
is the second side of the other outermost layer or ply. Precursor web 24
can be a polymeric film web. Polymeric film webs can be deformable.
Deformable, as used herein, describes a material which, when stretched
beyond its elastic limit, will substantially retain its newly formed
conformation. Polymeric film webs can include materials normally extruded
or cast as films such as polyolefins, nylons, polyesters, and the like.
Such films can be thermoplastic materials such as polyethylene, low density
polyethylene, linear low density polyethylene, polypropylenes and
copolymers and blends containing substantial fractions of these materials
Precursor web 24 can be a nonwoven web. For nonwoven precursor webs 24, the
precursor web 24 can comprise unbonded fibers, entangled fibers, tow
fibers, or the like. Fibers can be extensible and/or elastic, and may be
pre-stretched for processing. Fibers of precursor web 24 can be continuous,
such as those produced by spunbonded methods, or cut to length, such as
those typically utilized in a carded process. Fibers can be absorbent, and
can include fibrous absorbent gelling materials. Fibers can be bicomponent,
multiconstituent, shaped, crimped, or in any other formulation or
configuration known in the art for nonwoven webs and fibers. Nonwoven
precursor webs 24 can be any known nonwoven webs including nonwoven webs 25
comprising polymer fibers having sufficient elongation properties to be
formed into a nonwoven 130 having apertures 110. In general, the polymeric
fibers can be bondable, either by chemical bond (e.g. by latex or adhesive
bonding), pressure bonding, or thermal bonding. Nonwoven precursor web 24
can comprise about 100% by weight thermoplastic fibers. Nonwoven precursor
web 24 can comprise as little as about 10% by weight thermoplastic fibers.
Likewise, nonwoven precursor web 24 can comprise any amount by weight
thermoplastic fibers in 1% increments between about 10% and about 100%. The
total basis weight of precursor web 24 (including laminate or multi-layer
precursor webs 24) can range from about 8 gsm to about 500 gsm, depending
on the ultimate use of the web 1, and can be produced in 1 gsm increments
between about 8 and about 500 gsm. The constituent fibers of nonwoven
precursor web 24 can be polymer fibers, and can be monocomponent,
bicomponent and/or biconstituent fibers, hollow fibers, non-round fibers
(e.g.,shaped (e.g., trilobal) fibers or capillary channel fibers), and can
have major cross-sectional dimensions (e.g., diameter for round fibers,
long axis for elliptical shaped fibers, longest straight line dimension for
irregular shapes) ranging from about 0.1 to about 500 microns in 0.1 micron
increments. Supply roll 152 rotates in the direction indicated by the arrow
in FIG. 14 as precursor web 24 is moved in the machine direction by means
known in the art, including over or around any of various idler rollers,
tension-control rollers, and the like to the nip 116 of a pair of
counterrotating rolls 102 and 104. The rolls 102 and 104 can comprise
forming apparatus 103. The pair of rolls 102 and 104 can operate to form
volcano shaped structures 8 and apertures in precursor web 24. Apertured
web 1 can be taken up on wind up roll 180. There are a variety of
approaches for creating apertures in webs. Factors that can influence the
approach selected for creating apertures 110 include, but are not limited
to, whether the precursor web 24 is a nonwoven or polymeric film, the
desired geometry of the aperture, the desired processing speed, and the
amount of control of the process that is desired. An approach for forming
apertures in polymeric film webs and nonwoven webs is to employ a pair of
intermeshing rolls 102 and 104, as shown in FIG. 15 and disclosed in U.S.
Patent Application No. 11/249,618 by O'Donnell et al. Referring to FIG. 15,
there is shown in more detail the portion of the apparatus shown in FIG. 14
that can form apertured web 1. Forming apparatus 103 can comprise a pair of
steel intermeshing rolls 102 and 104, each rotating about an axis A, the
axes A being parallel and in the same plane. Forming apparatus 103 can be
designed such that precursor web 24 remains on roll 104 through a certain
angle of rotation. FIG. 15 shows in principle what happens as precursor web
24 goes straight through nip 116 on forming apparatus 103 and exits as
apertured web 1. Precursor web 24 or apertured web 1 can be partially
wrapped on either of rolls 102 or 104 through a predetermined angle of
rotation prior to (for precursor web 24) or after (for web 1) nip 116. Roll
102 can comprise a plurality of ridges 106 and corresponding valleys 108
which can extend unbroken about the entire circumference of roll 102.
Depending on what kind of pattern is desired in apertured web 1, roll 102
can comprise ridges 106 wherein portions have been removed, such as by
etching, milling or other machining processes, such that some or all of
ridges 106 are not circumferentially continuous, but have breaks or gaps.
