
US 2008O181935A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0181935 A1 

Bhatia et al. (43) Pub. Date: Jul. 31, 2008 

(54) HUMAN PLACENTAL COLLAGEN Publication Classification 
COMPOSITIONS, AND METHODS OF (51) Int. Cl 
MAKING AND USING THE SAME we 

A 6LX 9/70 (2006.01) 

(76) Inventors: Mohit Bhatia, North Brunswick, C07K I4/78 (2006.01) 
NJ (US); Chris Lugo, Madison, NJ (i. OO C 
(US); Qian Ye, Livingston, NJ ( .01) 
(US); James W. Edinger, Belford, A6IP 43/00 (2006.01) 
NJ (US) C07K L/00 (2006.01) 

A6II 35/12 (2006.01) 
Correspondence Address: 
JONES DAY (52) U.S. Cl. ......... 424/443: 530/356; 435/366; 435/372: 
222 EAST 41ST ST 514/12:530/402; 424/93.7 
NEW YORK, NY 10017 

(21) Appl. No.: 11/973,902 (57) ABSTRACT 
1-1. The present invention provides compositions comprising 

(22) Filed: Oct. 9, 2007 human placental telopeptide collagen, methods of preparing 
the compositions, methods of their use and kits comprising 
the compositions. The compositions, kits and methods are 

(60) Provisional application No. 60/850,131, filed on Oct. useful, for example, for augmenting or replacing tissue of a 
6, 2006. mammal. 

Related U.S. Application Data 

Salt Wash Salt wash 
Detergent wash NaOH WaSh Detergent Wash J 

NaOH Wash Water Wash | Water Wash 
- roorooooooo... rocross-ovacao.- -----------------J -------M WW-Yuw-Wen-Wurumu-W- 

... . . . . . . . Water Wash ECM-2,3,4 (6-10 gms) ECM-5 (10 gms) | 

ECM-1 (6 gms) 
--w- was -----ww.r-wa-- ww.m-ra-car-w 

    

  



Patent Application Publication Jul. 31, 2008 Sheet 1 of 4 US 2008/O181935 A1 

G round Placen ta 

salt wash 
Detergent Wash 

| | | | | 
NaOH Wash Water Wash water wash 

--wormwo-morrow-room. -o-o-o-ow-- - ---------------J -------YWum Wu-Wrmmuw-Wum-W- 

XYYX^Xrrarxxxur-raw-waveau-surn Xaw-. . . . . . . . 
Water Wash ECM 23.4 (6-10 gms) ECM-5 (10 gms) | i 

FIG. 1 

  



US 2008/O181935 A1 Jul. 31, 2008 Sheet 2 of 4 Patent Application Publication 

Secretion of IL-6 

??????????????? 
160 - 

40 

120 - 

1OO - 

s||30 punoq 000 LJ?uu/fid 

|i?zz-ONLWOB | duº-ONLINO= 
Samples 

FIG. 2A 



US 2008/O181935 A1 Jul. 31, 2008 Sheet 3 of 4 Patent Application Publication 

Secretion of IL-8 

p~~~~ ~~~~ . . . . .~---- - ----º--º--º-º 

- Ju87-1998 lºd —) au8vººwoa — auß-eyWO3 • "H8°Tºk WOR - auß-ewwoa 
40 - 

160 - 

140 - 

120 - 

1OO - 

Samples 

FIG. 2B 



Jul. 31, 2008 Sheet 4 of 4 US 2008/O181935 A1 

Secretion of MCP-1 

Patent Application Publication 

| J?c-e). WoE |uuzz-ONLINOE | J?º-ONLINOE 
Samples 

FIG. 2C 



US 2008/O181935 A1 

HUMAN PLACENTAL COLLAGEN 
COMPOSITIONS, AND METHODS OF 
MAKING AND USING THE SAME 

1. PRIOR RELATED APPLICATION 

0001. This application claims the benefit under 35 U.S.C. 
S 119(e) of U.S. Provisional Patent Application No. 60/850, 
131, filed Oct. 6, 2006, which is incorporated herein by ref 
erence in its entirety. 

2. FIELD OF THE INVENTION 

0002 The present invention relates to compositions com 
prising collagen, e.g., human placental collagen, methods of 
preparing the compositions and methods of their use. 

3. BACKGROUND OF THE INVENTION 

0003 Collagen is a protein that forms many structures in 
the body including tendons, bones, teeth and sheets that Sup 
port skin and internal organs. Collagen is composed of three 
chains, wound in a triple helix. The structure comes from 
repeats of three amino acids. In the helices, every third amino 
acid is glycine, and many of the remaining amino acids are 
proline or hydroxyproline. 
0004 Collagen has been used commercially and clinically 
for Some time. Currently, collagen can be used to replace or 
augment hard or Soft connective tissue, such as skin, tendons, 
cartilage, bone and interstitium. Solid collagen has been 
implanted Surgically, and injectable collagen formulations 
are now available for more convenient administration. Cur 
rently, several injectable collagen compositions are available 
commercially including ZYDERMR), ZYPLASTR, COS 
MODERMCR) and COSMOPLAST(R). 
0005 Each collagen composition has particular physical 
properties that can be advantageous or disadvantageous to its 
use in particular techniques. There thus remains a need in the 
art for collagen compositions with further physical properties 
to expand the selection of compositions available to practi 
tioners of skill in the art. 

4. SUMMARY OF THE INVENTION 

0006. The present invention is based, in part, on the dis 
covery of collagen compositions that are useful, for example, 
for augmenting or replacing tissue of a mammal. In certain 
embodiments, the collagen compositions are prepared with 
Substantially high yield of collagen from a source tissue. In 
certain embodiments, collagen compositions of the invention 
show reduced contamination, e.g. contamination by cellular 
and/or other protein contaminants. In certain embodiments of 
the invention, collagen compositions of the invention show 
advantageously low toxicity. In certain embodiments of the 
invention, the collagen compositions provide an advanta 
geous source for the preparation of telopeptide collagen com 
positions. 
0007. In one aspect, provided herein are compositions 
comprising base-treated, detergent-treated telopeptide col 
lagen. It has been discovered that such compositions can be 
readily prepared from relatively few steps, even starting with 
mammaliantissue as a source. Certain compositions provided 
herein are substantially free of cellular debris, subcellular 
debris and/or contaminating proteins such as fibronectin, 
laminin, cytokines and growth factors. Certain compositions 
provided herein comprise a high collagen content. In certain 
embodiments, the compositions comprise at least 90% col 
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lagen, when compared to the total amount of protein in the 
composition. In certain other embodiments, the collagen 
composition Substantially lacks laminin and/or fibronectin 
(e.g., the composition comprises less than 1% laminin and/or 
fibronectin each by dry weight, or lacks detectable fibronectin 
and/or laminin). 
0008. In another aspect, the invention provides a collagen 
composition of the invention, e.g., base-treated, detergent 
treated telopeptide collagen, comprising a plurality of stem 
cells. In various embodiments, the stem cells are embryonic 
stem cells, embryonic germ cells, mesenchymal stem cells, 
bone marrow-derived stem cells, hematopoietic progenitor 
cells (e.g., hematopoietic stem cells from peripheral blood, 
fetal blood, placental blood, umbilical cord blood, placental 
perfusate, etc.). Somatic stem cells, neural stem cells, hepatic 
stem cells, pancreatic stem cells, endothelial stem cells, car 
diac stem cells, muscle stem cells, adipose stem cells, and the 
like. 

0009. In a more specific embodiment, the stem cells are 
placental stem cells. In a more specific embodiment, said 
placental stem cells are CD34 and/or CD200". The placental 
stem cells can express CD10, CD73, CD105, CD200, HLA 
G, and/or OCT4, and lack expression of CD34. CD38, or 
CD45. The placental stem cells can also express HLA-ABC 
(MHC-1) and HLA-DR. In another specific embodiment, the 
stem cells that can be combined with the compositions of the 
invention are CD200" or HLA-G". In another specific 
embodiment, the placental stem cells are CD73", CD105", 
and CD200". In another specific embodiment, the placental 
stem cell that is CD200" and OCT-4". In another specific 
embodiment, the placental stem cells are CD73", CD105" 
and HLA-G". In another specific embodiment, the placental 
stem cells are CD73' and CD105", and, when in a population 
of placental cells, facilitate formation of one or more embry 
oid-like bodies under conditions that allow formation of 
embryoid-like bodies. In another specific embodiment, the 
placental stem cells are OCT4 and, when in a population of 
placental cells, facilitate formation of one or more embryoid 
like bodies in a population of isolated placental cells com 
prising said stem cell when cultured under conditions that 
allow formation of embryoid-like bodies. 
0010. The composition, comprising stem cells, can be 
formed into any shape, either prior to or Subsequent to com 
bining with stem cells. In one embodiment, said composition 
is shaped as a sheet, e.g., a dried sheet, having two sides, and 
said stem cells are present on at least one of said sides. In 
another embodiment, the composition is formed as a tube, 
and the stem cells are present on at least the inside or outside 
face of the tube. In another specific embodiment, the stem 
cells are adhered to the composition. In a specific embodi 
ment of any of the above embodiments, the stem cells secrete 
IL-6, IL-8 and/or MCP-1 (monocyte chemotactic protein-1) 
when contacted with the composition. 
0011. In another aspect, the present invention provides 
processes for preparing base-treated, detergent-treated 
telopeptide collagen. Although the source of the placental 
tissue can be any mammal, human placenta is used in certain 
embodiments. The placental tissue can be from any part of the 
placenta including the amnion, whether soluble or insoluble 
or both, the chorion and the umbilical cord, or from the entire 
placenta. In certain embodiments, the placental collagen is 
prepared from whole human placenta following removal of 
the umbilical cord. 
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0012. In certain embodiments, the processes comprise an 
osmotic shock of placental tissue. Although not intending to 
be bound by any particular theory of operation, it is believed 
that the osmotic shock can burst cells in the tissue thereby 
facilitating the removal of the cells, cellular components and 
blood components. The osmotic shock step can yield collagen 
compositions of the invention with advantageous purity. The 
osmotic shock can be carried out in any osmotic shock con 
ditions known to those of skill in the art. In particular embodi 
ments, the osmotic shock is carried out by incubation in high 
salt conditions followed by incubation in a water solution. 
The incubations can be repeated according to the judgment of 
those of skill in the art. In certain embodiments, they are 
repeated two times or more. 
0013 Following the osmotic shock, the resulting collagen 
composition can be treated with detergent. The detergent can 
be any detergent knownto those of skill in the art to be capable 
of Solubilizing the protein and lipid cellular components of 
the source tissue. In certain embodiments, the detergent is 
ionic, Such as Sodium dodecylsulfate or deoxycholate. In 
certain embodiments, the detergent is nonionic, such as a 
TWEENR) detergent or a TRITONR-X detergent. In certain 
embodiments, the detergent is Zwitterionic. In certain other 
embodiments, the detergent is sodium dodecyl sulfate (SDS). 
In certain embodiments, the collagen composition is con 
tacted with the detergent under conditions apparent to one of 
skill in the art for solubilizing cellular or subcellular compo 
nents of the Source tissue. The detergent treatment can be 
repeated according to the judgment of those of skill in the art. 
In certain embodiments, it is repeated two times or more. 
0014. In certain embodiments, the collagen composition 
can be treated under basic conditions. For instance, in certain 
embodiments, the collagen composition can be contacted 
with an alkaline solution, e.g. an ammonium hydroxide, 
potassium hydroxide or sodium hydroxide Solution. In cer 
tain embodiments, the collagen composition is incubated at 
about 0.5M sodium hydroxide for a time sufficient to yield a 
composition of the invention. The basic treatment can be 
repeated according to the judgment of those of skill in the art. 
In certain embodiments, it is repeated two times or more. 
0015. In certain embodiments, the steps of the process are 
carried out in any order. In certain embodiments, at least one 
osmotic shock step precedes any detergent treatment or treat 
ment under basic conditions. In certain embodiments, at least 
one osmotic shock step precedes a detergent treatment which 
is followed by a basic treatment. 
0016. In a further aspect, the present invention provides 
methods for augmenting or replacing the tissue of a mammal 
by administering a collagen composition of the invention to a 
mammal in need thereof. In certain embodiments, the mam 
mal is human. The collagen composition can be administered 
according to any technique known to those of skill in the art. 
In certain embodiments, the collagen compositions are 
administered by injection. In certain embodiments, the rheo 
logical properties of the collagen compositions of the inven 
tion are advantageous. In certain embodiments, the collagen 
composition can be used as an extracellular matrix according 
to the methods described in U.S. Patent Publication No. 2004/ 
0048796, the contents of which are hereby incorporated by 
reference in their entireties. 
0017. In another aspect, the present invention provides kits 
for administering the collagen compositions of the invention 
to a mammal in need thereof. The kits typically comprise a 
collagen composition of the invention in a package conve 
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nient for distribution to a practitioner of skill in the art. The 
kits can further comprise means for administering the col 
lagen composition of the invention to the mammal. The 
means can be any means for administering a collagen com 
position known to those of skill in the art such as a syringe, a 
Syringe and needle, a canula, etc. In certain embodiments, the 
means is pre-filled with a collagen composition of the inven 
tion. 

0018. In another aspect, the invention provides a method 
of promoting healing of a wound comprising contacting the 
wound with a collagen composition of the invention, wherein 
said contacting results in detectably greater improvement of 
an aspect of the wound compared to a wound not contacted 
with the composition. In a specific embodiment, the method 
additionally comprises contacting said wound with a plurality 
of stem cells. In a more specific embodiment, said stem cells 
are contacted with said wound separately from contacting 
said composition with said wound. In another specific 
embodiment, said composition comprises said stem cells. In 
another specific embodiment, said composition is shaped as a 
sheet having two sides, and said stem cells are present on at 
least one of said sides. In another specific embodiment, the 
stem cells are adhered to the composition. In a specific 
embodiment of any of the above embodiments, the stem cells 
secrete IL-6, IL-8 and/or MCP-1 (monocyte chemotactic pro 
tein-1) when contacted with the composition. In a more spe 
cific embodiment, stem cells are placental stem cells. In a 
more specific embodiment, said placental stem cells are 
CD34 and/or CD200". In another specific embodiment, said 
wound is a leg ulcer. The leg ulcer can be a venous leg ulcer, 
arterial leg ulcer, diabetic leg ulcer or decubitus leg ulcer. In 
another specific embodiment, said composition is used as a 
wound filler. 

0019. In another aspect, the invention provides a method 
of making a composition, comprising contacting a collagen 
composition of the invention with a plurality of stem cells. In 
one embodiment, the method comprises allowing at least 
Some of said plurality of stem cells to adhere to said compo 
sition. In another embodiment, the method comprises allow 
ing said stem cells to proliferate on said composition. In a 
specific embodiment, the method comprises allowing said 
stem cells to proliferate on said composition to confluency. In 
certain embodiments, said stem cells produce detectable 
amounts of IL-6, IL-8 and/or MCP-1 when contacted with 
said composition. In another specific embodiment, the 
method comprises decellularizing the composition after said 
stem cells have deposited a detectable amount of at least one 
extracellular matrix protein. In more specific embodiments, 
the extracellular matrix protein is collagen (e.g., Type I, II, III 
or IV), fibronectin, or elastin. 
0020. As described above and in detail in the sections 
below, the compositions, processes, methods and kits of the 
invention have utility for administering collagen composi 
tions to mammals in need thereof. 

5. BRIEF DESCRIPTION OF THE FIGURES 

0021 FIG. 1: Flow chart representation of methods for 
isolating extracellular matrix (ECM). 
0022 FIG. 2A: Secretion of IL-6 from placental stem cells 
grown on collagen composition made by different methods. 
Abscissa: Specific growth conditions by type of composition 
and time of growth of the cells on the composition. Ordinate: 
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picograms per milliliter per 1000 ECM-bound cells. NC=no 
cells. Purecol purified collagen. TCPS-tissue culture poly 
styrene. 
0023 FIG.2B: Secretion of IL-8 from placental stem cells 
grown on collagen composition made by different methods. 
Abscissa: Specific growth conditions by type of composition 
and time of growth of the cells on the composition. Ordinate: 
picograms per milliliter per 1000 ECM-bound cells. NC=no 
cells. Purecol purified collagen. TCPS-tissue culture poly 
styrene. 
0024 FIG. 2C: Secretion of MCP-1 from placental stem 
cells grown on collagen composition made by different meth 
ods. Abscissa: Specific growth conditions by type of compo 
sition and time of growth of the cells on the composition. 
Ordinate: picograms per milliliter per 1000 ECM-bound 
cells. NC=no cells. Purecol purified collagen. TCPS-tissue 
culture polystyrene. 

6. DETAILED DESCRIPTION OF THE 
INVENTION 

6.1 Definitions 

0025. As used herein, the following terms shall have the 
following meanings: 
0026. The term “collagen' refers to any collagenknown to 
those of skill in the art. 
0027. The term “telopeptide collagen' refers to a form of 
collagen, as recognized by those of skill in the art, that com 
prises one or more telopeptide regions. 
0028. The term “atelopeptide collagen' refers to a form of 
collagen, as recognized by those of skill in the art, that lacks 
one or more telopeptide regions. In certain embodiments, the 
telopeptide region can be removed by protease digestion as 
discussed in detail below. 
0029 “Biocompatibility” or “biocompatible” as used 
herein refers to the property of being biologically compatible 
by not producing a toxic, injurious, or immunological 
response or rejection in living tissue. Bodily response to 
unknown materials is a principal concern when using artifi 
cial materials in the body and hence the biocompatibility of a 
material is an important design consideration in Such materi 
als. 
0030 “Non-pyrogenic” as used herein refers to a material 
has been tested and found to contain less than or equal to 0.5 
EU/mL of a pyrogen, e.g., endotoxin. One EU is approxi 
mately 0.1 to 0.2 ng of endotoxin per milliliter and varies 
according to the reference consulted. 
0031. The term “subject” refers to animals such as mam 
mals, including, but not limited to, primates (e.g., humans), 
cows, sheep,goats, horses, dogs, cats, rabbits, rats, mice and 
the like. In certain embodiments, the Subject is a human. 

6.2 Embodiments of the Invention 

0032. The present invention is directed to collagen com 
positions, processes for preparing collagen compositions, 
kits comprising the collagen compositions and methods of 
their use. 
0033 6.2.1. Collagen Compositions of the Invention 
0034. In one embodiment, the present invention provides 
collagen compositions useful, for example, for augmenting or 
replacing tissue of a mammal. In certain embodiments, col 
lagen compositions of the invention have advantageous dura 
bility, injectability and rheological properties. In certain other 
embodiments, the invention provides collagen compositions 
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that possess space-filling properties and, e.g., facilitate and 
Support growth of vasculature in a tissue contacted by the 
composition. In certain other embodiments, the composition 
of the invention is air-dried or freeze dried, and molded into a 
useful configuration. In certain other embodiments, the com 
position of the invention is insoluble in water. 
0035. In this aspect of the invention, the collagen can be 
any collagen known to those of skill in the art. In certain 
embodiments, the collagen is mammalian collagen. In par 
ticular embodiments, the collagen is human, bovine, Ovine, 
sheep, rat or kangaroo collagen. In certain non-mammalian 
embodiments, the collagen is fish collagen. Although the 
collagen can be from any of these sources, human collagen is 
a particular example. 
0036. The collagen can be from any portion of the source. 
Useful sources include bovine skin, calf skin, rat tail, kanga 
roo tail and fish skin. In particular embodiments, the collagen 
is placental collagen, for instance bovine placental collagen, 
ovine placental collagen or human placental collagen. One 
example is human placental collagen. 
0037. The collagen can be any type of collagen known to 
those of skill in the art or a mixture of Such collagens. In 
certain embodiments, the collagen is in the form of a collagen 
composition that comprises one or more types of collagen. 
Particular collagens include type I collagen, type II collagen, 
type III collagen and type IV collagen. In certain embodi 
ments, the collagen composition of the invention comprises 
particular amounts of these collagens. A particular composi 
tion comprises a Substantial amount of type I collagen while 
also being enriched in type IV collagen. In certain embodi 
ments, a collagen composition of the invention comprises 
between 1 and 15% type IV collagen, between 2 and 13% type 
IV collagen, between 3 and 12% type IV collagen or between 
4 and 11% type IV collagen. At the same time, the collagen 
composition can comprise at least 75%, at least 80%, at least 
85%, at least 90%, at least 95%, or at least 99% type I 
collagen. For example, the composition can comprise 
between 70 and 95% type I collagen, between 74 and 92% 
type I collagen or between 80 and 90% type I collagen. The 
same collagen compositions of the invention can comprise an 
amount of type III collagen, for instance up to 1%, up to 2%, 
up to 3%, up to 4%, up to 5%, up to 6% or up to 7% type III 
collagen. In certain embodiments, the collagen compositions 
of the invention comprise between 2 and 15% type IV col 
lagen, between 70 and 95% type I collagen and up to 6% type 
III collagen. 
0038. In certain embodiments, the collagen composition 
comprises one or more extracellular matrix proteins or com 
ponents in addition to collagen. In specific embodiments, the 
collagen composition comprises fibronectin, laminin, elastin, 
and/or glygosaminoglycans. In another specific embodiment, 
the collagen composition comprises no detectable fibronec 
tin, or no detectable laminin. In another specific embodiment, 
the collagen composition comprises detectable amounts of 
fibronectin and laminin. In another specific embodiment, the 
collagen composition comprises about 5% or more elastin by 
dry weight. In another specific embodiment, the collagen 
composition comprises about 10% or more elastin by dry 
weight. In another specific embodiment, the collagen com 
position comprises no more than about 5% elastin by dry 
weight. 
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0039. These collagen compositions of the invention can be 
obtained by any process apparent to one of skill in the art. 
Particular processes are described in detail in the sections 
below. 
0040. In certain embodiments, the collagen compositions 
of this aspect of the invention are cross-linked. In certain 
embodiments, the collagen compositions can be cross-linked 
with a cross-linker Such as glutaraldehyde according to meth 
ods known to those of skill in the art. Such methods are 
described extensively, for example, in U.S. Pat. Nos. 4,852, 
640, 5,428,022, 5,660,692 and 5,008, 116, and in McPherson 
et al., 1986, J. Biomedical Materials Res. 20:79-92, the con 
tents of which are hereby incorporated by reference in their 
entirety. 
0041 Further exemplary cross-linkers and methods of 
their use for cross-linking collagen are described in U.S. Pat. 
Nos. 5,880,242 and 6,117,979 and in Zeeman et al., 2000, J 
Biomed Mater Res. 51(4):541-8, van Wachem et al., 2000, J 
Biomed Mater Res. 53(1):18-27, van Wachem et al., 1999, J 
Biomed Mater Res. 47(2):270-7, Zeeman et al., 1999, J 
Biomed Mater Res. 46(3):424-33, Zeeman et al., 1999, Bio 
materials 20010):921-31, the contents of which are hereby 
incorporated by reference in their entireties. 
0042. In further embodiments the collagen compositions 
of the invention are cross-linked with 1,4-butanediol digly 
cidyl ether. In further embodiments the collagen composi 
tions of the invention are cross-linked with genipin. Genipin 
is a non-toxic, naturally occurring crosslinking agent. It can 
be obtained from its parent compound, geniposide, which 
may be isolated from the fruits of Gardenia jasminoides. 
Genipin may be obtained commercially from Challenge Bio 
products Co., Ltd., 7 Alley 25, Lane 63, TzuChiang St. 404 
Taichung Taiwan R.O.C., Tel 886-4-3600852. The use of 
genipinas a cross-linking reagent is described extensively in 
U.S. Patent Application Publication No. 2003.0049301, the 
contents of which are hereby incorporated by reference in 
their entirety. 
0043. In further embodiments, the collagen composition 
can be cross-linked with other cross-linkers knownto those of 
skill in the art. In further embodiments, the collagen compo 
sition can be cross-linked with any enzyme-mediated 
crosslinking technique known to those of skill in the art. For 
instance, the collagen composition of the invention can be 
cross-linked by transglutaminase according to methods 
known to those of skill in the art. Transglutaminase catalyzes 
the formation of the amide crosslink between the glutamine 
and lysine residues of collagen. Such methods are described, 
for example, in Orban et al., 2004, J. Biomedical Materials 
Res. 68(4):756-62, the contents of which are hereby incorpo 
rated by reference in their entirety. 
0044) The collagen compositions of the invention can be 
cross-linked with a single cross-linker or with a mixture of 
cross-linkers. In certain embodiments, the collagen compo 
sition of the invention comprises base-treated, detergent 
treated human placental collagen cross-linked with glutaral 
dehyde. 

