
ORAL TISSUE REGENERATION AND
REPAIR FIELD OF THE INVENTION
[00011The invention is in the field of
tissue engineering, pin-Ocularly hr
theuse o a cultured tissue construct for
oral tissue regeneration and repair.
BACKGROUND OF THE INVENTION
[00021The field of tissue engineering
combines bioengineering methods with
the principles of life SCACTICCS to
understand the structural and functional
relationships in normal and pathological
mammalian tiSSIMS. The goal of tissue
engineering is the development and
ultimate application of biological
substitutes to restore, maintain, or
improve tissue functions. Thus, through
tissue engineering, it is possible to
design and manufacture a bioengineered
tissue in a. laboratory. Bioengireered
tissues can include cells that are usually
associated with a native mammalian or
human tissues and synthetic or
exogenous matrix scaffolds. [0003]The
new hiocugineered tissue must be
functional when grafted onto a hos:. and
be permanently incorporated within the
host's body or progressively
bioremodeled by cells from the recipient
host patient. Fabrication of a tissue
equivalent without a support member or
scaffold leads to scientific challenges in
creating the new bioenaineered tissue.
[00041Most of the oral soft tissue grafting
procedures are done using autologous
tissue from the palate. Although this
might work yelp/ well in some of the
procedures, it has the disadvantage of
requhing the creation of a "donor site"
that can be quite painfid for patients. This
additional donor site also provides limited
tissue, meaning that only few teeth can
be treated at one time. This can result in
the need for multiple surgeries or the
dentist only treating the "worst teet even
thoughthere may be several left
untfeated that could also have benefited
from a grafting procedure. 



SUMMARY [0004a]In a first aspect the
present invention is directed to the use of
a cultured tissue construct in a
manufacture of a medicament for treating
a subject in need of Oil oral tissue graft,
wherein said cultured tissue construct
comprises a layer of extracellular matrix
and said extracellular matrix comprises
cultured fibroblast cells in the absence of
exogenous matrix components or
scaffold supports. 000411]in a second
aspect the present invention is directed
to the use of a cultured tissue construct
in the manufacture of a medicament for
treating an oral condition in a subject,
wherein said cultured tissue construct
comprises a gel mix Suit Of a collagen
solution and a contractile agent.
[00051Also described herein are
methods for treating an oral condition of
a subject  by grafting a cultured tissue
construct to the oral tissue of the subject.
[0006]The cultured tissue constructs
described herein comprise cultured cells
and 



endogenously produced extracellular
matrix components without the
requirement of exogenous matrix
components or network support or
scaffold members. The invention can
thus advantageously be practiced entirely
with human cells, and human matrix
components produced by those cells for
use in humans. [0007]The graft of
cultured tissue constructs comprises
fibrobiasts producing extraceilular matrix
components without the addition of either
exogenous matrix components, network
support, or scaffold mem bet S.
[0008]The cultured tissue constructs
comprise fibroblasts producing
extranetlular matrix components in a
defined medium system and/or without
the use of undefined or
mmhuman-derived biological
components, such as bovine serum or
organ extracts. [0009]Further, cultured
tissue constructs can be made by serial
seeding cell of different types which
produce a cultured tissue construes that
mimics the cell composition and tissue
structures of native tissues. Specifically,
this cultured tissue construct comprises
at least a layer of epithelial cells applied
over a layer of cultured fibroblast cells.
Still further, the tissue construct is
produced and self-assembled by cultured
cells without the need for scaffold support
or the addition of exogenous extracellular
matrix components. [00101The cultured
tissue construct grail described herein
also comprises a gel mixture of a
collagen solution with a contractile agent.
[001IjFurther, the cultured tissue
construct grafts described herein
comprise a layer of collagen gel
comprising collagen with a contractile
agent disposed over a layer of an
acellular collagen gel. 



[00121In yet another example, epithelial
cells are added to the layer comprising
the collagen gel and the contractile
agent.  10013lThe strength
characteristics of the tissue constructs
make it hatidleable for it to be easily and
peelably iemoved from the culture
apparatus in which it is formed and
directly transplanted without the need for
any support or carrier in clinical or testing
applications. the tissue constructs
described herein are indicated for
treatment of patients with oral tissue
affections such as recessed oral gingival,
loss of interdental alveolar deficiency,
failing oral implant. dental fureation
defects and patients in need of tissue
reconstruction following maxillolacial
tumor resections. DESCRIPTION OF
UHF FIGURES [0014]Fi pre I is a graph
depicting the increase in collagen
concentration as determined by
hydroxyproline assay as compared to the
cell number in the human neonatal
foreskin cell derived dermal construct
described in Example 1. [0015]FIG. 2 is a
plot of data illustrating the contraction
with fibroblast cells of a hydrated
collagen lattice; 



[0016]FIG. 3 is a plot of data illustrating
the contraction th fibroblast cells of
hydrated collagen lattices haying different
collagen contents; [0017]FIG. 4 is a plot
of data illustrating the contraction with
fibroblast cells of hydrated collagen
lattices containing different numbers of
fibroblast cells; 1001S]FIG. 5 is a plot of
data indicating the contractile capacity of
fibroblast cells on hydrated collagen
lattices employing cells of different
population doubling levels: [0019]FIG. 6
is a plot of data illustrating the effect of
10.0 .mtagdul of the inhibitor cytochalasin
B on the capacity of fibroblast cells to
contract a hydrated collagen lattice;
[0020]FIG. 7 is a plot of data illustrating
the effect of 0.36 .mudgairl of the inhibitor
c.olcern d on the capacity of fibroblast
cells to contract a hydrated collagen
lattice:. [0021]FIG. 8 is a plot of data
illustrating the effect of cytosine
arabiaoside on the 



capacity of fibroblast cells to contract a
hydrated collages lattice.  WO
2007/1031165PCMJS2007/063391
[0022]FIG. 9 is a plot illustrating the
effect of thrombin on the contraction by
platelets ofagen lattices at a thrombin
concentration of 4.0 units/mk [0023]FIG.
10 is a plot illustrating collagen lattice
contraction as a function of a platelet
concentration and the presence of
thrombin at a concentration of 4.0
units/m1; [0024]FIGS. 11A-11D are plots
illustrating lattice contraction of collagen
lattices aS a function of the type and
concentration of collagen employed; and,
[0025]FIG. 12 i.s a plot illustrating the
effects of the inhibitors cytochaltisin Fl
and coiceinid on the contraction of
hydrated collagen lattices by platelets. 



[0026]FIG. 13 is all isometric view,
partially broken away, of one apparatus
according to the present invention.
[0027]FIG. 14 is an exploded isometricof
the apparatus shnwn in FIG. 13,
10028]FIG. 15 is section along 3--3
through the apparatus shown in FIG. 13.
[0029]FIG. 16 is att isometric view,
partially broken away, of another
apparatus in accordance with the present
invention. [00301FIG. 17 is an exploded
view from above of the apparatus shown
in FIG. 16. [00311FIG. 18 is an exploded
section along 6-6 through the apparatus
shown in FIG. DETAILED
DESCRIPTION Or THE NNENTION
[0032]The invention is directed to
methods for treating an oral condition of
a subject by grafting cultured tissue
construct. 



[0033]It should be noted that "cultured
tissue construct," ngineered living tissue,"
"cell-matrix construct," "cell-matrix layer,"
"skin equivalent," "living tissue" and
"living connecting tissue" may be used
interchangeably as embodiments of the
cultured tissue constructs of the present
invention. [0034]-Heretofore, current
engineered living tissue constructs are
nut completely cell  assembled and must
rely on either the addition or
incorporation of exogenous matrix
components or synthetic members for
structure or support, or both. [0035]The
bioengineered tissue constructs
described herein exhibit many of the
native features of the tissue from which
their cells are derived. The tissue
constructs thus produced can be used for
treating an oral condition of a patient
[0036]One preferred embodiment is a
cell-matrix construct comprising a first
cell type and endogenously produced
extraccliular matrix wherein the first cell
typo is capable of synthesizing and
secreting extmeellular matrix to produce
the cell-matrix construct [0037]Another
preferred embodiment is a bilayer
construct comprising a first cell type and
endogenously produced extracellular
matrix and a layer of cells of a second
type disposed thereon or within the
cell-matrix construct formed by the first
cell type. 



[0038]A more preferred embodiment is a
cell-matrix construct comprising
fibroblasts. such as those derived from
dermis, to form a cultured dermal
construct. [0039]Another more preferred
embodiment is a cell-matrix construct
comprising fibroblasts, such as those
derived from dermis, to form a cultured
dermal construct with a layer of
keratinocyres cultured thereon to form an
epidermal layer to result in a cultured
bilayer skin construct. The cultured skin
constructs of the invention express many
physical, morphological, and biochemical
features of native skin. [0040]In an even
mom preferred embodiment, the
eell-tnatrix construct is a tissue construct
that is similar to the dermal layer of skin,
a human dermal construct, that is formed
in a defined system comprising
human-derived cells utilizing no
chemically undefined components during
its culture. 100411hi the most preferred
embodiment, the tissue constructs of die
invention arc fabricated in a chemically
defined system comprising
human-derived cells but no chemically
undefined or non-human biological
components or cells.  WO
20071103865PCIMS209)7/063311
[0042]In another embodiment of this
invention the cultured tissue constructs 



comprise a a gel mixture comprising a
collagen solution and a contractile agent.
[0043]In the preferred embodiment of the
invention, the cultured tissue constructs
comprise a first layer comprising an
acellular collagen gel and a second layer
disposed on the first layer, wherein the
second layer comprises a second
collagen gel containing collagen and a
contractile agent. In a even more
preferred embodiment of the invention,
the second layer of collagen with a
contractile agent is seeded with
keratinocyte cells. A: Applications For
The Cultured Tissue Constrnctsr
[0644.1The culture tissue construct of the
invention may be applied ihr treating oral
conditions such as recessed oral
gingival, loss of interdental papilla,
alveolar ridge deficiency, consequences
of a failed oral implant or of a
maxillofacial tumor recession. [0045]It is
generally agreed that a functional zone of
attached gingiva around each tooth is
necessary for health. In the absence of
this tissue, gingival recession frequently
occurs, resulting in the loss of a portion
of the cortical plate creating a worse
progiosis for the tooth. In addition, the
mucosa facial to the teeth without a
functional zone of attached gingiva is
Mien times found to be inflamed despite
the subject's good homecare. This
inflammation has the potential to cause
bone loss around the tooth, [0046]Since
the late 1960s this type of problem has
routinely been corrected by a free
autogenous graft. The mucosa is
removed facial to the tooth in question
and keratinized tissue is harvested from
the palate and sutured to the graft bed.
Initially the graft is supported by a
plasmotic circulation and later is
revascularized from the surrounding bed.
The success of this type of graft verges
on 100%. There is, however, a strong
desire by most subjects to try to identify a
donor material that could be used instead
of the palatal tissue. This, of course,
would reduce the number of surgical
sites necessary for this procedure by
one-half. 



A number of substitute donor materials
have been used over the years.
Freeze-dried cadaver  skin has been
used in the past and recently an acellular
dolmal graft has been used as a donor
material. Although extremely remote, the
potential infection risk associated with
these types of denna I materials
(primarily AIDS and hepatitis) serves as a
relative deterrent to their use. In addition
to that, the final esthetic outcome of
grafts utilizing this donor martin-la] is
usually less than ideal_ Bi Culture Tissue
Constructs Comprising a Structural
LayST One rnie Extracelinlar lay
-producing cells with Endogenously Pa
wincellular Matrix [00471One preferred
embodiment of the invention comprises a
structural layer of at least one typo of
extracellular matrix-producing cells and
endogenously produced extracellular
matrix components, more simply termed
-matrix", wherein the matrix is completely
cell-sytithesized and assembled by
culturing the cells. This layer is herein
termed a "cell-matrix construct" or a
"cell-matrix layer" because the cells
secrete and contain themselves within
and through their matrix. As disclosed in
copending US Patent Application Serial
No. 09/523,809, filed 03/03/200,
incorporated herein by reference in its
entirety, the cultured tissue constructs do
not require, thus do not include,
exogenous matrix components, that is,
matrix components not produced by the
cultured cells but introduced by other
means. In a more preferred embodiment,
the cell-matrix construct produced by
human dermal fibroblasts is shown to
have a predominant concentration of
collagen similar to native skin. As
evidenced by electron microscopy, the
matrix is fibrous in nature comprising
collagen that exhibits the
quarter-staggered 67 nm banding
pattern, as well as packing organization
of fibrils and fibril bundles similar to
native collagen. [00481Delayed reduction
SIDS-PAGE has detected the presence
of both type I and type III collagen in
these constructs, the predominant
collagen types found in native human
skin. Using standard
inumunohistochemistry (IIIC) techniques,
the dermal cell-matrix  construct stains
positively for dceorin, a derrnatan sulfate
proteoglycan known to be associated
with collagen fibrils and believed to
regulate fibril diameter in vivo. Decorin
can also be visualized in the construct
with TEM. The produced tissue also
stains positive for tenascin, an
extracellular omtnx glycoproteiri found,
for example, in mesenchyme or tissues
under repair_ Much like tissue under
repair in vivo, the tissue produced in
culture has been shown to increase its
ratio of type J to type III collagen as the
matrix is formed. 



