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

1. PRIOR RELATED APPLICATION 

[0001] This application claims the bene?t under 35 U.S.C. 
§ 119(e) of US. Provisional Patent Application No. 60/850, 
131, ?led 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 inj ectable collagen compositions are available 
commercially including ZYDERM®, ZYPLAST®, COS 
MODERM® and COSMOPLAST®. 
[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 
mammalian tissue as a source. Certain compositions provided 
herein are substantially free of cellular debris, subcellular 
debris and/or contaminating proteins such as ?bronectin, 
laminin, cytokines and groWth factors. Certain compositions 
provided herein comprise a high collagen content. In certain 
embodiments, the compositions comprise at least 90% col 

Jul. 31, 2008 

lagen, When compared to the total amount of protein in the 
composition. In certain other embodiments, the collagen 
composition substantially lacks laminin and/or ?bronectin 
(e.g., the composition comprises less than 1% laminin and/or 
?bronectin each by dry Weight, or lacks detectable ?bronectin 
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 speci?c embodiment, the stem cells are 
placental stem cells. In a more speci?c embodiment, said 
placental stem cells are CD34“ and/ or CD200". The placental 
stem cells can express CD10, CD73, CD105, CD200, HLA 
G, and/or OCT-4, and lack expression of CD34, CD38, or 
CD45. The placental stem cells can also express HLA-ABC 
(MHC-l) and HLA-DR. In another speci?c embodiment, the 
stem cells that can be combined With the compositions of the 
invention are CD200+ or HLA-G". In another speci?c 
embodiment, the placental stem cells are CD73", CD105", 
and CD200". In another speci?c embodiment, the placental 
stem cell that is CD200+ and OCT-4+. In another speci?c 
embodiment, the placental stem cells are CD73", CD105+ 
and HLA-G". In another speci?c 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 speci?c embodiment, the 
placental stem cells are OCT-4+ 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 speci?c embodiment, the stem 
cells are adhered to the composition. In a speci?c embodi 
ment of any of the above embodiments, the stem cells secrete 
IL-6, IL-8 and/or MCP-l (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 knoWn to 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 
TWEEN® detergent or a TRITON®-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, eg an ammonium hydroxide, 
potassium hydroxide or sodium hydroxide solution. In cer 
tain embodiments, the collagen composition is incubated at 
about 0.5 M sodium hydroxide for a time su?icient 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 Us. 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 

Jul. 31, 2008 

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-?lled 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 speci?c embodiment, the method 
additionally comprises contacting said Wound With a plurality 
of stem cells. In a more speci?c embodiment, said stem cells 
are contacted With said Wound separately from contacting 
said composition With said Wound. In another speci?c 
embodiment, said composition comprises said stem cells. In 
another speci?c 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 speci?c embodiment, the 
stem cells are adhered to the composition. In a speci?c 
embodiment of any of the above embodiments, the stem cells 
secrete IL-6, IL-8 and/or MCP-l (monocyte chemotactic pro 
tein-l) When contacted With the composition. In a more spe 
ci?c embodiment, stem cells are placental stem cells. In a 
more speci?c embodiment, said placental stem cells are 
CD34‘ and/ or CD200". In another speci?c 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 speci?c embodiment, said composition is used as a 
Wound ?ller. 

[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 
speci?c embodiment, the method comprises alloWing said 
stem cells to proliferate on said composition to con?uency. In 
certain embodiments, said stem cells produce detectable 
amounts of IL-6, IL-8 and/or MCP-l When contacted With 
said composition. In another speci?c 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 speci?c embodiments, 
the extracellular matrix protein is collagen (e.g., Type I, II, III 
or IV), ?bronectin, 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: Speci?c 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. Purecolrpuri?ed collagen. TCPS?issue culture poly 
styrene. 
[0023] FIG. 2B: Secretion of IL-8 from placental stem cells 
grown on collagen composition made by different methods. 
Abscissa: Speci?c 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. Purecolrpuri?ed collagen. TCPS?issue culture poly 
styrene. 
[0024] FIG. 2C: Secretion of MCP-l from placental stem 
cells groWn on collagen composition made by different meth 
ods. Abscissa: Speci?c 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. Purecolrpuri?ed collagen. TCPS?issue 
culture polystyrene. 