6.3 Processes for Preparation of Collagen 
Compositions of the Invention 

0045. In another aspect, the present invention provides 
processes for preparing the collagen compositions of the 
invention. The processes are useful, for example, for prepar 
ing the collagen compositions of the invention described 
above. 
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0046. In certain embodiments, the collagen compositions 
of the invention are prepared from human placenta according 
to the methods described herein. Initial steps of preparation of 
collagen compositions from human placenta are described in 
detail in U.S. Pat. Nos. 5,428,022, 5,660,692 and 5,008,116, 
and in U.S. Patent Application Publication Nos. 
20040048796 and 20030187515, the contents of which are 
hereby incorporated by reference in their entireties. 
0047. The placental tissue can be from any part of the 
placenta including the amnion, whether soluble or insoluble 
or both, the chorion, the umbilical cord or from the entire 
placenta. In certain embodiments, the collagen composition 
is prepared from whole human placenta without the umbilical 
cord. 
0048. The placental sac is composed of two layers inti 
mately connected by loose connective tissue. They are known 
as the amniotic and chorionic layers. The amniotic layer is the 
most internal of the two layers and comes into contact with 
the amniotic fluid that surrounds the fetus and together they 
form the amniotic sac. The amniotic layer is avascular and 
lined by simple columnar epithelium overlying a basal mem 
brane and it measures 30-60 microns in thickness. The chori 
onic membrane is the outer layer of the sac and it is heavily 
cellularized. The vascular tree originates in the placenta and 
extends to the placental membranes through the chorionic 
layer. The chorionic layer is separated from the amniotic layer 
by loose connective tissue and combined, the two layers 
measure 120-180 microns. The placental membranes have a 
collagen matrix that is heavily laden with mucopolysaccha 
rides and they are believed to serve primarily as a protective 
sac for the developing fetus. The membranes also maintain a 
barrier for infectious and immunologic agents present in the 
maternal circulation. Placental membranes have both active 
and passive transports. Most Small molecules and proteins 
can travel freely through them but large proteins such as IgM 
cannot cross through the basal layer. 
0049. In a particular embodiment, the placenta for use in 
the methods of the invention is taken as soon as possible after 
delivery of a newborn. In yet another particular embodiment, 
the placenta is taken immediately following the cesarean 
section delivery of a normal healthy infant. Advantageously, 
the placenta can be collected under aseptic conditions. In 
some embodiments, the placenta is stored for 48 hours from 
the time of delivery prior to any further treatment. In other 
embodiments, the placenta is stored for up to 5 days from the 
time of delivery prior to any further treatment. 
0050 Advantageously, the placenta, umbilical cord, and 
umbilical cord blood can be transported from the delivery or 
birthing room to another location, e.g., a laboratory, for fur 
ther processing. The placenta can be transported in a sterile, 
transport device Such as a sterile bag or a container, which is 
optionally thermally insulated. In some embodiments, the 
placenta is stored at room temperature until further treatment. 
In other embodiments, the placenta is refrigerated until fur 
ther treatment, i.e., stored at a temperature of about 2 to 8°C. 
In yet other embodiments, the placenta is stored understerile 
conditions for up to 5 days before further treatment. In a 
particular embodiment, the placenta is handled and processed 
under aseptic conditions, as known to one skilled in the art. 
The laboratory can be equipped with an HEPA filtration sys 
tem (as defined by clean room classification, having a class 
1000 or better). In a particular embodiment, the HEPA filtra 
tion system is turned on at least 1 hour prior to using the 
laboratory room for carrying out the methods of the invention. 
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0051. In certain embodiments, the placenta is exsan 
guinated, i.e., completely drained of the cord blood remaining 
after birth. In some embodiments, the placenta is 70% exsan 
guinated, 80% exsanguinated, 90% exsanguinated, 95% 
exsanguinated or 99% exsanguinated. 
0052. The invention encompasses screening the expectant 
mother prior to the time of birth, using standard techniques 
known to one skilled in the art, for communicable diseases 
including but not limited to, HIV, HBV, HCV. HTLV. syphilis, 
CMV, and other viral pathogens known to contaminate pla 
cental tissue. Advantageously, the methods can be used to 
screen for a communicable disease follow the regulations as 
set forth by the Federal Drug Administration. The expectant 
mother may be screened (e.g., a blood sample is taken for 
diagnostic purposes) within one month of birth, particularly 
within two weeks of birth, within one week of birth, or at the 
time of birth. Only tissues collected from donors whose moth 
ers tested negative or non-reactive to the above-mentioned 
pathogens are used to produce a collagen composition of the 
invention. Advantageously, a thorough paternal and medical 
and Social history of the donor of the placental membrane can 
be obtained, including for example, a detailed family history. 
0053. In certain embodiments, the donor is screened using 
standard serological and bacteriological tests known to one 
skilled in the art. Any assay or diagnostic test that identifies 
the pathogen(s) is within the scope of the method of the 
invention, but particular assays are ones that combine high 
accuracy with capacity for high throughput. In a specific 
embodiment, the invention encompasses screening the donor 
using standard techniques known to one skilled in the art for 
antigens and/or antibodies. A non-limiting example of anti 
gens and antibodies include: antibody Screen (ATY); alanine 
amino transferase screening (ALT); Hepatitis Core Antibody 
(nucleic acid and ELISA); Hepatitis B Surface Antigen; 
Hepatitis C Virus Antibody; HIV-1 and HIV-2; HTLV-1 and 
HTLV-2; Syphilis test (RPR): CMV antibody test; and Hepa 
titis C and HIV test. The assays used may be nucleic acid 
based assays or ELISA based assays as known to one skilled 
in the art. 

0054 The invention encompasses further testing the blood 
from the umbilical cord of the newborn using standard tech 
niques known to one skilled in the art (See, e.g., Cotorruelo et 
al., 2002, Clin. Lab. 48(56):27181; Maine et al., 2001, Expert 
Rev. Mol. Diagn., 1(1):1929; Nielsen et al., 1987, J. Clin. 
Microbiol. 25 (8): 1406 10; all of which are incorporated 
herein by reference in their entirety). In one embodiment, the 
blood from the umbilical cord of the newborn is tested for 
bacterial pathogens (including but not limited to gram posi 
tive and gram negative bacteria) and fungi using standard 
techniques known to one skilled in the art. In a specific 
embodiment, the blood type and Rh factor of the blood of the 
umbilical cord of the newborn is determined using standard 
techniques known to those skilled in the art. In another 
embodiment, CBC with differential is obtained from the 
blood from the umbilical cord of the newborn using standard 
methods known to one skilled in the art. In yet another 
embodiment, an aerobic bacterial culture is taken from the 
blood from the umbilical cord of the newborn, using standard 
methods known to one skilled in the art. Only tissues col 
lected from donors that have a CBC within a normal limit 
(e.g., no gross abnormality or deviation from the normal 
level), test negative for serology and bacteriology, and test 
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negative or non-reactive for infectious disease and contami 
nation are used to produce a collagen composition of the 
invention. 

0055. Once the human placental tissue is obtained, it can 
be treated according to the following steps in order to prepare 
a collagen composition of the invention. Although the follow 
ing steps are presented in sequential order, one of skill in the 
art will recognize that the order of several steps can be inter 
changed without exceeding the Scope of the invention. Fur 
thermore, several steps are indicated as optional depending 
on the nature of the desired collagen composition of the 
invention. It is assumed that techniques readily apparent to 
those of skill in the art such as buffer exchange, precipitation, 
centrifugation, resuspension, dilution and concentration of 
protein compositions need not be explained in detail. An 
exemplary preparation is described in the examples below. 
0056. Any portion of the placenta, or the entire placenta, 
can be used in the processes of the present invention. In 
certain embodiments, collagen compositions are prepared 
from whole placenta. However, in certain embodiments, col 
lagen compositions can be obtained from chorionic or 
amnionic portions of the placenta. 
0057. In these embodiments, the invention encompasses 
processing the placental membrane so that the umbilical cord 
is separated from the placental disc, and separation of the 
amniotic membrane from the chorionic membrane. In a par 
ticular embodiment, the amniotic membrane is separated 
from the chorionic membrane prior to cutting the placental 
membrane. The separation of the amniotic membrane from 
the chorionic membrane can be done starting from the edge of 
the placental membrane. In another embodiment, the amni 
otic membrane is separated from the chorionic membrane 
using blunt dissection, e.g., with gloved fingers. Following 
separation of the amniotic membrane from the chorionic 
membrane and placental disc, the umbilical cord stump is cut, 
e.g., with Scissors, and detached from the placental disc. In 
certain embodiments, when separation of the amniotic and 
chorionic membranes is not possible without tearing the tis 
Sue, the invention encompasses cutting the amniotic and 
chorionic membranes from the placental disc as one piece and 
then peeling them apart. 
0058. The amniotic membrane, chorionic membrane or 
whole placenta can be stored prior to use in the processes of 
the invention. Storage techniques will be apparent to one of 
skill in the art. Exemplary storage techniques are described in 
U.S. Patent Application Publication Nos. 20040048796 and 
20030187515, the contents of which are hereby incorporated 
by reference in their entireties. 
0059. In some processes of the invention, the placental 
tissue is decellularized. The placental tissue can be decellu 
larized according to any technique known to those of skill in 
the art such as those described in detail in U.S. Patent Appli 
cation Publication Nos. 200400487.96 and 20030187515, the 
contents of which are hereby incorporated by reference in 
their entireties. 

0060. In certain embodiments, the placental tissue is sub 
jected to an osmotic shock. The osmotic shock step can yield 
collagen compositions of the invention with advantageous 
purity. Although not intending to be bound by any particular 
theory of operation, it is believed that the osmotic shock can 
burst cells in the tissue and thereby facilitating the removal of 
the cells, cellular components and blood components. The 
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osmotic shock can be in addition to any clarification step or it 
can be the sole clarification step according to the judgment of 
one of skill in the art. 
0061 The osmotic shock can be carried out in any osmotic 
shock conditions known to those of skill in the art. Such 
conditions include incubating the tissue in Solutions of high 
osmotic potential, or of low osmotic potential or of alternat 
ing high and low osmotic potential. The high osmotic poten 
tial Solution can be any high osmotic potential Solution known 
to those of skill in the art such as a solution comprising one or 
more of NaCl (e.g., 0.2-1.0 M), KCl (e.g., 0.2-1.0 or 2.0 M), 
ammonium sulfate, a monosaccharide, a disaccharide (e.g., 
20% sucrose), a hydrophilic polymer (e.g., polyethylene gly 
col), glycerol, etc. In certain embodiments, the high osmotic 
potential Solution is a sodium chloride solution. In some 
embodiments, the sodium chloride solution is at least 0.25M, 
0.5M, 0.75M, 11.0M, 1.25M, 1.5M, 1.75M, 2M, or 2.5M 
NaCl. In some embodiments, the sodium chloride solution is 
about 0.25-5M, about 0.5-4M, about 0.75-3M, or about 1.0- 
2.OMNaCl. 
0062. The low osmotic potential solution can be any low 
osmotic potential Solution known to those of skill in the art, 
Such as water, for example water deionized according to any 
method known to those of skill. In some embodiments, the 
osmotic shock solution comprises water with an osmotic 
shock potential less than that of 50 mM NaCl. 
0063. In certain embodiments, the osmotic shock is in a 
sodium chloride solution followed by a water solution. In 
some embodiments, the sodium chloride solution is at least 
0.5 M NaCl. In certain embodiments, the sodium chloride 
solution is at least 0.75M NaCl. In some embodiments, the 
sodium chloride solution is at least 1.0M NaCl. In some 
embodiments, the sodium chloride solution is at least 1.5M 
NaCl. In some embodiments, the sodium chloride solution is 
at least 2.0MNaCl. In certain embodiments, one 0.5 MNaCl 
treatment is followed by a water wash. In certain embodi 
ments, two 0.5 M NaCl treatments are followed by a water 
wash. In certain embodiments, one 2M NaCl treatment is 
followed by a water wash. These sequences can be repeated 
according to the judgment of one of skill in the art. 
0064. In certain embodiments, the collagen composition 
resulting from the osmotic shock can be incubated with a 
detergent. Although not intending to be bound by any particu 
lar theory of operation, it is believed that a detergent can 
disrupt cells, cellular membranes, Subcellular membranes 
and cellular debris that might be present in the composition. 
The detergent can be any detergent known to those of skill in 
the art to be capable of disrupting cellular or subcellular 
membranes. In certain embodiments, the detergent is ionic. 
For instance, in certain embodiments, the detergent is deoxy 
cholate or sodium dodecylsulfate. In the working examples 
below, an exemplary detergent treatment is with deoxycholic 
acid. In certain embodiments, the detergent is Zwitterionic. In 
certain embodiments, the detergent is nonionic. For instance, 
in certain embodiments, the detergent can be a TWEENR) 
detergent, such as TWEENR)-20, or a triton X detergent, such 
as triton X 100. The collagen composition should be con 
tacted with the detergent under conditions judged by one of 
skill in the art to be suitable for removing unwanted compo 
nents from the composition. Exemplary conditions are pro 
vided in the working examples below. 
0065. The detergent treatment can be carried out at any 
temperature according to the judgment of those of skill in the 
art. In certain embodiments, the detergent treatment is carried 
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out at about 0-30°C., about 5-25°C., about 5-20°C., or about 
5°-15°C. In certain embodiments, the detergent treatment is 
carried out at about 0°C., about 5°C., about 10°C., about 15° 
C., about 20° C., about 25°C., or about 30° C. In particular 
embodiments, the detergent treatment is carried out at about 
5-15o C. 
0066. The detergent treatment can be carried out for a 
Suitable time according to the judgment of those of skill in the 
art. In certain embodiments, the detergent treatment can be 
carried out for about 1-24 hours, about 2-20 hours, about 5-15 
hours, about 8-12 hours, or about 2-5 hours. 
0067. In certain embodiments, the collagen composition 
resulting from the detergent treatment can be incubated in 
basic conditions. Although not intending to be bound by any 
particular theory of operation, it is believed that a basic treat 
ment can remove viral particles that might contaminate the 
collagen composition. In certain embodiments, the basic 
wash acts to remove endotoxins. The basic conditions can be 
any basic conditions known to those of skill in the art. In 
particular, any base at any pH known to remove viral par 
ticles can be used. Particular bases for the basic treatment 
include biocompatible bases, volatile bases and bases known 
to those of skill in the art to be easily and safely removed from 
the collagen composition. The base can be any organic or 
inorganic bases known to those of skill in the art at a concen 
tration of, for example, 0.2-1.0M. In certain embodiments, 
the base is selected from the group consisting of ammonium 
hydroxide, potassium hydroxide and Sodium hydroxide. In 
certain embodiments, the base treatment is carried out in 
sodium hydroxide solution. The sodium hydroxide solution 
can be 0.1M NaOH, 0.25M NaOH, 0.5M NaOH, or 1M 
NaOH. In particular embodiments, the basic treatment is 
carried out in 0.1M or 0.5M NaOH. 

0068. The basic treatment can be carried out at any tem 
perature according to the judgment of those of skill in the art. 
In certain embodiments, the basic treatment is carried out at 
about 0-30°C., about 5-25°C., about 5-20°C., or about 5'-15° 
C. In certain embodiments, the basic treatment is carried out 
at about 0°C., about 5°C., about 10°C., about 15° C., about 
20° C., about 25°C., or about 30°C. In particular embodi 
ments, the basic treatment is carried out at about 5-15° C. 
0069. The basic treatment can be carried out for a suitable 
time according to the judgment of those of skill in the art. In 
certain embodiments, the basic treatment can be carried out 
for about 1-24 hours, about 2-20 hours, about 5-15 hours, 
about 8-12 hours, or about 2-5 hours. 
0070 Variations of the detergent and NaOH wash steps 
can be used to generate a number of variations of the final 
ECM material. For example, in certain embodiments, the 
collagen-containing tissue can be treated with about 0.1 M. 
0.2M, 0.3 M, 0.4M, or about 0.5 MNaOH over about 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
or about 24 hours. 
0071. In certain other embodiments, the collagen compo 
sition of the invention is produced without treatment by a 
base. Where the process is applied to placental tissue, omis 
sion of a base treatment step typically results in a collagen 
composition comprising relatively higher amounts of elastin, 
fibronectin and/or laminin than the collagen composition pro 
duced with inclusion of the basic treatment. 
0072. In certain embodiments, the collagen composition 
can be dried. Drying facilitates storage and packaging of the 
collagen composition. Drying also makes cellular compo 
nents more susceptible to removal from the composition. 
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Further, after any of the above steps, the collagen composition 
can be dried prior to the Succeeding step. Drying can be 
carried out according to any technique for drying apparent to 
those of skill in the art. Useful drying techniques are 
described in U.S. Patent Publication No. 2004/0048796, the 
contents of which are hereby incorporated by reference in 
their entirety. Exemplary drying techniques include lyo 
philization, Vacuum drying, heat (e.g., below about 50° C.) 
freeze drying, as demonstrated in the working examples 
below. 
0073. In certain embodiments, any of the above steps can 
be carried out under sterile conditions. In particular embodi 
ments, the basic treatment, and all Subsequent steps, are car 
ried out understerile conditions. In further embodiments, any 
collagen composition prepared according to the methods 
described herein can be further sterilized according to tech 
niques apparent to one of skill in the art. 
0074. In certain embodiments, the present invention pro 
vides processes that comprise the osmotic shock, freeze dry, 
detergent treatment, water wash, freeze dry, basic treatment, 
water wash and freeze dry steps described above. In certain 
embodiments, these steps are carried out in order. In certain 
embodiments, the detergent is 1% deoxycholate. In certain 
embodiments, the basic treatment is 0.5 N, NaOH for four 
hours. In certain embodiments, the first water wash is 
repeated (two total washes). In certain embodiments, the 
second water wash is repeated twice (three total washes). In 
certain embodiments, the detergent is 1% deoxycholate, the 
basic treatment is 0.5 N, NaOH for four hours, the first water 
wash is repeated (two total washes) and the second water 
wash is repeated twice (three total washes). In certain 
embodiments. Sucha process can provide a composition com 
prising about 0.59% glycosaminoglycans, about 3.5% elas 
tin, little or no fibronectin and little or no laminin. 
0075. In certain embodiments, the present invention pro 
vides processes that comprise the osmotic shock, basic treat 
ment and water wash steps described above. In certain 
embodiments, these steps are carried out in order. In certain 
embodiments, the basic treatment is 0.5 N, NaOH for four 
hours. In certain embodiments, such a process can provide a 
composition comprising about 0.28% to about 0.38% gly 
cosaminoglycans, about 3.2% to about 4.7% elastin, little or 
no fibronectin and little or no laminin. 
0076. In certain embodiments, the present invention pro 
vides processes that comprise the osmotic shock, detergent 
treatment and water wash steps described above. In certain 
embodiments, these steps are carried out in order. In certain 
embodiments, the detergent is 1% deoxycholate. In certain 
embodiments. Sucha process can provide a composition com 
prising about 0.4% glycosaminoglycans, about 12% elastin, 
about 0.6% fibronectin and about 0.16% laminin. 
0077. 6.3.1. Optional Further Treatment 
0078. In certain embodiments, a collagen composition of 
the invention can be used as a Source for an atelopeptide 
collagen composition. The atelopeptide collagen composi 
tion can be used for any purpose apparent to those of skill in 
the art for atelopeptide collagen. 
0079. In such embodiments, the collagen composition can 
be contacted with an enzyme capable or partially or com 
pletely removing telopeptides from the collagen. The enzyme 
can be any proteolytic enzyme known to those of skill in the 
art that is capable of removing telopeptides from the collagen. 
In certain embodiments, the enzyme is pepsin or papain. 
Generally, the enzyme is contacted with the collagen compo 
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sition under conditions suitable for removal of telopeptide 
known to those of skill in the art. 
0080 Methods of treating collagen compositions with 
enzymes to remove telopeptides are described in detail in 
U.S. Pat. Nos. 4,511,653, 4,582,640, 5,436,135 and 6,548, 
077, the contents of which are hereby incorporated by refer 
ence in their entireties. Generally, the enzyme is contacted 
with the collagen composition under conditions Suitable for 
removal of telopeptide known to those of skill in the art. Such 
conditions include, for example, contacting the enzyme with 
the collagen composition in Suitable pH, at Suitable enzyme 
concentration, in a Suitable Volume of a solution, at Suitable 
temperature and for a suitable time. 
I0081. The collagen composition can be contacted with the 
enzyme under low pH conditions according to the judgment 
of those of skill in the art. In certain embodiments, the col 
lagen position is contacted with pepsin at pH about 1-3 or 
about 2-3. 
I0082 In certain embodiments, the enzyme is contacted 
with the collagen composition at elevated temperature. 
Although not intending to be bound by any particular theory 
of operation, it is believed that the elevated temperature can 
improve the yield of type I collagen in the final collagen 
composition. In certain embodiments, the collagen composi 
tion is contacted with pepsin at about 15-40°C., about 20-35° 
C., about 25-30°C., about 20-30°C., or about 23-27°C. In 
particular embodiments, the collagen composition is con 
tacted with pepsin at about 23-27°C. for a time sufficient to 
remove telopeptide. 
I0083. The collagen composition is contacted with the 
enzyme for a time Sufficient to remove telopeptide according 
to the judgment of those of skill in the art. In certain embodi 
ments, the collagen is contacted with pepsin for at least 5, 10. 
15, 20, 25 or 30 hours. In certain embodiments, the is con 
tacted with pepsin for about 5-30 hours, about 10-25 hours or 
about 20-25 hours. In certain embodiments, the is contacted 
with pepsin for about 8, 16, 24 or 32 hours. 
I0084. The collagen composition is contacted with the 
enzyme in an amount Suitable to remove telopeptide accord 
ing to the judgment of those of skill in the art. In some 
embodiments, about 0.1 g, 0.5g, 1.0g, 2.0 g or 5.0 g pepsin/ 
kg of frozen placenta is contacted with the collagen compo 
sition. In other embodiments, about 0.1 g, 0.5g, 1.0g, 2.0 g or 
5.0 g pepsin/placenta is contacted with the collagen compo 
sition. In certain embodiments, the collagen composition is 
contacted with about 0.1-10.0 g/L, about 0.5-5/L, about 1-2.5 
g/L, or about 0.5-1.5 g/L pepsin. In some embodiments, the 
collagen composition is contacted with about 0.1 g/L, about 
0.2 g/L, about 0.5g/L, about 1.0 g/L, about 2.0 g/L, 5 g/L or 
10 g/L pepsin. In particular embodiments, the collagen com 
position is contacted with about 0.5-1.0 g/L pepsin in acetic 
acid solution with pH about 2-3, at about 23°C.-27°C. for 
about 16-24 hours. 
I0085. The collagen composition is contacted with the 
enzyme in a suitable solution Volume:placenta to remove 
telopeptide according to the judgment of those of skill in the 
art. It is observed that a high Volume ratio to placenta can 
maximize the effect by pepsin. In certain embodiments, about 
1, 2, 4, or 8 Volumes of acetic acid solution per placenta is 
used. In particular embodiments, about 2 volumes of acetic 
acid solution per placenta is used. 
I0086. If desired, the collagen compositions of the inven 
tion can be further processed by fibrillation. The fibrillation 
can be carried out by any technique for fibrillating collagen 
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known to those of skill in the art. Fibrillation of collagen 
compositions is described extensively in U.S. Pat. Nos. 4,511, 
653, 4,582,640 and 5,436,135, the contents of which are 
hereby incorporated by reference in their entireties. If neces 
sary, the collagen composition can be concentrated according 
to standard techniques prior to fibrillation. 
0087. Where desired, the collagen compositions of the 
invention can be cross-linked. In certain embodiments, the 
collagen composition is fibrillated prior to cross-linking. The 
cross-linking can be with any cross-linker known to those of 
skill in the art, for instance, the cross-linkers discussed in the 
section above. In certain embodiments, the cross-linker can 
be glutaraldehyde, and the cross-linking can be carried out 
according to methods of glutaraldehyde cross-linking of col 
lagenknown to those of skill in the art. In other embodiments, 
the cross-linker can be 1,4-butanediol diglycidyl ether or 
genipin. In particular embodiments, the cross-linker is 1,4- 
butanediol diglycidyl ether. 
0088. In some embodiments, a covalent bond between a 
cross-linker and a collagen can be reduced, for example to 
improve stability. The reduction can be accomplished by con 
tacting the collagen composition of the invention with any 
reducing agent known to those of skill in the art. In certain 
embodiments, the reducing agent is sodium borohydride, 
Sodium bisulfite, B-mercaptoethanol, mercaptoacetic acid, 
mercaptoethylamine, benzyl mercaptan, thiocresol, dithio 
threitol or a phosphine such as tributylphosphine. Sodium 
borohydride is a useful example. In certain embodiments, the 
collagen is cross-linked prior to reduction with the reducing 
agent. Reduction of collagen compositions and cross-linked 
collagen compositions is described extensively in U.S. Pat. 
Nos. 4,185,011, 4,597,762, 5,412,076 and 5,763,579, the 
contents of which are hereby incorporated by reference in 
their entirety. 
0089. In certain embodiments, the collagen composition 
can be further processed by mechanical shearing according to 
methods known to those of skill in the art. Exemplary shear 
ing techniques are described in U.S. Pat. No. 4,642,117, the 
contents of which are hereby incorporated by reference in 
their entirety. In certain embodiments, the collagen compo 
sition is sheared with a tissue homogenizer known to those of 
skill in the art. 