[0049]While not wishing to be bound by
theory, it is believed that the cells fill in
the open space between them quickly
with a loose matrix analogous to
granulation tissue comprised of mostly
type ill collagen and fibronectin, and then
remodel this loose matrix with a denser
matrix comprised of mostly type I
collagen. The produced cell-matrix has
been shown to contain
glycosaminoglycans (GAG), such as
hyaluronic acid (HA); fibronectin;
proteoglycang besides decorin such as
higlycan and versican; and, a profile of
sulfated glycosarninoglycaris such as
dielayaluronic acid;
di-chondroitin-0-sulfatc; di-chondroitin-4-
sulfate: di-chondroitin-6-sulfate;
di-chondmitin-4,6-sulfate;
di-chondroitin-4-sulfate-UA-2S; and
di-chondroitin-6-sulfate-LTA-2S. These
structural and biochemical features
exhibit themselves as the construct
develops in culture and are distinctively
evident when the construct approaches
its final form. The presence of these
components in fully formed cultured
dermal cell-matrix construct indicates that
the construct has structural and
biochemical features approaching that of
normal dermis. [0050]While the
aforementioned list is a list of
biochemical and structural features a
cultured cell-matrix construct formed from
dermal fibroblasts, it should be
recognized that cultured cell-matrix
constructs formed from other types of
fibroblasts will produce many of these
features and others phenotypic for tissue
type from which they originated. In some
cases, fibroblasts can be induced to
express non-phenotypic components by
either chemical exposure or contact,
physical stresses, or by transuenic
means.  WO
2007/103565PCT/U52007/710301
[0051]Another preferred embodiment of
the invention is a cell-matrix layer having
second layer of cells disposed thereon.
The second laver of cells is cultured on
the cell-matrix layer to form a
bioengineered hilayered tissue construct.
In a more preferred embodiment, the
cells of the second aver are ofepithelial
(origin. In the most preferred
embodiment, the second layer comprises
cultured human keratinocres that
together with a first cell-matrix layer, a
cell-matrix construct formed from dernal
fibrobla.sts and endogenous matrix to
form a dermal laytit, comprise a living
skin construct. Whenformed, the
epidermal layer is a multdayered,
stratified, and well-diffiiremiated layer of
Xeratinocytes that exhibit a basal layer, a
suprabasal layer, a granular layer and a
stratum corneum. The skin construct has
a well-developed basement membrane
present at the dermal-epidermal junction
as exhibited by transmission electron
microscopy (TEM). The basement
membrane appears thickest around
hemidesmosomes, marked by anchoring
fibrils that are comprised of type VII
collagen, as visualized by TEM. The
anchoring fibrils can seen exiting front
the basement membrane mid entrapping
the collagen fibrils in the dental layer.
These anchoring fibrils, as well as other
basement membrane components, are
secreted by keratinoeytes. It is also
kmown that while keratinoeytes are
capable of secreting basement
membrane components on their own, a
recognizable basement membrane will
not toms in the absence of fibroblasts.
immunohistochemical staining of the skin
construct of the present invention has
aLso shown that laminin, a basement
membrane protein is present. [0052]In a
preferred method of the invention for
forming a cell-matrix construct, first cell
type, an extracellular matrix-producing
cell type, is seeded to a substrate,
cultured, and induced to synthesize and
secrete an organized extracellular matrix
mound them to form a cell-matrix
construct. In another preferred method of
the invention, a surface of the cell-matrix
construct is seeded with cells of a second
cell type and are cultured to foam
bilayered tissue construct. In a more
preferred method, a full thickness skin
construct having features 



similar to native human skin is formed by
culturing fibroblasts, such as human
dermal fibmblasts, under conditions
sufficient to induce matrix synthesis to
form a cell-matrix of dermal cells and
matrix, a dermal layer, onto which human
epithelial cells, such as keratinocylcs, are
seeded and cultured under conditions
sufficient to form a flatly differentiated
stratified epidermal layer.
[0053]Therefore, one method of obtaining
the cultured tissue constructs of the
present invention comprises:        (a)
culturing at least one extra.cellular
matrix-producing cell type in the absence
of exogenous extraceilular matrix
components or a structural support
member; and,        (b) stimulating the
cells of step (a) to synthesize, secrete,
and organize extracellular matrix
components to form a tissue-construct
comprised of cells and matrix
synthesized by those cells: wherein steps
(a) and (b) may be done simultaneously
or consecutively. [0054]To form a hi layer
cultured tissue construct comprising a
cell-matrix construct and a second colt
layer thereon, the method additionally
comprises the step of: (ci) culturing cells
of a second type on a surface of the
formed tissue-constmet to produce a
bilayered tissue constmet. [0055]An
extmeellular matrix-producing cell type
for use in the invention may be any cell
type capable of producing and secreting
extracellular matrix components and
organizing the extracellular matrix
components to fonn a cell-matrix
construct. More than one extracctular
matrix-producing cell type may be
cultured to form a cell-matrix eonstruct.
Cells of different cell types or tissue
origins may be cultured together as a
mixture to produce complementaiy
components and structures similar to
those found in native tissues. For
example, the extracellular
matrix-producing cell type may have
other cell types mixed with it to produce
an amount of extracelltdar matrix that is
not normally produced by the first cell
type. Alternatively, the extracellular
matrix-producing cell type may also be
mixed with  



other cell types that form specialized
tissue structures in the tissue but do not
substantially contribute to the overall
limitation of the matrix aspect of the
cell-matrix construct, such as in certain
skin constructs of the invention.
[00561While any extracellular
matrix-producing cell type may be
usedeordanee with th,s itiventtun. the
preferred cell types for use in this
invention are derived from mesenchvme.
More preferred cell types arc fibroblasts,
stromal cells, and other supporting
connective tissue cells, most preferably
human dermal fibroblasts found in human
dermis for the production of a human
dermal construct. Fibroblast cells.,
generally, produce a number of
extraceadar matrix proteins, primarily
eollaiien. There are several types of
collagens produced by fibroblasts,
however, type I collagen is the most
prevalent in vivo. Human fibmblast cell
strains can be derived from a number of
sources, including, but not limited to
neonate male foreskin, &inns, tendon,
lung, umbilical cords, cartilage, urethra,
corneal stroma, oral mucosa, and
intestine. The human cells may include
but need not be limited to fibroblasts, but
may include: smooth muscle cells,
chondrocytes and other connective tissue
cells of mesenchymal origin. It is
preferred, but not required, that the origin
of the matrix-producing cell used in the
production of a tissue construct be
derived from a tissue type that it is to
resemble or Mingle after employing the
culturing methods of the invention. For
instance, in the embodiment where a
skin-construct is produced, the preferred
matrix-producing cell is a fibroblast,
preferably of dermal origin. [0057]in
another prefenied embodiment,
fibroblasts isolated by microdisseetion
from the dermal papilla of hair follicles
can be used to produce the matrix alone
or in association with other fibroblasts. In
the embodiment where a
corneal-construct is produced, the
matrix-producing cell is derived from
conical Aroma. Cell donors may vary in
development and ago. Cells may be
derived from donor tissues of embryos,
neonates, or older individuals including
adults. Embryonic progenitor cells such
as mesenchymal stem cells may be used
in  the invention and induced to
differentiate to develop into the desired
tissue.  [0058)Although human cells are
preferred for use in the invention, the
cells to he used in the method of the are
not limited to cells from human sources
Cells from other mammalian species
including, but not limited to, equine,
canine, porcine. bovine, and ovine
sources; or rodent species such as
mouse or rat may he used. In addition,
cells that are spontaneously, chemically
or virally transfected or recombinant cells
or genetically engineered cells may also
be used in this invention. For those
embodiments that incorporate more than
one cell type, chimeric mixtures of normal
cons from two or more sources; mixtures
of normal and genetically modified or
transfected cells; or mixtures of cells of
two or more species or tissue sources
may be used. [00591Recombinant or
genetically-'hnginecred cells may be
used in the production of 



the cell-matrix construct to create a
tissue construct that acts as a drug
delivent graft for a patient needing
increased levels of natural cell products
or treatment with a therapeutic. The cells
may produce and deliver to the patient
via the graft recombinant cell products,
growth factors, hormones, peptides or
proteins for a continuous amount of time
or as needed when biologically,
chemically, or thermally signaled due to
the conditions present in the patient.
Either long or short-term gene product
expression is desirable, depending on
the use indication (lithe cultured tissue
construct. Long tenn expression is
desirable when the cultured tissue
construct is implanted to deliver
therapeutic products to a patient for an
extended period of time.
[0060]Conversely, short term expression
is desired in instances where the cultured
tissue construct is grafted to a patient
having a wound where the cells of the
cultured tissue construct are to promote
normal or near-normal healing or to
reduce scarification of the wound site.
Once the wound has healed, the gene
products from the cultured tissue
construct are no longer needed or may
no longer be desired at the site. Cells
may also he genetically  engineered to
express proteins or different types of
extracellular matrix components which
are either 'normal' but expressed at high
levels or modified in some way to make a
graft device comprising extracellular
matrix and living cells that is
therapeutically advantageous for
improved wound healing, facilitated or
directed neovascularization, or minimized
scar or keloid formation. These
procedures are generally known in the
art, and are (tomb-Med in Sambrook et
al, Molecular Cloning, A Laboratory
Manual., Cold Spring Harbor Press, Cold
Sprint; Harbor, NY (1989), incorporated
herein by reference. All of the
aboye-menrioncd types of cells are
included within the definition of a
"matrix-producing cell" as used in this
invention. [0061]The predominant major
extracell ular matrix component produced
by fibroblasts is fibrillar collagen,
particularly collagen type T. Fibrillar
collagen is a key component in the
cell-matrix structure; however, this
invention is not to be limited to matrices
comprised of only this protein or protein
type. For instance, other collagens, both
fibrillar and non-fibrillar collagen tkom the
collagen Ihmily such as collagen types II,
Ill, IV, 7 VI 'TT, VIII. TX, X, XJ, XII, XIII,
XIV, XV, XVI, XVII, XVIII, XIX, may he
produced by use of the appropriate cell
type. Similarly; other matrix proteins
which can be produced and deposited
using the current method include, but are
not limited to elastin; proteoglyeans such
as (karill or biglyean; or glyeoproteins
such as tenasein; vitronectin; fibmnectin;
thrombospondin 1, and
glycosaminoglycans (GAG) such as
hyalumnic acid (HA). 100621The
matrix-producing cell is cultured in a
vessel suitable for animal cell or tissue
culture, such as a culture dish, flask, or
roller-bottle, which allows for the
formation of a three-dimensional
tissue-like structure, Suitable cell growth
surfaces on which the cells can be grown
can be any biologically compatible
material to which the cells can adhere
and provide an anchoring means for the
cell-matrix construct to form. Materials
such as glass; stainless steel; polymers,
including polyearbonatc, polystyrene,
polyvinyl chloride,  polvvinyiidene,
polydimethylsiloxane, fluompolymers"
and fluorinated ethylene propylene: and
silicon substrates, including fused silica,
polysilicon, or silicon crystals may be
used as a cell growth surfaces. The cell
growth surface material may be
chemically treated or modified,
electrostatically charged, or coated With
biologicals such as poly-lslysine or
peptides. An example of a peptide
coating is ROD peptide. 



[00631While the tissue construct of the
invention may be grown on a solid cell
growth surface, a cell growth surface with
pores that communicate both top and
bottom surfaces of the membrane to
allow bilateral contact of the medium to
the developing tissue construct or for
contact from only below the culture is
preferred. Bilateral contact allows
medium to contact both the top and
bottom surfaces of the developing
construct for maximal surface area
exposure to the nutrients contained in the
medium. Medium may also contact only
the bottom of the dinning cultured tissue
construct SO that the top surface may be
exposed to air, as in the development of
a cultured skin construct. [00641The
preferred culture vessel is one that
utilizes a carrier insert, a culture-  treated
permeable member such as a porous
membrane that is suspended in the
culture vessel containing medium.
Typically, the membrane is secured to
one end of a tubular member or
framework that is inserted within and
interfaces with a base, such as a peed or
culture dish that can be covered with a
lid. Culture vessels incorporating a carrier
insert with a porous membrane arc
known in the art and arc preferred for
carrying out the invention and are
de:scribed in a number United States
Patents in the field, some of which have
been made commercially available,
including for instance: 5,766,937,
5,466,602" 5,366,893, 5,358,871,
5,215,920, 5,026,649, 4,871,674,
4,608,342, the disclosures of which arc
incorporated herein. When these types of
culture vessels are employed, the
tissue-construct is produced on one
surface of the membrane, preferably the
top, upwardly facing surface and the
culture is contacted by cell media on both
top and bottom surfaces.  WO
2007/1143865PCT/11S2007/063301
100651The pores in the growth surface
allow for the passage of culture media for
providing nutrients to the underside of the
culture through the membrane, thus
allowing the cells to be fed bilaterally or
solely from the bottom side. A preferred
pore size is one that is small enough that
it does not allow for the growth of cells
through the membrane, yet large enough
to allow for free passage of nutrients
contained in culture medium to the
bottom surface of the cell-matrix
construct, such as by capillary action.
[0066]Preferred pore sizes are about less
than 3 microns but range between about
0.1 microns to about 3 microns, more
preferably between about 0.2 microns to
about 1 micron and most preferably
about 0.4 micron to about 0.6 micron
sized pores are employed. In the case
olhuman dennal fibroblasts, the most
preferred material is polyearbonate
having a pore size is between about 0.4
to about 0.6 microns. The maximum pore
size depends not only on the size of the
cell but also the ability of the cell to alter
its shape and pass through the
membrane. Iris important that the
tissue-like construct adheres to the
surface hut does not incorporate or
envelop the substrate so it is removable
from it such as by peeling with minimal
force. 