Ridges 106 can be spaced apart from one another along the axis A of roll
102. For instance, the middle third of roll 



102 can be smooth and the outer thirds of roll 102 can have a plurality of
ridges that are spaced apart from one another. Similarly, ridges 106 on the
middle third of roll 102 can be spaced moreclosely together than ridges 106
on the outer thirds of roll 102. The breaks or gaps, in either the
circumferential direction, axial direction, or both directions, can be
arranged to form a pattern, including geometric patterns such as circles or
diamonds. In one embodiment, roll 102 can have teeth, similar to the teeth
510 on roll 104, described below. In this manner, it is possible to have
three dimensional apertures having portions extending outwardly on both
sides of apertured web 1. Roll 104 can comprise a plurality of rows of
circumferentially-extending ridges that have been modified to be rows of
circumferentially-spaced teeth 510 that extend in spaced relationship about
at least a portion of roll 104. The individual rows of teeth 510 of roll
104 can be separated by corresponding grooves 112. In operation, rolls 102
and 104 intermesh such that the ridges 106 of roll 102 extend into the
grooves 112 of roll 104 and the teeth 510 of roll 104 extend into the
valleys 108 of roll 102. Both or either of rolls 102 and 104 can be heated
by means known in the art such as by incorporating hot oil filled rollers
or electrically-heated rollers. Alternatively, both or either of the rolls
may be heated by surface convection or by surface radiation. A schematic of
a cross section of a portion of the intermeshing rolls 102 and 104
including ridges 106 and representative teeth 510 is shown in FIG. 16. As
shown, teeth 510 have a tooth height TH (note that TH can also be applied
to ridge 106 height and tooth height and ridge height can be equal) and a
tooth-to-tooth spacing (or ridge-to-ridge spacing) referred to as the pitch
P. As shown, depth of engagement, (DOE) E is a measure of the level of
intermeshing of rolls 102 and 104 and is measured from tip of ridge 106 to
tip of tooth 510. The depth of engagement E, tooth height TH, and pitch P
can be varied as desired depending on the properties of precursor web 24
and the desired characteristics of apertured web 1. The rolls 102 and 104
can be made of wear resistant stainless steel. The aperture area density
(the number of apertures 110 per unit area) can be varied from about 1
aperture/cm 2 to about 6 apertures/cm 2 to about 60 apertures/cm 2, in
increments of 1 aperture/cm 2. There can be, for example, at least about 10
apertures/cm 2, or at least about 25 apertures/cm . As can be understood
with respect to forming apparatus 103, apertures can be made by
mechanically deforming precursor web 24 that can be described as generally
planar and two dimensional. By "planar" and "two dimensional" is meant
simply that the precursor web 24 may be flat relative to a finished
apertured web 1 having a distinct, out-of-plane, z-direction
threedimensionality imparted due to the formation of truncated generally
conical shaped structures 8."Planar" and "two-dimensional" are not meant to
imply any particular flatness, smoothness or dimensionality and a soft,
fibrous non-woven web can be planar in its as-made condition. As precursor
web 24 goes through the nip 116, the teeth 510 of roll 104 enter valleys
108 of roll 102 and simultaneously urge material out of the plane of
precursor web 24 to form apertures 110, the apertures being defined by the
rim of the truncated generally conical shaped structures 8. In effect,
teeth 510 "push" through precursor web 24. As the tip of teeth 510 push
through precursor web 24 the web material can be urged by the teeth 510 out
of the plane of precursor web 24 and can be stretched and/or plastically
deformed in the z-direction, creating out-of-plane geometry characterized
by conical shaped structures 8 and apertures 110. The truncated generally
conical shaped structures 8 can be thought of as volcano-shaped structures.
Figure 17 shows an embodiment of a three-dimensional apertured web 1 in
which the precursor web 24 was not a flat film but rather was a film that
was pre-textured with microscopic raised portions 90 that can be formed for
use in topsheet 20. Raised portions 90 can be bumps, holes, or the like. In
the embodiment shown, raised portions 90 are also volcano-shaped
microapertures, formed by a hydroforming process. A suitable hydroforming
process is the first phase of the multiphase hydroforming process disclosed
in U.S. Patent No. 4,609,518, issued to Curro et al. on September 2, 1986.
The hydroforming screen utilized for the web shown in FIG. 17 was a "100
mesh" screen and the film was obtained from Tredegar Film Products, Terre
Haute, IN. Apertures 110, defined by the rims of the truncated generally
conical shaped structures 8, can be formed by teeth 510 of roll 104 in
forming apparatus 103. The truncated generally conical shaped structures 8
can be oriented in a topsheet 20 such that the rims of the truncated
generally conical shaped structures 8 are on the body facing side of the
topsheet. The truncated generally conical shaped structures 8 can be
oriented in a topsheet 20 such that the rims of the truncated generally
conical shaped structures are on the garment facing side of the topsheet
20. The truncated generally conical shaped structures 8 can be oriented in
a topsheet 20 such that some of the rims of the truncated generally conical
shaped structures are on the garment facing side of the topsheet 20 and
some of the rims of the truncated generally conical shaped structures 8 are
on the 



body facing side of the topsheet 20. The apertures of the film embodiments
shown in FIG. 17 were made on an apparatus like that shown in FIG. 14,
where the forming apparatus 103 is arranged to have one patterned roll,
e.g., roll 104, and one non-patterned roll 102. In certain embodiments nip
116 can be formed by using two patterned rolls having either the same or
differing patterns, in the same or different corresponding regions of the
respective rolls. Such an apparatus can produce webs withapertures
protruding from both sides of the apertured web 1, as well as
macro-texture, e.g., aberrations, micro-apertures, or micro-patterns, in
the web 1. Likewise, it may be desirable to have multiple forming
apparatuses 103 such that apertured web 1 is re-processed to have
additional truncated generally conical shaped structures 8 and/or
apertures. For example, a greater aperture area density of truncated
generally conical shaped structures 8 on apertured web 1 can be achieved by
processing precursor web 24 through two or more forming apparatuses 103 or
by decreasing the spacing between teeth 510. The number, aperture area
density, size, geometry, and out of plane geometry associated with the
apertures can be varied by changing the number, spacing between, geometry,
and size of teeth 510 and making corresponding dimensional changes as
necessary to roll 104 and/or roll 102. Raised portions 90 can be fibrils to
provide texture that provides for a tactile impression of softness, as
illustrated in FIG. 18. FIG. 18 is an enlarged, partially segmented
perspective illustration of a fluid pervious, macroscopically-expanded,
three-dimensional apertured web 1. Apertured web 1 can have apertures 110
that provide for fluid communication between opposing sides of the
apertured web 1. The apertures 110 can be defined by a continuous network
of interconnecting members, e.g., members 191, 192, 193, 194, and 195
interconnected to one another. The shape of apertures 110 may be polygons
including, but not limited to, squares, hexagons, etc., in an ordered or
random pattern. Apertures 110 can be in the shape of modified ovals, and in
one embodiment apertures 110 can be in the general shape of a tear drop.
Polymer web 1 exhibits a plurality of raised portions 90 in the form of
hair-like fibrils 225, described more fully below. In a three-dimensional,
microapertured polymeric web 1, each interconnecting member can comprises a
base portion, e.g., base portion 181 and each base portion can have a
sidewall portions, e.g., sidewall portions 183 extending from each
longitudinal edge thereof. Sidewall portions 183 can extend generally in
the direction of the opposing surface of the web 1 and join to sidewalls of
adjoining interconnecting members. Raised portions 90 can be formed in a
web using a forming structure 350 such as, for example, that shown in FIG.