0090. In certain embodiments, steps can be taken to limit 
protease activity in the collagen compositions of the inven 
tion. Additives such as metalion chelators, for example 1,10 
phenanthroline and ethylenediaminetetraacetic acid (EDTA), 
create an environment unfavorable to many proteolytic 
enzymes. Providing Sub-optimal conditions for proteases 
Such as collagenase may assist in protecting the collagen 
compositions from degradation. Suboptimal conditions for 
proteases may be achieved by formulating the compositions 
to eliminate or limit the amount of calcium and Zinc ions 
available in Solution. Many proteases are active in the pres 
ence of calcium and Zinc ions and lose much of their activity 
in calcium and Zinc ion free environments. Advantageously, a 
collagen composition will be prepared selecting conditions of 
pH, reduced availability of calcium and Zinc ions, presence of 
metal ion chelators and the use of proteolytic inhibitors spe 
cific for collagenase. For example a collagen composition 
may include a buffered solution of water, pH 5.5 to 8, or pH 7 
to 8, free from calcium and Zinc ions and including a metalion 
chelator such as EDTA. Additionally, control of temperature 
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and time parameters during the treatment of a collagen com 
position may also be employed to limit the activity of pro 
teases. 

6.4 Characterization of the Collagen Composition 
0091 6.4.1. Biochemical Characterization 
0092 Biochemical based assays known in the art and 
exemplified herein may be used to determine the biochemical 
compositions of the collagen compositions of the invention. 
The invention encompasses biochemical based assays for 
determining the total protein content of a sample Such as for 
examples absorbance based assays and colorimetric based 
assays. Absorbance based assays include but are not limited 
to assays that measure absorbance at 280 nm (see, e.g., Layne, 
E. Spectrophotometric and Turbidimetric Methods for Mea 
suring Proteins, Methods in Enzymology 3: 447-455, (1957); 
Stoscheck, CM, Quantitation of Protein, Methods in Enzy 
mology 182: 50-69. (1990); which are incorporated herein by 
reference in their entireties), 205 nm, and assays based on the 
extinction coefficient of the sample (see, e.g., Scopes, R K, 
Analytical Biochemistry 59: 277, (1974); Stoscheck, C M. 
Quantitation of Protein, Methods in Enzymology 182: 50-69, 
(1990); which are incorporated herein by reference in their 
entireties). The invention encompasses methods for deter 
mining the total content of specific protein in the collagen 
compositions of the invention including but not limited to 
collagen (e.g., collagen type I, type III, type IV), laminin, 
elastin, fibronectin, and glycosaminoglycan. 
I0093 Colorimetric based assays included but are not lim 
ited to modified Lowry assay, biuret assay, Bradford assay, 
Bicinchoninic Acid (Smith) assay (see, e.g., Stoscheck, CM, 
Quantitation of Protein, Methods in Enzymology 182: 50-69 
(1990)). 
0094. In a specific embodiment, the measuring the total 
protein content of a collagen composition of the invention 
using a Bradford dye-binding assay (Bradford, M., Analytical 
Biochemistry, 72, 248 (1976), which is incorporated herein 
by reference in its entirety). An exemplary Bradford assay for 
use in the methods of the invention may comprise the follow 
ing: the assay can be carried out using the (Bradford dye 
binding assay available through BIO-RAD, Hercules, Calif., 
USA. The protein assay is based on the change in color of the 
dye Coomassie Brilliant Blue R-250 in response to different 
concentrations of protein. The assay involves developing a 
standard calibration curve by measuring absorbance (at 595 
nanometers) of a series of human collagen standards of 
known concentrations. The concentration of collagen in a test 
sample, for example, sample of the amniotic membrane, is 
determined by referencing to the standard curve. The assay is 
developed in a standard format that allows measurement of 
collagen concentration in the range of 0.2-1.4 mg/mL and as 
a microassay that measures protein concentration up to 25ug. 
For the standard assay, collagen dissolved in 100 mM citric 
acid (pH 2.4) is aliquoted into 1.5 mL microcentrifuge tubes 
at concentrations of 0.1-1 mg/mL at a total Volume of 0.1 mL. 
To each tube, 1 mL of the Coomassie blue dye is added. 
Samples are Vortexed and allowed to stand at room tempera 
ture for 10 minutes. Absorbance is measured at 595 nanom 
eters (nm). For the micro-assay, collagen dissolved in 100 
mM citric acid (pH 2.4) is aliquoted into wells of a 96-well 
plate at a total volume of 0.1 mL (2.5-30 ug/mL). To each 
well, 10 uL of dye reagent is added. Samples are vortexed, 
incubated at room temperature for ten minutes before mea 
Suring absorbance in a plate reader at 595 nm. For a collagen 
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composition of the invention, test samples can be assayed in 
triplicate. Protein concentrations are determined by referenc 
ing to the standard curve. Protein concentration is calculated 
as a percentage of the total dry weight of the membrane. 
Within a margin of error of about 10%, the protein content in 
each of the membrane is essentially 95% or more of the total 
dry weight of the membrane. Water content may be low and 
within the experimental error (approximately 10%). 
0095 Estimation of the total collagen content of the col 
lagen compositions of the invention may be characterized 
using methods known to one skilled in the art and exemplified 
herein. In a specific embodiment the collagen content of a 
collagen composition of the invention is measured using a 
quantitative dye-based assay kit (SIRCOL) manufactured by 
Biocolor Ltd, UK. The assay utilizes Sirius Red (or Direct 
Red 80) as a specific collagen binding dye. Dye bound to 
collagen displays a concentration dependent increase in 
absorbance at 540 nm in a UV-Vis spectrophotometer. The 
assay involves developing a standard calibration curve by 
measuring absorbances of a series of bovine collagen stan 
dards of known concentrations. The concentration of col 
lagen in a test sample, for example, amniotic membrane 
sample, is determined by referencing to the standard curve. In 
an exemplary assay, collagen (1 mg/mL) is aliquoted into 1.5 
mL microcentrifuge tubes at concentrations from 5-100 
ug/100 uL. Sample volumes are adjusted to a 100 uL with 
water. To each sample 1 mL of SIRCOL dye reagent is added 
at room temperature. Sample tubes are capped and allowed to 
incubate at room temperature with mechanical shaking for 30 
mm. The samples are then centrifuged at 12,000xg for 15 
minutes and liquid drained using a pipetter. The reddish pre 
cipitate at the bottom of each tube is dissolved in 1 mL of 
0.5M NaOH (sodium hydroxide). UV absorbance for the 
samples is measured at 540 nm using a Beckman DU-7400 
UV-VIS spectrophotometer. The standard calibration curve is 
plotted using the concentration of collagen in each sample 
versus the absorbance (OD) at 540 nm. To determine experi 
mental error the assay is repeated (n=10) at a single low 
concentration of collagen standard (10 ug/100LL). The mem 
brane sample is assayed using the same protocol, the sample 
being added in a total volume of 100 uL. 
0096. In yet other embodiments, to determine collagen 
types of the collagen compositions of the invention using 
standard methods known in the art and exemplified herein, 
e.g., ELISA assay, may be employed. An exemplary assay for 
determining the types of collagen, e.g., collagen Types I, III 
and IV, in a collagen composition of the invention comprises 
using a sandwich ELISA assay provided, for example, as a kit 
by Anthrogen-CIA Collagen-I from Chondrex, Inc., Red 
mond, Wash., USA. For the Type III and Type IV studies, the 
primary (Capture Antibody) and secondary antibodies (De 
tection Antibody) and collagen standards may be obtained 
from Rockland Immunochemicals, Gilbertsville, Pa. The 
detection antibody is a biotinylated human collagen Type-I, 
III or IV, which binds streptavidin peroxidase. The enzymatic 
reaction with a chromogenic Substrate and urea and H20, 
gives a yellow color, which is detected via UV-Vis spectros 
copy at 490 nm. To quantitate the amount of Collagen-type, a 
standard calibration curve is developed with a sample of a 
series of human collagen standards of known concentrations. 
The concentration of Collagen in a test sample of amniotic 
membrane is determined by referencing to the standard curve. 
Assay protocols are developed as per the recommendations of 
the ELISA kit. To develop a standard calibration curve, 10-12 
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wells in a 96-well tray are coated with the capture antibody 
(anti-human type-I collagen antibody, unconjugated) by add 
ing 100LL of a 100x-diluted Capture Antibody provided with 
the kit. After overnight incubation, the wells are washed with 
three times with a wash buffer to remove unbound antibody. 
Human CollagenType I is then added to the wells in increas 
ing concentration from 0-5ug/mL in a 100LL Volume. After 
a two hour incubation at room temperature, the wells are 
washed with the wash buffer three times to remove unbound 
collagen. The biotinylated Collagen-I antibody is then added 
to the antibody-collagen complex in the wells in a 100 L 
volume and allowed to bind at room temperature for two 
hours. Unbound anti-body is washed out with three washes 
with the wash buffer. The detection enzyme streptavidin per 
oxidase is then bound to the antibody-collagen-antibody 
complex by addition of a 200x-diluted sample of the enzyme 
provided with the kit and allowing it to incubate at room 
temperature for one hour. The 96-well plate is washed repeat 
edly (six times) to remove any unbound enzyme. The chro 
mogenic Substrate-urea/H0 is added to each of the wells in 
a 100 uL volume. The reaction is allowed to proceed for 30 
minutes at room temperature. The reaction is terminated by 
addition of 50 uL of 2.5 N sulfuric acid. Absorbance is mea 
sured at 490 nm. 

0097. In yet other embodiments, the invention encom 
passes assays for determining the total elastin content of the 
collagen compositions of the invention using methods known 
in the art and exemplified herein. An exemplary assay for 
measuring the elastin content of a collagen composition of the 
invention may comprise a quantitative dye-based assay kit 
(FASTIN) manufactured by Biocolor Ltd, UK. The assay 
utilizes 5,10,15,20-tetraphenyl-21.23-porphrine (TPPS) as a 
specific elastin binding dye (see, e.g., Winkleman, J. (1962), 
Cancer Research, 22, 589-596, which is incorporated herein 
by reference in its entirety). Dye bound to elastin displays a 
concentration dependent increase in absorbance at 513 nm in 
a UV-Vis spectrophotometer. The assay involves developing 
a standard calibration curve by measuring absorbances of a 
series of bovine elastin standards of known concentrations. 
The concentration of elastin in a test sample, for example, 
sample of the amniotic membrane, is determined by referenc 
ing to the standard curve. Elastin (1 mg/mL) is aliquoted into 
1.5 mL microcentrifuge tubes at concentrations from 5-100 
ug/100 ul. Sample volumes are adjusted to 100 uL with 
water. To each sample 1 mL of Elastin precipitation Reagent 
(trichloroacetic acid--arginine) is added at 4° C. and stored 
overnight at the same temperature. Following the overnight 
precipitation step, the samples are centrifuged at 12,000xg 
for 15 minutes and liquid is drained using a pipetter. To each 
sample, 1 mL of the FASTIN dye reagent (TPPS) is added 
with a 100 uL of 90% saturated ammonium sulfate. Sample 
tubes are capped and allowed to incubate at room temperature 
with mechanical shaking for 1 hr. The ammonium Sulfate 
serves to precipitate the elastin-dye complex. After the 1 hr 
mixing step, the samples are centrifuged at 12,000xg for 15 
minutes and liquid is drained using a pipetter. The brown 
precipitate at the bottom of each tube is dissolved into 1 mL 
of FASTIN dissociation reagent which is a solution of guani 
dine HCL in I-propanol. UV absorbance for the samples is 
measured at 513 nm using a Beckman DU-7400 UV-VIS 
spectrophotometer. The standard calibration curve is plotted 
using the concentration of elastin in each sample versus the 
absorbance (OD) at 513 mm. To determine experimental error 
in the assay, the assay is repeated (n=10) at a single low 



US 2008/O181935 A1 

concentration of elastin standard (10 ug/100 uL). The mem 
brane sample is assayed using the same protocol, the sample 
being added in a total volume of 100 uL. Each sample is 
assayed in triplicate. 
0098. In yet other embodiments, the invention encom 
passes assays for determining the total glycosaminoglycan 
(GAGs) content of the collagen compositions of the invention 
using methods known in the art and exemplified herein. The 
presence of GAGS in a collagen composition of the invention 
may be measured using a quantitative dye-based assay kit 
(BLYSCAN) manufactured by Biocolor Ltd, UK. The assay 
utilizes 1,9-dimethyl-methylene blue as a specific GAG bind 
ing dye. Dye bound to GAG displays a concentration depen 
dent increase in absorbance at 656 nm in a UV-Vis spectro 
photometer. The assay involves developing a standard 
calibration curve by measuring absorbances of a series of 
bovine GAG standards of known concentrations. The concen 
tration of GAG in a test sample of amniotic membrane is 
determined by referencing to the standard curve. Bovine 
GAG (0.1 mg/mL) is aliquoted into 1.5 mL microcentrifuge 
tubes at concentrations from 0.5-5 lug/100 uL. Sample vol 
umes are adjusted to a 100 uL with water. To each sample 1 
mL of the 1,9-dimethyl-methylene dye reagent is added at 
room temperature. Sample tubes are capped and allowed to 
incubate at room temperature with mechanical shaking for 30 
minutes. The samples are then centrifuged at 12,000xg for 15 
minutes and liquid drained using a pipetter. The reddish pre 
cipitate at the bottom of each tube was dissolved in 1 mL of a 
dye dissociation reagent. UV absorbance for the samples is 
measured at 656 nm using a Beckman DU-7400 UV-VIS 
spectrophotometer. The standard calibration curve is plotted 
using the concentration of GAG in each sample versus the 
absorbance (OD) at 540 nm. To determine experimental error 
in the assay, the assay is repeated (n=8) at a single low con 
centration of GAG standard (1 lug/100 uL). The membrane 
sample is assayed using the same protocol, the sample being 
added in a total volume of 100 uL. Each sample is assayed in 
triplicate. 
0099. In yet other embodiments, the invention encom 
passes assays for determining the total laminin content of the 
collagen compositions of the invention using methods known 
in the art and exemplified herein. An exemplary assay for 
determining the total laminin content in a collagen composi 
tion of the invention may comprise the following: a sandwich 
ELISA assay provided as a kit from Takara Bio Inc., Shiga, 
Japan (Cati MKIO7 may be used. The kit includes a 96-well 
plate pre-coated with the primary (Capture Antibody), which 
is a murine monoclonal antibody to human laminin. The 
secondary antibodies (Detection antibody) and human lami 
nin standards are provided with the kit. The detection anti 
body is a conjugated human laminin antibody with peroxi 
dase. The enzymatic reaction with a chromogenic Substrate 
tetramethylbenzidine and H0, gives a blue color, which is 
detected via UV-Vis spectroscopy at 450 nm. To quantitate 
the amount of laminin, a standard calibration curve is devel 
oped with a sample of a series of human laminin standards of 
known concentrations (provided with kit). The concentration 
of laminin in a test sample of amniotic membrane is deter 
mined by referencing to the standard curve. Assay protocols 
are developed as per the recommendations of the Elisakit. To 
develop a standard calibration curve, the human laminin stan 
dard is added in increasing concentrations of 5 ng/mL to 160 
ng/mL in a final volume of 100 uL to individual wells of an 
antibody pre-coated 96-well tray provided with the kit. After 
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an hour incubation at room temperature, the wells are washed 
with the wash buffer 3 times (PBS containing 0.05% 
TWEENR) to remove unbound laminin. The peroxidase 
conjugated laminin antibody is then added to the antibody 
laminincomplex in the wells in a 100LL volume and allowed 
to bind at room temperature for 1 hour. The 96-well plate is 
washed repeatedly (4x) to remove any unbound enzyme? 
antibody conjugate. The chromogenic Substrate--H202 is 
added to each of the wells in a 100 uL volume. The reaction is 
allowed to proceed for 30 minutes at room temperature. The 
reaction is terminated by addition of 100 uL of 2.5N sulfuric 
acid. Absorbance is measured at 450 nm. Samples of solubi 
lized membrane are tested at a concentration of 1000 ng/mL. 
Each membrane sample is tested in triplicate. Laminin con 
centration is presented as a concentration of total membrane 
weight as shown below. 
0100. In yet other embodiments, the invention encom 
passes assays for determining the total fibronectin content of 
the collagen compositions of the invention using methods 
known in the art and exemplified herein. An exemplary assay 
for determining the total fibronectin content of a collagen 
composition of the invention may comprise the following: a 
sandwich ELISA assay provided as a kit from Takara Blo Inc., 
Shiga, Japan (Cat if MK1 15) may be used. The kit includes a 
96-well plate pre-coated with the primary (Capture Anti 
body), a murine monoclonal antibody to human fibronectin. 
The secondary antibodies (Detection antibody) and human 
fibronectin standards are provided with the kit. The detection 
antibody is a conjugated human fibronectin antibody with 
horseradish peroxidase. The enzymatic reaction with a chro 
mogenic substrate tetramethylbenzidine and H202 gives a 
blue color, which is detected via UV-Vis spectroscopy at 450 
nm. To quantitate the amount of fibronectin, a standard cali 
bration curve is developed with a sample of a series of human 
fibronectin Standards of known concentrations (provided 
with kit). The concentration of fibronectin in a test sample is 
determined by referencing to the standard curve. Assay pro 
tocols are developed as per the recommendations of the 
ELISA kit. To develop a standard calibration curve, the 
human fibronectin standard is added in increasing concentra 
tions of 12.5 ng/mL to 400 ng/mL in a final volume of 100LL 
to individual wells of an antibody pre-coated 96-well tray 
provided with the kit. After a 1 hr incubation at room tem 
perature, the wells are washed with the wash buffer 3 times 
(PBS containing 0.05% TWEENR) to remove unbound 
fibronectin. The peroxidase-conjugated fibronectin antibody 
is then added to the antibody-fibronectin complex in the wells 
in a 100 uL volume and allowed to bind at room temperature 
for 1 hour. The 96-well plate is washed repeatedly (4x) to 
remove any unbound enzyme/antibody conjugate. The chro 
mogenic substrate--H202 is added to each of the wells in a 100 
uL volume. The reaction is allowed to proceed for 30 minutes 
at room temperature. The reaction is terminated by addition 
of 100 uL of 2.5N sulfuric acid. Absorbance is measured at 
450 nm. Samples of solubilized membrane are tested at a 
concentration of 1000 g/mL. Each membrane sample is 
tested in triplicate. 
0101 6.4.2. Biocompatibility Studies 
0102 The collagen composition of the invention are of 
biological origin and contain significant amounts of collagen. 
However, unlike collagen derived from animal sources (bo 
vine and porcine), human collagen is non-immunogenic. 
Because non-immunogenic human tissue is inherently bio 
compatible with other human tissue, it is not necessary to 
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perform several of the standard biocompatibility tests (e.g., 
dermal irritation and sensitization, acute systemic toxicity). 
The invention encompasses assays for determining the bio 
compatibility of the collagen composition of the invention. 
Biocompatibility as used herein refers to the property of 
being biologically compatible by not producing a toxic, inju 
rious, or immunological response or rejection in living tissue. 
Bodily response to unknown materials is a principal concern 
when using artificial materials in the body and hence the 
biocompatibility of a material is an important design consid 
eration in Such materials. The biocompatibility assays 
encompassed within the invention include but are not limited 
to cytotoxicity assays, rabbit eye irritation tests, hemolysis 
assays and pyrogencity assays. Biocompatibility assays of 
the invention are cell-based or cell-free based assay. 
0103) In yet another specific embodiment, the cytotoxicity 
of the collagen composition of the invention is determined 
using an ISO MEMElution test (Example 6.4.2.2). The pur 
pose of this study is to evaluate the ability of collagen com 
position to elicit a cytotoxic response in cultured mouse fibro 
blast cells. In an exemplary assay, Eagle's Minimal Essential 
medium (E-MEM) supplemented with 5% Fetal Bovine 
Serum (FBS) is used to extract test samples. The medium is 
also supplemented with one or more of the following: 
L-glutamine, HEPES, gentamicin, penicillin, Vancomycin, 
and amphotericin B (fungizone). Cultures of L-929 cells 
(mouse fibroblasts) are grown and used as monolayers in 
disposable tissue culture labware at 37+1°C. in a humidified 
atmosphere of 5+1% carbon dioxide in air. Test samples are 
extracted intact using a ratio equivalent of 120 cm sample 
and 20 ml-E-MEM plus 5% FBS. Test samples are extracted 
in E-MEM plus 5% FBS at 37+1° C. in 5+1% carbon dioxide 
for 24-25 hours. After the extraction period, the maintenance 
culture medium is removed from test culture wells and 
replaced with 1 ml of the test media/extract and control 
media/extracts and positive control media spiked with cad 
mium chloride. Positive, intermediate and negative controls 
are run in parallel with the test samples. The test media/ 
extract and control media/extract and positive control media 
spiked with cadmium chloride are plated in triplicate and 
incubated 72+4 hours at 37+1°C. In a humidified atmosphere 
of 5+1% carbon dioxide in air. Cultures are evaluated for 
cytotoxic effects by microscopic observation at 24, 48 and 
72+4 hour incubation periods. Criteria for evaluating cyto 
toxicity will include morphological changes in cells, such as 
granulation, crenation or rounding, and loss of viable cells 
from the monolayer by lysis or detachment. The validity of 
the test requires that negative control cultures maintain a 
healthy normal appearance throughout the duration of the 
test. Degrees of toxicity are scored, as follows: 
0104 ONone: Discrete intracytoplasmic granules; no cell 

lysis. 
0105 1 Slight: Not more than 20% of the cells are round, 
loosely attached, and without intracytoplasmic granules; 
occasional lysed cells are present. 
01.06 2 Mild: Not more than 50% of the cells are round 
and devoid of intra-cytoplasmic granules; no extensive cell 
lysis and empty areas between cells. 
0107 3 Moderate: Not more than 70% of the cell layers 
contain rounded cells and/or are lysed. 
0108) 4 Severe: Nearly complete destruction of the cell 
layers. 
0109. According to the USP test articles scoring “0”, “1” 
or “2 will be considered non-toxic. Test articles scoring “3” 
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or “4” will be considered toxic. The positive control sample 
must have a score of '3” or “4” and the negative control 
sample must have a score of “0” for a valid test. 
0110. The ocular surface of the rabbit is known to be more 
sensitive than human skin, therefore rabbit eye irritation stud 
ies are used to assess the biocompatibility of a collagen com 
position of the invention. In an exemplary assay, Samples are 
screened for primary ocular irritation. The amniotic mem 
brane is cleaned using an aqueous solution of 0.05% deoxy 
cholic acid monohydrate sodium salt (D-Cell). The test can be 
conducted in accordance with the guidelines of the Federal 
Hazardous Substances Act (FHSA) Regulations, 16 CFR 
1500. In an exemplary assay, control eyes are judged clini 
cally normal for rabbits by gross examination with an auxil 
iary light source. To detect any pre-existing corneal injury the 
eyes are treated with fluoresceinstain, flushed with 0.9% USP 
physiological saline solution (PSS), and observed with ultra 
violet light in a darkened room. A sample is instilled into the 
lower conjunctival sac of one eye of each rabbit according to 
standard techniques. The opposite eye of each rabbit remains 
untreated and serves as the comparative control. Animals are 
returned to their cages following treatment. At 24, 48, and 72 
hours after dosing the test eye of each rabbit is examined with 
an auxiliary light source and appropriate magnification com 
pared to the untreated control eye, and graded for ocular 
irritation. To detect or confirm corneal injury the test eyes are 
treated with fluorescein stain, flushed with PSS, and exam 
ined in darkened conditions with an ultraviolet lamp at 24 
hours. Reactions are scored in accordance with the FHSA 
modified Draize scoring criteria. One of three animals exhib 
iting a significant positive reaction is a borderline finding. 
Two of three animals exhibiting a significant positive reaction 
is a significant positive response and the test article is consid 
ered an irritant. 