10067]The size and shape of theuct
formed is dictated by the size of the
vessel surfhee or membrane on which it
grown. Substrates may be round or
angular or shaped with rounded corner
angles, or irregularly shaped. Substrates
may also be flat or contoured as a mold
to produce a. shaped construct to
interface with a wound or mimic the
physical structure of native tissue. To
account for greater surface areas of the
growth substrate, proportionally more
cells are seeded to the surface and a
greater volume of media is needed to
sufficiently- bathe and nourish the cells.
When the tissue construct is finally
formed, whether it is a single layer
cell-matrix construct or a bilayer
construct, it is removed by peeling from
the membrane substrate before grafting
to a patient. 1006111The cultured tissue
constructs of the invention do not rely on
synthetic or bioresorbable members for,
such as a mesh member for the
formation ofLit The mesh member is
organized as a woven, a knit, or a felt
material. In systems where mesh
member is employed, the cells are en
toted on the mesh member and growing
on either side and within the interstices of
the mesh to envelop and incorporate the
mesh within the cultured tissue construct.
The final construct formed by methods
that incorporate such a mesh rely on it for
physical support and for bulk. Examples
of cultures tissue constructs that rely on
synthetic mesh members am found in
U.S. Patent Tsiumbers 5,580,781,
5,443,950, 5,266,480, 5,032,508,
4,963,489 to Naughton, et al. [0069]The
system for the production of the
cell-matrix layer may be either static or
may employ a perfusion means to the
culture media. In the static system, the
culture medium is still and relatively
motionless as contrasted to the perfusion
system where the medium is in motion.
The perfusion of medium affects the
viability of the cells and augments the
development of the matrix layer.
Perfusion means include, but are not
limited to: using a magnetic stirbar or
motorized impeller in the culture dish
subjacent (below) or adjacent to the
substrate carrier containing the culture
membrane to stir the medium; pumping
medium within or through the culture dish
or chamber; gently agitating the culture
dish on a shaking or rotating platform; or
rolling, if produced in a roller bottle. Other
perfusion means can be determined by
one skilled in the art for use in the
method of the invention. [0070]Culture
media formulations suitable for use in the
present invention are selected based on
the cell types to be cultured and the
tissue structure to be produced. The
culture medium that is used and the
specific culturing conditions needed to
promote cell growth, matrix synthesis.
and viability will depend on the type of
cell being grown. [0071]In some
instances, such as in the fabrication of
bioengineered bi layer skin 



constructs of the present invention, the
media composition varies with each
stage of fabrication as different
supplementation is necessary for
different purposes. in a preferred  WO
2007/103065PCMTS2007/063301
method the eet is formed under defined
conditions, that is, cultured in chemically
defined media. In another preferred
method, a tissue construct comprises a
cal l-      x layer provided with a second
layer of cells disposed and cultured
thereon wherein both cell types are
cultured in a defined culture media
system. Alternatively, the tissue construct
comprises a cell-matrix laver Fabricated
under defined media conditions and a
second laver formed thereon under
undefined media conditions. In the
converse, the tissue construct comprises
a. cell-matrix layer may be fabricated
under undefined media condidons and
the second layer formed thereon under
defined media conditions. f0072]The use
of chemically defined culture media is
preferred, that it, media free of undefined
animal organ or tissue extracts, for
example, serum, pituitary extract,
hypothalamic extract, placental extract,
or embryonic extract or proteins and
factors secreted by feeder cells. In a
most preferred embodiment, the media is
free of undefined components and
defined biological components derived
from non-htunan sources. Although the
addition of undefined components is not
preferred, they may be used in
accordance with the disclosed methods
at any point in culture in order to fabricate
successfully a tissue construct. When the
invention is carried out utilizing screened
human Mks cultured using chemically
defined components derived from no
non-human animal sources, the resultant
tissue construct is a defined human
tissue construct. Synthetic functional
equivalents may also he added to
supplement chemically defined media
within the purview of the definition of
chemically defined for use in the most
preferred fabrication method. Generally,
one of skill in the art of cell culture will be
able to determine suitable natural human,
human recombinant, or iAmthetie
equivalents to conmamly known animal
components to supplement the culture
media of the invention without undue
investigation or experimentation. The
advantages in using such a construct in
the clinic is that the concern of
a.dventitious animal or cross-species
virus contamination and infection is
diminished. In the testing scenario, the
advantages of a  chemically defined
construct is that when tested, them is no
chance of the results being confounded
due to the presence of the undefined
components. 



[0073]Culture medium is comprised of a
nutrient base usus fly further
supplemented with other components.
The skilled artisan can determine
appropriate nutrient bases in the art of
animal cell culture with reasonable
expectations for successfully producing a
tissue construct of the invention. Many
commercially available nutrient sources
are useful on the practice of the present
invention. These include commercially
available nutrient sources which supply
inorganic salts, an energy source, amino
acids, and B-vitamins such as Dulbecco's
Modified Eagle's Medium (DMEM);
Minimal Essential Medium (MEM); M199;
RPMI 1640: Iseove's Modified
Dulbeeco's Medium (EDMEM). Minimal
Essential Medium (MEM) and M199
require additional supplementation with
phospholipid precursors and
nonessential amino acids. Commercially
available vitamin-rich mixtures that
supply additional amino acids, nucleic
acids, enzyme cofactors, phospholipid
precursors, and inorganic salts include
Ham's F-12, Ham's F-10, NCTC 109, and
NCTC 135. Albeit in varying
concentrations, all basal media provide a
basic nutrient source for cells in the form
of glucose, amino acids, vitamins, and
inorganic ions, together with other basic
media components. The most preferred
base medium of the invention comprises
a nutrient base of either calcium-free or
low calcium Dulbecco's Modified Eagle's
Medium (DMEM), or, alternatively DMEM
and Ham's F-12 between a 3-to-1 ratio to
a 1-to-3 ratio, respectively. [0074]The
base medium is supplemented with
components such as amino acids, growth
factors, and hormones. Defined culture
media for the culture of cells of the
invention are described in United States
Patent No. 5,712,163 to Parenteau and
in International PCT Publication No. WO
9573:1473, the disclosures of which arc
incorporated herein by reference. Other
media are known in the art such as those
disclosed in Ham and McKeehan,
Methods in Enzymology, 58:44-93
(1979), or for other appropriate
chemically defined media, in  WO
2007/103865PCTO7S2007/9 Bottenstein
et at. Methods hi Enzymology, 58:94-109
(1979), Ia the preferred embodiment, the
base medium is supplemented with the
following components 'mown to the
skilled artisan in animal cell culture:
insulin, transfenin, triiodotheenine (13),
and either or both ethanolamine and
othosphortedgethanolamine, wherein
concentrations and sebatiturions for the
supplements may he determined by the
skilled artisan [0075]insulin is a
polypeptide hormone that promotes the
uptake of glucose and amino acids to
provide iong term benefits over multiple
passages. Supplementation of insulin or
insulin-like growth factor (IGF) is
necessary for long term culture as them
will he eventual depletion of the cells"
ability to uptake glucose and amino acids
and possible degradation of the cell
phenotype. Insulin may be derived from
either animal, for example bovine, human
sources, or by recombinant means as
human recombinant insulin. Therefore, a
human insulin would qualify as a
chemically defined component not
derived from a non-human biological
source. Insulin supplementation is
advisable for serial cultivation and is
provided to the media at a wide range of
concentrations. A preferal concentration
range is between about 0.1 ggignI to
about 500 uggnI, more preferably at
aboutint to about 400 tighil, and most
preferably at about 375 eigtml.
Appropriate concentrations for the
supplementation of insulin-like growth
factor, such as IGF-1 or 1)1-2, may he
easily determined by one of skill in the art
for the cell typos chosen for culture.
[0076]Transferrin is in the medium for
iron transport regulation. Iron is an
essenrial 



trace element found in scrum. As iron
can be toxic to cells in its free form, in
serum iris supplied to cells bound to
transient') at a concentration range of
preferably between about 0.05 to about.
50 gglin I, more preferably at about 5
gg/ml. [0077]Triiodothmonine (13) is a
basic component and is the active form
of thyroid hormone that is included in the
medium to maintain rates of cell
metabolism. Triiodothyronine is
supplemented to the medium at a
concentration range between about 0 to
WO 2007110350PCT/1JS2007/06330
about 400 pM, more preferably between
about 2 to about 90 pfsl and most
preferably at about 20 01. [0078]Either or
both ethanolamine and oink 'bur,id) arc
phospholipids, ale added whose function
is an importantprecursor in the inositol
pathway and fatty acid metabolism.
Supplementation of lipids that are
normally found in serum is necessary in a
scrum-free medium. Ethanolamine and
o-phosphorylsethanolaminc are provided
to media at a concentration range
between about 10-6 to about 10-2 M,
more preferably at about I a lr M.
[0079]Throughout the culture duration,
the base medium is additionally
supplemented whin other components to
induce synthesis or differentiation or to
improve cell growth such as
hydrocortisone, selenium, and
L-glutarnine. 



[0080]Hydrocortisone has been shown in
keratinocyte culture to promote
keratinocre phenotype and therefore
enhance differentiated characteristics
such as involuerin and keratinocyte
transglutaminase content (Rubin et al., I
Cell Physiol., 138:208-214 (1986)).
Therefore, hydrocortisone is a desirable
additive in instances where these
charocto-istics arc beneficial such as in
the fomiation of keratinocyte sheet grafts
or skin constmets. Hydrocortisone may
be provided at a concentration range of
about 001 ua/m1 to about 4.0 uggin,
most preferably between about 0.4 figgril
to 16 up/ml. [0081]Selenium is added to
serum-free media to resupplement the
trace elements of selenium normally
provided by serum. Selenium may be
provided at a concentration range of
about 104 MO about 10i7M; most
preferably at about 5.3 a 104 lvf
[0082]The amino acid L-glutamine is
present in some nutrient bases and may
be added in eases where there is none or
insufficient amounts present.
Li-glutamine may also be provided in
stable form such as that sold under the
mail:, GlutaMAX-i'm (CU bee 13.R.L.
Grand Island., NY). ("luta-MAX-11m is
the stable dipeptide lisrm of
Iralanyl-14-glutamine and may  be used
interchangeably with 2-glutamine and is
provided in equimolar concentrations as
a substitute to Lsglutamine. The
dipeptide provides stability ix)
IS-cluramine from degradation over time
in storage and during incubation that can
lead to uncertainty in the effective
concentration of L-glutarninc in medium.
Typically, the base medium is
supplemented with preferably between
about 1 netel to about 6 :veil, more
preferably between about 2 riati4 to
about 5 nin4, and most preferably 4 mM
L-glutamine or GlutaMAX-14m.
[0083]Growth factors such as epidermal
gowth factor (EGF) may also be added to
the medium to aid in the establishment of
the cultures through cell scale-up and
seeding. EGF in native forn or
recombinant form may be used. Human
forms, native or recombinant, of EGF are
preferred for use in the medium when
fabricating a. skin equivalent containing
no non-human biologicai components.
EGF is an optional component and may
be provided at a concentration between
about 1 to 15 ngemL, more preferably
between about 5 to 10 ngiml.. 



[0084]The medium described above is
typically prepared as set forth below.
However, it should be understood that
the components of the present invention
may be prepared and assembled using
conventional methodology compatible
with their physical properties. It is well
kmown in the art to substitute certain
components with an appropriate
analogous or functionally equivalent
acting agent for the purposes of
availability or economy and arrive at a
similar result. Naturally occurring growth
factors may be substituted with
recombinant or synthetic growth factors
that have similar qualities and results
when used in die peribrmance of the
invention. [0085]Media in accordance
with the present Invention are sterile.
Sterile components are bought sterile or
rendered sterile by conventional
procedures, such as filtration, after
preparation. Proper aseptic procedures
were used throughout the following
Examples. DMEM and F-12 are first
combined and the individual components
are then added to complete the medium.
Stock solutions of all components can be
store d at 20'D., with the  exception of
nutrient source that can be stored at 4
CT. All stock solutions are prepared at
500X final concentrations listed above. A
stock solution of insulin, iransferrin and
hiiodothyronine (ail from Sigma) is
prepared as follows: triiodothyrouine is
initially dissolved in absolute ethanol in
IN hydrochloric acid (lid) at a 2:1 ratio.
Insulin is dissolved in dilute HG!
(approximately 0.1N) and transferrin is
dissolved in water. The three are then
mixed and diluted in water to a 500X
concentration. Fthanolamine and
ophosphoryTethanolamine are dissolved
in water to 500X concentration and are
filter sterilized. Progesterone is dissolved
in absolute ethanol and diluted with
water. Hydrocortisone is dissolved in
absolute ethanol and diluted in
phosphate buffered saline (PES).
Selenium is dissolved in water to 500X
concentration anti fitter sterilized. FOE is
purchased sterile and is dissolved in
PBS. Adenine is difficult to dissolve but
may be dissolved by any number of
methods known to those skilled in the art.
Serum albumin may be added to certain
components in order to stabilize them, in
solution and arc presently derived from
either human or animal sources. For
example, human serum albumin (HS A)
or bovine scrum albumin (BSA) may be
added for prolonged storage to maintain
the activity of the progesterone and EGF
stock solutions. The medium can be
either used immediately after preparation
or, stored at -1 "C1. If stored, EGF
should not be added until the time of use.
[0086]In order to form the cell-matrix
layer by the culture of matrix-producing
cells, the medium is supplemented with
additional agents that promote matrix
synthesis and deposition by the cells.
These supplemental agents are
cell-compatible, defined to a high degree
of purity and arc free of contaminants.
The medium used to produce the
cell-matrix layer is termed "matrix
production medium". [00871prepare the
matrix production medium, the base
medium is supplemented with an
ascorbato derivative such as sodium
ascorbate, ascorbic acid, or one of its
more chemically stable derivatives such
as Is-ascorbic acid phosphate
magnesium salt n-hydrate.  Aseorbate is
added to promote hydroxylation of proline
and secretion of procollagen, soluble
precursor to deposited collagen
molecules. Ascorhate has also been
shown to be an important cofactor for
post-translational processing of other
enzymes as well as an upregulator of
type 1 and type In col lagen synthesis, 