6. DETAILED DESCRIPTION OF THE 
INVENTION 

6.1 De?nitions 

[0025] As used herein, the folloWing terms shall have the 
folloWing meanings: 
[0026] The term “collagen” refers to any collagen knoWn 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 arti? 
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, inj ectability and rheological properties. In certain other 
embodiments, the invention provides collagen compositions 
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that possess space-?lling 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 con?guration. 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 ?sh 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 ?sh 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 speci?c embodiments, the 
collagen composition comprises ?bronectin, laminin, elastin, 
and/or glygosaminoglycans. In another speci?c embodiment, 
the collagen composition comprises no detectable ?bronec 
tin, or no detectable laminin. In another speci?c embodiment, 
the collagen composition comprises detectable amounts of 
?bronectin and laminin. In another speci?c embodiment, the 
collagen composition comprises about 5% or more elastin by 
dry Weight. In another speci?c embodiment, the collagen 
composition comprises about 10% or more elastin by dry 
Weight. In another speci?c 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 Us. 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 Us. 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): 1 8-27, 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 20(10):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 jasminaides. 
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 
genipin as a cross-linking reagent is described extensively in 
Us. Patent Application Publication No. 20030049301, 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 knoWn to 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 Us. Pat. Nos. 5,428,022, 5,660,692 and 5,008,116, 
and in Us. 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 ?uid 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 neWbom. 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 20 to 80 C. 
In yet other embodiments, the placenta is stored under sterile 
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 ?ltration sys 
tem (as de?ned by clean room classi?cation, having a class 
1000 or better). In a particular embodiment, the HEPA ?ltra 
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 identi?es 
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 speci?c 
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(5 6):271 81; Maine et al., 2001, Expert 
Rev. Mol. Diagn, 1(1):19 29; Nielsen et al., 1987, .1. 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 speci?c 
embodiment, the blood type and Rh factor of the blood of the 
umbilical cord of the neWbom 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 neWbom, 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 ?ngers. 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 
US. 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 US. Patent Appli 
cation Publication Nos. 20040048796 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 clari?cation step or it 
can be the sole clari?cation 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 altemat 
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 ofNaCl (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 0.25 M, 
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 
2.0M NaCl. 
[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 2.0M NaCl. In certain embodiments, one 0.5 M NaCl 
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 TWEEN® 
detergent, such as TWEEN®-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 

Jul. 31, 2008 

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 00 C., about 50 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 
5-15° 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 ?nal 
ECM material. For example, in certain embodiments, the 
collagen-containing tissue can be treated With about 0.1 M, 
0.2 M, 0.3 M, 0.4 M, or about 0.5 M NaOH 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, 
?bronectin 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 Us. 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 under sterile 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 ?rst 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 ?rst Water 
Wash is repeated (tWo total Washes) and the second Water 
Wash is repeated tWice (three total Washes). In certain 
embodiments, such a process can provide a composition com 
prising about 0.59% glycosaminoglycans, about 3.5% elas 
tin, little or no ?bronectin 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 ?bronectin 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, such a process can provide a composition com 
prising about 0.4% glycosaminoglycans, about 12% elastin, 
about 0.6% ?bronectin 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 
Us. 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. 
[0081] 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. 
[0082] 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 ?nal collagen 
composition. In certain embodiments, the collagen composi 
tion is contacted With pepsin at about 15-400 C., about 20-350 
C., about 25-300 C., about 20-300 C., or about 23-270 C. In 
particular embodiments, the collagen composition is con 
tacted With pepsin at about 23-270 C. for a time su?icient to 
remove telopeptide. 
[0083] The collagen composition is contacted With the 
enZyme for a time su?icient 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. 
[0084] 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, 0.5 g, 1.0 g, 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, 0.5 g, 1.0 g, 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 0.5 g/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 230 C.-27o C. for 
about 16-24 hours. 
[0085] The collagen composition is contacted With the 
enZyme in a suitable solution volumezplacenta 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 pep sin. 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. 
[0086] If desired, the collagen compositions of the inven 
tion can be further processed by ?brillation. The ?brillation 
can be carried out by any technique for ?brillating collagen 
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known to those of skill in the art. Fibrillation of collagen 
compositions is described extensively in US. Pat. Nos. 4, 51 1, 
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 ?brillation. 