0111. The invention encompasses determining the 
hemolytic properties of a collagen composition of the inven 
tion using methods known in the art and exemplified herein 
(See Example 6.4.2.4). Hemolysis describes the hemolytic 
properties of a test sample that will contact blood. It is 
regarded as an especially significant screening test to perform 
because it measures red blood cell membrane fragility in 
contact with materials and devices. In an exemplary assay, the 
procedure involves exposing the test material to a blood cell 
Suspension and then determining the amount of hemoglobin 
released. The test is run under static conditions with direct 
contact of the test sample with human blood. The amount of 
hemoglobin released by the red blood cells is measured spec 
trophotometrically at 540 nm (following conversion to cya 
nomethemoglobin) concurrently with the negative and posi 
tive controls. The hemolytic index for the samples and 
controls is calculated as follows: 

Hemolytic Index=Hemoglobin Released(mg/mL)x100 

Hemoglobin Present(mg/mL) 

Where: Hemoglobin Released (mg/ml)=(Constant--X 
Coefficient)xOptical Densityx16. Hemoglobin Present 
(mg/mL)=Diluted Blood 10+1 mg/mL 

0112 The invention encompasses methods for determin 
ing the pyrogenicity of the collagen composition of the inven 
tion using methods known in the art and exemplified herein 
(See Example 6.4.2.5). In one embodiment, the pyrogenicity 
of the collagen composition of the invention is determined by 
measuring the presence of bacterial endotoxin in the collagen 
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composition of the invention using for example the Limulus 
Amebocyte Lysate (LAL) test. This test is an in vitro assay for 
detection and quantification of bacterial endotoxin. In an 
exemplary test, ninety-eight samples of collagen composition 
(n=1 per lot), each measuring 1x2 cm, are tested individually 
for extraction. The extractions are performed by washing 
each sample in 30 mL of extraction fluid for 40 to 60 minutes 
at 37 to 40°C. with intermittent swirling on an orbital shaker. 
The pH of each sample extract is between 6 and 8 as verified 
with pH paper. Pyrogen levels are measured by a Kinetic 
Turbidimetric Colorimetric Test with a test sensitivity of 0.05 
Endotoxin Units (EU) per mL. Total endotoxin level per 
sample is calculated by multiplying the detected endotoxin 
value (EU/mL) by 30 mL (extraction volume per device) and 
again by twenty-four (to simulate a 6x8 cm-sized device). 
0113 6.4.3. Microbiological Studies 
0114. The invention encompasses methods known in the 
art and exemplified herein to determine the presence of 
microbiological organisms including but not limited to 
Escherichia coli, Klebsiella pneumoniae, Staphylococcus 
aureus, Enterococcus faecalis, Candida albicans, Proteus 
vulgaris, Staphylococcus viridans, and Pseudomonas aerugi 
nosa in a collagen composition of the invention. Such meth 
ods may be used at any step of the preparation of the collagen 
composition. An exemplary process for microbiology studies 
during processing comprises the following: Testing of micro 
biologically 'spiked samples of unprocessed amniotic mem 
brane and equipment used during the processing. Samples are 
immersed for five minutes in saline spiked with eight micro 
organisms as follows to deliberately contaminate the sample: 

1. Escherichia coi 
2. Klebsiella pneumoniae 
3. Staphylococcusatiretts 
4. Enterococci is faecalis 
5. Candida albicans 
6. Proteus vulgaris 
7. Staphylococcus viridans 
8. Pseudomonas aeruginosa 

0115 Advantageously, the decellularization and rinsing 
methods of the invention can reduce the number of microor 
ganisms on the collagen composition of the invention. 
0116. The invention encompasses methods known in the 
art and exemplified herein to determine the bioburden of the 
collagen compositions of the invention. As used herein, 
“bioburden' is a measure of the contaminating organisms 
found on a given amount of material before it undergoes an 
industrial sterilization process. In an exemplary method, the 
minimum E-beam radiation dose that would achieve sterility 
with a Sterilization Assurance Level of 10-6 is determined. 
Membranes are extracted by immersion and manual shaking 
using PEPTONE-TWEENR, Solution. Plating method is 
membrane filtration using Soybean-casein digest agar. For 
aerobic conditions plates are incubated 4 days at 30-35°C. 
then enumerated. For fungi, plates are incubated four days at 
20-25°C. then enumerated. For spore-forming bacteria, the 
extract portion is heat shocked, filtered and plated as for 
aerobic bacteria. Plates are incubated 4 days at 30-35°C., 
then enumerated for anaerobic bacteria, plates were incu 
bated under anaerobic conditions for 4 days at 30-35°C. then 
enumerated. Microorganisms utilized are Clostridium sporo 
genes, Pseudomonas aeruginosa, and Bacillus atrophaeus. 
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0117. In particular embodiments, the collagen composi 
tions of the invention have less than 2 colony forming units 
(cfu) for aerobes and fungi, less than 1, or Zero cfu for aerobes 
and fungi. In yet other embodiments, the collagen composi 
tions of the invention have less than 5.1 Colony Forming 
Units (cfu), less than 2, or less than 1 cfu for anaerobes and 
spores. 
0118. In particular embodiments, the collagen composi 
tion of the invention is not bacteriostatic or fungistatic as 
determined using methods exemplified herein and known to 
one skilled in the art (See Example 6.4.3.2). As used herein 
bacteriostatic refers to an agent that inhibits bacterial growth 
or reproduction but does not kill bacteria. As used herein 
fungistatic refers to an agent that prevents the growth of a 
fungus by the presence of a non-fungicidal chemical or physi 
cal agency. 
0119 6.4.4. Storage and Handling of the Collagen Com 
position 
0.120. The invention encompasses storing the collagen 
composition of the invention at room temperature (e.g., 25° 
C.). In certain embodiments, the collagen composition of the 
invention can be stored at a temperature of at least 0°C., at 
least 4°C., at least 10° C., at least 15° C., at least 20° C., at 
least 25°C., at least 30°C., at least 35° C. or at least 40°C. In 
Some embodiments, the collagen composition of the inven 
tion is not refrigerated. In some embodiments, the collagen 
composition of the invention may be refrigerated at a tem 
perature of about 2 to 8°C. In other embodiments, the col 
lagen composition of the invention can be stored at any of the 
above-identified temperatures for an extended period of time. 
In a particular embodiment, the collagen composition of the 
invention is stored under sterile and non-oxidizing condi 
tions. In certain embodiments, the collagen composition pro 
duced according to the methods of the invention can be stored 
at any of the specified temperatures for 12 months or more 
with no alteration in biochemical or structural integrity (e.g., 
no degradation), without any alteration of the biochemical or 
biophysical properties of the collagen composition. In certain 
embodiments, the collagen composition produced according 
to the methods of the invention can be stored for several years 
with no alteration in biochemical or structural integrity (e.g., 
no degradation), without any alteration of the biochemical or 
biophysical properties of the collagen composition. In certain 
embodiments, it is expected that the collagen composition of 
the invention prepared in accordance with the methods of the 
invention will last indefinitely. The collagen composition 
may be stored in any container Suitable for long-term storage. 
Advantageously, the collagen composition of the invention 
can be stored in a sterile double peel-pouch package. 
0121 6.4.5. Sterilization 
0.122 The collagen compositions of the invention can be 
sterilized according to techniques known to those of skill in 
the art for sterilizing Such compositions. 
I0123. In certain embodiments, the collagen composition is 
filtered through a filter that allows passage of endotoxins and 
retains the collagen composition. Any filter of a size, for 
example 30kDa, known to those of skill in the art for filtration 
of endotoxins can be used. In certain embodiments, the col 
lagen composition is contacted with the filter under condi 
tions that allow endotoxins to pass through the filter while 
retaining a collagen composition. The conditions can be any 
conditions for filtration known to those of skill in the art, for 
instance, centrifugation or pumping. The filter should be of a 
size that retains collagen while allowing endotoxins to pass 
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the filter. In certain embodiments, the filter is between 5 kDa 
and 100 kDa. In particular embodiments, the filter is about 5 
kDa, about 10 kDa, about 15 kDa, about 20 kDa, about 30 
kDa, about 40 kDa, about 50 kDa, about 60 kDa, about 70 
kDa, about 80 kDa, about 90kDa or about 100 kDa. The filter 
can be of any material known to those of skill in the art to be 
compatible with a collagen composition Such as cellulose, 
polyethersulfone and others apparent to those of skill. The 
filtration can be repeated as many times as desired by one of 
skill in the art. Endotoxin can be detected according to stan 
dard techniques to monitor clearance. 
0124. In certain embodiments, the collagen composition 
can be filtered to generate collagen compositions free of, or 
reduced in, viral particles. Advantageously, in these embodi 
ments of the invention, the filter retains a collagen composi 
tion while allowing viral particles to pass through. Any filter 
known to those of skill in the art to be useful for clearing 
viruses can be used. For instance, a 1000 kDa filter can be 
used for clearance, or reduction, of parvovirus, hepatitis A 
virus and HIV. A 750 kDa filter can be used for clearance, or 
reduction, of parvovirus and hepatitis A virus. A 500 kDa 
filter can be used for clearance, or reduction, of parvovirus. 
0.125. Accordingly, the present invention provides meth 
ods of producing collagen compositions free of, or reduced in 
viral particles, comprising the step of contacting a collagen 
composition with a filter of a size that allows one or more viral 
particles to pass through the filter while retaining the collagen 
composition. In certain embodiments, the collagen composi 
tion is contacted with the filter under conditions that allow 
one or more viral particles to pass through the filter while 
retaining a collagen composition. The conditions can be any 
conditions for filtration known to those of skill in the art, for 
instance, centrifugation or pumping. The filter should be of a 
size that retains collagen while allowing one or more viral 
particles to pass the filter. In certain embodiments, the filter is 
between 500 kDa and 1000 kDa. In particular embodiments, 
the filter is about 500 kDa, about 750kDa or about 1000 kDa. 
The filter can be of any material known to those of skill in the 
art to be compatible with a collagen composition Such as 
cellulose, polyetherSulfone and others apparent to those of 
skill. The filtration can be repeated as many times as desired 
by one of skill in the art. Viral particles can be detected 
according to standard techniques to monitor filtration. 
0126 Sterilization of a collagen composition of the inven 
tion can also be carried out by electronbeam irradiation using 
methods known to one skilled in the art, e.g., Gorham, D. 
Byrom (ed.), 1991, Biomaterials, Stockton Press, New York, 
55-122. Any dose of radiation sufficient to kill at least 99.9% 
of bacteria or other potentially contaminating organisms is 
within the scope of the invention. In a particular embodiment, 
a dose of at least 18-25 kGy is used to achieve the terminal 
sterilization of a collagen composition of the invention. 

6.5 Formulations of the Collagen Compositions 

0127. In certain embodiments, the present invention pro 
vides collagen compositions. The collagen can be any col 
lagen of the invention, for instance collagen prepared by one 
of the methods herein. Advantageously, the collagen can be 
formulated in water or phosphate buffered saline. In particu 
lar embodiments, the collagen is formulated in phosphate 
buffered saline. 
0128. The collagen can be at any concentration useful to 
those of skill in the art. In certain embodiments, the formu 
lations of the invention comprise 0.1-100 mg/ml, 1-100 
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mg/ml, 1-75 mg/ml, 1-50 mg/ml, 1-40 mg/ml, 10-40 mg/ml 
or 20-40 mg/ml collagen. In certain embodiments, the formu 
lations of the invention comprise about 5 mg/ml, 10 mg/ml. 
15 mg/ml, 20 mg/ml, 25 mg/ml, 30 mg/ml, 35 mg/ml. 40 
mg/ml. 45 mg/ml or 50 mg/ml collagen. In a particular 
embodiment, the present invention provides formulations 
comprising about 35 mg/ml collagen. 
I0129. In certain embodiments of the invention, a collagen 
composition can be dried and shaped into a shape useful for 
one of skill in the art. The shape can be any useful shape 
including sheets, tubes, plugs, spheres and the like. In certain 
embodiments, the collagen composition is shaped to fit a site 
ofa wound or injury. The shaped collagen composition can be 
used for any purpose apparent to those of skill in the art. 
Exemplary methods of using shaped collagen compositions 
are provided below. 
0.130. The composition of the invention, as extracted from 
the placenta, is typically a white paste. This past can be 
shaped according to any methods known in the art for shaping 
Such materials. For example, the composition can be forced 
into a mold, or formed around a mold, to produce specific 
shapes, and heat-dried, vacuum-dried or freeze-dried. The 
composition can also be spread thin and dried on, e.g., a gel 
dryer, e.g., using Vacuum. 
I0131. In certain embodiments, the compositions of the 
present invention may be combined with pharmaceutically or 
cosmetically acceptable carriers and administered as compo 
sitions invitro or in vivo. Forms of administration include, but 
are not limited to, injections, Solutions, creams, gels, 
implants, pumps, ointments, emulsions, Suspensions, micro 
spheres, particles, microparticles, nanoparticles, liposomes, 
pastes, patches, tablets, transdermal delivery devices, sprays, 
aerosols, or other means familiar to one of ordinary skill in the 
art. Such pharmaceutically or cosmetically acceptable carri 
ers are commonly known to one of ordinary skill in the art. 
Pharmaceutical formulations of the present invention can be 
prepared by procedures known in the art using well known 
and readily available ingredients. For example, the com 
pounds can be formulated with common excipients, diluents, 
or carriers, and formed into tablets, capsules, Suspensions, 
powders, and the like. Examples of excipients, diluents, and 
carriers that are suitable for such formulations include the 
following: fillers and extenders (e.g., starch, Sugars, mannitol, 
and silicic derivatives); binding agents (e.g., carboxymethyl 
cellulose and other cellulose derivatives, alginates, gelatin, 
and polyvinyl-pyrrolidone); moisturizing agents (e.g., glyc 
erol); disintegrating agents (e.g., calcium carbonate and 
Sodium bicarbonate); agents for retarding dissolution (e.g., 
paraffin); resorption accelerators (e.g., quaternary ammo 
nium compounds); Surface active agents (e.g., cetyl alcohol, 
glycerol monostearate); adsorptive carriers (e.g., kaolin and 
bentonite); emulsifiers; preservatives; Sweeteners; stabiliz 
ers; coloring agents; perfuming agents, flavoring agents: 
lubricants (e.g., talc, calcium and magnesium Stearate); Solid 
polyethylglycols; and mixtures thereof. 
0.132. The terms “pharmaceutically or cosmetically 
acceptable carrier' or “pharmaceutically or cosmetically 
acceptable vehicle' are used herein to mean, without limita 
tions, any liquid, Solid or semi-solid, including, but not lim 
ited to, water or saline, a gel, cream, Salve, Solvent, diluent, 
fluid ointment base, ointment, paste, implant, liposome, 
micelle, giant micelle, and the like, which is Suitable for use 
in contact with living animal or human tissue without causing 
adverse physiological or cosmetic responses, and which does 
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not interact with the other components of the composition in 
a deleterious manner. Other pharmaceutically or cosmetically 
acceptable carriers or vehicles known to one of skill in the art 
may be employed to make compositions for delivering the 
molecules of the present invention. 
0133) The formulations can be so constituted that they 
release the active ingredient only or preferably in a particular 
location, possibly over a period of time. Such combinations 
provide yet a further mechanism for controlling release kinet 
ics. The coatings, envelopes, and protective matrices may be 
made, for example, from polymeric substances or waxes. 
I0134 Methods of in vivo administration of the composi 
tions of the present invention, or of formulations comprising 
Such compositions and other materials such as carriers of the 
present invention that are particularly suitable for various 
forms include, but are not limited to, oral administration (e.g. 
buccal or Sublingual administration), anal administration, 
rectal administration, administration as a suppository, topical 
application, aerosol application, inhalation, intraperitoneal 
administration, intravenous administration, transdermal 
administration, intradermal administration, subdermal 
administration, intramuscular administration, intrauterine 
administration, vaginal administration, administration into a 
body cavity, Surgical administration at the location of a tumor 
or internal injury, administration into the lumen or paren 
chyma of an organ, and parenteral administration. Techniques 
useful in the various forms of administrations above include 
but are not limited to, topical application, ingestion, surgical 
administration, injections, sprays, transdermal delivery 
devices, osmotic pumps, electrodepositing directly on a 
desired site, or other means familiar to one of ordinary skill in 
the art. Sites of application can be external, such as on the 
epidermis, or internal, for example a gastric ulcer, a surgical 
field, or elsewhere. 
I0135) The collagen compositions of the present invention 
can be applied in the form of creams, gels, solutions, suspen 
Sions, liposomes, particles, or other means known to one of 
skill in the art of formulation and delivery of therapeutic and 
cosmetic compounds. Ultrafine particle sizes of collagen 
materials can be used for inhalation delivery of therapeutics. 
Some examples of appropriate formulations for subcutaneous 
administration include but are not limited to implants, depot, 
needles, capsules, and osmotic pumps. Some examples of 
appropriate formulations for vaginal administration include 
but are not limited to creams and rings. Some examples of 
appropriate formulations for oral administration include but 
are not limited to: pills, liquids, syrups, and suspensions. 
Some examples of appropriate formulations for transdermal 
administration include but are not limited to gels, creams, 
pastes, patches, sprays, and gels. Some examples of appro 
priate delivery mechanisms for subcutaneous administration 
include but are not limited to implants, depots, needles, cap 
Sules, and osmotic pumps. Formulations suitable for 
parenteral administration include but are not limited to aque 
ous and non-aqueous sterile injection solutions which may 
contain anti-oxidants, buffers, bacteriostats and solutes 
which render the formulation isotonic with the blood of the 
intended recipient, and aqueous and non-aqueous sterile sus 
pensions which may include suspending agents and thicken 
ing agents. Extemporaneous injection solutions and suspen 
Sions may be prepared from sterile powders, granules and 
tablets commonly used by one of ordinary skill in the art. 
0.136 Embodiments in which the compositions of the 
invention are combined with, for example, one or more “phar 
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maceutically or cosmetically acceptable carriers' or excipi 
ents may conveniently be presented in unit dosage form and 
may be prepared by conventional pharmaceutical techniques. 
Such techniques include the step of bringing into association 
the compositions containing the active ingredient and the 
pharmaceutical carrier(s) or excipient(s). In general, the for 
mulations are prepared by uniformly and intimately bringing 
into association the active ingredient with liquid carriers. 
Particular unit dosage formulations are those containing a 
dose or unit, or an appropriate fraction thereof, of the admin 
istered ingredient. It should be understood that in addition to 
the ingredients particularly mentioned above, formulations 
comprising the compositions of the present invention may 
include other agents commonly used by one of ordinary skill 
in the art. The volume of administration will vary depending 
on the route of administration. For example, intramuscular 
injections may range in Volume from about 0.1 ml to 1.0 ml. 
I0137 The compositions of the present invention may be 
administered to persons or animals to provide substances in 
any dose range that will produce desired physiological or 
pharmacological results. Dosage will depend upon the sub 
stance or substances administered, the therapeutic endpoint 
desired, the desired effective concentration at the site of 
action or in a body fluid, and the type of administration. 
Information regarding appropriate doses of substances are 
known to persons of ordinary skill in the art and may be found 
in references such as L. S. Goodman and A. Gilman, eds. The 
Pharmacological Basis of Therapeutics, Macmillan Publish 
ing, NewYork, and Katzung, Basic & Clinical Pharmacology, 
Appleton & Lang, Norwalk, Conn., (6" Ed. 1995). A clini 
cian skilled in the art of the desired therapy may chose spe 
cific dosages and dose ranges, and frequency of administra 
tion, as required by the circumstances and the substances to 
be administered. 
I0138. The collagen composition may comprise one or 
more compounds or substances that are not collagen. For 
example, the collagen composition may be impregnated, 
either during production or during preparation for surgery, 
with a biomolecule. Such biomolecules include but are not 
limited to, antibiotics (such as Clindamycin, Minocycline, 
Doxycycline, Gentamycin), hormones, growth factors, anti 
tumor agents, anti-fungal agents, anti-viral agents, pain medi 
cations, anti-histamines, anti-inflammatory agents, anti-in 
fectives including but not limited to silver(such as silver salts. 
including but not limited to silver nitrate and silver sulfadi 
azine), elemental silver, antibiotics, bactericidal enzymes 
(such as lysozome), wound healing agents (such as cytokines 
including but not limited to PDGF, TGF; thymosin), hyalu 
ronic acid as a wound healing agent, wound sealants (such as 
fibrin with or without thrombin), cellular attractant and scaf 
folding reagents (such as fibronectin) and the like. In a spe 
cific example, the collagen composition may be impregnated 
with at least one growth factor, for example, fibroblast growth 
factor, epithelial growth factor, etc. The collagen composition 
may also be impregnated with small organic molecules such 
as specific inhibitors of particular biochemical processes e.g., 
membrane receptor inhibitors, kinase inhibitors, growth 
inhibitors, anticancer drugs, antibiotics, etc. 
I0139. In yet other embodiments, the collagen composition 
of the invention may be combined with a hydrogel. Any 
hydrogel composition known to one skilled in the art is 
encompassed within the invention, e.g., any of the hydrogel 
compositions disclosed in the following reviews: Graham, 
1998, Med. Device Technol. 9(1): 18-22: Peppas et al., 2000, 
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Eur. J. Pharm. Biopharm. 50(1): 27-46; Nguyen et al., 2002, 
Biomaterials, 23(22): 4307-14; Henincl et al., 2002, Adv. 
Drug Deliv. Rev. 54(1): 13-36: Skelhorne et al., 2002, Med. 
Device. Technol. 13(9): 19-23; Schmedlen et al., 2002, Bio 
materials 23:4325-32; all of which are incorporated herein by 
reference in their entirety. In a specific embodiment, the 
hydrogel composition is applied on the collagen composition, 
i.e., discharged on the Surface of the collagen composition. 
The hydrogel composition for example, may be sprayed onto 
the collagen composition, Saturated on the Surface of the 
collagen composition, Soaked with the collagen composition, 
bathed with the collagen composition or coated onto the 
Surface of the collage collagen composition. 
0140. The hydrogels useful in the methods and composi 
tions of the invention can be made from any water-interactive, 
or water soluble polymer known in the art, including but not 
limited to, polyvinylalcohol (PVA), polyhydroxyehthyl 
methacrylate, polyethylene glycol, polyvinyl pyrrolidone, 
hyaluronic acid, dextran or derivatives and analogs thereof. 
0141. In some embodiments, the collagen composition of 
the invention is further impregnated with one or more bio 
molecules prior to being combined with a hydrogel. In other 
embodiments, the hydrogel composition is further impreg 
nated with one or more biomolecules prior to being combined 
with a collagen composition of the invention. Such biomol 
ecules include but are not limited to, antibiotics (such as 
Clindamycin, Minocycline, Doxycycline, Gentamycin), hor 
mones, growth factors, anti-tumor agents, anti-fungal agents, 
anti-viral agents, pain medications, anti-histamines, anti-in 
flammatory agents, anti-infectives including but not limited 
to silver (such as silver salts, including but not limited to silver 
nitrate and silver Sulfadiazine), elemental silver, antibiotics, 
bactericidal enzymes (such as lysozome), wound healing 
agents (such as cytokines including but not limited to PDGF, 
TGF; thymosin), hyaluronic acid as a wound healing agent, 
wound sealants (such as fibrin with or without thrombin), 
cellular attractant and scaffolding reagents (such as fibronec 
tin) and the like. In a specific example, the collagen compo 
sition or the hydrogel composition may be impregnated with 
at least one growth factor, for example, fibroblast growth 
factor, epithelial growth factor, etc. Advantageously, the bio 
molecule can be a therapeutic agent. 
0142. In some embodiments, the hydrogel composition is 
combined with a laminate comprising the collagen composi 
tion of the invention. 
0143. The hydrogel/collagen composition has utility in the 
medical field including but not limited to, treatment of 
wounds, burns, and skin conditions (e.g., to treat scarring), 
cosmetic uses (e.g., cosmetic Surgery), and any use as an 
implant. In some embodiments, the hydrogel/collagen com 
position is applied topically to a Subject, i.e., on the Surface of 
the skin, for example, for the treatment of a wound. In other 
embodiments, the hydrogel/collagen composition may be 
used in the interior of a Subject, for example as an implant, to 
become a permanent or semi-permanent structure in the body. 
In some embodiments, the hydrogel compositions in formu 
lated to be non-biodegradable. In yet other embodiments, the 
hydrogel composition is formulated to be biodegradable. In a 
specific embodiment, the hydrogel composition is formulated 
to degrade within days. In another specific embodiment, the 
hydrogel composition is formulated to degrade within 
months. 