fOORS]While not wishing to be bound by
theory, supplementing the medium with
amino acids involved protein synthesis
conserves cellular energy by not
requiring the cells produce the amino
acids themselves, The addition of prof inc
and glycine is preferred as they, as well
as the hydroxylated form of proline,
hydroxyprolinc, are basic amino acids
that make up the structure of collagen.
[0089]While not required, the
matrix-production medium is optionally
supplemented with a neutral polymer.
The cell-matrix constructs of the
invention may be produced without a
neutral polymer, but again not wishing to
be bound by theoly, its presence in the
matrix production medium may collagen
processing and deposition more
consistently between samples. One
prefemed neutral polymer is polyethylene
glycol (PEG), which has been shown to
promote in vitro processing of the soluble
precursor procollanen produced by the
cultured cells to matrix deposited
collagen. Tissue culture grade PEG
within the range between about 1(100 to
about 4000 Ni W (molecular weight),
more preferably between about 3400 to
about 3700 MW is preferred in the media
of the invention. Prefented PEG
concentrations are for use in the method
may heat concentrations at about 5%
vv.% or less, preferably about 0.01% wiv
to about 0.5% wily, more preferably
between about 0,025% ssev to about
0.2% %iv, most preferably about 0.05%
wiv. Other culture grade neutral polymers
such dextran, preferably dextran 1-40, or
polyvinylpyrrolidone (MVP), preferably in
the range of 30,000-4,0..000 MW, may
also be used at concentrations at about
5% is% or less, preferably between about
0.01% wiv to about 0.5% wee, more
preferably between about 0.025% wilt to
about 0.2% wiv, most preferably about
0.05% W/V. Other cell culture grade and
cell-compatible agents that  enhance
collagen processing and deposition may
be ascertained by the skilled routincor in
the art of mammalian cell culture.
[0090]When the cell producing cells are
confluent, and the culture medium is
supplemented with components that
assist in mantix synthesis, secretion, or
organization, the cells are said to be
stimulated to form a tissue-construct
comprised of cells and matrix
synthesized by those cells.
[00911Therefore, a preferred matrix
production medium formulation
comprises: a base 3:1 mixture of
Dulbeeco' s Modified Eagle's Medium (I)
MEM) (high glucose formulation, without
L-glutamine) and Hams F-12 medium
supplemented with either 4 niM.
it-glutamine or equivalent, 5 ngirtil
epidermal growth factor, 0.4 wind
hydrocortisone, 1 x 10T M ethanolamine,
1 x 10 1 M cophosphorylmthanollarnine,
5 u gaml insulin, 5 itygml mansferrin, 20
piM triiodothyronine, 0.78 ngaml
selenium, 50 ngiffil 1.-ascorbic acid, 0.2
L-proline, and 0.1 ggiml glycine. To the
production medium, other
pharmacological agents may be added to
the culture to alter the nature, amount, or
type of the extracellutar matrix secreted.
These agents may include polypeptide
growth factors, transcription factors or
inorganic salts to up-regulate collagen
transcription. Examples of polypeptide
growth factors include transforming
growth factor-beta 1 (TCW-131) and
tissue-plasminogen activator (TPA), both
of which are known to upregulate
collagen synthesis. Raghow et al.,
Journal of Clinical Investigation,
79:1285-1288 (1987); Pardes et al..
Journal of Investigative Dermatology,
100:549 (1993). An example of an
inorganic salt that stimulates collagen
production is cerium. Shivakumar or al.,
Journal of Molecular and Cellular
Cardiology 24:775-780 (1992). 



[0092]The cultures are maintained in an
incubator to ensure sufficient
environmental conditions of controlled
temperature, humidity, and gas mixture
for the culture of cells. Preferred
conditions are between about 34 [C to
about 38 <C, more preferably 37 ;[ IC
with  WO
2007/303865PCPU52007/063301 an
atmosphere between about 5-101 1%
CO( and a relative humidity (Rh) between
about 80- 90%. 100931In the preferred
embodiment, the cell-maeconstruct
formed of dermal fibroblasts arid their
secreted matrix. Preferably, human
dermal fibroblasts are used derived as
primary cells from dermis or more
preferably from serially passaged or
subcultured from established cell stocks
or banks that have been screened
against viral and bacterial contamination
and tested for purity. CPUs are cultured
under sufficient conditions in growth
medium to cause them to proliferate to
an appropriate number for seeding the
cells to the culture substrate on which to
font a ecl I-matrix construct. Alternatively,
cells from frozen cell stocks may be
seeded directly to the culture substrate.
[0094]Once sufficient cell numbers have
been obtained, cells are harvested and
seeded onto a suitable culture surface
and cultured under appropriate growth
conditions to form a confluent sheet of
cells, in the preferred embodiment, the
cells are seeded on a porous membrane
that is submerged to allow medium
contact from below the culture through
the pores and directly above. Preferably,
cells are suspended in either base or
growth media and are seeded on the cell
culture surface at a density between
about I x 105 cells/cm' to about 6.6 x 105
cellsiem2, more preferably between
about lx 105 cells(cm2 to about 6.6 x
cells/cm?' and most preferably at about
6.6 x 107 cells/cm' (cells per square
centimeter area of the surface). Cultures
are cultured in growth medium to
establish the culture and are cultured to
between about 80% to 100% confluence
at which time they are induced
chemically by changing the medium to
matrix production medium in order to
upregulate the synthesis and secretion of
extracellular matrix. In an alternate
method, cells are seeded directly in
production media to eliminate the need to
change from the basic media to the
production media but it is a method that
requires higher seeding densities.
[0095]During the culture, fibroblasts
organize the secreted matrix molecules
to form 



a three dimensional tissue-like  structure
but do not exhibit significant contractile
forces to cause the forming cell-matrix
construct contract and peel itself from the
culture substrate. Media exchanges are
made every two to three days with fresh
matrix production medium and with time,
the secreted matrix increases in
thickness and organization. The time
nceessaly for creating a cell-matrix
construct is dependent on the ability of
the initial seeding density, the cell type,
the age of the cell line, and the ability of
the cell line to synthesize and secrete
matrix. When fully fomnid, the constructs
of the invention have bulk thickness due
to the fibrous matrix produced and
organized by the cells; they are not
ordinary confluent or overly confluent
cell. cultures where the cells may be
loosely adherent to each other. The
fibrous quality gives the constructs
cohesive tissue-like properties unlike
ordinary cultures because they resist
physical damage, such as tearing or
cracking, with routine handling in a
clinical setting. In the fabrication of a
cultured dermal construct, the cells will
form an organized matrix around
themselves on the cell culture surface
preferably at least about 30 microns in
thickness or more, more preferably
between about 60 to about 120 microns
thick across the surface of the
membrane; however, thicknesses have
been obtained in excess of' 120 microns
and are suitable for use in testing or
clinical applications where such greater
thicknesses are needed. [0096]In a more
preferred method, an epithelial cell layer
is applied to one surface, preferably the
top, upwardly facing surface of the
cell-matrix construct. 'to the cell-matrix
construct, epithelial cells may be seeded
and cultured thereon to fonn a multilayer
tissue construct. In the most preferred
method, keratinocytes derived from skin
are grown on the cell construct to form a
skin construct. In other preferred
embodiments, corneal epithelial cells,
also termed corneal keratinoeytes, may
be seeded on the cell-matrix construct to
form a corneal construct. Epithelial cells
from the oral mucosa may be grown on
the cell-matrix construct to finial a
construct of oral mucosa. Epithelial cells
from esophagus may be seeded  on the
cell-matrix construct to form a construct
of esophageal tissue. Uroepithelial cells
from the urogenital tract may be seeded
on the cell-matrix construct to form a
construct of urcepithelium. Other cells of
epithelial cftigin may be selected to form
a construct of tissue ilium which those
cells were derived. [0097]Methods for
providing epidermal calls to a dermal
substrate, and methods for their culture,
including induction of differentiation and
comitleation to form a differentiated
Izatraiinocyte layer arc known in the art
and are described in U.S. Patent No.
5,712,163 to Parenteau, et al. and in U.S.
Parent No. 5,536,656 to Kemp, et al., the
contents of which arc incorporated herein
by reference in their entirety. Typically to
perform the epidermalization of the
cell-matrix construct, keratinoeytcs are
seeded to the cell-matrix construct and
cultured thereon until the layer is about
one to three cell layers thick. The
keratinocytes are then induced to
differentiate to form a multilayer
epidermis and are then induced to cornify
to form a stratum corneum. [00951In the
method of forming a differentiated
epidermal layer, subcultured
keratinocytes are taken from the cell
stock and their cell numbers arc
expanded. When an necessary number
of cells have been obtained, they are
released from the culture substrate,
suspended, counted, diluted and then
seeded to the top surface of the
cell-matrix construct at a density between
about 4.5 x 103 eel IS/CM2 to about 5.0
x 105 eel Is/em', more preferably
between about 1.0 x 104 cells/cm2 to
about 1.0 x 105 cells/one, and most
preferably at about 4.5 x 101 cells/m-112.
The constructs are thou incubated for
between about 00 to about 90 minutes at
37 IC. 10% CO2 to allow the
keratinocytes to attach. After the
incubation, the constructs are submerged
in epidermalization medium. After a
sufficient length of time in culture, the
keratinocytes prot ferate and spread to
form a confluent monolayer across the
cell-matrix construct. Once confluent, the
cell media formulation is changed to
differentiation medium to induce cell
differentiation. When a multi layer
epithelium has  



formed, comification media is then used
and the culture is brought to the air-liquid
interface. For the differentiation and
cornificatien of keratimmytes, the cells
are exposed to a dry or low humidity
air-liquid interface. A dry or low-humidity
interface can be characterized as trying
to duplicate the low moisture levels of
skin. With time, keratinecytes will express
most or all keratins and other features
found in native skin when exposed to
these conditions. [0099]As mentioned
above, the syston for the production of a
cell-matrix castanet may be used in the
lactation of a corneal construct. The
corneal epithelial cells can be derived
from a van cry of mammalian sources.
The preferred epithelial cell i8 a rabbit or
human corneal epithelial cell (conical
keratinoeytM but any mammalian conical
kcratinocyte may be used. Other
epithelial keratinocytes such as those
derived from the sclera (outer white
opaque portion) of the eye or epidermis
may be substituted, but cornea]
keratinocytes are preferable. In the
method for forming a corneal construct,
the medium is removed from the culture
insert (containing the cell-matrix
construct) and its surround. Normal rabbit
conical epithelial cells are expanded via
subculture, trypsinized to remove them
from the cultures substrate, suspended in
culture medium, and seeded on top of
the membrane at a density between
about 7.2 x 104 to about 1.4 x 105
cells/cm'. The constructs are then
incubated without medium for about four
hours at 37 l'C, 10% CO, to allow the
epithelial cells to attach. After incubation,
the constructs are submerged in Corneal
Maintenance Medium (CNAM) (Johnson
et al., 1992.) The epithelial cells are
cultured until the cell-m8tn construct is
covered with the epithelial cells.
Completeness of epithelial coverage can
be ascertained by a variety of methods,
liar illustration by staining the culture with
a solution of Nile Blue sulfate 0:10,000 in
phosphate buffered saline). Once the
cell-matrix construct is covered, after
approximately seven days, the constructs
are aseptically transferred to new
culturing trays with sufficient cornea
maintenance medium (('MM) to achieve a
fluid level just to the surface of the
construct to maintain a moist interface
without submersion of the  WO
2002/10386SPCT/US2007/063301
epithelial layer. The constructs are
incubate7  1C, 10% CO2, and greater
than 60% humidity, with the CM1V1,
making media changes as necessary,
typically, three times per week.
[001001For the differentiation, but not the
ramification of the epithelial cell layer, at
necessary in the production of a conical
constrict, the epithelial cell surface is
exposed to a moist air-liquid interface.
Methods for providing a moist air-liquid
interface are described in U.S. Patent
No. 5,374,515 to Parente,au. As used
herein, the term "moist interface" is
intended to mean a culture eityinmment
which is regulated so that the surface of
the construct is moist, with high humidity,
but not dry or submerged. The exact
level of moisture and humidity in the
culture environment is not critical, but it
should be sufficiently moist and humid to
avoid the formation of comified cells. A
moist interthee can be characterized as
tying to duplicate similar moisture levels
of the human eye. [00101JIn an alternate
preferred embodiment, a seeding of a
second matrix-producing cell may be
performed on a first formed cell-matrix
construct to obtain a thicker cell-matrix
construct or a bilayer cell-matrix constrict.
[he second seeding can he performed
with the same cell type or strain or with a
different cell type or strain, depending on
the desired result. The second seeding is
performed under the same conditions
employing the procedures and matrix
production medium used in the
production of the first layer. One result in
performing the second seeding with a
different cell type is to have a matrix
funned with different matrix component
profiles or matrix packing denSity to
affect wound healing when the construct
is grafted to a patient. The first cell
seeding produces a matrix analogous to
the reticular layer of derrnis, a more
densely packed layer of Type I collagen
and constituent extracellidar matnx
components. The second cell seeding
would produces a matrix similar to the
papillary layer of dermis characterised by
looser collagen fibrils and extracellular
matrix. Another result is the second cell
type may produce a therapeutic
substance that would also affect 