19. FIG. 19 shows a portion of a forming structure of the present invention
350 in partial perspective view. The forming structure 350 exhibits a
plurality of forming structure apertures 710 defined by forming structure
interconnecting members 910. Forming structure apertures 710 permit fluid
communication between opposing surfaces, that is, between forming structure
first surface 900 in the plane of the first surface 1020 and
formingstructure second surface 850 in the plane of the second surface
1060. Forming structure sidewall portions 830 extend generally between the
forming structure first surface 900 and forming structure second surface
850. Protrusions 2200 can extend from forming structure first surface 900
and can be generally columnar, pillar-like forms. A comparison of FIG. 19
with FIG. 18 shows the general correspondence of forming structure 350 with
polymeric web 1. That is, the three-dimensional protrusions 2200 and
forming structure apertures 710 of forming structure 350 have a generally
one-to-one correspondence to the raised portions 90 and apertures 110,
respectively, of polymeric web 1. Raised portions 90 can be formed in a
polymeric web 1 by the forming structure 350 using a variety of processes
known in the art, including, but not limited to, hydro-forming, vacuum
forming, and direct cast. The forming structure 350 can be arranged as a
cylindrical drum that rotates about the axial axis. U.S. Patent No.
7,402,723 by Stone et al., issued July 22, 2008 discloses polymeric webs
having raised portions and methods for forming such polymeric webs. A
polymeric web, such as that employed in Always Ultra sanitary napkins,
marked by Procter & Gamble Co., Cincinnati, OH, can be practical for the
topsheet 20 or components/portions thereof. Raised portions 90 other than
hollow generally columnar fibrils are contemplated. Softness can be
beneficial when webs 1 are employed as part of a topsheet in a disposable
absorbent article. A soft, compliant topsheet 20 for an absorbent article
10 can be achieved when the apertured web 1 is used with the second side 14
having raised portions 90 as the body-facing surface of the article. In
some embodiments, raised portions 90 can be on the garment facing side of
the topsheet 20 to possibly provide for a different level of comfort or
different properties 



related to flow of fluids. A technique for forming a nonwoven 130 having
apertures 110 that can be used to form topsheet 20 is illustrated in FIG.
20. Referring to FIG. 20 there is schematically illustrated a process and
apparatus for selectively aperturing a nonwoven web suitable for use as a
topsheet 20 on an absorbent article 10. U.S. Patent Application No.
11/249,618, U.S. Patent 5,714,107, and U.S. Patent 5,628,097 disclose
apertures, apparatuses, and methods for creating apertures 110 in nonwoven
webs. Nonwoven precursor web 24 can be unwound from a supply roll 152 and
travel in a direction indicated by the arrows associated therewith as the
supply roll 152 rotates in the direction indicated by the arrows associated
therewith. The nonwoven precursor web 24 passesthrough a nip 116 of the web
weakening roller arrangement 1108 formed by calender roll 1110 and smooth
anvil roller 1112. The nonwoven precursor web 24 may be formed by known
nonwoven extrusion processes, such as, for example, known meltblowing
processes or known spunbonding processes, and passed directly through the
nip 116 without first being bonded and/or stored on a supply roll. The
nonwoven precursor web 24 may be extensible, elastic, or nonelastic. The
nonwoven precursor web 24 may be a spunbonded web, a meltblown web, or a
bonded carded web. If the nonwoven precursor web 24 is a web of meltblown
fibers, it may include meltblown microfibers. The nonwoven precursor web 24
may be made of fiber forming polymers such as, for example, polyolefins.
Polyolefins include one or more of polypropylene, polyethylene, ethylene
copolymers, propylene copolymers, and butene copolymers. In another
embodiment, the nonwoven precursor web 24 may be a multilayer material
having, for example, at least one layer of a spunbonded web joined to at
least one layer of a meltblown web, a bonded carded web, or other suitable
material. For example, the nonwoven precursor web 24 may be a multilayer
web having a first layer of spunbonded polypropylene having a basis weight
from about 0.2 to about 8 ounces per square yard, a layer of meltblown
polypropylene having a basis weight from about 0.2 to about 4 ounces per
square yard, and a second layer of spunbonded polypropylene having a basis
weight from about 0.2 to about 8 ounces per square yard. Alternatively, the
nonwoven web may be a single layer of material, such as, for example, a
spunbonded web having a basis weight from about 0.2 to about 10 ounces per
square yard or a meltblown web having a basis weight from about 0.2 to
about 8 ounces per square yard. The nonwoven precursor web 24 may be joined
to a polymeric film to form a laminate. Suitable polymeric film materials
include but are not limited to polyolefins, such as polyethylenes,
polypropylene, ethylene copolymers, propylene copolymers, and butene
copolymers; nylon (polyamide); metallocene catalyst-based polymers;
cellulose esters; poly (methyl methacrylate); polystyrene; poly (vinyl
chloride); polyester; polyurethane; compatible polymers; compatible
copolymers; and blends, laminates and/or combinations thereof. The nonwoven
precursor web 24 may also be a composite made up of a mixture of two or
more different fibers or a mixture of fibers and particles. Such mixtures
may be formed by adding fibers and/or particulates to the gas stream in
which the meltblown fibers or spunbond fibers are carried so that an
intimate entangled co-mingling of fibers and other materials, e.g., wood
pulp, staple fibers, and particles, occurs prior to collection of the
fibers.The nonwoven precursor web 24 of fibers can be joined by bonding to
form a coherent web structure. Suitable bonding techniques include, but are
not limited to, chemical bonding, thermobonding, such as point calendering,
hydroentangling, and needling. One or both of the patterned calender roll
1110 and the smooth anvil roller 1112 may be heated and the pressure
between the two rollers may be adjusted to provide the desired temperature,
if any, and pressure to concurrently weaken and melt-stabilize the nonwoven
precursor web 24 at a plurality of locations. The patterned calender roll
1110 is configured to have a cylindrical surface 1114, and a plurality of
protuberances 1216 which extend outwardly from cylindrical surface 1114.