0144. In some embodiments, the collagen composition of 
the invention is populated with cells, so that the cells are 
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uniform and confluent. Cells that can be used to populate a 
collagen composition of the invention include but are not 
limited to, stem cells, human stem cells, human differentiated 
adult cells, totipotent stem cells, pluripotent stem cells, mul 
tipotent stem cells, tissue specific stem cells, embryonic like 
stem cells, committed progenitor cells, fibroblastoid cells. In 
other embodiments, the invention encompasses populating 
the collagen composition of the invention with specific 
classes of progenitor cells including but not limited to chon 
drocytes, hepatocytes, hematopoietic cells, pancreatic paren 
chymal cells, neuroblasts, and muscle progenitor cells. 

6.6 Stem Cells 

0145. In certain embodiments, the collagen compositions 
of the present invention comprise a plurality of stem cells. The 
stem cells can be any stem cells Suitable for a given purpose, 
and can be totipotent or pluripotent stem cells, or can be 
progenitor cells. Preferably, the composition comprises pla 
cental stem cells such as those described in U.S. Application 
Publication Nos. 2003/0032179 and 2003/0180269, and in 
U.S. Pat. No. 7,045,148. However, the composition can com 
prise stem or progenitor cells, preferably mammalian stem or 
progenitor cells, from any tissue source, e.g., embryonic stem 
cells, embryonic germ cells, mesenchymal stem cells, bone 
marrow-derived stem cells, hematopoietic progenitor cells 
(e.g., hematopoietic stem cells from peripheral blood, fetal 
blood, placental blood, umbilical cord blood, placental per 
fusate, etc.). Somatic stem cells, neural stem cells, hepatic 
stem cells, pancreatic stem cells, endothelial stem cells, car 
diac stem cells, muscle stem cells, adipose stem cells, and the 
like. The composition can comprise any combination of types 
of stem cells. In preferred embodiments, the stem cells are 
human stem cells, e.g., human placental stem cells. 
0146 Generally, the composition of the invention is con 
tacted with a plurality of stem or progenitor cells for a time 
Sufficient for a plurality of said stem or progenitor cells to 
attach to the composition. In preferred embodiments, the 
composition of the invention is shaped into a useful configu 
ration, e.g., sheet, plug, tube, or other configuration, prior to 
contacting with the stem or progenitor cells. Contacting the 
stem or progenitor cells with the composition of the invention 
can be effected by any method known in the art, and comprise, 
e.g., dispensing medium comprising the stem or progenitor 
cells onto the Surface of the composition; immersing a part or 
a whole of the composition in a suspension of the stem or 
progenitor cells; culturing a plurality of the stem or progeni 
tor cells on the surface of the composition for a time sufficient 
for the plurality to proliferate for at least one cell division; and 
the like. The stem cells, preferably placental stem cells, can be 
present on the composition of the invention, e.g., a shaped 
form of the composition, on the entirety or a portion of the 
composition Surface, e.g., can be present randomly on the 
Surface, confluently, etc. 
0147 The number of stem or progenitor cells contacted 
with the composition of the invention in any embodiment may 
vary, but may be at least 1x10, 3x10, 1x107, 3x10", 1x10, 
3x10, 1x10, 3x10, 1x10', 3x10", 1x10'', 3x10'', or 
1x10"; or may be no more than 1x10,3x10, 1x107,3x107, 
1x10, 3x10, 1x10, 3x10, 1x10', 3x10", 1x10'', 
3x10', or 1x10' stem or progenitor cells. 
0.148. In certain other embodiments, the composition of 
the invention comprises one or more types of extracellular 
matrix protein deposited by a stem cell. In one embodiment, 
for example, a collagen composition of the invention is made 
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to comprise extracellular matrix proteins by contacting a 
collagen composition of the invention with a plurality of stem 
cells; culturing the stem cells on the composition for a time 
sufficient for the stem cells to deposit a detectable amount of 
at least one type of extracellular matrix protein; and decellu 
larizing the composition to produce a collagen composition 
comprising at least one type of extracellular matrix protein. In 
one embodiment, therefore, the composition of the invention 
comprises a decellularized extracellular matrix, wherein the 
decellularized extracellular matrix is deposited or produced 
by stem cells. In various embodiments, the extracellular 
matrix protein is collagen (Type I, II, III, and/or IV), elastin or 
fibronectin. In another embodiment, the extracellular matrix 
protein is produced by a plurality of stem cells that are pro 
liferating and not differentiating. In another embodiment, the 
extracellular matrix is produced by a plurality of stem cells 
that are differentiating, or by a plurality of cells that have 
differentiated from a plurality of stem cells. In a specific 
embodiment of the above embodiments, the stem cells are 
placental stem cells, e.g., CD34 placental stem cells or 
CD200 placental stem cells. 
0149 6.6.1. Placental Stem Cells 
0150. In a preferred embodiment, the composition com 
prises a plurality of CD34 placental stem cells. CD34 pla 
cental stem cells are stem cells, obtainable from placental 
tissue, that adhere to a tissue culture substrate and have the 
capacity to differentiate into non-placental cell types. Placen 
tal stem cells can be either fetal or maternal in origin (that is, 
can have the genotype of either the mother or fetus). Popula 
tions of placental stem cells, or populations of cells compris 
ing placental stem cells, can comprise placental stem cells 
that are solely fetal or maternal in origin, or can comprise a 
mixed population of placental stem cells of both fetal and 
maternal origin. The placental stem cells, and populations of 
cells comprising the placental stem cells, can be identified 
and selected by the morphological, marker, and culture char 
acteristic discussed below. 

0151. The placental stem cells, when cultured in primary 
cultures or in cell culture, adhere to the tissue culture sub 
strate, e.g., tissue culture container Surface (e.g., tissue cul 
ture plastic). Placental stem cells in culture assume a gener 
ally fibroblastoid, stellate appearance, with a number of 
cyotplasmic processes extending from the central cell body. 
The placental stem cells are, however, morphologically dif 
ferentiable from fibroblasts cultured under the same condi 
tions, as the placental stem cells exhibit a greater number of 
Such processes than do fibroblasts. Morphologically, placen 
tal stem cells are also distinguishable from hematopoietic 
stem cells, which generally assume a more rounded, or 
cobblestone, morphology in culture. 
0152 The placental stem cells generally express the mark 
ers CD10, CD73, CD105, CD200, HLA-G, and/or OCT-4, 
and do not express CD34. CD38, or CD45. Placental stem 
cells can also express HLA-ABC (MHC-1) and HLA-DR. 
Thus, in one embodiment, the stem cells that can be combined 
with the compositions of the invention are CD200" or HLA 
G". In another embodiment, the placental stem cells are 
CD73", CD105", and CD200". In another embodiment, the 
placental stem cell that is CD200" and OCT-4". In another 
embodiment, the placental stem cells are CD73", CD105" 
and HLA-G". In another embodiment, the placental stem 
cells are CD73 and CD105", and, when in a population of 
placental cells, facilitate formation of one or more embryoid 
like bodies under conditions that allow formation of embry 
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oid-like bodies. In another embodiment, the placental stem 
cells are OCT4 and, when in a population of placental cells, 
facilitate formation of one or more embryoid-like bodies in a 
population of isolated placental cells comprising said stem 
cell when cultured under conditions that allow formation of 
embryoid-like bodies. 
0153. The placental stem cells can be obtained by perfu 
Sion. For example, the invention provides an isolated popu 
lation of placental stem cells that is produced according to a 
method comprising perfusing a mammalian placenta that has 
been drained of cord blood and perfused to remove residual 
blood; perfusing said placenta with a perfusion Solution; and 
collecting said perfusion Solution, wherein said perfusion 
Solution after perfusion comprises a population of placental 
cells that comprises placental stem cells; and isolating a plu 
rality of said placental stem cells from said population of 
cells. In a specific embodiment, the perfusion solution is 
passed through both the umbilical vein and umbilical arteries 
and collected after it exudes from the placenta. Populations of 
placental stem cells produced by this method typically com 
prise a mixture of fetal and maternal cells. In another specific 
embodiment, the perfusion solution is passed through the 
umbilical vein and collected from the umbilical arteries, or 
passed through the umbilical arteries and collected from the 
umbilical vein. Populations of placental stem cells produced 
by this method typically are substantially exclusively fetal in 
origin; that is, e.g., greater than 90%. 95%, 99%, or 99.5% of 
the placental stem cells in the population are fetal in origin. 
0154) In various embodiments, the placental stem cells, 
contained within a population of cells obtained from perfu 
sion of a placenta, are at least 50%, 60%, 70%, 80%, 90%, 
95%, 99% or at least 99.5% of said population of placental 
cells. In another specific embodiment, the placental stem cells 
collected by perfusion comprise fetal and maternal cells. In 
another specific embodiment, the placental stem cells col 
lected by perfusion are at least 50%, 60%, 70%, 80%, 90%, 
95%, 99% or at least 99.5% fetal cells. 
0.155 Placental stem cells can also be collected from a 
mammalian placenta by physical disruption, e.g., enzymatic 
digestion, of the organ or a portion thereof. For example, the 
placenta, or a portion thereof, may be, e.g., crushed, sheared, 
minced, diced, chopped, macerated or the like, while in con 
tact with the stem cell collection composition of the inven 
tion, and the tissue Subsequently digested with one or more 
enzymes. The placenta, or a portion thereof, may also be 
physically disrupted and digested with one or more enzymes, 
and the resulting material then immersed in, or mixed into, the 
stem cell collection composition of the invention. Any 
method of physical disruption can be used, provided that the 
method of disruption leaves a plurality, more preferably a 
majority, and more preferably at least 60%, 70%, 80%, 90%, 
95%, 98%, or 99% of the cells in said organ viable, as deter 
mined by, e.g., trypan blue exclusion. 
0156 The placenta can be dissected into components prior 
to physical disruption and/or enzymatic digestion and stem 
cell recovery. For example, placental stem cells can be 
obtained from the amniotic membrane, chorion, umbilical 
cord, placental cotyledons, or any combination thereof. Pref 
erably, placental stem cells are obtained from placental tissue 
comprising amnion and chorion. Typically, placental stem 
cells can be obtained by disruption of a small block of pla 
cental tissue, e.g., a block of placental tissue that is about 1, 2, 
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3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80,90, 100, 200, 
300, 400, 500, 600, 700, 800, 900 or about 1000 cubic milli 
meters in Volume. 
0157. A preferred stem cell collection composition com 
prises one or more tissue-disruptive enzyme(s). Enzymatic 
digestion preferably uses a combination of enzymes, e.g., a 
combination of a matrix metalloprotease and a neutral pro 
tease, for example, a combination of collagenase and dispase. 
In one embodiment, enzymatic digestion of placental tissue 
uses a combination of a matrix metalloprotease, a neutral 
protease, and a mucolytic enzyme for digestion of hyaluronic 
acid, Such as a combination of collagenase, dispase, and 
hyaluronidase or a combination of LIBERASE (Boehringer 
Mannheim Corp., Indianapolis, Ind.) and hyaluronidase. 
Other enzymes that can be used to disrupt placenta tissue 
include papain, deoxyribonucleases, serine proteases, such as 
trypsin, chymotrypsin, or elastase. Serine proteases may be 
inhibited by alpha 2 microglobulin in serum and therefore the 
medium used for digestion is usually serum-free. EDTA and 
DNase are commonly used in enzyme digestion procedures to 
increase the efficiency of cell recovery. The digestate is pref 
erably diluted so as to avoid trapping stem cells within the 
Viscous digest. 
0158 Any combination of tissue digestion enzymes can 
be used. Typical concentrations for tissue digestion enzymes 
include, e.g., 50-200U/mL for collagenase I and collagenase 
IV. 1-10 U/mL for dispase, and 10-100 U/mL for elastase. 
Proteases can be used in combination, that is, two or more 
proteases in the same digestion reaction, or can be used 
sequentially in order to liberate placental stem cells. For 
example, in one embodiment, a placenta, or part thereof, is 
digested first with an appropriate amount of collagenase I at 2 
mg/ml for 30 minutes, followed by digestion with trypsin, 
0.25%, for 10 minutes, at 37° C. Serine proteases are prefer 
ably used consecutively following use of other enzymes. 
0159. In another embodiment, the tissue can further be 
disrupted by the addition of a chelator, e.g., ethylene glycol 
bis(2-aminoethyl ether)-N.N.N'N'-tetraacetic acid (EGTA) 
or ethylenediaminetetraacetic acid (EDTA) to the stem cell 
collection composition comprising the stem cells, or to a 
Solution in which the tissue is disrupted and/or digested prior 
to isolation of the stem cells with the stem cell collection 
composition. 
0160. Where an entire placenta, or portion of a placenta 
comprising both fetal and maternal cells (for example, where 
the portion of the placenta comprises the chorion or cotyle 
dons), the placental stem cells collected will comprise a mix 
of placental stem cells derived from both fetal and maternal 
Sources. Where a portion of the placenta that comprises no, or 
a negligible number of maternal cells (for example, amnion), 
the placental stem cells collected will comprise almost exclu 
sively fetal placental stem cells. 
0161 6.6.1.1 Isolation and Characterization of Placental 
Stem Cells 
0162 Stem cells from mammalian placenta, whether 
obtained by perfusion or enyzmatic digestion, can initially be 
purified from (i.e., be isolated from) other cells by, e.g., Ficoll 
gradient centrifugation. Such centrifugation can follow any 
standard protocol for centrifugation speed, etc. In one 
embodiment, for example, cells collected from the placenta 
are recovered from perfusate by centrifugation at 5000xg for 
15 minutes at room temperature, which separates cells from, 
e.g., contaminating debris and platelets. In another embodi 
ment, placental perfusate is concentrated to about 200 ml, 
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gently layered over Ficoll, and centrifuged at about 1100xg 
for 20 minutes at 22°C., and the low-density interface layer of 
cells is collected for further processing. 
0163 Cell pellets can be resuspended in fresh stem cell 
collection composition, or a medium Suitable for stem cell 
maintenance, e.g., IMDM serum-free medium containing 2 
U/ml heparin and 2 mM EDTA (GibcoBRL, NY). The total 
mononuclear cell fraction can be isolated, e.g., using Lym 
phoprep (Nycomed Pharma, Oslo, Norway) according to the 
manufacturer's recommended procedure. 
0164. As used herein, “isolating placental stem cells 
means to remove at least 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 95% or 99% of the cells with which the stem cells 
are normally associated in the intact mammalian placenta. A 
stem cell from an organ is "isolated when it is present in a 
population of cells that comprises fewer than 50% of the cells 
with which the stem cell is normally associated in the intact 
Organ. 
0.165 Placental cells obtained by perfusion or digestion 
can, for example, be further, or initially, isolated by differen 
tial trypsinization using, e.g., a solution of 0.05% trypsin with 
0.2% EDTA (Sigma, St. Louis Mo.). Differential trypsiniza 
tion is possible because placental stem cells typically detach 
from plastic surfaces within about five minutes whereas other 
adherent populations typically require more than 20-30 min 
utes incubation. The detached placental stem cells can be 
harvested following trypsinization and trypsin neutralization, 
using, e.g., Trypsin Neutralizing Solution (TNS, Cambrex). 
In one embodiment of isolation of adherent cells, aliquots of 
for example, about 5-10x10 cells are placed in each of sev 
eral T-75 flasks, preferably fibronectin-coated T75 flasks. In 
Such an embodiment, the cells can be cultured with commer 
cially available Mesenchymal Stem Cell Growth Medium 
(MSCGM) (Cambrex), and placed in a tissue culture incuba 
tor (37° C., 5% CO). After 10 to 15 days, non-adherent cells 
are removed from the flasks by washing with PBS. The PBS 
is then replaced by MSCGM. Flasks are preferably examined 
daily for the presence of various adherent cell types and in 
particular, for identification and expansion of clusters of 
fibroblastoid cells. 

0166 The number and type of cells collected from a mam 
malian placenta can be monitored, for example, by measuring 
changes in morphology and cell Surface markers using stan 
dard cell detection techniques such as flow cytometry, cell 
sorting, immunocytochemistry (e.g., staining with tissue spe 
cific or cell-marker specific antibodies) fluorescence acti 
vated cell sorting (FACS), magnetic activated cell sorting 
(MACS), by examination of the morphology of cells using 
light or confocal microscopy, and/or by measuring changes in 
gene expression using techniques well known in the art, Such 
as PCR and gene expression profiling. These techniques can 
be used, too, to identify cells that are positive for one or more 
particular markers. For example, using antibodies to CD34. 
one can determine, using the techniques above, whether a cell 
comprises a detectable amount of CD34; if so, the cell is 
CD34". Likewise, if a cell produces enough OCT-4 RNA to 
be detectable by RT-PCR, or significantly more OCT-4 RNA 
than an adult cell, the cell is OCT-4". Antibodies to cell 
Surface markers (e.g., CD markers such as CD34) and the 
sequence of stem cell-specific genes, such as OCT-4, are 
well-known in the art. 

0.167 Placental stem cells, particularly cells that have 
been isolated by Ficoll separation, differential adherence, or a 
combination of both, may be sorted using a fluorescence 



US 2008/O181935 A1 

activated cell sorter (FACS). Fluorescence activated cell sort 
ing (FACS) is a well-known method for separating particles, 
including cells, based on the fluorescent properties of the 
particles (Kamarch, 1987, Methods Enzymol, 151:150-165). 
Laser excitation of fluorescent moieties in the individual par 
ticles results in a small electrical charge allowing electromag 
netic separation of positive and negative particles from a 
mixture. In one embodiment, cell Surface marker-specific 
antibodies or ligands are labeled with distinct fluorescent 
labels. Cells are processed through the cell sorter, allowing 
separation of cells based on their ability to bind to the anti 
bodies used. FACS sorted particles may be directly deposited 
into individual wells of 96-well or 384-well plates to facilitate 
separation and cloning. 
0.168. In one sorting scheme, stem cells from placenta are 
sorted on the basis of expression of the markers CD34. CD38, 
CD44, CD45, CD73, CD105, OCT4 and/or HLA-G. This 
can be accomplished in connection with procedures to select 
stem cells on the basis of their adherence properties in culture. 
For example, an adherence selection stem can be accom 
plished before or after sorting on the basis of marker expres 
Sion. In one embodiment, for example, cells are sorted first on 
the basis of their expression of CD34; CD34 cells are 
retained, and cells that are CD200“HLA-G", are separated 
from all other CD34 cells. In another embodiment, cells 
from placenta are based on their expression of markers 
CD200 and/or HLA-G; for example, cells displaying either of 
these markers are isolated for further use. Cells that express, 
e.g., CD200 and/or HLA-G can, in a specific embodiment, be 
further sorted based on their expression of CD73 and/or 
CD105, or epitopes recognized by antibodies SH2, SH3 or 
SH4, or lack of expression of CD34, CD38 or CD45. For 
example, in one embodiment, placental cells are sorted by 
expression, or lack thereof, of CD200, HLA-G, CD73, 
CD105, CD34, CD38 and CD45, and placental cells that are 
CD200", HLA-G", CD73", CD105", CD34, CD38 and 
CD45 are isolated from other placental cells for further use. 
0169. In another embodiment, magnetic beads can be used 
to separate cells. The cells may be sorted using a magnetic 
activated cell sorting (MACS) technique, a method for sepa 
rating particles based on their ability to bind magnetic beads 
(0.5-100 um diameter). A variety of useful modifications can 
be performed on the magnetic microspheres, including cova 
lent addition of antibody that specifically recognizes a par 
ticular cell surface molecule or hapten. The beads are then 
mixed with the cells to allow binding. Cells are then passed 
through a magnetic field to separate out cells having the 
specific cell Surface marker. In one embodiment, these cells 
can then isolated and re-mixed with magnetic beads coupled 
to an antibody against additional cell Surface markers. The 
cells are again passed through a magnetic field, isolating cells 
that bound both the antibodies. Such cells can then be diluted 
into separate dishes, such as microtiter dishes for clonal iso 
lation. 

0170 Placental stem cells can also be characterized and/or 
Sorted based on cell morphology and growth characteristics. 
For example, placental stem cells can be characterized as 
having, and/or selected on the basis of, e.g., a fibroblastoid 
appearance in culture. Placental stem cells can also be char 
acterized as having, and/or be selected, on the basis of their 
ability to form embryoid-like bodies. In one embodiment, for 
example, placental cells that are fibroblastoid in shape, 
express CD73 and CD105, and produce one or more embry 
oid-like bodies in culture are isolated from other placental 
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cells. In another embodiment, OCT4 placental cells that 
produce one or more embryoid-like bodies in culture are 
isolated from other placental cells. 
0171 In another embodiment, placental stem cells can be 
identified and characterized by a colony forming unit assay. 
Colony forming unit assays are commonly known in the art, 
such as MESENCULTTM medium (Stem Cell Technologies, 
Inc., Vancouver British Columbia) 
0172 Placental stem cells can be assessed for viability, 
proliferation potential, and longevity using standard tech 
niques known in the art, Such as trypan blue exclusion assay, 
fluorescein diacetate uptake assay, propidium iodide uptake 
assay (to assess viability); and thymidine uptake assay, MTT 
cell proliferation assay (to assess proliferation). Longevity 
may be determined by methods well known in the art, such as 
by determining the maximum number of population doubling 
in an extended culture. 
0173 Placental stem cells can also be separated from other 
placental cells using other techniques known in the art, e.g., 
selective growth of desired cells (positive selection), selective 
destruction of unwanted cells (negative selection); separation 
based upon differential cell agglutinability in the mixed popu 
lation as, for example, with soybean agglutinin; freeze-thaw 
procedures; filtration; conventional and Zonal centrifugation; 
centrifugal elutriation (counter-streaming centrifugation); 
unit gravity separation; countercurrent distribution; electro 
phoresis; and the like. 
0.174 6.6.1.2 Culture of Placental StemCells 
(0175 Placental stem cells can be isolated as described 
above and immediately contacted with a composition of the 
invention. Placental stem cells can also be cultured, e.g., in 
cell culture, for a number of generations prior to contacting 
with the composition of the invention. For example, isolated 
placental stem cells, or placental stem cell population, or cells 
or placental tissue from which placental stem cells grow out, 
can be used to initiate, or seed, cell cultures. Cells are gener 
ally transferred to sterile tissue culture vessels either 
uncoated or coated with extracellular matrix or ligands Such 
as laminin, collagen (e.g., native or denatured), gelatin, 
fibronectin, ornithine, vitronectin, and extracellular mem 
brane protein (e.g., MATRIGEL(R) (BD Discovery Labware, 
Bedford, Mass.)). 
0176). In preferred embodiments, the placental stem cells 
are cultured on a collagen composition of the present inven 
tion. In certain embodiments, the collagen composition com 
prises detectable amounts of fibronectin and laminin. In other 
embodiments, the collagen composition comprises no detect 
able amount of fibronectin or laminin. In other embodiments, 
the collagen composition comprises at least about 5%, or at 
least about 10%, elastin by dry weight. In another embodi 
ment, the collagen composition comprises no more than 
about 5% elastin by dry weight. 
0177. In certain embodiments, placental stem cells are 
cultured for the production of specific cytokines that are 
collectable from the culture medium. In specific embodi 
ments, the cytokine is IL-6, IL-8, and/or monocyte chemot 
actic protein-1 (MCP-1). In certain other embodiments, the 
placental stem cells are cultured for the production of 
fibronectin. In a specific embodiment, the placental stem cells 
are cultured on a composition of the invention which com 
prises less than about 5% fibronectin. 
0.178 As noted above, the placental collagen composi 
tions of the invention can be shaped into any shape that is 
useful, e.g., medically useful. These compositions, once 
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shaped and dried, are stable in aqueous Solution, e.g., tissue 
culture medium or buffer. Thus, stem cells, such as placental 
stem cells, can be cultured directly on the shaped composi 
tions. Such culturing can be done in cell culture dishes or 
other liquid containers, e.g., flasks, Suitable for cell culture. 
0179 Placental stem cells can be cultured in any medium, 
and under any conditions, recognized in the art as acceptable 
for the culture of stem cells. Preferably, the culture medium 
comprises serum. Placental stem cells can be cultured in, for 
example, DMEM-LG (Dulbecco's Modified Essential 
Medium, low glucose)/MCDB 201 (chick fibroblast basal 
medium) containing ITS (insulin-transferrin-selenium), 
LA+BSA (linoleic acid-bovine serum albumin), dextrose, 
L-ascorbic acid, PDGF, EGF, IGF-1, and penicillin/strepto 
mycin; DMEM-HG (high glucose) comprising 10% fetal 
bovine serum (FBS); DMEM-HG comprising 15% FBS; 
IMDM (Iscove’s modified Dulbecco's medium) comprising 
10% FBS, 10% horse serum, and hydrocortisone; M199 com 
prising 10% FBS, EGF, and heparin; Y-MEM (minimal 
essential medium) comprising 10% FBS, GLUTAMAXTM 
and gentamicin; DMEM comprising 10% FBS, 
GLUTAMAXTM and gentamicin, etc. A preferred medium is 
DMEM-LG/MCDB-201 comprising 2% FBS, ITS, 
LA+BSA, dextrose, L-ascorbic acid, PDGF, EGF, and peni 
cillin/streptomycin. 
0180. Other media in that can be used to culture placental 
stem cells include DMEM (high or low glucose), Eagle's 
basal medium, Ham's F10 medium (F10), Ham's F-12 
medium (F12), Iscove's modified Dulbecco's medium, Mes 
enchymal Stem Cell Growth Medium (MSCGM), Liebo 
vitz's L-15 medium, MCDB, DMEM/F12, RPMI 1640, 
advanced DMEM (Gibco), DMEM/MCDB201 (Sigma), and 
CELL-GROFREE. 