wound healing, such as improved  amaf
ake or graft integration or the
minimization or prevention of scar
formation. [00102]In another preferred
embodiment, mixed cell populations of
two lr more cell chiles may be cultured
together during the formation of a
cell-matrix con.vided that at least one of
the cell types used is capable of
synthesizing extracellular matrix. 'rho
second cell type may be one needed to
perform other tissue functions or to
develop particular structural features of
the tissue Construct. For instance, in tile
production of a skis construct, dermal
papilla cells or epithelial cells from
adnexas may be cultured with dm
matrix-producing cells to allow the
fonbation of epithelial appendages or
their components. Epidermal
appendages such as sweat or sebaceous
eland structures or components or hair
follicle structures or components may
form when cultured together with the
matrix-producing cells. Epithelial cells
may be derived from the appendag,eal
structures of gla.nd and hair located in
deep dermis, such as by microdissection,
and include eocrine cells, myoepithelial
colts, glandular secretory cells, hair fol
Hole stem cells. Other cell types normally
found in skin that constitute skin may
also be added such as melanocytes,
Langerhans cells, and Merkel cells.
Similarly, vascular endothelial cells may
be co-cultured to produce rudimentary
components for new vascul alum
formation. Adipocytes may also be
cultured with the matrix-producing cells to
form a construct used for reconstructive
sin-get)'. As alternate mode of delivery of
this second cell type, the cells may
locally seeded as a spot or as an
arrangement of any number of snots of
cells on or within a forming or completely
formed cell-tissue matrix for localized
development of these structures. To seed
the cells within the cell-matrix construct,
the cells may be injected between the top
and bottom surfaces, within the
cell-matrix, for the cells to grOW, form
specialized structures and perform their
specialized function. To produce a
three-layered tissue construct, a first
seeding of cells comprising a
matrix-producing cell t,?.pc or a
non-matrix-producing cell type is seeded
on the  WO
2007/103865PC1/11S2007/063301
culture substrate for a time sufficient to
produce a cell-matrix construct or a cell
layOnce the first cell-matrix construct or
cell layer is formed, a second seeding of
cells comprising a matrix-producing cell
type is seeded on the top surface of the
first cell-matrix construct or cell layer and
cultured for a time under conditions
sufficient to form a second cell-matrix
construct on the first construct. On the
second cell-matrix construct, a third
seeding of a third cell type is seeded and
cultured under sufficient conditions to
produce the third layer. As an example,
to produce a three-layer corneal
construct, the cell of the first cell-type
may be comprised cif endothelial origin,
such as corneal endothelial cells; the
second cell type may comprise cells of
connective tissue Origin, such as corneal
keratocytcs; and the third cell type may
comprise cells of epithelial origin, such as
corneal epithelial cells. As another
example of a three-layer construct of
skin, the cell of the first seeding may be
of vascular origin to provide components
for vascularization, the cells of the
second seeding may comprise dermal
fibroblasts to form a cell-matrix construct
to serve as a dermal construct, and the
cells of the third seeding may be
epidermal keratinocytes to form an
epidermal layer. 1001031Tissue
constructs of the invention can be stored
at cryogenic temperatures 



when vitrification or cryoprescrvation
methods are employed. Methods for
vitrification of tissue constructs are
described in U.S. Patent No. 5,518,878
and methods for cryopreservation are
described in U.S. Patent Nos. 5,689,961
and 5,891,617 and in International Prl
Application WO 96;24018, the
disclosures of which are incorporated
herein by reference.   Culture tissue
constructs comprising at gel mixture of a
collagen solution vith contractile agent
1001041In another embodiment of this
iatsention. the cultured tissue constructs
comprise a a gel mixture comprising a
collagen solution and a contractile agent.
100105]This cultured tissue construct is
produced by forming a hydrated collagen
lattice, in vitro, as disclosed in US Patent
No. 4,485,096 to Bell incorporated herein
by reference in its entirety. This lattice is
contracted into a cultured tissue
construct with a contractile agent
incorporated in it. Examples of contractile
agents are fibroblast cells and blood
platelets. [001 061A skin-equivalent can
be produced from this living connecting
tissue substrate by platin.e keratinocyte
cells on it and providing for their growth.
This skin-equivalent is uniquely different
from the previously described artificial
skins because its basic organization is
like that of skin and its living constituent
cells may oven be donated by a potential
graft recipient. [00107]Glandinrgan
equivalents or small vessel, equivalents
can be i'omted from the 



contracted hydrated collagen lattices
described herein. [00108]Thus, it can he
seen that the cultured tissue construct
prodnced according to this invention offer
the potential of producing living tissue,
gland and organ equivalents of many
types and functions. Such equivalents
may even be fabricated and stored as
inventory until a need to employ them
arises. [00109]One of the major
advantages of such cultured tissue
constructs is that they can be employed
in a host other than the donor of the cells
used to produce the cultured tissue
constructs witImut suffering from the
serious problems of rejection which might
be expected. This is because selection
against cells responsible for rejection by
a recipient's immune system takes place
when the cells used for the fabrication of
the living tissue are propagated
according to this invention. in addition,
certain cells lose their ability to stimulate
rejection when preserved in tissue culture
under certain conditions according to
recent research reports. [00110]hydrated
collagen lattices can be prepared
employing collagen derived from rat tail
tendon anti calf skin collagen. Other
sources of collagen including human fetal
skin have been employed, and still other
sources WOUld be suitable. Solutions of
collagen are   prepared and maintained
under slightly acidic conditions. Lattices
are foamed by adding fibroblast cells with
nutrient medium and base which raises
the pH sufficiently to precipitate collagen
fibrils from solution. Preparation of
hydrated collagen lattices is described in
more detail in the following references,
the teachings of which are incorporated
by reference: Elsdale, T. and Bard, 1.,
"Collagen Substrata For Studies On Cell
Behavior," J. Cell Biol. 54,
626-637(1972): Ehrmann, R. Land Gey,
G. O., "Thc Growth of Cells on A
Transparent Gel of Reermstituled
Rat-Tail Collagen," I. Natl, Cancer Inst.,
16, 1375-1403 (1956); Emermann, 3.1.
and Pitelku, B. R., "Hormonal Effects on
Intracellular and Secreted Casein in
Cultures of Mouse Mammary Epithelial
Cells on Floating Collagen Membranes,"
In Vitro, 13, 316- 328 (1977);
Michalopoulous, G. and Pitot, H. C.,
"Primary Culture of Parenchymal Liver
Cells on Collagen Membranes," flap. Cell
Res. 94, 70-78 (1975); Goy, G. 0.
Syotelis, M., Foard, M. and Bang, F. B.,
"Long-Term Growth of Chicken
Fibrobla.sts On A Collagen Substrate,"
Exp. Cell Res., 84, 63-71 (1974); and
Hillis, W. D. and Band, F. B., "The
Cultivation of IMman Embryonic Liver
Cells," Esp. Cell Res., 26, 9-36 (1962).
[001111Fibroblast cells actually used in
the experiments described herein as a
contractile agent were human foreskin
fibroblasts and guinea pig dennal
fibroblasts. Fibroblasts from other
sources have also be used, and it is
believed, in fact, that fibroblasts from any
vertebrate animal would be suitable for
contracting hydrated collagen lattices. A
convenient technique for simultaneously
farming the lattice and plating cells
therein involves neutralizing an acidic
collagen solution maintained in a culture
dish with nutrient medium containing
fibroblast cells. Upon neutralization,
collagen fibrils precipitate from the
solution to form the lattice with fibroblast
cells homogeneously dispersed
therethrough. The cells and col la.gen
lattice are then maintained under
conditions which allow the cells to attach
to the collagen lattice and to contract it to
a fraction of its original size, thereby
providing the living tissue.  



WO 2907/1113865PCTATS2007/063301
1001 12]The incorporation of fibroblast
cells into hydrated collagen lattices
causes the lattices to contract as trapped
water was squeezed out. If the surface
on which the lattice was formed is
non-wettable, e.g., a hydrophobic plate,
the resulting tissue is of regular
geometry. On tissue culture plates, some
cells migrate from the lattice to the plate
surface and contraction of the lattice is
not always regular. When a non-wettable
surface, such as a bacteriological Petri
plate is used, the lattice remains nearly a
perfect disc as its radius is decreased by
the cells. Fibroblast cells are found
homogeneotady dispersedghout collagen
lattices and not merely upon the lattices'
surface. 'Ibis simulates, then he dermal
layer of humans and other mammals.
[00113]In the absence of cells, lattices
undergo no change in radius. For
example, conditioned medium prepared
by growing ix106 human foreskin
fibroblast cells for five days in nutrient
medium caused no contraction when no
cells were present. [00114]Contracted
collagen lattices with cells resemble the
skin or dermis; even when partially
contracted, they have reasonable
consistency and can be readily handled.
When first made up with cells, the lattices
are almost transparent but gradually
become opaque as water s excluded and
the diameter reduced. After a 20-30-fold
decrease in lattice area, they have a tinn
rubbery consistency, a whitish pink tint,
and can be stretched somewhat without
being tom or delbrmed. [00115]The initial
diameter of a lattice is determined by the
quantity of materials used and by the
plate on width it is formed. Thus, maximal
contraction is an arbitrary measure, but is
related to cell number and protein
concentration. 



[00116]Although most contracted
hydrated collagen lattices have been
fornaed as sheets, other shapes can be
firmed. Tubes, for example, can he
formed by forming the contracted lattice
in an annular mold, or a glove of skin
might be prepared in an appropriate
mold. [00 117]Human skin keratinocytcs,
obtained in biopsies, hbeen deposited on
contracted hydrated collagen tutu net, the
same has been done with keratinocytes
cultivated in vitro. Plating of keratimmyies
can be done at the time the matrix gel
forms, at any time during the period of
contraction of the lattice, or any time after
contraction has been completed. Within
three days after plating suspensions of
dissociated lcoratinocytes, the cells
formed a confluent layer on the lattice
surface and the process of keratinization
begins leading to the formation oft
ramified layer which would prevent loss
of tissue fluids. [001181There are other
cellular contractile agents, in addition to
fibroblast cells. Among these are smooth
muscle cells, striated muscle cells and
heart muscle cells. [00119]Lattice
contraction by a contractile agent such as
fibroblast cells or platelets converts the
collagen lattice into a tissue equivalent of
relatively high tensile strength compared
to that of the collagen lattice cast without
a contractile agent, when both are
maintained under 100% relative humidity
conditions. Cast without a contractile
agent, the collagen lattice has a
consistency similar to fresh gelatine and
falls apart on handling. Lattices
contracted by platelets or cells can be
handled, stretched and sutured without
damage. {OOJ2OJTensile strength has
been tested by determining the maximum
weight fcir given time which could be
suspended on contracted lattices. ln one
example, a lattice of 5 ml volume fanned
in a 5.3 cm diameter dish and contracted
to about 2 cm in diameter by fibroblast
cells supported 3.5 grams for 7 min.
Another lattice also of 5 ml volume in a
5.3 on diameter dish was contracted from
a. height of 0.23 cm to one of 0.09 cm
with no change of diameter, by platelets,
and supported II grams for 10 minutes. 



[00121]It has been noted that tensile
strength, and other properties; are a
function of many parameters, including
the types and amounts of collagen and
contractile agent employed and the other
additives employed. The work described
herein, for example,  employed type I
collagen. It is known however, that type
11 I collagen imparts additional tensile
strength to skin and blood vessels, and
an it would be expected that the use of
type ITT collagen in the collagen lattices
described herein would increase their
tensile strength. Similarly, the addition of
glycosaminoglyeans, such as hyaluronic
acid, chondroitip 4-sulfate, and dermaran
sulfate, have been found to improve
tensile strength and water-retention
properties. [00122]Antibiotics, such as
penicillin smycin and fungizone can also
be added, if desired, to prevent microbial
infection. [00123]Although most of the
work described herein relates to the
formation of skin- equivalents by growing
keratinocytes on contracted collagen
lattices, other cell types could be grown
on or in lattices. Examples ire smooth
and striated muscle cells, cartilage, bone
cells, pancreatic cells, liver cells, etc.
[00124]Certain methods and devices
have been developed to assist in casting
contracted collagen lattices into sheets of
controllable dimensions and/or various
shapes. With fibroblast cells as the
contractile agent, unconstrained collagen
lattices typically undergo contraction in all
dimensions. However, a sheet whose
borders are held fixed contract only in the
thickness dimension. [00125]A device
suitable for constraining the borders can
be made from a sheet of 



stainless steel mesh of any shape. The
desired shape to be east i.s cut from the
center of the stainless steel mesh after
which the excess of the sheet is trimmed
off to leave approximately a one-half inch
border of mesh around the shape. This
fonns a frame of stainless steel mesh
which can be laid into a pan coated with
a non-stick material, such as
TeflothRTM. polytetrafluoroethylene,
after which the components used to form
the lattice are introduced. When the
components are poured and the lattice
forms, it fills the lacunae of the steel
mesh to which is becomes anchored. As
the cellular elements of the lattice
compact it by pulling  WO
2007/103865PCT/1T52007/0 together
the collagen fibrils, the volume of the
lattice decreases, but because the
perimeter is held fixed, the dimension
which is reduced is the thickness. In the
process, the lattice loses 1001261The
special advantage of the steel frame is
that the final sin equivalent is exactly the
size of the inside dimensions of the frame
and particularly, the lattice acquires
additional strength because of the
orientation of cells imposed by the
constraining frame. Further, since the
dimensions of the lattice do nut change in
width or length, Wit is cast in a
rectangular frame, even after it is cut
away from the frame, it is possible to
apply the epidermal component of
skin-equivalent to the dermal equivalent
as soon as one day after casting the
latter thus shaving at least four days off
the time needed to prepare a skin-
iivalent graft from a biopsy provided by a
patient. 100127]Components of a lattice
can be poured into the coated pan to
cover the restraining mesh. As the lattice
sets, it becomes anchored in the mesh
so that on contraction, the length and
width remain unchanged. Only the
thickness decreases. The ultimate
dimension of the thickness is a function
of (1) the initial volume of the lattice, (2)
the cell concentration and (3) the
collagen content_ The presence of
proteoglycans, such as hyaluronic acid
and chondroitin sulfate, result in
increased contraction and u decrease in
lattice thickness. The rectangular mesh
which holds the lattice or dermal
equivalent onto which epidermal cells are
seeded can be applied intact to a wound
requiring skin. While in place, it can be
cut away From the inside perimeter of the
mesh immediately or at some later time
since its presence could help to maintain
the integrity of the graft. [00128]Another
technique and method which are helpful
in anchoring epidermis on the demial
equivalent of skin equivalent preparations
is as follows. The dermal equivalent is
first cast and a plastic sheet, e.g.,
Teflon.RTM. polytetrafluoroethylene,
through which needle points have been
passed and allowed to remain in a
regular pattern, is laid over the fresh 