The protuberances 1216 are disposed in a predetermined pattern with each
protuberance 1216 being configured and disposed to precipitate a weakened,
melt- stabilized location in the nonwoven precursor web 24 to create a
predetermined pattern of weakened, melt- stabilized locations in the
nonwoven precursor web 24. Also shown in FTG. 20 and discussed further
below are incremental stretching system 1132, and incremental stretching
rollers 1134 and 1136. Prior to entering nip 116, the coherent nonwoven web
comprises a plurality of fibers joined together by point calendered bonds
to form a coherent web structure. Patterned calender roll 1110 can have a
repeating pattern of protuberances 1216 which extend about the entire
circumference of cylindrical surface 1114. Alternatively, the 



protuberances 1216 may extend around a portion, or portions of the
circumference of cylindrical surface 1114. By way of example and not to be
limiting, protuberances 1216 can be truncated conical shapes which extend
radially outwardly from cylindrical surface 1114 and which have elliptical
distal end surfaces 1117, as shown in FIG. 21. Other suitable shapes for
distal end surfaces 1117 include, but are not limited to circular, square,
rectangular, etc. The patterned calender roll 1110 can be finished so that
all of the end surfaces 1117 lie in an imaginary right circular cylinder
which is coaxial with respect to the axis of rotation of calender roll
1110. Protuberances 1216 can be blades having their long axis oriented
circumferentially about the patterned calender roll 1110. Protuberances
1216 can be blades having their long axis oriented parallel to the rotating
axis of the calender roll 1110. The protuberances may be disposed in any
predetermined pattern about patterned calender roll 1110. After passing
through the weakening roller arrangement 1108, the precursor web 24 can
have a plurality of melt stabilized locations 1202. Anvil roller 1112, can
be a smooth surfaced, right circular cylinder of steel.From the weakening
roller arrangement 1108, the nonwoven precursor web 24 passes through nip
116 formed by the incremental stretching system 1132 employing opposed
pressure applicators having three-dimensional surfaces which at least to a
degree are complementary to one another. Referring now to FIG. 22, there is
shown a fragmentary enlarged view of the incremental stretching system 1132
comprising incremental stretching rollers 1134 and 1136. The incremental
stretching roller 1134 can comprise a plurality of ridges 106 and
corresponding valleys 108 that extend about the entire circumference of
incremental stretching roller 1134 or only partially about the
circumference of incremental stretching roller 1134. Incremental stretching
roller 1136 includes a plurality of complimentary ridges 106 and a
plurality of corresponding valleys 108. The ridges 106 on incremental
stretching roller 1134 intermesh with or engage the valleys 108 on
incremental stretching roller 1136 and the ridges 106 on incremental
stretching roller 1136 intermesh with or engage the valleys 108 on
incremental stretching roller 1134. As the nonwoven precursor web 24 having
weakened, melt-stabilized locations 1202 passes through the incremental
stretching system 1132, the nonwoven precursor web 24 is subjected to
tensioning in the CD or cross-machine direction causing the nonwoven
precursor web 24 to be extended in the CD direction. Alternatively, or
additionally, the nonwoven precursor web 24 may be tensioned in the MD or
machine direction. The tensioning force placed on the nonwoven precursor
web 24 can be adjusted such that it causes the weakened, melt-stabilized
locations 1202 to rupture creating a plurality of formed SAN apertures 1204
(SAN standing for Stretch Apertured Nonwoven) coincident with the weakened
melt-stabilized locations 1202 in the nonwoven precursor web 24 to form
apertured web 1. However, the bonds of the nonwoven precursor web 24 can be
strong enough such that they do not rupture during tensioning, thereby
maintaining the nonwoven web in a coherent condition even as the weakened,
melt-stabilized locations rupture. Other structures of incremental
stretching mechanisms suitable for incrementally stretching or tensioning
the nonwoven web are described in International Patent Publication No. WO
95/03765, published February 9, 1995, in the name of Chappell, et al. The
nonwoven apertured web 1 can be taken up on wind-up roll 180 and stored.
Alternatively, the nonwoven apertured web 1 may be fed directly to a
production line where it is used to form a topsheet on a disposable
absorbent article. A texture of tufted fibers 206 can be provided to
substrates for use in a topsheet 20. A plurality of tufted fibers 206 can
form a tuft 209. Tufts 209 can comprise a laminate web 1comprised of two or
more layers in which one of the layers is pushed into the other layer or
protrudes through apertures in the other layer, an example of which is
shown in FIG. 23. The layers are referred to herein as generally planar,
two-dimensional precursor webs, such as first precursor web 220 and second
precursor web 221. Either precursor web can be a film, a nonwoven, or a
woven web. First precursor web 220 and second precursor web 221 (and any
additional webs) can be joined with or without adhesive, thermal bonding,
ultrasonic bonding and the like. Web 1 has a first side 12 and a second
side 14, the term "sides" being used in the common usage of generally
planar two-dimensional webs, such as paper and films that have two sides
when in a generally flat condition. First precursor web 220 has a first
precursor web first surface 212 and a first precursor web second surface
214. Second precursor web 221 has a second precursor web first surface 213
and a second precursor web second surface 215. Web 1 has a machine
direction (MD) and a cross machine direction (CD) as is commonly known in
the 



art of web manufacture. The first precursor web 220 can be a nonwoven web
comprised of substantially randomly oriented fibers, a polymer film, or a
woven web. By "substantially randomly oriented" it is meant that, due to
processing conditions of the precursor web, there may be a higher amount of
fibers oriented in the MD than the CD, or vice-versa. Second precursor web
221 can be a nonwoven web similar to the first precursor web 220, or a
polymer film or an apertured polymer film, such as a polyethylene film. In
one embodiment, first side 12 of web 1 is defined by exposed portions of
the second precursor web first surface 213 and one or more tufts 209, which
can be discrete tufts 209, which are integral extensions of the fibers of a
nonwoven first precursor web 220. Tufts 209 can protrude through apertures
in the second precursor web 221. As shown in FIG. 23, each tuft 209 can
comprise a plurality of looped fibers 208 oriented out of the plane of the
nonwoven. A tuft 209 can extend through second precursor web 221 and
outwardly from the second precursor web first surface 213 thereof. A
textured region of tufts 209 can comprise a laminate web 1 comprising a
first precursor web 220, at least the first precursor web 220 being a
nonwoven web 130, the laminate web 1 having a first side 12, the first side
12 comprising the second precursor web 221 and at least one discrete tuft
209, each tuft 209 comprising a plurality of tufted fibers 206 being
integral extensions of the first precursor web 220 and extend through the
second precursor web 221, the laminate web 1 having a second side 14, the
second side 14 comprising the first precursor web 220.First precursor web
220 can be a fibrous woven or nonwoven web comprising elastic or
elastomeric fibers. Elastic or elastomeric fibers can be stretched at least
about 50% and return to within 10% of their original dimension. Tufts 209
can be formed from elastic fibers if the fibers are simply displaced due to
the mobility of the fiber within the nonwoven, or if the fibers are
stretched beyond their elastic limit and are plastically deformed. Second
precursor web 221 can be virtually any web material provided that the
material has sufficient integrity to be formed into the laminate by the
process described below, and that it has elongation properties relative to
first precursor web 220, such that upon experiencing the strain of fibers
from first precursor web 220 being urged out-of-plane in the direction of
second precursor web 221, second precursor web 221 will be urged out of
plane (e.g. by stretching) or rupture (e.g. by tearing due to extensional
failure). If rupture occurs, IPS apertures 204 can be formed at the rupture
locations (IPS stands for Inter-Penetrating Self). Portions of first
precursor web 220 can extend through IPS apertures 204 (i.e., "push
through" or protrude through) in second precursor web 221 to form tufts 209
on first side 12 of web 1. In one embodiment second precursor web 221 is a
polymer film. Second precursor web 221 can also be a woven textile web, a
nonwoven web, a polymer film, an apertured polymer film, a paper web,
(e.g., tissue paper), a metal foil (e.g., aluminum wrapping foil), a foam
(e.g., urethane foam sheeting), or the like. As shown in FIG 23, tufts 209
can extend through IPS apertures 204 in second precursor web 221. IPS
apertures 204 can be formed by locally rupturing second precursor web 221.