0181. The culture medium can be supplemented with one 
or more components including, for example, serum (e.g., fetal 
bovine serum (FBS), preferably about 2-15% (v/v); equine 
(horse) serum (ES); human serum (HS)); beta-mercaptoetha 
nol (BME), preferably about 0.001% (v/v); one or more 
growth factors, for example, platelet-derived growth factor 
(PDGF), epidermal growth factor (EGF), basic fibroblast 
growth factor (bFGF), insulin-like growth factor-1 (IGF-1), 
leukemia inhibitory factor (LIF), vascular endothelial growth 
factor (VEGF), and erythropoietin (EPO); amino acids, 
including L-valine; and one or more antibiotic and/or anti 
mycotic agents to control microbial contamination, such as, 
for example, penicillin G, Streptomycin Sulfate, amphotericin 
B. gentamicin, and nystatin, either alone or in combination. 
0182 Placental stem cells can be cultured in standard tis 
Sue culture conditions, e.g., in tissue culture dishes or multi 
well plates. Placental stem cells can also be cultured using a 
hanging drop method. In this method, placental stem cells are 
suspended at about 1x10" cells per mL in about 5 mL of 
medium, and one or more drops of the medium are placed on 
the inside of the lid of a tissue culture container, e.g., a 100 mL 
Petri dish. The drops can be, e.g., single drops, or multiple 
drops from, e.g., a multichannel pipetter. The lid is carefully 
inverted and placed on top of the bottom of the dish, which 
contains a volume of liquid, e.g., sterile PBS sufficient to 
maintain the moisture content in the dish atmosphere, and the 
stem cells are cultured. 

0183) Once an isolated placental stem cell, or isolated 
population of stem cells (e.g., a stem cell or population of 
stem cells separated from at least 50% of the placental cells 
with which the stem cell or population of stem cells is nor 
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mally associated in vivo), the stem cell or population of stem 
cells can be proliferated and expanded in vitro. For example, 
a population of placental stem cells can be cultured in tissue 
culture containers, e.g., dishes, flasks, multiwell plates, or the 
like, for a sufficient time for the stem cells to proliferate to 
70-90% confluence, that is, until the stem cells and their 
progeny occupy 70-90% of the culturing surface area of the 
tissue culture container. 
0.184 Placental stem cells can be seeded in culture vessels 
at a density that allows cell growth. For example, the cells 
may be seeded at low density (e.g., about 1,000 to about 5,000 
cells/cm) to high density (e.g., about 50,000 or more cells/ 
cm). In a preferred embodiment, the cells are cultured at 
about 0 to about 5 percent by volume CO in air. In some 
preferred embodiments, the cells are cultured at about 2 to 
about 25 percent O, in air, preferably about 5 to about 20 
percent O in air. The cells preferably are cultured at about 
25°C. to about 40°C., preferably 37° C. The cells are pref 
erably cultured in an incubator. The culture medium can be 
static or agitated, for example, using a bioreactor. Placental 
stem cells preferably are grown under low oxidative stress 
(e.g., with addition of glutathione, ascorbic acid, catalase, 
tocopherol, N-acetylcysteine, or the like). 
0185. Once 70%-90% confluence is obtained, the cells 
may be passaged. For example, the cells can be enzymatically 
treated, e.g., trypsinized, using techniques well-known in the 
art, to separate them from the tissue culture surface. After 
removing the cells by pipetting and counting the cells, about 
20,000-100,000 stem cells, preferably about 50,000 stem 
cells, are passaged to a new culture container containing fresh 
culture medium. Typically, the new medium is the same type 
of medium from which the stem cells were removed. Placen 
tal stem cells that have been passaged at least 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 12, 14, 16, 18, or 20 times, or more, can be used in 
combination with the collagen compositions of the invention. 
0186 6.6.2. Non-Stem Cells 
0187. The composition of the invention, comprising stem 
cells, can, in certain embodiments, also comprise one or more 
types of non-stem cells. As used herein, “non-stem cell 
indicates a terminally-differentiated cell. For example, in one 
embodiment, the composition of the invention comprises a 
plurality of stem cells and a plurality offibroblasts. Non-stem 
cells that can be included with the compositions of the inven 
tion include, without limitation, fibroblasts or fibroblast-like 
cells; endothelial cells, epithelial cells, muscle cells, cardiac 
cells, pancreatic cells; and the like. In certain other embodi 
ments, the composition comprises at least two types of stem 
cells and at least two types of non-stem cells. 

6.7 Methods of Using the Collagen Compositions 
0188 In a further aspect, the present invention provides 
methods of using the collagen compositions of the invention 
therapeutically, prophylactically or cosmetically. 
0189 The collagen compositions of the present invention 
have abroad array of potential uses. Uses include, but are not 
limited to, manufacture of engineered tissue and organs, 
including structures Such as patches or plugs of tissues or 
matrix material, prosthetics, and other implants, tissue scaf 
folding, repair or dressing of wounds, hemostatic devices, 
devices for use in tissue repair and Support such as Sutures, 
Surgical and orthopedic screws, and Surgical and orthopedic 
plates, natural coatings or components for synthetic implants, 
cosmetic implants and Supports, repair or structural Support 
for organs or tissues, Substance delivery, bioengineering plat 
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forms, platforms for testing the effect of Substances upon 
cells, cell culture, and numerous other uses. This discussion 
of possible uses is not intended to be exhaustive and many 
other embodiments exist. Furthermore, although many spe 
cific examples are provided below regarding combination of 
collagen with other materials and/or specific Substances, 
many other combinations of materials and Substances may be 
used. 
0190. In applications in which the collagen composition is 

to be used for the treatment or filling of a wound, it may be 
advantageous for the composition to stimulate the production 
of fibronectin by stem cells in Surrounding tissues. In such an 
embodiment, the wound can be contacted with a composition 
of the invention that comprises no detectable amount of 
fibronectin. 
0191 The ability to combine cells in a collagen material 
provides the ability to use the compositions of the present 
invention to build tissue, organs, or organ-like tissue. Cells 
included in Such tissues or organs can include cells that serve 
a function of delivering a substance, seeded cells that will 
provide the beginnings of replacement tissue, or both. Many 
types of cells can be used to create tissue or organs. Stem 
cells, committed stem cells, and/or differentiated cells are 
used in various embodiments. Examples of stem cells used in 
these embodiments include, but are not limited to, embryonic 
stem cells, bone marrow stem cells and umbilical cord stem 
cells used to make organs or organ-like tissue such as livers or 
kidneys. In some embodiments the shape of the composition 
helps send signals to the cells to grow and reproduce in a 
specific type of desired way. Other substances, for example 
differentiation inducers, can be added to the matrix to pro 
mote specific types of cell growth. Further, different mixtures 
of cell types are incorporated into the composition in some 
embodiments. The ability to use collagen materials and matri 
ces to bioengineer tissue or organs creates a wide variety of 
bioengineered tissue replacement applications. Examples of 
bioengineered components include, but are not limited to, 
bone, dental structures, joints, cartilage, skeletal muscle, 
Smooth muscle, cardiac muscle, tendons, menisci, ligaments, 
blood vessels, stents, heart valves, corneas, ear drums, nerve 
guides, tissue or organ patches or sealants, a filler for missing 
tissues, sheets for cosmetic repairs, skin (sheets with cells 
added to make a skin equivalent), soft tissue structures of the 
throat such as trachea, epiglottis, and Vocal cords, other car 
tilaginous structures such as nasal cartilage, tarsal plates, 
tracheal rings, thyroid cartilage, and arytenoid cartilage, con 
nective tissue, vascular grafts and components thereof, and 
sheets for topical applications, and repair to or replacement of 
organs such as livers, kidneys, and pancreas. In some embodi 
ments, such matrices are combined with drug and Substance 
delivery matrices of the present invention in ways that will 
improve the function of the implant. For example, antibiotics, 
anti-inflammatory agents, local anesthetics or combinations 
thereof, can be added to the matrix of a bioengineered organ 
to speed the healing process and reduce discomfort. 
0.192 6.7.1. Cosmetic Applications 
0193 Human skin is a composite material of the epidermis 
and the dermis. The outermost layer of the epidermal layer of 
the skin is the stratum corneum. Beneath the stratum corneum 
layer is the epidermis. Below the epidermis, is the outermost 
layer of the dermis called the papillary dermis, followed by 
the reticular dermis and the Subcutaneous layer. 
0194 The skin serves many functions including protec 

tion, absorption, pigmentogenesis, sensory perception, secre 
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tion, excretion, thermoregulation, and regulation of immuno 
logical processes. These skin functions are negatively 
affected, for example, by aging, excessive Sun exposure, 
Smoking, trauma, and/or environmental factors, which cause 
structural changes in the skin and can result in impairment of 
the barrier function of the skin and a decreased turnover of 
epidermal cells. Damaged collagen and elastin lose the ability 
to contract properly, which results in skin wrinkling and Sur 
face roughness. Wrinkles are modifications of the skin that 
are typically associated with cutaneous aging and develop 
preferentially on Sun-exposed skin. As aging progresses, the 
face, as well as other areas of the body begin to show the 
effects of gravity, Sun exposure and years of, e.g., facial 
muscle movement. Such as Smiling, chewing and squinting. 
As the skin ages or becomes unhealthy, it acquires wrinkles, 
sags, and stretch marks, it roughens, and it has a decrease 
ability to synthesize Vitamin D. Aged skin also becomes 
thinner and has a flattened dermoepidermal interface because 
of the alterations in collagen, elastin, and glycosaminogly 
cans. Typically, aging skin can be characterized by decreased 
thickness, elasticity, and adherence to underlying tissue. 
0.195 Damage to the skin due to aging, environmental 
factors, exposure to the Sun and other elements, such as 
weight loss, child bearing, disease (e.g., acne and cancer) and 
Surgery often results in skin contour deficiencies and other 
skin anomalies. In order to correct contour deficiencies and 
other anomalies of the skin, people often resort to cosmetic 
Surgery, such as face lifts and skin tuckS. Cosmetic Surgery, 
however, is generally expensive, invasive, and has the poten 
tial of leaving Scars in the areas of operation and may affect 
normal biological and physiological functions. Thus, there 
remains a need for alternative therapies. 
0196. The invention provides methods for skin augmenta 
tion in a patient. In one embodiment, a method for skin 
augmentation in a patient comprises injecting or otherwise 
administering a collagen composition of the invention to an 
area of the face or body of a patient in need of augmenting, 
wherein the area of the face or body of the patient is aug 
mented as compared to the area prior to administration of the 
collagen. "Skin augmentation' in the context of the present 
invention refers to any change of the natural state of a 
patients (e.g., a human’s) skin and related areas due to exter 
nal acts or effects. Non-limiting areas of the skin that may be 
changed by skin augmentation include the epidermis, dermis, 
Subcutaneous layer, fat, arrector pill muscle, hair shaft, Sweat 
pore, sebaceous gland, or a combination thereof. 
0.197 In some embodiments, methods of the invention 
comprise injecting or otherwise administrating a collagen 
composition of the invention to a patient for the treatment of 
crow's feet, nasolabial folds (“smile lines”), marionette lines, 
glabellar folds ("frown lines”), or a combination thereof. A 
collagen composition of the invention can help fill in lines, 
creases, and other wrinkles and restore a Smoother, more 
youthful-looking appearance. A collagen composition of the 
invention can be used alone or in conjunction with one or 
more additional injectable compositions, a resurfacing pro 
cedure, such as a laser treatment, or a recontouring procedure, 
Such as a facelift. 

0.198. In one embodiment, a collagen composition of the 
invention may also be used to augment creased or Sunken 
areas of the face and/or to add or increase the fullness to areas 
of the face and body of a patient. The areas of the face an/or 
body requiring augmentation may be the result of, e.g., aging, 
trauma, disease, sickness, environmental factors, weight loss, 
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childbirth or a combination thereof. Non-limiting examples 
of an area of the face or body of a patient where a collagen 
composition of the invention may be injected or otherwise 
administered include the undereye, temple, upper malar, Sub 
malar, chin, lip, jawline, forehead, glabella, outer brow, 
cheek, area between upper lip and nose, nose (such as the 
bridge of the nose), neck, buttocks, hips, sternum, or any other 
part of the face or body, or a combination thereof. 
0199. A collagen composition of the invention may be 
used to treat skin deficiencies including, but not limited to, 
wrinkles, depressions or other creases (e.g., frown lines, 
worry lines, crow's feet, marionette lines), stretch marks, 
internal and external Scars (such as Scars resulting from 
injury, wounds, accidents, bites, or Surgery), or combinations 
thereof. In some embodiments, a collagen composition of the 
invention may be used for the correction of, for example, 
“hollow eyes, visible vessels resulting in dark circles, as well 
as visible tear troughs. A collagen composition of the inven 
tion may also be used, for example, for correction of the 
undereye after aggressive removal of undereye fat pads from 
lower blepharoplasty or correction of the lower cheek after 
aggressive buccal fat extraction or natural loss. In one 
embodiment, a collagen composition of the invention may be 
used to correct the results of rhinoplasty, skin graft or other 
Surgically-induced irregularities, such as indentations result 
ing from liposuction. In other embodiments, a collagen com 
position of the invention may be used for the correction of 
facial or body Scars (e.g., wound, chickenpox, or acne Scars). 
In some embodiments, a collagen composition of the inven 
tion is injected or otherwise administered into a patient for 
facial reshaping. Facial reshaping using the methods of the 
invention may be completed in a patient with neck laxity, or 
having a gaunt face, long face, bottom-heavy face, asym 
metrical face, a chubby face, or having a face with localized 
fat atrophy, a midface retrusion, Sunken eyes, and/or any 
combinations thereof. 

0200. In one embodiment, the methods of the invention 
comprise injecting or otherwise administering a collagen 
composition of the invention to a patient for the treatment a 
skin deficiency. Such as skin deficiency caused by a disease or 
illness, such as cancer or acne. The deficiency can be the 
director indirect result of the disease or illness. For example, 
a skin deficiency can by caused by a disease or illness or can 
be caused by a treatment of a disease or illness. 
0201 6.7.2. Non-Cosmetic Applications 
(0202) 6.7.2.1 Void Filling 
0203 The invention provides methods for sealing, filling 
and/or otherwise treating a void within the body of a patient. 
In Some embodiments, the methods of the invention comprise 
injecting or otherwise administering a collagen composition 
of the invention to a patient to fill avoid within the body of the 
patient. For example, a collagen composition can be admin 
istered to the patient in the area where the void is located. The 
term “void is intended to encompass any undesirable hollow 
space created by aging, disease, Surgery, congenital abnor 
malities, or a combination thereof. For example, a void may 
be created following the surgical removal of a tumor or other 
mass from the body of a patient. Non-limiting examples of 
voids which may be filled with a collagen composition of the 
invention include a fissure, fistula, divercula, aneurysm, cyst, 
lesion, or any other undesirable hollow space in any organ or 
tissue of the patient's body. 
0204. In some embodiments, a collagen composition of 
the invention may be used to fill, seal and/or otherwise treat, 
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in whole or in part, a crevice, fissure, or fistula within a tissue, 
organ, or other structure of the body (e.g., a blood vessel), or 
junctures between adjacent tissues, organs or structures, to 
prevent the leakage of biological fluids, such as blood, urine, 
or other biological fluids. For example, a collagen composi 
tion of the invention can be injected, implanted, threaded into, 
or otherwise administered into fistula between viscera, or into 
the opening or orifice from a viscus to the exterior of the 
patient's body. A collagen composition of the invention can 
be used to fill a void or other defect formed by these patho 
logical states and stimulate fibroblast infiltration, healing, and 
ingrowth of tissue. 
0205. In one embodiment, a method of the invention is 
used to fill, seal, and/or otherwise treat a fistula in a patient in 
need of treatment, said method comprising injecting or oth 
erwise administering to the patient a collagen composition of 
the invention. A collagen composition of the invention can be 
administered to the patient by injection through a needle into 
one of the fistular orifices and filling most or all of the 
branches of the orifice. Alternatively, strings or rods of the 
collagens can be threaded into the fistulae lesions through an 
orifice, or the collagen can be introduced into the patient with 
a catheter. Various types of fistulae can be filled, sealed and/or 
otherwise treated by a collagen composition or method of the 
invention, Such as anal, arteriovenous, bladder, carotid-cav 
ernous, external, gastric, intestinal, parietal, salivary, vaginal, 
and anorectal fistulae, or a combination thereof. 
0206. In one embodiment, a method of the invention is 
used to fill, seal and/or otherwise treat a diverticulum in a 
patient in need of treatment, said method comprising inject 
ing or otherwise administering to the patient a collagen com 
position of the invention. Diverticulae are abnormal physi 
ological structures that are pouches or sac openings from a 
tubular or saccular organ, Such as the intestine, the bladder, 
and the like, and can be filled or augmented using a collagen 
composition of the invention. 
0207. In another embodiment, a method of the invention is 
used to fill, Seal and/or otherwise treat a cyst in a patient in 
need of treatment, said method comprising injecting or oth 
erwise administering to the patient a collagen composition of 
the invention. Cysts are abnormal sacs having a membrane 
lining that contain gas, fluid, or semi-solid material along. In 
Some embodiments, the cyst is a pseudocyst, which has an 
accumulation of, e.g., fluid but does not comprise an epithe 
lial or other membranous lining. Additional non-limiting 
examples of cysts that can be filled, sealed and/or otherwise 
treated by the invention include sebaceous, dermoid, bone, or 
serous cysts, or a combination thereof. 
0208. In another embodiment, a method of the invention 
comprises injecting or otherwise administering a collagen 
composition of the invention to fill in whole, or in part, any 
Voids created as a result of Surgical, chemical or biological 
removal of unnecessary or undesirable growths, fluids, cells, 
or tissues from a patient. A collagen composition can be 
locally injected or otherwise administered at the site of the 
Void so as to augment the remaining and Surrounding tissue, 
aid in the healing process, and minimize the risk of infection. 
This augmentation is especially useful for Void sites created 
after tumor excision, such as after breast cancer Surgery, 
Surgery for removal of tumorous connective tissue, bone tis 
Sues or cartilage tissue, and the like. 
0209. The present invention further provides method of 
causing augmentation by injecting or otherwise administer 
ing a collagen composition of the invention not directly into 
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the body, but extracorporeally into organs, components of 
organs, or tissues prior to the inclusion of said tissues, organs 
or components of organs into the body. 
0210. 6.7.2.2 Tissue Bulking 
0211. In one embodiment, the methods of the invention 
comprise administering a collagen composition of the inven 
tion to a patient for tissue bulking. “Tissue bulking in the 
context of the present invention refers to any change of the 
natural State of a patients (e.g., a human's) non-dermal soft 
tissues due to external acts or effects. The tissues encom 
passed by the invention include, but not limited to, muscle 
tissues, connective tissues, fats, and, nerve tissues. The tis 
Sues encompassed by the present invention may be part of 
many organs or body parts including, but not limited to, the 
sphincter, the bladder sphincter and urethra. 
0212) 6.7.2.3 Urinary Incontinence 
0213 Urinary incontinence (including stress urinary 
incontinence) is the Sudden leakage of urine that occurs with 
activities that result in an increase in intra-abdominal pres 
Sure, Such as coughing, Sneezing, laughing or exercise. Dur 
ing these activities, intra-abdominal pressure rises transiently 
above urethral resistance, thus resulting in a Sudden, usually 
Small, amount of urinary leakage. Stress incontinence is gen 
erally a bladder storage problem in which the strength of the 
urethral sphincter is diminished, and the sphincter is notable 
to preventurine flow when there is increased pressure from 
the abdomen. Urinary incontinence may occur as a result of 
weakened pelvic muscles that support the bladder and ure 
thra, or because of malfunction of the urethral sphincter. For 
example, prior trauma to the urethral area, neurological 
injury, and some medications may weaken the urethra. Uri 
nary incontinence is most commonly seen in women after 
menopause, pelvic Surgery, or childbearing, e.g., after mul 
tiple pregnancies and vaginal childbirths, or who have pelvic 
prolapse (protrusion of the bladder, urethra, or rectal wall into 
the vaginal space), with cystocele, cystourethrocele, or rec 
tocele), and is usually related to a loss of anterior vaginal 
Support. In men, urinary incontinence may be observed after 
prostatic Surgery, most commonly radical prostatectomy, in 
which there may be injury to the external urethral sphincter. 
0214. The invention encompasses a method for managing 
or treating urinary incontinence, or a symptom or condition 
resulting therefrom, comprising injecting or otherwise 
administering a collagen composition of the invention to a 
patient in need thereof, wherein the patient's sphincter tissue 
is augmented and continence is improved or restored in the 
patient. The collagen composition can be injected or other 
wise administered periurethrally to increase tissue bulk 
around the urethra for the management and/or treatment of 
urinary incontinence. Improvement in stress incontinence can 
achieved by increasing the tissue bulk and thereby increasing 
resistance to the outflow of urine. 
0215. In some embodiments, a collagen composition of 
the invention is injected or otherwise administered to a patient 
in the area around the urethra, for example, to close a hole in 
the urethra through which urine leaks out or to build up the 
thickness of the wall of the urethra so it seals tightly when 
urine is being held back, 
0216. In another embodiment, a collagen composition of 
the invention is injected or otherwise administered to a patient 
around the urethrajust outside the muscle of the urethra at the 
bladder outlet. Injecting the bulking material can be done 
through the skin, through the urethra, or, in women, through 
the vagina. 
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0217. When needles are used for injection of the collagen 
compositions of the invention, needle placement can be 
guided by the use of a cystoscope inserted into the urethra. 
Urethral bulking procedures can be performed under local 
anesthesia, but some patients may require a general, regional 
or spinal anesthesia. A local anesthetic can be used so the 
patient can stand up after an injection, and it can be deter 
mined whether continence has been achieved. If continence 
has not been restored, one or more Subsequent injection(s) 
can be administered to the patient. The procedure may need to 
be repeated after a few months to achieve bladder control. The 
collagen injection helps control the urine leakage by bulking 
up the area around the urethra, thus compressing the sphinc 
ter. 