The plastic sheets and needle points are
removed 1-4 days afterward, when the
casting is seeded with epidermal cells.
This results in the formation of pits into
which the epidermal cells flow thereby
providing greater surface contact
between the epidermis and dermal
equivalent. [00129[Follicle and glandular
cells, which can he isolated by an
enzymatic dissociation technique, might
be seeded with the suspensions of
epidermal cells to occupy such pits.
[00130jA major advantage of the living
tissue described herein is the absence of
rejection encountered when the recipient
is different than the donor of the cells
employed in producing the
tissue-equivalent. For example,
skin-equivalent grafts fabricated with
cells other than those of the graft
recipient have now been made to animal
hosts. Skin-equivalent grafts made up as
described above but assembled with
cells from female anirrmls of the
Sprague-Dawley strain of rats have been
grafted to male Fischer rat hosts and
allowed to remain in place for various
periods. It can be generalized that
equivalent grafts of any kind which are
fabricated without specialized immune
cells that are ubiquitous in native tissues
will not be rejected since the andgenic
determinants responsible for graft
rejection are not expressed on the
surfaces of cells incorporated into
equivalein tissues. Their absence makes
it impossible for the immune cells of the
host to sense the foreign cells. This
provides an opportunity to replace or add
types of cells, tissue or organs which a
recipient needs, because his own are
deficient or absent. 1): Cultured Tissue
Constructs Comprising A Collagen Gel
Layered on a Collagen Gel: [00131]The
cultured tissue constructs of this
ernbodiment, although similar in both
methods of preparation and use to those
comprising a hydrated collagen lattice
further comprise a layer of collagen.
[00132]It has been discovered that a
collagen lattice cast on an acellidar,
hydrated   collagen gel in contact with a
permeable member does not undergo
substantial radial or lateral contraction
while contracting in the thickness
dimension, thus eliminating the need to
anchor the collagen lattice an, e.g., a
stainless steel frame, to control radial or
lateral contraction. By way of an
example, a 24 mm diameter collagen
lattice east as described above hut
without an anchoring means, would
contract radially to a diameter of 5 mm or
less. In contrast, a 21 mm diameter
collagen lattice cast on an acellular,
hydrated collagen gel in contact with a
permeable member will typically contract
radially to a diameter of about 15 nun 1
he elimination of the anchoring means to
control laterabradial contraction offers
advantages in terms of cost reduction
and ease of fabrication of tissue
equivalents. It should be understood that
such anchoring means can be used in
conjunction with hydrated collagen gel in
contact with a permeable member if
desired. 



[00133]One method of obtaining the
tissue equivalents of present invention
comprises: (a) forming a. mixture
comprising collagen and at least one
contractile agent; and (h) applying the
mixture obtained in step (a) to an
acellular, hydrated collagen gel in contact
with a permeable member, and
maintaining the mixture and gel under
conditions which permit formation of the
tissue equivalent. [00 I 34]In some
embodiments of the present invention,
one or more absorbent members,
including but not limited to, fibrous pads,
cotton pads and gels, agarose, are used
in conjunction with the collagen gel
described above. Such absorbent
members have been found to provide a
consistent and level physical support and
to promote uniform contact between the
tissue equivalent and the cell culture
medium. Typically, the absorbent
member is adjacent to the surface of the
collagen gel opposite the hydrated
collagen lattice. Where the absorbent
member(s) is itself a gel, e.g." agarose,
the gel may he provided together with a.
nutrient media to provide nutrients to the
tissue equivalent.  WO
21107/11t3565PCTIU52007/063301
[001351Re following experimental
endpoints have been monitored in tissue
equivalents maintained with and without
the hydrated collagen gel and/or the
absorbent member during various
phases of development of a skin tissue
equivalent: I. Glucose utilization; 



2. The extent and quality ofepidenv,al
stratification and enmifleanrin; 3. pH of
medium. [00136]The observed pH of
media obtained from tissue equivalents
maintained th the absorbent rnember(s)
were consistently higher, and closer to
physiological pH than tissue equivalents
maintained in the absence of these
members. in addition, glucose utilization
was observed to be generally lower in
tissue equivalents maintained with the
absorbent member. [00137]It has
surprisingly been found that mature
cornification is promoted in skin tissue
equivalents made by use of the
absorbent member(s) compared to
control skin equivalents made without
such members. Although the mechanism
by which these absorbent members may
influence epidermal differentiation is
unknown, it is postulated that such
members may act as diffusion barriers,
e.g., a permeability barrier, and may filter
the medium andtor to retain secreted
cellular products in close proximity the
tissue equivalents. [00138]Living skin
equivalents of the present invention are
prepared as described above, except that
in accordance with this embodiment, the
hydrated collagen lattice is cast on an
acellulor, hydrated collagen gel.
[00139]One method of producing a skin
tissue equivalent in accordance with the
present invention comprises: (a) forming
a mixture comprising collagen and at
least one contractile agent; GT) applying
the mixture obtained in step (a) to an
acellulor, hydrated collagen gel in contact
with a permeable member, and
maintaining the mixture and gel under
conditions which permit formation of the
tissue equivalent; and 



(c) seeding the tissue equivalent
obtained in step (b) with keratinocytes.
[00140]By way of background, one
convenient protocol for casting the tissue
equivalents of the present invention,
involves rapidly mixing together an acidic
solution of collagen having a pH of about
3 to 4, with nutrient media, adjusting the
pH of the resultant solution, if necessary,
to about pH 6.6 to pH 7.8, adding
fibroblast cells, transferring the resultant
mixture (the "casting mixture") into an
appropriate mold or casting device
having all acel Mar? hydrated collagen
gel disposed therein and, then,
incubating at a temperature preferably
about 35' C to 38" C. It is most
convenient to adjust pH and combine the
ingredients of the casting, mixture
simultaneously. However, these steps
may be carried out in any desired order,
provided that the steps are completed so
that the casting mixture can be
transferred to a mold for appropriate
setting. ftc collagen fibrils precipitate from
the casting mixture as a result of
warming the solution and raising the pH
to form a hydrated collagen gel
contracted by a contractile agent and
disposed on hydrated collagen gel.
[00141]Although the methods of making
living tissue provided by this embodiment
are applicable to the fabrication of tissue
equivalents in general, these methods
will be illustrated in connection with the
production of skin equivalents for use in
skin grafting applications and in test
systems incorporating skin equivalents.
[00142]Referring to the drawings, FIGS.
.13-15 illustrate one embodiment of an
apparatus for determining the interaction
of skin and one or more agents by use of
skin tissue equivalents in accordance
with the present invention, wherein
multiple containers 10,22 having tissue
equivalents of the present invention
disposed therein are provided in a base
or holder. The apparatus shown in FIGS.
13-15 is also provided with a cover
means 2. In some embodiments a
covering (not shown) is provided for each
container 10, 20. The covering is
selected from any biocothpatible material
which will hold a seal on the container.
Acceptable covering materials include
foils and barrier films which may be
sealed to the apparatus by  WO
2007/103865PCT/US2007,063301
means of an adhesive or heat. A heat
sealable polyester film is patlaxly useful
in the 



practice of the present invent.mn.
[00143]The containers for the tissue
equivalents comprise an outer container
0 and an inner container 20. The inner
container 20 is provided with a rim 50 to
provide means for positioning the inner
container 20 in the outer container 10
thereby defining an outer area 14 and an
inner area 22. The inner container 20 is
provided with a skin tissue equivalent 26,
28 disposed on hydratead collagen gel
25 which is in turn disposed adjacent a
permeable member 24. The permeable
member is sealably attached to the inner
container 20 to form the bottom surface
thereof. The skin tissue equivalent
comprises thvo layers 26, 28, layer 28
comprising an epidermal layer, layer 26
comprising a derrnai layer. In some
embodiments, a sealing member 30
provides a seal between the inner wall of
the inner container 20 and the skin
equivalent 26, 28 and covers the
perimeter of hydrated collagen gel 25 in
the case where the outer edge of the
tissue equivalent 26,28 is positioned
inward of hydrated collagen gel 25. In the
embodiments pictured in the Figures, the
container 10 is provided with an opening
21 which provide access to the outer
area 14. [00144]The apparatus depicted
in FIG. 15 is ?tinnier provided with a
absorbent member 32. In yet other
embodiments, the outer chamber 14 may
have a gel, not shown, disposed therein.
[00145]FIGS. 16-18 illustrate another
embodiment of an apparatus for
determining the interaction of tissue and
one or more agents by use of tissue
equivalents in accordance with the
present invention. Elements similar to
those in other described embodiments
are indicated by the same numeral. In
this embodiment, the outer well 10 is
square and is provided with elevated
sections 60 in the bottom on which the
inner container 20 may he positioned.
The outer well 10 rather than projecting
upwardly from the bottom of the
apparatus is formed as a pocket from the
top of the apparatus.  WO
20071103565PCP/1752007/063301
[00146]The outer well 10 is provided with
nutrient medium for the tissue equivalent.
Such media are known in the art.
Preferred serum free nutrient media are
disclosed in co-pending US, patent
application her. No, 361,041. The volume
of medium must he selected to fill the
outer container 14 to an appropriate level
so as not to build up a head of pressure
which would Three the medium through
the penneable member 24, the Hydrated
collagen 212? 25, the tissue. equivalent
26, 28, into the inner container 20. 



[00147]In some embodiments of the
present invention, the outer coutiuner 10
is provided with an absorbent member 32
which is disposed in the outer container
10 so as to contact the outer surface of
the permeable member 24. The
absorbent member 32 must be
compatible with living tissue equivalents.
Preferred materials for the absorbent
member include cotton, polyester and
rayon. A particularly preferred material is
absorbent cotton. In general, it is ordered
that the absorbent member be free of
additives such as detergents. [00148]In
other embodiments of the present
invention, the outer well 1 0 is provided
with a gel (not shown), such as agamse,
which serves to trap the medium.
Because the agarose eel can be added
up to just below the level of the openings
21, a muter amount of nutrient medium is
made available to the tissue equivalent
and nutrient supply to the tissue
equivalent 26, 28 is not exhausted as
quickly. The use of such gels provides
benefits in storing and shipping the
apparatus of the present invention in
terms of rnininnzing leakage of the media
and resultant potential contamination of
the tissue equivalent. [00149]The outer
10 and inner 20 containers may be made
of any desired material which does not
react with or have an undesirable effect
On the components of the assay,
including the tissue equivalent. For
example, the casting mixture for the living
tissue equivalent most not adhere to the
walls of the inner container during
contraction so as to interfere with
formation of the tissue equivalent.
[00150]It has been found that methods
used to sterilize the inner conlaitter 20
may  impact adherence of the tissue
equivalent. For example, the forming
tissue will adhere to polystyrene, one
preferred material for the inner container,
when it is sterilized by electron bearo but
not when it is sterilized by ethylene oxide.
In contrast, K-RESlN.RTM. butadieney
styrene polymer, an alloy of polystyrene
and butadiene and a particularly
preferred material for the inner container,
may be sterilized by electron beam
without causing the forming tissue
equivalent to adhere. (K-RFSINATM.
butadiene-styrene polymer is a
trademark of Phillips Petroleum.) in some
embodiments, it is desirable that the
containers be made so that the tissue
equivalent is visible thmugh the
container, e.g., through the walls of the
container or through a window in the
container. Preferred materials for the
container 10 incbde polystyrene and
PF,Ta [00151]Ilie inner container 20 may
he of any shape and volume which will
accommodate the size and shape of the
desired tissue equivalent. The
dimensions of the container will again
depend upon the size and shape of the
desired tissue equivalent and the desired
assay volumes. For example, a container
having an outer diameter of about 25 mm
and a volume of about 5 ml is useful in
practicing the present invention. In the
embodiment shown in FIGS.13-15,
multiple containers are pmvided in a bast
or holder. 



[00152]The permeable member 24 must
have sufficient strength to support the
acellulat, hydrated collagen gel 25 and
the tissue equivalent 26, 28. Porous
membranes are useful in the practice of
the present invention. The pore size of
such membranes is selected so a.s to
provide attachment for die acellular,
hydrated collagen gel 25. Preferred
membranes are hydrophylic, have a
thickness of about 1 to 10 mm, and pore
diameters ranging from about 1 to about
10 nu.. Prefered materials for the
permeable member 24 include
polyearbonate. A particularly preferred
permeable member is a polyearbonate
membrane, preferably free of wetting
agents, commercially available from
Nuelepore and having a pore Size of
about 3 to 10 .mu..  WO
21107/103865PCIMS2007/063316
[00153]The sealing means 30 may be
made of any material which is inert to the
conditions of the assay and the tissue
equivalents being used, as well as
provides a good seal between the inner
container 20 and the tissue equivalent.
Preferred materials include polyethylene.
TE11LON.RIM. PTFE
Polytetrafluoroethyiene, a trademark of
Et Do Pont de Nemours and Company,
polycarbonate and nylon. the sealing
means is especially userid where it is
desired to keep the contents of the outer
container separated from any solution or
substance applied to the epidermis 25,
e.g., when measuringu :ion Or
permeation of a substance through a
tissue equivalent. [001541Both the tissue
equivalents and the atellular, hydrated
collagen gel in accordance with the
present invention may be prepared using
collagen derived from skin and tendon,
including rat tail tendon, calf skin
collagen. and calf extensor tendon. Other
sources of collagen would be suitable. A
particularly preferred collagen
composition derived from calf common
digital extensor tendon and methods of
deriving such collagen compositions are
disclosed in co-pending U.S. patent
application her. No. 077407,465 filed
02/09;199.1, the disclosure of which is
incorporated herein by reference.
[001551in one method of the present
invention, an acellular, hydrated collagen
gel 25 is prepared from a collagen
composition comprising collagen at about
0.5 to 2.0 mg/ml, preferably about 0.9 to
1.1 mg/m1 and nutrient media.. This
collagen composition is added to the
inner container 20 and maintained under
conditions which permit the collagen
composition to set and form an acellular,
hydrated collagen gel of suitable
dimensions, typically about 1 to 5 ram
thick, a preferred thickness range being
about 2 to about 3 mm. An acellular,
hydrated collagen gel 25 is preferably
thick enough so that a portion remains
acellular as cells migrate from the tissue
equivalent into an acelluktr, hydrated
collagen gel and thin enough so that the
tissue equivalent is not undesirably
removed from the nutrient source
provided in outer container 10. 