Rupture may involve a simple splitting open of second precursor web 221,
such that IPS apertures 204 are in-plane (MD-CD) two-dimensional apertures.
However, for some materials, such as polymer films, portions of second
precursor web 221 can be deflected or urged out-ofplane (i.e., the plane of
second precursor web 221) to form flap-like structures, referred to herein
as a flap, or flaps, 207. The form and structure of flaps 207 can be
dependent upon the material properties of second precursor web 221. Flaps
207 can have the general structure of one or more flaps, as shown in FIGS.
20. In other embodiments, flap 207 can have a more volcano shaped
structure, as if the tuft 209 is erupting from the flap 207. Tufts 209 can
be, in a sense, "pushed through" (or protrude through) second precursor web
221 and can be "locked" in place by frictional engagement with IPS
apertures 204. This indicates a certain amount of recovery at the opening
that tends to constrain tuft 209 from pulling back out through IPS
apertures 204. The frictional engagement of the tufts and openings
canprovide for a laminate web structure having tufting on one side that can
be formed without adhesives or thermal bonding. Tufts 209 can be spaced
sufficiently closely so as to substantially cover (for instance cover more
than about 65%, about 75%, about 85%, or about 95% of the portion, zone, or
region of interest) first side 12 of web 1 when tufts 209 protrude through
second precursor web 221. In such an embodiment, both sides of web 1 appear
to be nonwoven, with a difference between first side 12 and second side 14
being a difference in surface texture. Therefore, in one embodiment, the
web 1 can be described as a laminate material of two or more precursor
webs, wherein both sides of the laminate web are substantially covered by
fibers from only one of the precursor 



webs. The looped fibers 208 can be substantially aligned with one another,
as shown in FIG. 23. The looped fibers can be arranged such that tuft 209
has a distinct linear orientation and a long axis LA, as shown in FIG. 23.
In the embodiment shown in FIG. 23, long axis LA is parallel to the MD. The
tuft 209 can have a symmetrical shape in the MD-CD plane, such as a
circular shape or square shape. Tufts 209 can have an aspect ratio (ratio
of longest dimension to shortest dimension, both measured in the MD-CD
plane) greater than 1. In one embodiment, all the spaced apart tufts 209
have generally parallel long axes LA. The number of tufts 209 per unit area
of web 1, i.e., the area density of tufts 209, can be varied from about 1
tuft/cm 2 to about 100 tufts/cm2. There can be at least about 10, or at
least about 20 tufts/cm2. Tufts 209 can be formed by urging fibers
out-of-plane in the z-direction at discrete, localized, portions of first
precursor web 220. Tufts 209 can be formed in the absence of second
precursor web 221, as illustrated in FIG. 24, using the process as
described below. Referring to FIG. 25 there is shown an apparatus and
method for making a web 1 comprising tufts 209 that can be used to form
topsheet 20. The forming apparatus 103 comprises a pair of intermeshing
rolls 102 and 104, each rotating about an axis A, the axes A being parallel
in the same plane. Roll 102 comprises a plurality of ridges 106 and
corresponding valleys 108 which can extend unbroken about the entire
circumference of roll 102. Roll 104 can comprise a plurality of rows of
circumferentially-extending ridges that have been modified to be rows of
circumferentially-spaced teeth 510 that extend in spaced relationship about
at least a portion of roll 104. Portions of roll 104 can be without teeth
510 to permit forming a web 1 having portions without tufts 209. Size
and/or spacing of teeth 510 can be varied to permit formation of a web 1
having different size tufts 209 in different portions and/or have portions
without tufts 209.The individual rows of teeth 510 of roll 104 are
separated by corresponding grooves 112. In operation, rolls 102 and 104
intermesh such that the ridges 106 of roll 102 extend into the grooves 112
of roll 104 and the teeth 510 of roll 104 extend into the valleys 108 of
roll 102. Both or either of rolls 102 and 104 can be heated by means known
in the art such as by using hot oil filled rollers or electrically-heated
rollers. In FIG. 25 the forming apparatus 103 is shown as having one
patterned roll, e.g., roll 104, and one non-patterned grooved roll 102. Two
patterned rolls 104 having either the same or differing patterns, in the
same or different corresponding regions of the respective rolls can be
used. An apparatus can be designed to have teeth pointing in opposite
directions on the opposing rolls. This can result in a web with tufts 209
being produced on both sides of the web. Web 1 can be made by mechanically
deforming precursor webs, such as first precursor web 220 and second
precursor web 221, that can each be described as generally planar and two
dimensional prior to processing by the apparatus shown in FIG. 25. By
"planar" and "two dimensional" is meant simply that the webs start the
process in a generally flat condition relative to the web 1 that has
distinct, out-of-plane, z-direction three-dimensionality due to the
formation of tufts 209. The process and apparatus for forming tufts 209 is
similar in many respects to a process described in U.S. Pat. No. 5,518,801
entitled "Web Materials Exhibiting Elastic-Like Behavior" and referred to
in subsequent patent literature as "SELF' webs, which stands for
"Structural Elastic-like Film". As described below, the teeth 510 of roll
104 have a geometry associated with the leading and trailing edges that
permit the teeth to essentially "push" through the plane of the first
precursor web 220 and second precursor web 221. In a two layer laminate
web, the teeth 510 urge fibers from a first precursor web 220
simultaneously out-of-plane and through the plane of second precursor web
221. Therefore, tufts 209 of web 1 can be "tunnel-like" tufts of looped
fibers 208 extending through and away from the second precursor web first
surface 213 and can be symmetrically shaped. First precursor web 220 and
second precursor web 221 are provided either directly from their respective
web making processes or indirectly from supply rolls and moved in the
machine direction to the nip 116 of counter-rotating intermeshing rolls 102
and 104. The precursor webs are preferably held in a sufficient web tension
so as to enter the nip 116 in a generally flattened condition by means well
known in the art of web handling. As first precursor web 220 and second
precursor web 221 pass through the nip 116, the teeth 510 of roll 104 which
are intermeshed with valleys 108 of roll 102 simultaneously urge portions