0218 6.7.2.4 Vesicoureteral Reflux 
0219) Vesicoureteral reflux (VUR) (or urinary reflux) is 
characterized by the retrograde flow of urine from the bladder 
to the kidneys. Untreated VUR may cause devastating long 
term effects on renal function and overall patient health. A 
patient with VUR has an increased risk of developing a uri 
nary tract infection, renal scarring, pyelonephritis, hyperten 
Sion, and progressive renal failure. 
0220. The invention provides a method for the manage 
ment or treatment of VUR, or a symptom or condition result 
ing therefrom, comprising injecting or otherwise administer 
ing to a patient in need thereof a collagen composition of the 
invention, wherein the ureteral wall of the patient is aug 
mented, and the symptoms of VURare reduced or eliminated. 
The collagen composition can be injected (e.g., a Subtrigonal 
injection) or otherwise administered. Such as under endo 
scopic guidance, into the detrusorbacking under the ureteral 
orifice using any method known to those in the art. 
0221) 
0222 Gastroesophageal reflux disease (GERD) is a disor 
der that usually occurs because the lower esophageal sphinc 
ter (LES)—the muscular valve where the esophagus joins the 
stomach—does not close properly, relaxes or weakens, and 
stomach contents leak back, or reflux, into the esophagus. 
When the stomach acid, or occasionally bile salts, comes into 
contact with the esophagus it causes the burning sensation of 
heartburn that most of us occasionally feel. When refluxed 
stomach acid touches the lining of the esophagus, it causes a 
burning sensation in the chest or throat (heartburn), and the 
fluid may be tasted in the back of the mouth (acid indiges 
tion). Over time, the reflux of stomach acid damages the 
tissue lining the esophagus, causing inflammation and pain. 
In adults, long-lasting, untreated GERD can lead to perma 
nent damage of the esophagus and sometimes even cancer. 
Anyone, including infants, children, and pregnant women, 
can have GERD. 

0223) The invention provides a method for the manage 
ment or treatment of GERD, or a symptom or condition 
resulting therefrom, comprising injecting or otherwise 
administering to a patient in need thereof a collagen compo 
sition of the invention, wherein the LES of the patient is 
augmented, and the symptoms of GERD are reduced or elimi 
nated. In some embodiments, the collagen composition is 
administered under endoscopic guidance into the esophageal 
wall at the level of the esophagogastric junction. Intended to 
impede reflux, the bulking effect results from a combination 
of the retained material and consequent tissue response. A 
collagen composition of the invention can be injected through 
standard or large-bore (e.g., large gauge) injection needles. 

6.7.2.5 Gastroesophageal Reflux Disease 
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0224 6.7.2.6 Vocal Cords and Larynx 
0225. The invention provides methods for the manage 
ment or treatment of a disease, disorder (Such as a neurologi 
cal disorder), or other abnormality that affects the one or both 
vocal cords (folds) and/or the larynx (voice box). Non-limit 
ing examples of Such diseases, disorders or other abnormali 
ties of the larynx an vocal cords are glottic incompetence, 
unilateral Vocal cord paralysis, bilateral Vocal cord paralysis, 
paralytic dysphonia, nonparalytic dysphonia, Spasmodic dys 
phonia or a combination thereof. In other embodiments, the 
methods of the invention may also be used to manage or treat 
diseases, disorders or other abnormalities that result in the 
Vocal cords closing improperly, Such as an incomplete paraly 
sis of the vocal cord (“paresis'), generally weakened vocal 
cords, for instance, with old age (presbylaryngis'), and/or 
scarring of the Vocal cords (e.g., from previous Surgery or 
radiotherapy). 
0226. The invention encompasses methods that provide 
support or bulk to a vocal fold in a patient that lacks the bulk 
(such as invocal foldbowing oratrophy) or the mobility (such 
as in paralysis) the Vocal cord once had. In some embodi 
ments, the vocal cords and/or other soft tissues of the larynx 
can be augmented with a collagen composition of the inven 
tion, either alone or in combination with other treatments or 
medications. In one embodiment, a collagen composition of 
the invention augments or adds bulk to one (or both) Vocal 
folds so that it can make contact with the other vocal fold. 
0227. Any one of a number of procedures well known to 
those in the art may be used for administration of a collagen 
composition of the invention to a Vocal cord(s) or larynx of a 
patient. In some embodiments, a curved needle is used to 
inject a collagen composition of the invention through the 
mouth of the patient. In other embodiments, a needle (such as 
a higher gauge, short needle) may be used to inject a collagen 
composition of the invention directly through the skin and the 
Adam's apple of the patient. A collagen composition of the 
invention can be administered to a patient while monitoring 
the Vocal folds of the patient with a laryngoscope on a video 
monitor. 
0228 6.7.2.7 Glottic Incompetence 
0229. In one embodiment, the invention provides a 
method for the management or treatment of glottic incompe 
tence. Percutaneous laryngeal collagen augmentation can 
occur by injection the collagen of the invention using a needle 
into the Vocal cords of a patient using methods known in the 
art. In some cases, the patient has hypophonia and/or glottic 
incompetence that affects the voice function of the larynx, 
increased muscle rigidity, and decreased ability for move 
ment of the thyroarytenoid muscle. In another embodiment, 
the hypophonia is a result of Parkinson's Disease. In one 
embodiment, a method of the invention for the management 
or treatment of glottic incompetence in a patient in need 
thereof comprises injecting or otherwise administering a col 
lagen composition of the invention to the Vocal cords of a 
patient, wherein the injection augments the Vocal cord and 
improves glottic closure, Such that glottic incompetence is 
reduced or eliminated in the patient. The patient may or may 
not have mobile Vocal cords prior to administration of a 
collagen composition of the invention. 
0230. 6.7.2.8 Dysphonia 
0231. Dysphonia is any impairment of the voice or diffi 
culty speaking. Dysphonia may or may not be associated with 
laryngeal or Vocal cord paralysis. The invention provides 
methods for the management or treatment of dysphonia, Such 
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as paralytic dysphonia, non-paralytic dysphonia or spas 
modic dysphonia. In one embodiment, a method for manag 
ing or treating dystonia in a patient comprises injecting or 
administering a collagen composition of the invention to the 
patient in need thereof, wherein dystonia is improved in 
patient as compared to prior to administration of the collagen 
composition. In some cases, laryngeal collagen injection per 
mits further medialization of one or both vocal folds by small 
increments to improve phonation in conjunction with or after 
medialization thyroplasty. 
0232 6.7.2.9 Vocal Cord Paralysis 
0233. The vocal cord is essentially a muscle covered with 
a mucous membrane. When the muscle is no longer con 
nected to a nerve, the muscle atrophies. Therefore, typical 
paralyzed vocal cords are be small in size and bowed. Addi 
tionally, depending on the type of paralysis, the Vocal cord 
may or may not be moving close enough to the middle for the 
other vocal cord to come touch it. When vocal cords are 
incapable of meeting, it is difficult for the patient to make a 
Sound (or at least a loud sound). Thus, the invention provides 
methods to augment or bulk an atrophied Vocal cord in a 
patient with vocal cord paralysis, wherein the ability of the 
Vocal cords to come together is improved. 
0234 Unilateral vocal fold paralysis is immobility of one 
vocal fold, typically because of nerve dysfunction, and often 
the larynx is unable to completely close. The recurrent laryn 
geal nerve is the main nerve that accounts for most of the 
movement of each Vocal fold, and can be damaged, e.g., by 
various diseases, certain Surgeries or viral infection. In some 
embodiments, Vocal cord paralysis in a patient is a symptom 
or result of thyroid cancer, lung cancer, tuberculosis or sar 
coid (or anything that causes lymph nodes to enlarge in the 
chest), stroke, a neurologic diseases (e.g., Charcot-Marie 
Tooth, Shy-Drager, and multisystem atrophy). 
0235 Bilateral vocal cord paralysis is the immobility 
(usually close to the midline) of both vocal folds. In some 
embodiments, bilateral Vocal fold paralysis in a patient is a 
symptom or result of e.g., stroke or other neurologic condi 
tion (Such as Arnold-Chiari malformation), thyroid cancer, 
Surgery (such as major brain Surgery) or thyroidectomy. 
0236. The invention provides methods for use in the man 
agement or treatment of vocal cord paralysis. In one embodi 
ment, a method is provided to manage or treat unilateral or 
bilateral Vocal cord paralysis, or a symptom related thereto in 
a patient, comprising injecting or otherwise administering a 
collagen composition of the invention to the patient, wherein 
vocal fold closure is improved in the patient. In one embodi 
ment, a collagen composition of the invention augments or 
adds bulk to one (or both) paralyzed vocal fold so that it can 
make contact with the other vocal fold. The injection of a 
collagen composition of the invention to the patient in need 
thereof can be through the patient's mouth or directly through 
the skin and Adam's apple. 
0237 6.7.2.10 Drug Delivery 
0238. The collagen composition of the invention can be 
used as a drug delivery vehicle for controlled delivery of a 
drug, e.g., a therapeutic agent. In some embodiments the 
collagen composition delivers the one or more therapeutic 
agents to a subject, e.g. a human. The therapeutic agents 
encompassed within the scope of the invention are proteins, 
peptides, polysaccharides, polysaccharide conjugates, 
genetic based vaccines, live attenuated vaccines, whole cells. 
A non-limiting example of drugs for use in the methods of the 
invention is antibiotics, anti-cancer agents, anti-bacterial 
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agents, anti-Viral agents; Vaccines; anesthetics; analgesics: 
anti-asthmatic agents; anti-inflammatory agents; anti-depres 
sants; anti-arthritic agents; anti-diabetic agents; anti-psychot 
ics; central nervous system stimulants; hormones; immuno 
Suppressants; muscle relaxants; prostaglandins. 
0239. The collagen composition may be used as a delivery 
vehicle for controlled delivery of one or more small mol 
ecules to a Subject, e.g. a human. In some embodiments the 
collagen composition delivers the one or more Small mol 
ecules to a Subject, e.g. a human. As used herein, the term 
“Small molecule” and analogous terms, include, but are not 
limited to, peptides, peptidomimetics, amino acids, amino 
acid analogs, polynucleotides, polynucleotide analogs, 
nucleotides, nucleotide analogs, organic or inorganic com 
pounds (i.e., including heteroorganic and organometallic 
compounds) having a molecular weight less than about 
10,000 grams per mole, organic or inorganic compounds 
having a molecular weight less than about 5,000 grams per 
mole, organic or inorganic compounds having a molecular 
weight less than about 1,000 grams per mole, organic or 
inorganic compounds having a molecular weight less than 
about 500 grams per mole, organic or inorganic compounds 
having a molecular weight less than about 100 grams per 
mole, and salts, esters, and other pharmaceutically acceptable 
forms of Such compounds. Salts, esters, and other pharma 
ceutically acceptable forms of Such compounds are also 
encompassed. 
0240. In certain embodiments, the collagen composition 
of the invention as a vehicle for drug delivery results in 
enhanced absorption of the drug; improved pharmacokinetic 
profile, and systemic distribution of the drug relative to the 
other drug delivery systems known in the art. By improved 
pharmacokinetics it is meant that an enhancement of pharma 
cokinetic profile is achieved as measured, for example, by 
standard pharmacokinetic parameters such as time to achieve 
maximal plasma concentration (Tmax); magnitude of maxi 
mal plasma concentration (Cmax); time to elicit a detectable 
blood or plasma concentration (Tlag). By enhanced absorp 
tion it is meant that absorption of the drug is improved as 
measured by Such parameters. The measurement of pharma 
cokinetic parameters are routinely performed in the art. 
0241. In some embodiments, the collagen compositions of 
the invention further comprises one or more biomolecules, 
e.g., therapeutic agents, including but not limited to, antibi 
otics, hormones, growth factors, anti-tumor agents, anti-fun 
gal agents, anti-viral agents, pain medications, anti-hista 
mines, anti-inflammatory agents, anti-infectives, wound 
healing agents, wound Sealants, cellular attractants and Scaf 
folding reagents, enzymes, receptor antagonists or agonists, 
hormones, growth factors, autogenous bone marrow or other 
cell types, antibiotics, antimicrobial agents, and antibodies, 
and the like, or combinations thereof. In a specific example, 
the collagen compositions of the invention may be impreg 
nated with one or more growth factors, for example, fibroblast 
growth factor, epithelial growth factor, etc. The collagen com 
positions of the invention may also be impregnated with one 
or more Small molecules, including but not limited to Small 
organic molecules Such as specific inhibitors of particular 
biochemical processes e.g., membrane receptor inhibitors, 
hormones, kinase inhibitors, growth inhibitors, anti-cancer 
drugs, antibiotics, etc. 
0242. In some embodiments, the collagen compositions of 
the invention is impregnated with a biomolecule, during pro 
duction or prior to injection depending on its intended use. In 
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Some embodiments, the collagen compositions of the inven 
tion comprise a one or more interferons (C-IFN, B-IFN. 
Y-IFN), colony stimulating factors (CSF), granulocyte colony 
stimulating factors (GCSF), granulocyte-macrophage colony 
stimulating factors (GM-CSF), tumor necrosis factors (TNF). 
nerve growth factors (NGF), platelet derived growth factors 
(PDGF), lymphotoxins, epidermal growth factors (EGF), 
fibroblast growth factors (FGF), vascular endothelial cell 
growth factors, erythropoietin, transforming growth factors 
(TGF), oncostatin M, interleukins (IL-1, IL-2, IL-3, IL-4, 
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, 
IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, etc.), mem 
bers of the families thereof, or combinations thereof. In some 
embodiments, the collagen composition of the invention 
comprises biologically active analogs, fragments, or deriva 
tives of such growth factor or other biomolecule. 
0243 Particular active agents for use in methods of the 
present invention include growth factors, such as transform 
ing growth factors (TGFs), fibroblast growth factors (FGFs), 
platelet derived growth factors (PDGFs), epidermal growth 
factors (EGFs), connective tissue activated peptides 
(CTAPs), osteogenic factors, and biologically active analogs, 
fragments, and derivatives of Such growth factors. Members 
of the transforming growth factor (TGF) Supergene family, 
which are multifunctional regulatory proteins, are useful. 
Members of the TGF supergene family include the beta trans 
forming growth factors (for example, TGF-B1, TGF-32, 
TGF-B3); bone morphogenetic proteins (for example, BMP 
1, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7, BMP 
8, BMP-9); heparin-binding growth factors (for example, 
fibroblast growth factor (FGF), epidermal growth factor 
(EGF), platelet-derived growth factor (PDGF), insulin-like 
growth factor (IGF)); inhibins (for example, inhibin A, 
inhibin B); growth differentiating factors (for example, GDF 
1); and activins (for example, activin A, activin B, activin 
AB). 
0244 6.7.2.11 Wounds and Burns 
0245. The collagen composition of the invention is 
expected to have an enhanced clinical utility as a wound 
dressing, for augmenting or replacing hard and/or soft tissue 
repair, as compared to other biomaterials known in the art, 
e.g., those described in U.S. Pat. Nos. 3,157.524; 4,320,201: 
3,800,792; 4.837.285; 5,116,620, due in part to its physical 
properties. The collagen composition of the invention 
because it retains collagen's native quaternary structure pro 
vides improved tissue in-growth through cell migration into 
the interstices of the collagen matrix. The collagen composi 
tion of the invention allows cells to attach and grow into the 
collagen matrix, and to synthesize their own macromol 
ecules. The cells thereby produce a new matrix which allows 
for the growth of new tissue. Such cell development is not 
observed on other known forms of collagen such as fibers, 
fleeces and soluble collagen. 
0246. In some embodiments, the invention encompasses 
treating a wound by placing the collagen composition of the 
invention directly over the skin of the subject, i.e., on the 
stratum corneum, on the site of the wound, so that the wound 
is covered, for example, using an adhesive tape. In other 
embodiments, the invention encompasses treating a wound 
using the collagen composition of the invention as an implant, 
e.g., as a subcutaneous implant. 
0247 The invention encompasses enhancing the rate of 
wound healing by the addition of a macromolecule capable of 
promoting tissue ingrowth to the collagen composition of the 





US 2008/O181935 A1 

principles of guided tissue regeneration. The collagen com 
position of the invention is expected to have an enhanced 
clinical utility in root coverage as compared to collagen mem 
branes in the art traditionally used for root coverage Such as 
those disclosed in Shiehet al., 1997.J. Periodontol. 68: 770 
8; Zahedi et al., 1998 J. Periodontol. 69: 975-81; Ozcan et al., 
1997.J. Marmara Univ. Dent. Fa. 2:588-98: Wanget al., 1997 
J. Dent. Res. 78 (Spec Issue): 119 (Abstr. 106), for reasons 
cited Supra. 
0258. The invention further encompasses use of the col 
lagen composition in a Subject with a periodontal disease 
including but not limited to, periodontitis and gingivitis. The 
collagen composition of the invention also has clinical utility 
as an adjunct to Scaling and root planning procedures. The 
invention encompasses treating a subject with a periodontal 
disease using a collagen composition of the invention. An 
exemplary method for treating a periodontal disease in a 
Subject with using a collagen composition of the invention 
comprises inserting a collagen composition, which can be 
impregnated with an antibiotic Such as chlorhexidine glucon 
ate, into one or more periodontal pockets in the Subject, e.g., 
greater than or equal to 5 mm. Advantageously, the collagen 
composition can be biodegradable. 
0259. The collagen composition of the invention for use in 
dentistry may be impregnated with one or more biomolecules 
depending on the type of dental disorder being treated. Any 
biomolecule known in the art for the treatment of dental 
disorders is encompassed in the methods and compositions of 
the invention. In a specific embodiment, the collagen compo 
sition used in the treatment of a dental disorder associated 
with an infection may be impregnated with one or more 
antibiotics, including but not limited to doxocyclin, tetracy 
cline, chlorhexidine gluconate, and minocycline. 
0260 6.7.2.13 Other Uses 
0261 The collagen composition of the present invention 
may also be used as a post-operative adhesion barrier in the 
ovaries or uterine horns. The collagen composition may also 
be used as an adhesion barrier in the brain (e.g., in the pre 
vention of meningio-cerebral adhesion). Here, the collagen 
composition may be used for restoring the Subdural space that 
separates the pachymeninx and leptomeninx. Generally, the 
collagen composition may be used as a wrapping on injured 
internal organs, for example, the spleen, or as a sheet adhered 
to the lung to control post-operative leakage. The collagen 
composition may also be used to Support Surgical treatment of 
tympanic membrane grafts (in tympanic perforations), or as a 
lining in mastoid cavities. The collagen composition may also 
be used as a lining tissue in neovaginoplasty. In cardiovascu 
lar Surgery, the collagen composition may be used as a peri 
cardial closure material. The collagen composition may also 
be used in the completion of anastomosis in Vasovasostomy. 
0262 6.7.3. Uses of the Composition Comprising Stem 
Cells 

0263. In the context of any of the uses described above, 
whether cosmetic or non-cosmetic, the composition can com 
prise one or more types of stem cells, preferably placental 
stem cells, as described above in Section5.6, above. Placental 
stem cells, when contacted with a composition of the inven 
tion, secrete cytokines that promote wound healing, e.g., 
IL-6, IL-8 and MCP-1 (monocyte chemotactic protein-1). In 
embodiments in which the composition of the invention com 
prises no, or negligible amounts of fibronectin, the placental 
stem cells secrete extracellular matrix proteins, including 
fibronectin, when allowed to attach to the composition. Thus, 
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the composition, in combination with placental stem cells 
attached to the composition, can act to create a Surface or 
conduit that stimulates, and allows for, cell migration, e.g., 
into or along a part of an individual receiving the combina 
tion. 
0264. The composition and stem cells can be administered 
to an individual together. For example, in one embodiment, 
the composition can comprise stem cells that have been con 
tacted with the composition immediately prior (e.g., within 
10-20 minutes) of administering the composition to the indi 
vidual. In another embodiment, the stem cells can be con 
tacted with the composition at a time prior to administration 
sufficient to allow the stem cells to attach to the composition, 
typically at least 1 hour prior to administration. In a more 
specific embodiment, the time prior to administration is a 
time sufficient for the stem cells to attach and proliferate, 
typically at least 24 hours to 48 hours, or more, prior to 
administration. In another more specific embodiment, the 
time is a time sufficient for the stem cells to attach to, and 
proliferate on, the composition of the invention, and to 
deposit a detectable amount of an extracellular matrix pro 
tein, e.g., fibronectin. 
0265. The composition and stem cells can be administered 
to the individual separately, as well. For instance, in one 
embodiment, the composition can be administered to an indi 
vidual, e.g., at the site of a wound or tissue needing repair, and 
the stem cells can be subsequently administered. In another 
embodiment, the stem cells are contacted with the site of a 
wound or tissue needing repair, and the wound or tissue 
needing repair is Subsequently contacted with a composition 
of the invention. 
0266. In one embodiment, therefore, the invention pro 
vides a method of promoting the healing of a wound, com 
prising contacting the wound with a composition of the inven 
tion comprising stem cells, e.g., placental stem cells, wherein 
the stem cells secrete IL-6, IL-8 or MCP-1, or a any combi 
nation thereof, or secrete fibronectin, into at least a portion of 
the wound. Where the stem cells are to secrete fibronectin, it 
is preferred that the collagen composition of the invention 
comprise an undetectable amount of fibronectin. In a specific 
embodiment, the composition is shaped or formed approxi 
mately to the shape of the wound. In certain embodiments, the 
wound is a non-healing wound. In specific embodiments, the 
wound is a leg ulcer, e.g., a venous leg ulcer, arterial leg ulcer, 
diabetic leg ulcer or decubitus (pressure) ulcer. Where the 
wound is a leg ulcer, the composition is preferably formed 
into a sheet large enough to cover at least a portion of the 
ulcer, and the sheet comprises placental stem cells on at least 
the face of the sheet that is to contact the ulcer. In various 
embodiments, the wound is an accidental wound, or is a 
wound caused by, or adjunct to, a Surgical procedure. The 
Surgical procedure can be any Surgical procedure for which 
the collagen composition of the invention is useful, as dis 
cussed above, and can be cosmetic Surgery or non-cosmetic 
Surgery. 
0267 In another embodiment, the invention promotes the 
improvement or healing of a defect in a part of the body of an 
individual. Such a defect can be a naturally-occurring, e.g., 
genetic, defect Such as a fistula, defective heart Valve, perfo 
ration of the abdominal wall, and the like. 

6.8 Kits Comprising the Collagen Compositions 

0268. In another aspect the present invention provides kits 
comprising the collagen compositions of the invention. For 
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example, the present invention provides kits for augmenting 
or replacing tissue of a mammal. The kits comprise one or 
more collagen compositions of the invention in a package for 
distribution to a practitioner of skill in the art. The kits can 
comprise a label or labeling with instructions on using the 
collagen composition for augmenting or replacing tissue of a 
mammal according to the methods of the invention. In certain 
embodiments, the kits can comprise components useful for 
carrying out the methods such as means for administering a 
collagen composition Such as one or more Syringes, canulas, 
catheters, etc. In certain embodiments, the kits can comprise 
components useful for the safe disposal of means for admin 
istering the collagen composition (e.g. a sharps’ container 
for used syringes). In certain embodiments, the kits can com 
prise composition in pre-filled Syringes, unit-dose or unit-of 
use packages. 
0269. In certain other embodiments, kits of the invention 
can comprise a collagen composition of the invention and one 
or more other components for the culture of a population of 
stem cells. For example, the kit can comprise a collagen 
composition of the invention in one or more configurations 
Suitable for the culture of stem cells, e.g., placental stem cells, 
e.g., a collagen composition in the form of a sheet, tube, mesh, 
and the like. The kit can comprise one or more items to be 
used for the culture of stem cells, e.g., culture dishes that are 
able to contain the collagen composition of the invention 
during cell culture; plasticware, Syringes, pipet tips, cell cul 
ture media, one or more cytokines or growth factors, dispos 
ables, and the like. 
0270. In other embodiments, the kit can comprise one or 
more components that facilitate the collection of stem cells 
from placental tissue. In various specific embodiments, the kit 
comprises components that facilitate perfusion of a placenta 
to collect stem cells, e.g., perfusion solution; one or more 
trays large enough to contain a placenta, glassware or plas 
ticware for collection of perfusion Solution; one or more bags 
for collection of perfusion Solution, needs and/or canulae for 
canalizing umbilical vessels; and the like. In other specific 
embodiments, the kit comprises one or more components that 
facilitate enzymatic digestion of placental tissue to isolate 
placental stem cells, e.g., one or more tissue-digesting 
enzymes (e.g., trypsin, chymotrypsin, or the like); plas 
ticware Suitable for cell culture (e.g., culture dishes, multi 
well culture plates, and the like). 
0271 In certain embodiments, the kit comprises instruc 
tions for the use of the collagen composition of the invention 
in at least one medical context, e.g., wound healing. In other 
embodiments, the kit comprises instructions for the culture of 
one or more populations of stem cells on a collagen compo 
sition of the invention. 