[00156]A dermal equivalentan acellular,
hydrated collagen gel using procedures
in accordance with the Patents and as
described hereinafter. A casting mixture
containing collagen and fibroblasts is
added to inner container 20 over an
aecilular, hydrated collagen gel 25 and
maintained under conditions which
enable the tissue equivalent to form. As
the tissue equivalent forms on an a.ccl lu
lax, hydrated collagen gel 25, it contracts
radially. However, an aocilutah hydrated
collagen gel 25 prevents excessive radial
contraction of the tissue equivalent
without the need of mechanical
restraining means such as textured
metals and plastics or VELCRO.P.D.4.
Hook and Loop Fasteners, a trademark
of Velcro Corporation. 1001571Typically,
the sides of the tissue equivalent 26
slope towards the outer periphery of
hydrated collagen gel 2510 form a mesa
as shown in FIGS. 15 and 6 at 52. The
tissue equivalent 26 is now seeded with
epithelial cells to form the epidermal layer
28. The epidermal cells are seeded in
culture medium at a concentration of at
about 0.3.times.10.sup.6 to
30.times.10.sup.6 cells/oil. The volume of
epidermal cells seeded will depend upon
the size of the mesa. [00158]The
concentration of collagen, the number of
cells and the volume of the casting
mixture can be controlled to optimize the
diameter and thickness of the hying
tissue equivalent. The casting mixture
comprises cells at a concentration of
about 125 to 5.times. I 0.sup.4 cells/m1
and collagen at about 0.5 to 2.0 nagtml in
a nutrient medium. A preferred cell
concentration is about 2.5.times.10.sup.4
cells/nil. It has been found that the ratio
of the volume of the casting mixture for
the tissue equivalent to the volume of the
casting mixture for the acellular, hydrated
collagen gel has an effect upon cell
viability and differentiation. Useful ratios,
vis, of tissue equivalent casting mixture
to collagen gel casting mixture are about
3:1 to 1:3. A preferred ratio wherein the
cell concentration in the collagen lattice is
at about 2.5 it 104 cells/nil is 3:1,  WO
2001/103865PCT/1T52007/010301
[00159]The invention will be further
understood with reference to the
following 



examples, which are purely exemplary in
nature, and are not meant to be utilized
to limit the scope of the invention.
[00160;Materials used in the
followingwere obtained front the sources
indicated in the examples or made in
accordance with the indicated
publications. Sterile procedures were
used throughout the Examples. The
tissue equivalents were maintained under
10% CO2 in the incubator and sterile
procedures were used throughout.
[00161]The following examples are
provided to better explain the practice of
the present invention and should not be
interpreted in any way to lirnit the scope
of the present invention. Those skilled in
the art will recognize that various
modifications can be made to the
methods described herein while not
departing from the spirit and scope of the
present EXAMPLES Example I:
bonnation of a Collagenous Matnx by
Human Neonatal Foreskin Fibroblasts
[00162]Human neonatal foreskin
fibroblasts (originated at Organogenesis,
Inc. Canton, MA) were seeded at S x l0
cells/1 62 em' tissue culture treated flask
(Costar Corp., Cambridge, MA, eat
#3150) and gronm in growth medium.
The growth medium consisted of: Du
lbecco' s Modified Eagle's medium
(DMEM) (high glucose formulation,
without Is glutamine, BioWhittaker,
Walkersville, MD) supplemented with
10% newborn calf serum (NBC,88)
(HyClone Laboratories, Inc., Logan,
Utah) and 4 inh4 L-glutaminc
(RioWhittaker, Walkersvil le, MD), The
cells were maintained in an incubator at
37#with an atmosphere of 10 L 1% CO,.
The medium was replaced with freshly
or:pared medium every two to three
days. After 8 days in culture, the cells
had grown to confluence, that is, the cells



had formed a packed momilayer along
the bottom of the tissue culture flask, and
the medium was aspirated from the
culture flask_ To rinse the monolayer,
sterile-filtered phosphate buffered saline
was added to the bottom of each culture
flask and then aspirated from the flasks.
Cells were released from the flask by
adding 5 rilli trypsin-versene glutamine
(Bio',Vhittaker, Walkfrsville, MD) to each
flask and gently rocking to ensure
complete coverage of the monolayer.
Cultures were returned to the incubator.
As soon as rho cells were released 5 ml
of SITU (Soybean Trypsin Inhibitor) was
added to each flask and mixed with the
suspension to stop the action of the
trypsinsversene. The cell suspension
was removed from the flasks and evenly
divided between sterile, conical
centrifuge tubes. Cells were collected by
centrifugation at approximately 800-1000
x g for 5 minutes. [001631Cells were
resuspended using fresh medium to a
concentration of 3.0 x 105 cells/ml, and
seeded onto 0.4 micron pore size, 24 mm
diameter tissue culture treated inserts
(TRANSW ELL(r), Coming Costar) in a
six-well tray at a density of 3.0 x 106
cells/insert (6.6 x los cells(cm2). The
cells were maintained in an incubator at
37 1C with an atmosphere of 10 _J. I%
CO, and fed fresh production medium
every 2 to 3 days for 21 days. The
production medium comprised: a 3:1
base mixture of DMEM and Hams F-
12medium (Quality Biologics
(iiaithersburg, MD), 4 mM
CflutaMAX-1778 (Cilia) BBL, Grand
Island, NY) and additives to a resultant
concentration oP 5 nu/ml human
recombinant epidermal growth factor
(Upstate Biotechnology Lake Placid, NY),
2% newborn calf serum (Bye:lone,
Logan, Utah), 0.4 gginil hydrocortisone
(Sigma St. Louis, MO), I x tfl4M
ethanolamine (Fluka, Ronkonkoma, BY
ACS grade). 1 x 10-1 M
osphosphoryl-ethanolamine (Sigma, Sr.
Loins,), 5 g8m1 insulin (Sigma, St. Louis,
MO), 5 nu/nil transferrin (Sigma, St.
Louis, MO), 20 pM triiodothvronine
(Sigma, St. Louis, MO), and 6.78 nuinil
selenium (Sigma Aldrich Fine Chemicals
Co., Milwaukee, WI), SO ngirri I:ascorbic
acid (\YAK Chemicals USA,
incit013-12061), 0.2 ugfinl L-proline
(Sigma, St. Louis, MO), 0.1 tigiml glycine
(Sigma, Si.  WO
20071103865PC'LILS2007IiIS Louis,
MO) and 0.05% poly-ethylene glycol
(PEG) 3400-3700 MW (cell culture
grade) (Sigma, Si, Louis, MD).
100164]Samples for hisiulogical analysis
were taken at days? 4 and 21 and fixed
in founalin, then embedded in paraffin,
l'he fmmalin fixed samples were Thedded
in paraffin and 5 micrometer section were
stained with hcmatoxylin-eosin (II&E)
according to procedures known in the art.
Using H&E stained slides, thickness
measurements were made to ten
randomly picked microscopic fields
utilizing a 10X eyepiece loaded with a 10
ann1100 micrometer reUele.      Results
for two different cell strains of human
dermal fibroblasts arc summarized in
(able 1, which shows the thickness of the
cell-matrix construct as it develops. Table
I .Thickness (microns)  



Day 0 Day? Day 14 Day 2 131 19
Average (n=3) 0 30.33 u2.61 63.33
(34.40 84.00 J:4.67 Bl5OAverage ii=4) 0 



42.00 + 5.14 63.85+4.50 76.25 + 8.84
[00165]Samples were also submitted for
collagen concentration analysis on
days?, 14, and 21. Collagen content was
estimated by employing a colorimetric
assay for hydroxyproline content known
in the art (Woessner, 1961). At those
same timepoinis cell number was also
(loon/tined. Table 2 is a summary of
collagen concentration and Table 3 is a
summary of the cell data from cell-matrix
constructs produced from two different
cell strains (B156 and B119) using the
mice/lure described above, Table 2:
Collagen (pg. em2)  Day 0 Day? Day 14 



Day 21 B119 Average (n=3) 0
93.69=2273 241.66 + 21.08 396.30 +
29.38 B156 Average (1,---3) 0 107.14 =
17,16 301.93 4 23.91 



45 / .51 +25.00  Tab e ll  Cells (cells'cmi
Ifl Day 14 Day2l B119 Avera (6x]0?
11.8+4.40 11.4-7Op 13.91.2x10- 



l001661Samples of the human cell
derived dermal matrix from days 7. 14,
and st were analyzed by delaved
reduction 51)5-PAGE to determine
collagen composition revealing type 1
and type HI collagen alpha bands in the
samples. [00167]Biochemical
characteristics of the dermal matrix were
determined using immunohistochemical
methods. Fibroneetin identification was
carried out on paraffin fixed sections
using the Zymed ilistostain
strepavidimbiotin system (Zymed
Laboratories Inc., South San Francisco,
CA). Tenascin presence was determined
by primary anti-renascin antibody
staining (Dak, Carpintheria, CA) followed
by anti-mouse horseradish pemxidase
labeled antibody (Calbiochem) as a
secondary antibody. Samples were
visualized by applying diaminobenzyne
(Simna St. Louis, MO) and
counterstained with Nuclear Fast red.
[00168]Glycosaminoglycan (GAG)
quantification was performed on 21 day
samples using the previously described
method (Ferndale, 1986). The assay
showed the presence of 0.44 grams of
GAG per em' in a sample of human cell
derived dermal matrix taken 21 days post
seeding. Example 2: Full Thickness Skin
Construct [00169]Using a. dennal
construct formed using the method
described in Example I, normal_ human
neonatal foreskin epidermal
keratinoeytos (originated at
Organogenesis, Inc. Canton, MA) were
plated onto the cell-matrix construct to
form the epidermal layer of the skin
construct. [001701The medium was
aseptically removed from the culture
insert and its surrounds. Normal human
epidemial keratinocytes were scaled up
to passage 4 from frozen subculture cell
stock to confluence. Cells were then
released from the culture dishes using
trypsinwersene, pooled, centrifuged to
berm a cell pellet, resuspended in
epiderinalization 



medium, counted and seeded on top of
the membrane at a densityofd.5 x 104
cells/cm4. The constructs are then
incubated for 90 minutes at 37  Re, 10%
CO2 to allow the keratiramytes to attach.
After the incubation, the constructs were
submerged in epidemmlization medium.
The epidermalization medium is
composed of: a 3:1 base mixture of
Dulbececis Modified Lag/es Medium
(DMEM) (high glucose formulation,
without L-glutamine (BloWhittaker,
Walkermille, MD) and Hams F-12
medium (Quality Biologics Gaithersburg,
MD), supplemented with 0.4 pg,ant
hydrocortisone (Sigma Si. Louis, MO), 1
a 1041M ethanolamine (Fluka,
Ronkonkoma, Nitr), I x 1044M
Ophosphuryl-ethanolamine (Sigma, St.
Louis, MO), 5 )iglral insulin (Sigma, St,
Louis, MO), 5 tend. transferrin (Sigma,
St. Louis, MO). 20 p M thiodothyronine
(Sigma, St. Louis, MO), 6.78 main(
selenium (Aldrich), 24.4 ttgant adenine
(Sigma Aldrich Fine Chemicals
Company, Milwaukee, WI), 4 mM
glutamine (BioWhittaker, Walkersyille,
MD), 0.3% chelated new born calf serum
(Hyclone, Logan, Utah), 0.628 ngtml.
progesterone (Amersham Arlington
Heights, if), 50 gym! Lascorbate sodium
salt (Sigma Aldrich Fine Chemicals
Company, Milwaukee, WI), 10 ng/ml
epidermal growth factor (Life
Technologies Inc., MD), and 50 gganl
gentamyein sulfate (Ameisham, Arlington
Heights, IL). The constructs were
cultured in the epidermalization medium
for 2 days at 37 11E1, 10% CO2.
[00171]After 2 days the construct was
submerged in media composed omixture
or Dulhecco's modified Eagle's medium
(DMEM) (high glucose formulation,
without I a glutamine, BioWhittaker,
Walkersville, MD), Hams F-12 medium
(Quality Biologics, Gaithersburg, MD),
supplemented with 0,4 ttg/nril
hydrocortisone (Sigma, St. Louis, MO), 1
a 1014 ethanolamine (Fluka,
Ronkonkoma, NY), 1 X 104
o-phosphotyl-ctbanolamine (Sigma, St.
Loins,MO), 5 ttgaint insulin (Sigma, St, I
.outs, MO), 5 ,u.g/m1 trans:Perrin
(Sigma, St. Louis, MO), 20 pM
mitodothyamine (Sigma, St. Louis, MO),
and 6.78 ngianl selenium (Sigma Aldrich
Fine Chemicals Company, Milwaukee,
WE, 24.4 ggAzil adenine (Sigma  WO
2007/W3565PCI7US209710 Aldrich Fine
Chemicals Company), 4 mM L-giutaminc
BioWhittaker, Walkemville. MD), 0.3%
ehelated new born calf serum
(BioWhittaker, Walkersville, MD), 0.628
ngBul progesterone (Amersnam.
Arlington heights, 14), 50 pgiml sodium
ascot-bate, 265 p.g/m1 calcium chloride
(Mal linokrodt, Chesterfield, MD), and 50
iig/m1 gentamycin sulfate (Amersharn,
Arlington Heights, IL) Again the construct
was incubated at 37 IC. JOHn CO? for 2
days. 100172]After the 2 days the carrier
containing the construct was aseptically
transferred to new culturing trays with a
sufficient amount comilication media, 9
mf to achieve a fluid level just to the
surface of the carrier membrane to
maintain a dry interface to now
stratification of the epithelial layer. The
constructs were incubated at 37E l'C,
10% CO2, and low humidity, in media
with media changes every 2-3 days for 7
days. This mediates is composed of; a
1:1 mixture of Dulbeceo's modified
Eagle's medium (DMEM) (high glucose
formulation, without L-glutamine
BioWhiftaker, Walkersville, MD), Hams
F-12 medium (Quality Biologics,
Gaithersburg, MD), supplemented with
0.4 ugliril hydrocortisone (Sigma, St.
Louis, MO), 1 x 1 OA IN cthanolamine
(11 aka, Ronkonkoma, NY), 1 x 104M
ophosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 ug/m1 insulin (Sigma, St.
Louis, MO), 5 hg/ml transferrin (Simna,
St. Louis, MO), 20 pM triiodothyroninea,
St. Louis, MO), 6.78 nen I selenium
(Aldrich), 24.4 ug"rnl adenine (Sigma
Aldrich Fine Chemicals 