of first precursor web 220out of the plane of first precursor web 220, and
in some instances, through second precursor web 221 to form tufts 209. In
effect, teeth 510 "push" fibers of first precursor web 220 into or through
the plane of the second precursor web 221. As the tip of teeth 510 push
into or through first precursor web 220 and second precursor web 221, the
portions of the fibers of first precursor web 220 that are oriented
predominantly in 



the CD across teeth 510 are urged by the teeth 510 out of the plane of
first precursor web 220. Fibers can be urged out of plane due to fiber
mobility, or they can be urged out of plane by being stretched and/or
plastically deformed in the z-direction. Portions of first precursor web
220 urged out of plane by teeth 510 push into or through second precursor
web 221, which can rupture due to its relatively lower extensibility,
thereby resulting in formation of tufts 209 on first side 12 of web 1. For
a given maximum strain (e.g., the strain imposed by teeth 510 of forming
apparatus 103), second precursor web 221 can actually fail under the
tensile loading produced by the imposed strain. That is, for the tufts 209
to be disposed on the first side 12 of web 1, second precursor web 221 may
need to have sufficiently low fiber mobility (if any) and/or relatively low
elongation-to-break such that it locally (i.e., in the area of strain)
fails in tension, thereby producing IPS apertures 204 through which tufts
209 can extend. In one embodiment, second precursor web 221 has an
elongation to break in the range of about 1% to about 5%. While the actual
required elongation to break depends on the strain to be induced to form
web 1, it is recognized that in some embodiments, second precursor web 221
can exhibit a web elongation-to-break of about 6%, about 7%, about 8%,
about 9%, about 10%, or more. It is also recognized that actual
elongation-to-break can depend on the strain rate, which, for the apparatus
shown in FIG. 25, is a function of line speed. Elongation to break of webs
can be measured by means known in the art, such as by standard tensile
testing methods using standard tensile testing apparatuses, such as those
manufactured by Instron, MTS, Thwing- Albert, and the like. Furthermore,
relative to first precursor web 220, second precursor web 221 can have
lower fiber mobility (if any) and/or lower elongation-to-break (i.e.,
elongation-to-break of individual fibers, or, if a film,
elongation-to-break of the film) such that, rather than extending
out-of-plane to the extent of the tufts 209, second precursor web 221 can
fail in tension under the strain produced by the formation of tufts 209,
e.g., by the teeth 510 of forming apparatus 103. In one embodiment, second
precursor web 221 exhibits sufficiently low elongation-to-break relative to
first precursor web 220 such that flaps 207 of IPS apertures 204 only
extend slightly out-ofplane, if at all, relative to tufts 209. Second
precursor web 221 can have an elongation to break of at least about 10%
less than the first precursor web 220, or at least about 30% less, or at
least about 50% less, or at least about 100% less than that of first
precursor web 220. The number, spacing, and size of tufts 209 can be varied
by changing the number, spacing, and size of teeth 510 and making
corresponding dimensional changes as necessary to roll 104 and/or roll 102.
A tufted web 1 can be formed from a nonwoven first precursor web 220 having
a basis weight of between about 60 gsm and about 100 gsm (about 80 gsm
being practical) and a polyolefinic film (e.g., polyethylene or
polypropylene) second precursor web 221 having a density of about 0.91 to
about 0.94 g/cm3 and a basis weight of about 20 gsm. An enlarged view of
teeth 510 is shown in FIG. 26. Teeth 510 can have a circumferential length
dimension TL measured generally from the leading edge LE to the trailing
edge TE at the tooth tip 111 of about 1.25 mm and can be uniformly spaced
from one another circumferentially by a distance TD of about 1.5 mm. For
making a web 1 from precursor web 24 having a total basis weight in the
range of about 60 to about 100 gsm, teeth 510 of roll 104 can have a length
TL ranging from about 0.5 mm to about 3 mm and a spacing TD from about 0.5
mm to about 3 mm, a tooth height TH ranging from about 0.5 mm to about 5
mm, and a pitch P between about 1 mm (0.040 inches) and about 5 mm (0.200
inches). Depth of engagement E can be from about 0.5 mm to about 5 mm (up
to a maximum equal to tooth height TH). Of course, E, P, TH, TD and TL can
be varied independently of each other to achieve a desired size, spacing,
and area density of tufts 209. The tooth tip 111 can be elongated and can
have a generally longitudinal orientation, corresponding to a long axes LA
of tufts 209 and discontinuities 216. It is believed that to get the
tufted, looped tufts 209 of the web 1 that can be described as being terry
cloth-like, the LE and TE should be very nearly orthogonal to the
cylindrical surface 1114 of roll 104. As well, the transition from the tip
111 and LE or TE should be a sharp angle, such as a right angle, having a
sufficiently small radius of curvature such that teeth 510 can push through
second precursor web 221 at the LE and TE. Without being bound by theory,
it is believed that having relatively sharply angled tip transitions
between the tip of tooth 510 and the LE and TE permits the teeth 510 to
push through first precursor web 220 and second precursor web 221
"cleanly", that is, locally and distinctly, so that the first side 12 of
the resulting web 1 has tufts 209. When so processed, the web 1 may not be
imparted with any particular elasticity, beyond what the first 



precursor web 220 and second precursor web 221 may have possessed
originally. The pushingthrough of the second precursor web 221 can result
in a small portion of the second precursor web 221 forming "confetti" or
small pieces. Web 1 having tufts 209 can be used as a topsheet 20 or a
portion of topsheet 20 of absorbent article 10. Web 1 having tufts 209 can
be beneficial as a topsheet 20 for absorbent articles due to the
combination of excellent fluid acquisition and distribution to the
absorbent core 40, and excellent prevention of rewet to the body-facing
surface of topsheet 20 when in use. Rewet can be a result of at least two
causes: (1) squeezing out of the absorbed fluid due to pressure on the
absorbent article 10; and/or (2) wetness entrapped within or on the
topsheet 20. Surface texture in various portions of the topsheet 20 can be
created by providing tufts 209. Tufts 209 can be oriented such that tufts
209 comprise a portion of the body facing surface 22 of the topsheet 20.