7. EXAMPLES 

0272. In the sections below, those of skill in the art will 
recognize that the phrase “at approximately 23°C. can refer 
to room temperature. 

7.1 Example 1 

Isolation of Collagen from Placentas 

0273. This example illustrates isolation of collagen from 
placentas. 
0274 Frozen placentas are obtained according to the 
methods described herein. The placentas are thawed by wrap 
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ping in a Nalgenetray with water for 1-4 hrs. They are then 
removed from plastic wrap and placed in water for further 
thawing. 
0275 Thawed placentas are placed on the stainless steel 
tray of a meat grinder. The umbilical cord fragment is cut 
from each placenta, and each placenta is sliced into about 4 
strips at approximately 23°C. The strips are ground with the 
meat grinder at approximately 23°C. 
0276. Osmotic Shock: The resulting ground placentas are 
added to a Nalgene tank with 0.5 M NaCl (5 liters/placenta) 
and mixed using a motorized mixer at 75-100 rpm (24 hrs at 
4-6° C.). 
0277. After 24 hrs, the mixer is stopped, allowing tissue to 
settle to the bottom of the mixer at approximately 23° C. 
Tissue and fluid are pumped out using a peristaltic pump with 
#36 TYGONR tubing and filtered through a #40 sieve at 
approximately 23°C., and isolated tissue is placed back into 
the mixing tank. 
(0278 Fresh 0.5 M NaCl (5 L/placenta) is added to the 
mixture and mixed for 24 hrs at 4-6° C. (motorized mixer, 
75-100 rpm). After 24 hrs, the tissue is isolated using the 
method described above. 
0279 Tissue is washed with water (5-L/placenta) and 
mixed for 24 hrs at 4-6° C. (motorized mixer, 75-100 rpm). 
After 24 hrs, the tissue is isolated using the method described 
above. 
(0280. The tissue is further washed again with 0.5 MNaCl, 
again with 0.5MNaCl and then water according to the above 
four paragraphs. 
0281 Freeze-drying: The resulting sample is shelled in 
200-400 gamounts in a freeze-dryer vessel and frozen at -70° 
C. for 1-2 hrs. The frozen sample is freeze-dried for 24-48 hrs 
in a freeze-drier and then removed. The freeze-dried sample is 
mixed to a smooth powder in a blender and then transferred to 
a clean mixing tank. 
0282. Detergent treatment: A 1% deoxycholic acid solu 
tion (IL/placenta) is added to the mixing tank with the 
blended, freeze-dried sample. The sample and 1% deoxy 
cholic acid solution are mixed for 24hrs at 4-6°C. (motorized 
mixer, 75-100 rpm). After 24 hrs, the mixer is stopped, and 
tissue is isolated with a #40 sieve as described above. 
0283. The detergent treatment is repeated for 24hrs at 4-6 
C. (motorized mixer, 75-100 rpm). After 24 hrs, the mixer is 
stopped, and tissue is isolated with a #40 sieve as described 
above. 

0284 Water wash: Tissue is washed with water (5 L/pla 
centa) and mixed for 24 hrs at 4-6° C. (motorized mixer, 
75-100 rpm). After 24 hrs, the tissue is isolated using the 
method described above. 

0285 Tissue is again washed with water (5 L/placenta) 
and mixed for 24 hrs at 4-6° C. (motorized mixer, 100-150 
rpm). After 24 hrs, the tissue is isolated using the method 
described above. 

0286 Tissue is again washed with water (5 L/placenta) 
and mixed for 24 hrs at 4-6°C. (motorized mixer, 150 rpm). 
After 24 hrs, the tissue is isolated using the method described 
above. 

0287 Optionally, tissue is washed with water (5 L/pla 
centa) a fourth time and mixed for 24hrs at 4-6°C. (motorized 
mixer, 150 rpm). After 24 hrs, the tissue is isolated using the 
method described above. 
0288 Freeze-drying: The resulting sample is added to a 
blender in 200 gamounts.200 mL deionized water is added to 
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the sample, and the sample is mixed to a Smoothpaste with the 
blender. Blended samples are pooled and rinsed with water (1 
L/placenta). 
0289 Sample in 200-400 g amounts is added to a freeze 
dryer vessel. Samples are shelled and frozen at -70° C. 
Shelled samples are freeze dried for 24-48 hrs. 
0290 Sterile basic treatment: Freeze-dried samples are 
pooled. Sodium hydroxide solution (0.5M, IL) is added to an 
autoclaved, sterile flask. Low endotoxin water (IL) is added to 
the pooled, freeze-dried samples. The samples and sodium 
hydroxide solution are mixed on a shaker at 250 rpm for 4 hrs 
at approximately 23°C. 
0291 Sterile water wash: The sample is recovered by fil 

tration through a sterile #70 filter and rinsed with 1 L endot 
oxin free water. Endotoxin free water (1 L) is added, and 
sample is mixed on a shaker at 250 rpm for 18-24 hrs at 
approximately 23°C. 
0292. The sample is recovered by filtration through a ster 

ile #70 filter. Endotoxin free water (1 L) is added, and sample 
is mixed on a shaker at 250 rpm for 18-24 hrs at approxi 
mately 23° C. 
0293. The sample is recovered by filtration through a ster 

ile #70 filter and rinsed with 1 L endotoxin free water. Endot 
oxin free water (1 L) is added, and sample is mixed on a 
shaker at 250 rpm for 18-24 hrs at approximately 23°C. 
0294. If the pH is greater than 9, the sample is washed 
again with endotoxin-free water and mixed on a shaker at 
about 250 RPM for about 18-24 hours. 
0295). If the pH is less than or equal to 9, the sample is 
ready for formulation. 
0296. The yield can be 10 g/placenta or more. 
0297. The resulting sample can be freeze-dried for stor 
age. For use, the sample can be suspended in phosphate 
buffered saline at 300-1000 mg/mL in a blender for use as a 
paste in, for example, a syringe. The sample can also be 
molded in phosphate buffered saline at 500-1000 mg/mL and 
shaped for use as for example, sheets, tubes, plugs, or the like. 

7.2 Example 2 
Preparation of Telopeptide Collagen Samples 

0298 7.5 g of telopeptide collagen was prepared accord 
ing to the osmotic shock, freeze-drying, detergent treatment, 
water wash, freeze-drying, basic treatment, water wash and 
freeze-drying steps of Example 1. 
0299 11.8g of telopeptide collagen was prepared accord 
ing to the osmotic shock, freeze-drying, detergent treatment, 
water wash, basic treatment, water wash and freeze-drying 
steps of Example 1. 
0300 12.0 g of telopeptide collagen was prepared accord 
ing to the osmotic shock, freeze-drying, detergent treatment, 
water wash, basic treatment, water wash and freeze-drying 
steps of Example 1. 
0301 11.8g of telopeptide collagen was prepared accord 
ing to the osmotic shock, detergent treatment, water wash, 
basic treatment, water wash and freeze-drying steps of 
Example 1. 

7.3 Example 3 

Biochemical Analysis 
0302. A collagen sample was prepared according to 
Examples 1 and 2. Biochemical analysis by standard tech 
niques showed by dry weight 80.40% collagen, 1.00% water 
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and less than 0.01% fibronectin, laminin and glygosoami 
noglycans. Elastin content was not determined. 
0303 Amino acid analysis of samples prepared according 
to Examples 1 and 2 showed 34-35% glycine, about 11% 
hydroxyproline and 10-11% proline. 
0304 Immunoanalysis of samples prepared according to 
Examples 1 and 2 showed 74-92% type I collagen, 4-6% type 
III collagen and 2-15% type IV collagen. 

7.4 Example 4 

Alternate Methods of Making ECM, and Culture of 
Stem Cells on the ECM 

0305. This Example demonstrates alternate methods of 
making the collagen composition of the invention, and pro 
vides an analysis of the composition of the materials made by 
those methods. 

Materials and Methods 

(0306 Isolation of Extracellular Matrix (ECM): The ECM 
was isolated as follows. Briefly, a frozen human placenta was 
thawed in 0.5M sodium chloride, ground in a meat grinder 
and washed repeatedly in 0.5M sodium chloride and water in 
a incubator shaker at 23°C., followed by a detergent such as 
1% SDS or 0.5% deoxycholic acid. Blood-free placental tis 
sue was treated with 0.1-0.5N sodium hydroxide for times 
varying between 3 hours and 24 hours to solubilize the coty 
ledonous tissue, following by rinsing with phosphate-buff 
ered saline (PBS) to neutralize the pH. The material produced 
as such was a stable paste and was stored at 4°C. 
0307 Biochemical Analysis: To determine the biochemi 
cal composition of the isolated ECM, a 1 gram sample was 
freeze-dried and dry weight determined. The ECM was solu 
bilized by either dissolving in 100 mM HCl at 70° C. or by 
pepsin treatment (1 mg/gm) of the ECM in 10 mM HCl at 23° 
C. for 18 hrs. The tissue dissolved in 100 mM HCl was used 
to determine content of fibronectin, laminin, GAGs and elas 
tin. The pepsin-solubilized tissue was used to determine col 
lagen content. 
0308 Fibronectin and laminin concentrations were deter 
mined using a sandwich ELISA. Elastin and glycosaminogly 
can (GAG) content were determined using a dye based assay. 
For Determination of collagen I content was performed using 
a sandwich ELISA (Chondrex). Collagen III and IV content 
were determined using in-house ELISAS using primary anti 
bodies for Type II and Type IV collagen and HRP-conjugated 
secondary antibodies. 
(0309 Preparation of ECM Constructs: to Prepare Sheets 
of the ECM Material, a Layer of hydrated ECM paste was 
sandwiched between two medical grade TYVEKR) sheets. 
This construct was loaded into a gel drier and vacuum was 
applied overnight at 23°C. until the ECM film was dry. Sheets 
were cut to an appropriate size for cell culture studies. To 
prepare 3D structures of the ECM, the ECM paste was filled 
into various molds and freeze-dried. To study the stability of 
the ECM sheets and 3D molds in media or water. The con 
structs were incubated at 37°C. up to 1 week, in water, saline 
or cell culture media. 
0310 Cell culture: Placental stem cells were subcultured 
in 60% low-glucose DMEM (Invitrogen, Carlsbad, Calif.), 
40% MCDB-201 (Sigma, St. Louis, Mo.), 2% fetal bovine 
serum (Hyclone, Logan, Utah), 1x insulin-transferrin-sele 
nium supplement (Invitrogen), 0.02% linoleic acid/bovine 
serum albumin (Sigma), 10 ng/mL epidermal growth factor 
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(Sigma), 10 ng/mL platelet-derived growth factor (R&D Sys 
tems, Minneapolis, Minn.), 0.05M dexamethasone (Sigma), 
0.1 m Mascorbic acid 2-phosphate (Sigma), and 100 Upeni 
cillin/1000 U Streptomycin (Invitrogen). Placental stem cells 
(30,000 per well) were seeded onto ECM films that had been 
positioned into 24 multi-well cluster plates. Placental stem 
cells were also seeded at equivalent density on Labtek cham 
ber slides (Nalgene Nunc International, Rochester, N.Y.) pre 
coated with collagen (Inamed, Fremont, Calif.). Cells were 
incubated at 37° C. for 3 and 48 hours and processed for 
immunofluorescence microscopy. 
0311. Immunofluorescence microscopy: After 3 or 48 hr 
incubation with ECM films, placental stem cell-ECM con 
structs were fixed with 3.7% formaldehyde for 10 minutes 
and permeabilized with 0.5% Triton-X 100 for 20 minutes. 
Placental stem cells were incubated with AlexaFluor 488 
conjugated phalloidin to visualize F-actin. For fibronectin 
staining, samples incubated with a rabbit anti-human 
fibronectin antibody (Sigma) in blocking buffer (3% bovine 
serum albumin/1x phosphate-buffered saline) for 1 hour, 
washed with phosphate-buffered saline, and further incu 
bated with the AlexaFluor 594-conjugated anti-rabbit anti 
body in blocking buffer for 30 minutes. Samples were again 
washed with phosphate-buffered saline, mounted on slides, 
and observed with a fluorescent microscope. 
0312 Cytokine secretion analysis: Media samples (100 
ul) were removed from cell cultures ECM sheets containing 
placental stem cells, as well as from tissue culture treated 
plates containing placental stem cell, at 0, 3, 24 and 48 hrs of 
culture. Samples were diluted into 1 mL PBS and analyzed 
for the presence of cytokines. Concentration of each cytokine 
was calculated from a standard plot of known concentrations 
of cytokines. 

Results 

0313 Isolation of ECM: The dry weight of a typical pla 
centa is about 30 g, corresponding to a wet weight of about 
300 g per placenta. As shown in FIG. 1, the osmotic shock 
step and detergent washing step can be used to remove a 
considerable amount of non-extracellular matrix tissue, with 
a final residual weight of about 10g. The use of a combination 
of solubilization using NaOH and detergent results in a fur 
ther decrease in the residual weight to about 6 g. It was found 
that the time of exposure to NaOH, and the concentration of 
NaOH, affected the total mass of ECM isolated from the 
placenta. Variations of our detergent and NaOH wash steps 
were used to generate 5 variations of the final ECM material. 
Typically, a single placenta yielded between about 6 g to 
about 10 g of ECM material. 
0314 Biochemical Composition of ECM. Biochemical 
analysis of the 5 variations of the ECMs showed that they 
were composed essentially of collagens; Type I being the 
major collagen (about 74% to about 90% of total collagen), 
and Type III (about 4% to about 6% of total collagen) and 
Type IV (about 2% to about 15% of total collagen) being 
minor components. The other major extracellular matrix pro 
tein found in the placental ECM was elastin. As shown in 
Table 1, elastin represented about 3-5% of the total dry weight 
of ECM-1 to ECM-4. However, ECM-5, which was generated 
without the use of NaOH, contained approximately 12% elas 
tin. While glycosaminoglycans were identified in ECM mate 
rial made by all five methods, 96 dry weight appeared to be 
unaffected by the use of NaOH in the isolation methods. The 
presence of the important adhesion proteins fibronectin and 
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laminin, conversely, was dramatically sensitive to the use of 
NaOH. Fibronectin and laminin did not survive the NaOH 
treatment, and could not be found in ECMs 1 through 4. 
However, ECM-5, which was isolated without the use of 
NaOH, has a composition that is richer in the adhesion pro 
teins (Table 1). 

TABLE 1 

Extracellular matrix components present in placental 
collagen compositions made by different methods. 

Fibronectin Laminin GAGS Elastin 

ECM-5 O.6% O.16% O.40% 12% 
ECM-4 O O O.28% 4.7% 
ECM-3 O O O.34% 3.2% 
ECM-2 O O O.38% 4.4% 
ECM-1 O O O.S.9% 3.5% 

% = percent dry weight 

0315 Cell Binding Studies: Three hours after seeding, 
similar levels of attachment of placental stem cells were 
observed on all ECMs (#1-5). The levels of stem cell binding 
to ECMs were slightly less than that observed on purified 
collagen. Immunostaining for fibronectin at this time 
revealed abundant intracellular staining, with no detectable 
extracellular fibronectin. By 48 hours of culture, placental 
stem cells were observed to increase in number and to adopt 
similar well-spread morphologies on purified collagen, 
ECM2, and ECM4. In contrast, placental stem cells cultured 
on ECM1 did not thrive. Not only were fewer cells observed, 
but their morphologies were rounded and not well-spread. 
Placental stem cells on ECM5 appeared more elongated and 
polarized than placental stem cells on other ECMs or on 
collagen. 
0316 Determination of cell attachment on ECM3 was 
Somewhat compromised due to the heterogeneity of the Sur 
face of the material upon drying. Because it was difficult to 
image along one plane of focus, it initially appeared that very 
few cells attached; however observation in different planes of 
focus revealed some cell attachment on ECM3. 

0317. Immunostaining for fibronectin at the 48 hr time 
point revealed an extensive network of extracellular fibronec 
tin matrix fibrils on ECM1-ECM4. These fibronectin matrix 
fibrils were assembled by placental stem cells, as controls in 
which placental stem cells were not cultured on ECM did not 
show evidence of fibronectin fibrils. In contrast to ECM1 
ECM4, ECM5 and collagen did not support fibronectin 
matrix assembly by placental stem cells; no extracellular 
fibrillar fibronectin was detected on these surfaces. 
0318 Cytokine array studies: We investigated the secre 
tion of key cytokines/chemokines from the placental stem 
cells as a consequence of binding and proliferation on the 
ECM. Cytokine secretion on ECM was compared to that from 
placental stem cells incubated on tissue culture treated cell 
culture plates. A standard a 25-multiplex cytokine array, 
which includes several interleukins and cytokines (Bio 
source), was used. The cytokines included IL-1B, IL-IRa, 
IL-2R, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p40/p70, 
IL-13, IL-15, IL-17, TNF-ct, IFN-C, IFN-y, GM-CSF, MIP 
1C, MIP-1 B, IP-10, MIG, Eotaxin, Rantes, and MCP-1. Of 
the 25 cytokines studied, increased secretion of 3 cytokines, 
IL-6, IL-8 and MCP-1 were observed when placental stem 
cells were cultured on the ECM sheets, over and above secre 
tion by placental stem cells cultured on tissue culture treated 
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plates. FIGS. 2A-2C show a time-dependent increase in 
cytokine secretion (IL-6, IL-8 & MCP-1) by placental stem 
cells on the five ECM constructs. All data was normalized for 
1000 cells bound/cm. ECM-5 was anomalous in that there 
was no apparent increase in MCP-1 secretion, Suggesting a 
change in cellular physiology of the placental stem cells when 
cultured on this extra-cellular matrix. As previously shown, 
ECM-5 did not support the expression of fibronectin, quite 
unlike ECM-1 through-4. It is interesting to note that ECM-5 
was the only matrix generated without the use of NaOH and 
had a biochemical composition that maintained the 2 key cell 
adhesion proteins fibronectin and laminin. 
0319 All publications and patent applications cited in this 
specification are herein incorporated by reference as if each 
individual publication or patent application were specifically 
and individually indicated to be incorporated by reference. 
Although the foregoing invention has been described in some 
detail by way of illustration and example for purposes of 
clarity of understanding, it will be readily apparent to those of 
ordinary skill in the art in light of the teachings of this inven 
tion that certain changes and modifications may be made 
thereto without departing from the spirit or scope of the 
appended claims. 
What is claimed is: 
1. Base-treated, detergent-treated telopeptide collagen. 
2. The collagen of claim 1 that is mammalian collagen. 
3. The collagen of claim 1 that is bovine, ovine or rat 

collagen. 
4. The collagen of claim 1 that is human collagen. 
5. The collagen of claim 1 that is placental collagen. 
6. The collagen of claim 1 that is human placental collagen. 
7. The collagen of claim 1 that is cross-linked. 
8. The collagen of claim 1 that is cross-linked with glut 

araldehyde. 
9. Detergent-treated telopeptide collagen comprising a 

detectable amount of fibronectin. 
10. The composition of claim 1 or claim 9 comprising a 

plurality of stem cells. 
11. The composition of claim 10 wherein the stem cells are 

embryonic stem cells, embryonic germ cells, mesenchymal 
stem cells, bone marrow-derived stem cells, hematopoietic 
stem cells from peripheral blood, hematopoietic stem cells 
from fetal blood, hematopoietic stem cells from placental 
blood, hematopoietic stem cells from umbilical cord blood, 
hematopoietic stem cells from placental perfusate, somatic 
stem cells, neural stem cells, hepatic stem cells, pancreatic 
stem cells, endothelial stem cells, cardiac stem cells, muscle 
stem cells, adipose stem cells, or CD34 placental stem cells. 

12. The composition of claim 11 wherein said CD34 
placental stem cells are CD200". 

13. The composition of claim 11 wherein said CD34 
placental stem cells are: 

a. CD200" or HLA-G"; 
b. CD73", CD105", and CD200; 
c. CD200" and OCT4"; 
d. CD73", CD105" and HLA-G", CD73* and CD105", 

and, when in a population of placental cells, facilitate 
formation of one or more embryoid-like bodies under 
conditions that allow formation of embryoid-like bod 
ies; or 

e. OCT4 and, when in a population of placental cells, 
facilitate formation of one or more embryoid-like bodies 
in a population of isolated placental cells comprising 
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said stem cell when cultured under conditions that allow 
formation of embryoid-like bodies. 

14. The composition of claim 10 comprising more than one 
type of stem cell. 

15. The composition of claim 10 comprising a plurality of 
non-stem cells. 

16. The composition of claim 10 shaped as a sheet. 
17. The composition of claim 10 shaped as a tube. 
18. The composition of claim 10 shaped as a mesh. 
19. The composition of claim 10, wherein said composi 

tion is shaped to fit to a site of a wound or injury. 
20. A method of augmenting, bulking or replacing tissue of 

a mammal comprising administering the collagen of claim 1 
to the tissue of the mammal. 

21. A kit for augmenting, bulking or replacing tissue of a 
mammal comprising the collagen of claim 1 and a label with 
instructions for administering the cross-linked telopeptide 
collagen. 

22. A process for preparing telopeptide collagen from tis 
Sue of a mammal that comprises collagen, said process com 
prising the steps of: 

a. contacting the tissue with an osmotic shock solution to 
yield a collagen composition; 

b. contacting the collagen composition with a detergent; 
and 

c. contacting the detergent-treated collagen solution with a 
basic solution. 

23. The process of claim 22 wherein the osmotic shock 
Solution comprises water with an osmotic potential less than 
that of 50 mMNaCl. 

24. The process of claim 22 wherein step (a) is preceded or 
followed by contacting the tissue with a solution having an 
osmotic potential of a solution of at least 0.5 M NaCl. 

25. The process of claim 22 wherein the basic solution 
comprises at least 0.5 M NaOH. 

26. The process of claim 22 further comprising the step of 
filtering the base-treated, detergent-treated collagen solution. 

27. The process of claim 22 further comprising the step of 
cross-linking the collagen to yield cross-linked collagen. 

28. The process of claim 27 wherein the collagen is cross 
linked with glutaraldehyde. 

29. The process of claim 22 further comprising the step of 
shearing the cross-linked collagen. 

30. The process of claim 22 further comprising the step of 
contacting the collagen composition with a filter of a size that 
allows one or more viral particles to pass through the filter 
while retaining the collagen composition. 

31. The process of claim 30 wherein the filter is about 500 
kDa, about 750 kDa or about 1000 kDa. 

32. A method of promoting healing of a wound comprising 
contacting the wound with a collagen composition of claim 1, 
wherein said contacting results in detectably greater improve 
ment of an aspect of the wound compared to a wound not 
contacted with the composition. 

33. The method of claim 32, additionally comprising con 
tacting said wound with a plurality of stem cells. 

34. The method of claim 33, wherein said stem cells are 
contacted with said wound separately from contacting said 
composition with said wound. 

35. The method of claim 32, wherein said composition 
comprises said stem cells. 

36. The method of claim 35, wherein said composition is 
shaped as a sheet having two sides, and said stem cells are 
present on at least one of said sides. 
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37. The method of claim 35, wherein the stem cells are 
adhered to the composition. 

38. The method of claim35, wherein the stem cells secrete 
IL-6, IL-8 and/or MCP-1. 

39. The method of claim 35, wherein said stem cells are 
placental stem cells. 

40. The method of claim 39, wherein said placental stem 
cells are CD34 and CD200". 

41. The method of claim 32, wherein said wound is a leg 
ulcer. 

42. The method of claim 41, wherein said leg ulcer is a 
venous leg ulcer, arterial leg ulcer, diabetic leg ulcer or decu 
bitus leg ulcer. 

43. The method of claim 32, wherein said composition is 
used as a wound filler. 
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44. A method of making a composition, comprising con 
tacting the composition of claim 1 with a plurality of stem 
cells. 

45. The method of claim 44, comprising allowing at least 
Some of said plurality of stem cells to adhere to said compo 
sition. 

46. The method of claim 45, comprising allowing said stem 
cells to proliferate on said composition. 

47. The method of claim 46, wherein said stem cells pro 
liferate on said composition to confluency. 

48. The method of claim 46, wherein said stem cells pro 
duce detectable amounts of IL-6, IL-8 and/or MCP-1 when 
contacted with said composition. 

c c c c c 