[0087] Where desired, the collagen compositions of the 
invention can be cross-linked. In certain embodiments, the 
collagen composition is ?brillated 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 
lagen knoWn 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 bisul?te, [3-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 US. 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 US. 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 metal ion 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 
ci?c 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 metal ion 
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 
exempli?ed 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, C M, 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 coe?icient 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 speci?c 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, ?bronectin, and glycosaminoglycan. 
[0093] Colorimetric based assays included but are not lim 
ited to modi?ed LoWry assay, biuret assay, Bradford assay, 
Bicinchoninic Acid (Smith) assay (see, e.g., Stoscheck, C M, 
Quantitation of Protein, Methods in EnZymology 182: 50-69 
(1 990)). 
[0094] In a speci?c 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 25 pg. 
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 pL 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 exempli?ed 
herein. In a speci?c 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 speci?c 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 
[Lg/100 uL. Sample volumes are adjusted to a 100 pL 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 12,000><g 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 [Lg/100 uL). The mem 
brane sample is assayed using the same protocol, the sample 
being added in a total volume of 100 ML. 

[0096] In yet other embodiments, to determine collagen 
types of the collagen compositions of the invention using 
standard methods knoWn in the art and exempli?ed 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 H202 
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 100 pL of a 100><-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 Collagen Type I is then added to the Wells in increas 
ing concentration from 0-5 ug/mL in a 100 pL 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 pL 
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 200><-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/H202 is added to each of the Wells in 
a 100 pL volume. The reaction is alloWed to proceed for 30 
minutes at room temperature. The reaction is terminated by 
addition of 50 pL 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 exempli?ed 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 
speci?c 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 ab sorbance 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 
[Lg/100 uL. Sample volumes are adjusted to 100 pL With 
Water. To each sample 1 mL of Elastin precipitation Reagent 
(trichloroacetic acid+arginine) is added at 40 C. and stored 
overnight at the same temperature. Following the overnight 
precipitation step, the samples are centrifuged at 12,000><g 
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 pL 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 12,000><g 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 nm. To determine experimental error 
in the assay, the assay is repeated (n:10) at a single loW 
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concentration of elastin standard (10 [Lg/100 uL). The mem 
brane sample is assayed using the same protocol, the sample 
being added in a total volume of 100 pL. 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 exempli?ed 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 speci?c 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 [Lg/100 uL. Sample vol 
umes are adjusted to a 100 pL 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 12,000><g 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 [Lg/100 uL). The membrane 
sample is assayed using the same protocol, the sample being 
added in a total volume of 100 pL. 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 exempli?ed 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 (Cat # 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 H202 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 Elisa kit. 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 ?nal volume of 100 pL 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% 
TWEEN®) to remove unbound laminin. The peroxidase 
conjugated laminin antibody is then added to the antibody 
laminin complex in the Wells in a 100 pL 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 pL volume. The reaction is 
alloWed to proceed for 30 minutes at room temperature. The 
reaction is terminated by addition of 100 pL 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 ?bronectin content of 
the collagen compositions of the invention using methods 
knoWn in the art and exempli?ed herein. An exemplary assay 
for determining the total ?bronectin content of a collagen 
composition of the invention may comprise the folloWing: a 
sandWich ELISA as say provided as a kit from Takara Blo Inc., 
Shiga, Japan (Cat # MKl 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 ?bronectin. 
The secondary antibodies (Detection antibody) and human 
?bronectin standards are provided With the kit. The detection 
antibody is a conjugated human ?bronectin 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 ?bronectin, a standard cali 
bration curve is developed With a sample of a series of human 
?bronectin standards of knoWn concentrations (provided 
With kit). The concentration of ?bronectin 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 ?bronectin standard is added in increasing concentra 
tions of 12.5 ng/mL to 400 ng/mL in a ?nal volume of 100 pL 
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% TWEEN®) to remove unbound 
?bronectin. The peroxidase-conjugated ?bronectin antibody 
is then added to the antibody-?bronectin complex in the Wells 
in a 100 pL 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 
pL volume. The reaction is alloWed to proceed for 30 minutes 
at room temperature. The reaction is terminated by addition 
of 100 pL of 2.5N sulfuric acid. Absorbance is measured at 
450 nm. Samples of solubiliZed membrane are tested at a 
concentration of 1000 ug/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 signi?cant 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 arti?cial 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 speci?c embodiment, the cytotoxicity 
of the collagen composition of the invention is determined 
using an ISO MEM Elution 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 ?bro 
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 ?broblasts) are groWn and used as monolayers in 
disposable tissue culture labWare at 37110 C. in a humidi?ed 
atmosphere of 511% carbon dioxide in air. Test samples are 
extracted intact using a ratio equivalent of 120 cm2 sample 
and 20 ml-E-MEM plus 5% FBS. Test samples are extracted 
in E-MEM plus 5% PBS at 37110 C. in 511% 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 7214 hours at 3711 o C. In a humidi?ed atmosphere 
of 511% carbon dioxide in air. Cultures are evaluated for 
cytotoxic effects by microscopic observation at 24, 48 and 
7214 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] 0 None: 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. 
[0106] 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” 