Tufts 209 can be oriented such that tufts 209 are oriented on the garment
facing surface of the topsheet 20. U.S. Patent Publications US 20040131820
Al, filed on December 16, 2003, in the name of Turner et al., US
20040265534 Al, filed on December 16, 2003, in the name of Curro et al., US
20040265533 Al, filed on December 16, 2003, in the name of Hoying et al.,
US 20040229008 Al, filed on December 16, 2003, in the name of Hoying et
al., US 20050281976 Al, filed June 17, 2005, in the name of Curro et al.,
US 20050281976 Al, filed on June 17, 2005, in the name of Curro et al.
disclose are variety of structures forming tufts 209 and methods of making
such tufts 209. A topsheet 20 can be made by using a nonwoven first
precursor web 220 and a fluid impermeable or fluid permeable polyethylene
film second precursor web 221. The basis weights of the component webs can
be varied, however, in general due to cost and benefit considerations a
total basis weight of between about 20 gsm and about 80 gsm can be
desirable for web 1. When made as a film/nonwoven laminate, web 1 can
combine the softness and fluid capillarity of fiber tufts and the rewet
prevention of a fluid impermeable polymer film. Embossments 140, as
illustrated in FIG. 6, can be formed in the substrate comprising the
topsheet 20 by passing the substrate between a smooth roller and an
embossing roller having projections thereon. As the substrate passes
between the smooth roller and embossing roller, thermoplastic fibers in the
substrate are deformed and bonded together with one another and the fiber
density of the nonwoven in the embossment 140 is greater than that for
portions adjacent to the embossment 140. In one embodiment, the absorbent
core 40 can be between a laminate web comprising first precursor web 220
and second precursor web 221 such that neither the first precursor web220
nor the second precursor web 221 or a portion of either the first precursor
web 220 or second precursor web 221 is between the absorbent core 40 and
the backsheet 30. Texture can be measured using a GFM Mikrocad Optical
Profiler instrument commercially available from GFMesstechnik GmbH,
Warthestra be 21, D14513 Teltow/Berlin, Germany. The GFM Mikrocad Optical
Profiler instrument includes a compact optical measuring sensor based on
the digital micro mirror projection, consisting of the following main
components: a) DMD projector with 1024x768 direct digital controlled micro
mirrors, b) CCD camera with high resolution (1300x1000 pixels), c)
projection optics adapted to a measuring area of at least 40 mm x 40 mm
down to 4 mm x3 mm, and d) matching resolution recording optics; a table
tripod based on a small hard stone plate; a cold light source; a measuring,
control, and evaluation computer; measuring, control, and evaluation
software ODSCAD 4.0, English version; and adjusting probes for lateral
(x-y) and vertical (z) calibration. The GFM Mikrocad Optical Profiler
system measures the surface height of a sample using the digital
micro-mirror pattern projection technique. The result of the analysis is a
map of surface height (z) vs. xy displacement. The system has a field of
view of 27x22 mm with a resolution of 2 1 microns. The height resolution
should be set to between 0.10 and 1.00 micron. The height range is 64,000
times the resolution. To measure the texture of a material or composite
material the following can be performed: (1) Turn on the cold light source.
The settings on the cold light source should be 4 and C, which should give
a reading of 3000K on the display; (2) Turn on the computer, monitor and
printer and open the ODSCAD 4.0 or higher Mikrocad Software; (3) Select
"Measurement" icon from the Mikrocad taskbar and then click the "Live Pic"
button; (4) Place a 5 mm by 5 mm sample of fibrous structure product
conditioned at a temperature of 73 F.2 F. (about 23 C.l C.) and a relative
humidity of 50%2% under the projection head and adjust the distance for
best focus; (5) Click the "Pattern" button repeatedly to project one of
several focusing patterns to aid in achieving the best focus (the software
cross hair should align with the projected cross hair when optimal focus is
achieved). Position the projection head to be normal to the sample surface;



(6) Adjust image brightness by changing the aperture on the camera lens
and/or altering the camera "gain" setting on the screen. Set the gain to
the lowest practical level while maintaining optimum brightness so as to
limit the amount of electronic noise. When the illumination is optimum, the
red circle at bottom of the screen labeled "LO." will turn green; (7)
Select Standard measurement type; (8) Click on the "Measure" button. This
will freeze the live image on the screen and, simultaneously, the surface
capture process will begin. It is important to keep thesample still during
this time to avoid blurring of the captured images. The full digitized
surface data set will be captured in approximately 20 seconds; (9) If the
surface data is satisfactory, save the data to a computer file with ".omc"
extension. This will also save the camera image file ".kam"; (10) To move
the surface data into the analysis portion of the software, click on the
clipboard/man icon; (11) Now, click on the icon "Draw Lines". Draw a line
through the center of a region of features defining the texture of
interest. Click on Show Sectional Line icon. In the sectional plot, click
on any two points of interest, for example, a peak and the baseline, then
click on vertical distance tool to measure height in microns or click on
adjacent peaks and use the horizontal distance tool to determine in-plane
direction spacing; and (12) for height measurements, use 3 lines, with at
least 5 measurements per line, discarding the high and low values for each
line, and determining the mean of the remaining 9 values. Also record the
standard deviation, maximum, and minimum. For x and/or y direction
measurements, determine the mean of 7 measurements. Also record the
standard deviation, maximum, and minimum. Criteria that can be used to
characterize and distinguish texture include, but are not limited to,
occluded area (i.e. area of features), open area (area absent of features),
spacing, in-plane size, and height. If the probability that the difference
between the two means of texture characterization is caused by chance is
less than 20%, the textures can be considered to differ from one another.