Jul. 31, 2008 

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 acidmonohydrate 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 ?uorescein stain, ?ushed 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 magni?cation com 
pared to the untreated control eye, and graded for ocular 
irritation. To detect or con?rm corneal injury the test eyes are 
treated With ?uorescein stain, ?ushed With PSS, and exam 
ined in darkened conditions With an ultraviolet lamp at 24 
hours. Reactions are scored in accordance With the FHSA 
modi?ed DraiZe scoring criteria. One of three animals exhib 
iting a signi?cant positive reaction is a borderline ?nding. 
TWo of three animals exhibiting a signi?cant positive reaction 
is a signi?cant 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 exempli?ed 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 signi?cant 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 IHd6X:H6IHOglOb1H Released(mgmL)><lO0 

Hemoglobin Present(mg/mL) 

Where: Hemoglobin Released(mg/ml):(Constant+X 
Coef?cient)><Optical Densityx 1 6. Hemoglobin Present 
(mQmLFDiluted Blood 1011 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 exempli?ed 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 quanti?cation of bacterial endotoxin. In an 
exemplary test, ninety-eight samples of collagen composition 
(n:1 per lot), each measuring 1><2 cm, are tested individually 
for extraction. The extractions are performed by Washing 
each sample in 30 mL of extraction ?uid 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 veri?ed 
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 exempli?ed 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, andPseudomonas 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 ?ve minutes in saline spiked With eight micro 
organisms as folloWs to deliberately contaminate the sample: 

1. Escherichia coli 
2. Klebsiella pneumoniae 
3. Staphylococcus aureus 

4. Enterococcusfaecalis 
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 exempli?ed 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-TWEEN® Solution. Plating method is 
membrane ?ltration 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, ?ltered 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 exempli?ed 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 
[0120] 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 40 C., at least 100 C., at least 150 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-identi?ed 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 speci?ed 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 inde?nitely. 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 
[0122] The collagen compositions of the invention can be 
steriliZed according to techniques knoWn to those of skill in 
the art for steriliZing such compositions. 
[0123] In certain embodiments, the collagen composition is 
?ltered through a ?lter that alloWs passage of endotoxins and 
retains the collagen composition. Any ?lter of a siZe, for 
example 30 kDa, knoWn to those of skill in the art for ?ltration 
of endotoxins can be used. In certain embodiments, the col 
lagen composition is contacted With the ?lter under condi 
tions that alloW endotoxins to pass through the ?lter While 
retaining a collagen composition. The conditions can be any 
conditions for ?ltration knoWn to those of skill in the art, for 
instance, centrifugation or pumping. The ?lter should be of a 
siZe that retains collagen While alloWing endotoxins to pass 
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the ?lter. In certain embodiments, the ?lter is betWeen 5 kDa 
and 100 kDa. In particular embodiments, the ?lter 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 90 kDa or about 100 kDa. The ?lter 
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 
?ltration 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 ?ltered to generate collagen compositions free of, or 
reduced in, viral particles. Advantageously, in these embodi 
ments of the invention, the ?lter retains a collagen composi 
tion While alloWing viral particles to pass through. Any ?lter 
knoWn to those of skill in the art to be useful for clearing 
viruses can be used. For instance, a 1000 kDa ?lter can be 
used for clearance, or reduction, of parvovirus, hepatitis A 
virus and HIV. A 750 kDa ?lter can be used for clearance, or 
reduction, of parvovirus and hepatitis A virus. A 500 kDa 
?lter can be used for clearance, or reduction, of parvovirus. 
[0125] 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 ?lter of a size that alloWs one or more viral 
particles to pass through the ?lter While retaining the collagen 
composition. In certain embodiments, the collagen composi 
tion is contacted With the ?lter under conditions that alloW 
one or more viral particles to pass through the ?lter While 
retaining a collagen composition. The conditions can be any 
conditions for ?ltration knoWn to those of skill in the art, for 
instance, centrifugation or pumping. The ?lter should be of a 
size that retains collagen While alloWing one or more viral 
particles to pass the ?lter. In certain embodiments, the ?lter is 
betWeen 500 kDa and 1000 kDa. In particular embodiments, 
the ?lter is about 500 kDa, about 750 kDa or about 1000 kDa. 
The ?lter 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 ?ltration 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 ?ltration. 
[0126] Sterilization of a collagen composition of the inven 
tion can also be carried out by electron beam irradiation using 
methods knoWn to one skilled in the art, e.g., Gorham, D. 
Byrom (ed.), 1991, Biomalerials, Stockton Press, NeW York, 
55-122. Any dose of radiation su?icient 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, l-lOO 
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mg/ml, l-75 mg/ml, l-50 mg/ml, l-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. 
[0129] 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 ?t a site 
of a 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. 

[0130] 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 speci?c 
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. 
[0131] In certain embodiments, the compositions of the 
present invention may be combined With pharmaceutically or 
cosmetically acceptable carriers and administered as compo 
sitions in vitro or in vivo. Forms of administration include, but 
are not limited to, injections, solutions, creams, gels, 
implants, pumps, ointments, emulsions, suspensions, micro 
spheres, particles, micropar‘ticles, nanopar‘ticles, 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: ?llers 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., 
paraf?n); resorption accelerators (e.g., quaternary ammo 
nium compounds); surface active agents (e.g., cetyl alcohol, 
glycerol monostearate); adsorptive carriers (e.g., kaolin and 
bentonite); emulsi?ers; preservatives; sWeeteners; stabiliz 
ers; coloring agents; perfuming agents; ?avoring agents; 
lubricants (e.g., talc, calcium and magnesium stearate); solid 
polyethyl glycols; and mixtures thereof. 
[0132] 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, 
?uid 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 



US 2008/0181935 A1 

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. 
[0134] 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 
?eld, or elseWhere. 

[0135] 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. Ultra?ne 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. 
[0136] 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. 

[0137] 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 ?uid, 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 andA. Gilman, eds, The 
Pharmacological Basis of Therapeutics, Macmillan Publish 
ing, NeWYork, and KatZung, Basic & Clinical Pharmacology, 
Appleton & Lang, NorWalk, Conn., (6th Ed. 1995). A clini 
cian skilled in the art of the desired therapy may chose spe 
ci?c dosages and dose ranges, and frequency of administra 
tion, as required by the circumstances and the substances to 
be administered. 

[0138] 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-in?ammatory 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 
?brin With or Without thrombin), cellular attractant and scaf 
folding reagents (such as ?bronectin) and the like. In a spe 
ci?c example, the collagen composition may be impregnated 
With at least one groWth factor, for example, ?broblast groWth 
factor, epithelial groWth factor, etc. The collagen composition 
may also be impregnated With small organic molecules such 
as speci?c inhibitors of particular biochemical processes e. g., 
membrane receptor inhibitors, kinase inhibitors, groWth 
inhibitors, anticancer drugs, antibiotics, etc. 
[0139] 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. Pharrn. Biopharrn. 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 speci?c 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 
?ammatory 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 ?brin With or Without thrombin), 
cellular attractant and scaffolding reagents (such as ?bronec 
tin) and the like. In a speci?c example, the collagen compo 
sition or the hydrogel composition may be impregnated With 
at least one groWth factor, for example, ?broblast 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 hydro gel/ collagen composition has utility in the 
medical ?eld 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 forrnu 
lated to be non-biodegradable. In yet other embodiments, the 
hydrogel composition is formulated to be biodegradable. In a 
speci?c embodiment, the hydrogel composition is formulated 
to degrade Within days. In another speci?c 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 con?uent. 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 speci?c stem cells, embryonic like 
stem cells, committed progenitor cells, ?broblastoid cells. In 
other embodiments, the invention encompasses populating 
the collagen composition of the invention With speci?c 
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 Us. Application 
Publication Nos. 2003/0032179 and 2003/0180269, and in 
Us. 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 
suf?cient 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 con?gu 
ration, e. g., sheet, plug, tube, or other con?guration, 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 suf?cient 
for the plurality to proliferate for at least one cell division; and 
the like. The stem cells, preferably placental stem cells, canbe 
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, con?uently, 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 1x106, 3x106, 1x107, 3x107, 1x108, 
3x108, 1x109, 3x109, 1><10lO, 3><101O, 1><10ll, 3><1011, or 
1x10”; ormay be no more than 1x106, 3x106, 1x107, 3x107, 
1x108, 3x108, 1x109, 3x109, 1x10“), 3x10”, 1><10ll, 
3><10l1, or 1><10l2 stem or progenitor cells. 
[0148] 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 


