Textures can also be compared to and distinguished from one another
visually by an ordinary observer having 20/20 vision from a distance of 30
cm in lighting at least equal to the illumination of a standard 100 watt
incandescent white light bulb. If the ordinary observer can distinguish
between the textures, the textures can be considered to differ from one
another. The dimensions and values disclosed herein are not to be
understood as being strictly limited to the exact numerical values recited.
Instead, unless otherwise specified, each such dimension is intended to
mean both the recited value and a functionally equivalent range surrounding
that value. For example, a dimension disclosed as "40 mm" is intended to
mean "about 40 mm." All documents cited in the Detailed Description of the
Invention are, in relevant part, incorporated herein by reference; the
citation of any document is not to be construed as an admission that it is
prior art with respect to the present invention. To the extent that any
meaning or definition of a term in this document conflicts with any meaning
or definition of the same term in a document incorporated by reference, the
meaning or definition assigned to that term in this document shall
govern.While particular embodiments of the present invention have been
illustrated and described, it would be obvious to those skilled in the art
that various other changes and modifications can be made without departing
from the spirit and scope of the invention. It is therefore intended to
cover in the appended claims all such changes and modifications that are
within the scope of this invention.CLAIMS What is claimed is: 1. An
absorbent article (10) comprising a topsheet (20) and an absorbent core
(40) in facing relationship with said topsheet (20), said topsheet (20)
having a longitudinal centerline (L) and transverse centerline (T), wherein
said topsheet (20) comprises a central region (50), an inner intermediate
region (60), an outer intermediate region (70), and an edge region (80),
wherein said inner intermediate region (60) is between said central region
(50) and said outer intermediate region (70), wherein said outer
intermediate region (70) is between said inner intermediate region (60) and
said edge region (80); wherein said central region (50) has a central
region body facing surface (52) having a central region texture (54), said
inner intermediate region (60) has an inner intermediate region body facing
surface (62) having a inner intermediate region texture (64), said outer
intermediate region (70) has an outer intermediate region body facing
surface (72) having an outer intermediate region texture (74), wherein said
edge region (80) has an edge region body facing surface (82) having an edge
region texture (84); wherein said central region texture (54) differs from
said inner intermediate region texture (64), said outer intermediate region
texture (74), and said edge region texture (84); wherein said inner
intermediate region texture (64) differs from said outer intermediate 



region texture (74) and said edge region texture (84); wherein said outer
intermediate region texture (74) differs from said edge region texture
(84); wherein said central region (50) is on said longitudinal centerline
(L); and wherein at least one of said central region (50), said inner
intermediate region (60), said outer intermediate region (70), and said
edge region (80) comprises tufted fibers (206). 2. The absorbent article
(10) according to Claim 1, wherein said inner intermediate region (60)
comprises a material selected from the group consisting of a film (100)
having raised portions (90), a film (100) having apertures (110), tufted
fibers (206), a nonwoven (130), a nonwoven (130) having apertures (110), a
nonwoven (130) having embossments (140), and combinations thereof, wherein
said outer intermediate region (70) comprises a material selected from the
group consisting of tufted fibers (206), a nonwoven (130) having apertures
(110), a nonwoven (130), a nonwoven (130) having embossments (140), and
combinations thereof, wherein said edge region (80) comprises a material
selected from thegroup consisting of tufted fibers (206), a nonwoven (130)
having apertures (110), a nonwoven (130), a nonwoven (130) having
embossments (140), and combinations thereof. 3. The absorbent article (10)
according to any of the preceding claims, wherein said central region (50)
and said inner intermediate region (60) comprise a film (100) in facing
relationship with a nonwoven (130), wherein said film (100) in said central
region (50) comprises apertures (110), wherein, in said inner intermediate
region (60), tufted fibers (206) from said nonwoven (130) protrude through
said film (100). 4. The absorbent article (10) according to any of the
preceding claims, wherein said central region (50) and said inner
intermediate region (60) comprise a first nonwoven (131) and a second
nonwoven (132) in a facing relationship, wherein said inner intermediate
region (60) comprises tufted fibers (206) from said second nonwoven (132)
protruding through said first nonwoven (131). 5. The absorbent article (10)
according to Claim 4, wherein a portion of said first nonwoven (131)
comprises apertures (110). 6. The absorbent article (10) according to any
of the preceding claims, wherein said absorbent article (10) is selected
from the group consisting of an incontinence product, a sanitary napkin,
and a diaper. 7. The absorbent article (10) according to any of the
preceding claims, wherein said outer intermediate region (70) and said edge
region (80) comprise tufts (209), wherein said outer intermediate region
(70) has an outer intermediate region tuft area density and said edge
region (80) has an edge region tuft area density, wherein said outer
intermediate region tuft area density differs from said edge region tuft
area density. 8. The absorbent article (10) according to any of the
preceding claims, wherein said outer intermediate region (70) and said edge
region (80) comprise tufts (209), wherein said outer intermediate region
(70) has an outer intermediate region tuft height and said edge region (80)
has an edge region tuft height, wherein said outer intermediate region tuft
height differs from said edge region tuft height. 9. The absorbent article
(10) according to any of the preceding Claims, wherein said central region
(50), said inner intermediate region (60), said outer intermediate region
(70), and said edge region (80) are disposed on a line generally parallel
to said longitudinal centerline (L).10. The absorbent article (10)
according to any of Claims 1-8, wherein said inner intermediate region
(60), said outer intermediate region (70), and said edge region (80) are
disposed on a line orthogonal to said longitudinal centerline (L). 11. The
absorbent article (10) according to any of the preceding claims, wherein
said absorbent article (10) has a length and a width, wherein each of said
central region 50, inner intermediate region 60, outer intermediate region
70, and edge region 80 comprise an area more than the product of 5% of the
length of the absorbent article and 5% of the width of the absorbent
article, the width being measured at the centroid of the respective region.