Company), 4 mM(BioWhittaker,
Walkersville, MD), 2% new born calf
serum (BioWhittaker, Walkersyille, MD),
50 ugiml sodium aseorbate, and 50 uglml
gentamyein sulfate (Amersham, Arlington
Heights, IL). After 7 days the constmet
was Rd for 10 molh days, with changes
every 2-3 days with a maintenance
medium. This maintenance medium was
composed of; 1:1 mixture of Dulbecoo's
:modified Eagle's medium (DMEM) (high
glucose formulation, without L-glutamine,
BloWhittaker, Walkersville, MD), Hams
F-12 medium (Quality Biologics
Gaithersburg, MD), 0.4
tig/mlbydrocoitisone (Sigma St. LOUIS,
MO), 1 x leM ethanolan ne (Malta,
Ronkonkoma, NY), 1 x 104 M
o-phospharylethanolamine (Sigma, St.
Louis, MO), 5 pg/ml insulin (Sigma, St.
Louis, MO), 5 itgInd transferrin (Sigma,
St. Louis, MO), 20 0,4 tritodothyronine
(Sigma, St. Louis, MO), and 6.78 ng/ml
selenium (Sigma Aldrich Fine Chemicals
Company, Milwaukee, WI), 24.4 figtnal
adenine (Sigma Aldrich Fine Chemicals
Company, Milwaukee, WI), 4 mM
L-glutamine (RioWhiftaker, Walkersville,
MD), 1% new hum calf serum
(BioWhirtaker, Walkersville, MD), and 50
pg/int gentamycin sulfate (Amersham,
Arlington Heights, IL), [00173]Final
samples were submitted for hemotoxylin
and eosin processing as described in
Example 1 to determine gross
appearance under light microscopy. The
resulting constmet consisted of a lower
Idemial) layer consisting of fibroblasts
surrounded by matrix having features
described in Example I, and was
completely overlaid by a multilayered,
stratified and well-differentiated layer of
keratinocytes that exhibit a basal laver, a
suprabasal layer, a granular layer and a
stratum comeum similar to that of skin in
situ. The skin construct has a
well-developed basement membrane
present at the dermal-epidermal junction
as exhibited by transmission electron
microscopy (TEM). The basement
membrane appears thickest around
hemidesmosornes, marked by anchoring
fibrils that are comprised of type VII
collagen, as visualized by TEM. As
expected these anchoring fibrils can
easily be seen exiting from the basement
membrane and entrapping the collagen
fibrils. The presence of          a basement
membrane glycoprotein, was shown
using the previously described
avidin-biotin immunoenzymatic technique
(Guesdon, 1979). Example 3: In Vitro
Formation of a Collagenous Manix By
Human Neonatal Foreskin Fibroblasts in
Chemically Defined Medium
[00174]Human neonatal foreskin
fibroblasts were expanded using the
procedure described in Example I. Cells
were then resuspended to a
concentration of 3 x1106 cells/MI, and
seeded on to 0.4 micron pore size, 24
nun diameter tissue culture treated
membrane 



inserts in a six-well tray at a density of
3.0 x 105 eells/TW (6.6 x 105 cellslcm2).
These cells were then maintained as
Example 1 with newborn calf serum
omitted from the media throughout. More
specifically the medium contained: a
base 3:1 mixture of DivIEM, Hams F12
medium (Quality Biologics, Gaithersburg.
MD), 4 mi44 GlitutMAX (Gibco DEL,
Grand Island, NY) and additives: 5 ngtml
human recombinant epidermal gro444h
factor (Upstate Biotechnology, Lake
Placid, NY), 0.4 tigind hydrocortisone
(Sigma, Si. Louis, MO), 1 x 101 NI
ethane lamine (Fluka, Ronkonkoma, NY
cat. 1402400 ACS grade), I x 1E4 M
ophosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 tigiml insulin (Sigma, St.
Louis, MO), 5 ntEml transferrin (Sigma,
St. Louis, MO), 20 pM ttiiodothyronine
(Sigma, St. Louis, MO), and 6.78 ngiml
selenium (Sigma Aldrich Fine Chemicals
Company, Milwaukee, WE, 50
ng/m11,-ascorbic acid (WAKO Chemicals
USA, Inc.), 0.2 1ig/m1L-proline (Sigma,
St. Louis, MO), 0.1 tigilmi glycine (Sigma,
Sr. Louis, MO) and 0.05% poly-ethylene
glycol (PEG) (Sigma, St, Louis, MO).
Samples were checked at day 7, 14, and
21 for collagen concentration and cell
number using described procedures.
Results are summarized in tables 4 (cell
number) and 5 (collagen). Samples were
also formalin fixed and processed for
heinotoxylin and eosin staining for light
microscope analysis as described in
Example I. Histological evaluation
demonstrated that the constructs grown
in defined medium was similar to those
grown in the presence of 2% newborn
calf scour. Samples also stained
positively for fibronectin, using procedure
described in Example 1. Table 4:
Collagen (1ig, cm')  Day 01Day 7 Day 14
Day 21 Average amount of collagen in
each construct (n=3) 0 107.63 i. 21.96
329.85 4, 27.63 



465.83 I 49.46  Tab e: Cells teells4c  Day
D Day 7 Day 14 Day 21 Averageb of
cells in cac 6,6x 10' 



.8  2.2 x 102 9,62,5 x i0 0  construct (n
Resides endogenously produced fibrillar
collagen, decorin and glyeosaminonlycan
were aLso present in the cell-matrix
construct. Example 4: Full Thickness
Skin Construe: Formed Using Chemically
Defined Media [001751Using a 25 day
dermal construct formed by human
dermal fibroblasts under chemically
defined conditions similar to the method
described in Example), normal human
neonatal foreskin epidermal
keratinocytes were seeded on the top
surface of the cell-matrix construct to
form the epidemic! layer of the skin
construct. [00176]The medium was
aseptically removed from the culture
insert and its surrounds. Normal human
epidermal kchatinoeytes were scaled up
to passage 4 from frozen subculture cell
stock to confluence. Cells were then
released from the culture dishes using
trypsintersene, pooled, centrifuged to
four a cell pellet, resuspended in
epidemialization medium, counted and
seeded on top of the membrane at a
density of 4.5 x 104 cellficm2. The
constructs were then incubated for 90
minutes at 37  IC, 10% CO7 to allow the
keratinocytes to attach. After the
incubation, the consumets were
submerged in enidermalization medium.
The epidermalization medium is
composed of: a 3:1 base mixture of
Dulbecco's Modified Eagle's Medium
(DMEM) (containing no glucose and no
calcium, BioWhittaker, Walkersville, MD)
and Hams F-12 medium (Quality
Biologics Ciaithersburg, MD),
supplemented with 0.4 tit hydrocortisone
(Sigma St. Louis, MO), I x 104 M
ethanolamine (Fluke, Ronkonkoma, NY),
I x 10.1 tel osphosphorylsothanolamine
(Sigma, St. Louis, MO), 5 pot insulin
Sigma, Sr. Louis, MO), 5 ngtltransferrin
(Sigma, St. Louis, MO), 20 pM
triiodothyronine (Sigma, St. Louis, MO),
6.75 ng/m1 selenium (Aldrich), 24.4
pgdni ideate (Sigma Aldrich Fine
Chemicals ('ompany, Milwaukee, WI), 4
niNd Lglutamine (BioWhittaker,
Weikel-will, MD), 50 tiginil Lmscorhate
sodium salt (Sigma Aldrich Fine
Chemicals Company, Milwaukee, Wi), 16
itM linoleic acid (Sigina, St. Louis, 



MO 3 1 uM tocopheml Acetate (Sigma,
St. Louis, MO) and 50 pg/m1 gentamicin
sulfate (Amersha Arlington Heights, IL),
The constructs were cultured in the
epidermalization medium for 2 days at
37= 1)C, 10  1% CO2. [00177]After 2
days the medium was exchanged with
fresh medium composed as above, and
returned to the incubator set at 37 r 1)C.
10 = 138 CO2 for 2 days. After the 2
clays, the carrier containing the construct
was aseptically transfeired to new
culturing trays with sufficient media to
achieve a fluid level just to the surface of
the cattier membrane to maintain the
developing construct at the air-liquid
interface. The air contacting the top
surface of the Farming epidermal layer
allows stratification of the epithelial layer,
The constructs were incubated at 37 1-
IC, 10% 002, and low humidity, in media
with media changes every 2-3 days for 7
days. This medium contained a 1:1
mixture of Dulbecco's modified Eagle's
medium (DIYTEM) (containing no
glucose and no calcium, BioWhittaker,
Walkersville, MD), Hams F-I2 medium
(Quality Biologics, Gaithersburg, MD),
supplemented with 0.4 tigthrl
hydrocortisone (Sigma, St. Louis, MO), 5
x 107 M ethanolaninc (Huka,
Ronkonkoma, NY), 5 x 107 M
mphosphoryTethanolamine(Sigma., St.
Louis, MO), 5 mr/rnI insulin (Sigma, St.
Louis, MO), 5transferrin (Sigma, St.
Louis, MO), 20 pM triiodothyronine
(Sigma, St. Louis, MO), 6.78 ng/m1
selenium (Sigma Aldrich Fine Chemicals
Company), 24.4 itglmi adenine (Sigma
Aldrich Fine Chemicals Company), 4 tnM
L-glutamine (BioWhittaker, Walkersville,
MO), 2.65 itgan1 calcium chloride
(Mallinekroch, Chesterfield, MO), 16 )031
linoleic acid (Sigma, St. Louis, MO ), 1
),2)4 tocopherol acetate (Sigma, St,
Louis, MO), 1,25 niM senile (Sigma, Si.
Louis, MO), 0.64 mM choline chloride
(Sigma, St. Louis, MO) and 50 4g/rid
gentamicin sulfate (Amersham, Arlington
Heights, IL). The cultures were fed every
2-3 days, for 14 days. 1001781Samples,
in triplicate, were submitted 10, 12, and
14 days after the eonstmet was lifted to
the air-liquid interface for hematoxylin
and eosin processing as described in
Example I to determine gross
appearance under light microscopy. The
resulting construct consisted of a lower
(demial) layer consisting of ilbroblasts
surrounded by matrix having features as
described in Example 3, and was
overlaid by a layer of stratified and
differentiated keratinocylcs. Example 5:
In Vitro Formation of a Collagenous
Matrixan Achilles Tendon Fibroblasts 



11)0179]Cellmatux constructs were
formed using the same method described
in Example I repla.cfng the human
neonatal foreskin fibroblasts with human
Achilles tendon fibroblasts (HALF.).
Following 21 days in production medium,
samples were also submitted for Ii&E
staining and thickness determination
using the procedure described in
Example 1. The resulting construct was
visualized as a cell matrix tissue like
construct with a thickness of 75.00 B
27.58 microns (n-2). Endogenously
produced fibrillar collagen, decorin and
glycosaminoglycan were also present in
the construct.. Example 6: In Vitro
Formation Of A Collagenous Matrix By
Transfected Human Neonatal Foreskin
Fibroblasts [00 I 80]Transfected human
dermal fibroblasts were produced using
the following procedure. One vial of
jCRIP-43 platelet derived growth factor
(PDGE) viral producers (Morgan, J, et
al.) was thawed, and the cells were
seeded at 2 x 101 cells/162 cm2 flask
(Coming Costar, Cambridge, MA). These
flasks were fed a growth medium, and
maintained in an incubator at 37 with an
atmosphere of 10 LI. I% CO2. The
growth medium consisted of: Dulbeccols
modified Eagle's medium (DMEM) (high
glucose formulation, without L-glutamine,
BioWhittaker, Wa/kersville, MD)
supplemented with 10% newborn calf
serum (RyClonc Laboratories, Inc., I
.oga.n, Utah) and 4146).4 IL-glutamine
(BioWhittaker, Walkeraville, MD). On the
same day, I vial of human neonatal
foreskin fibroblast  (HDEB156) was also
thawed and plated at 1.5 x 10 cells/162
cm' flask (Corning Costar, Cambridge,
MA). After three days the jCIUTP
PDGF-40 viral producers were fed with
fresh growth medium. The HD101156
were fed with the above growth medium
plus 8 ugnni polybrene (Sigma.. St.
',outs, MO). The next day the
HOF11156's cells were infected as
follows. The spent medium from
the1CRIP PDGF-413 viral producers was
collected and filtered through a 0.45
micron filter. 8 ptahril polybrene was
added to this filtered spent medium. The
spent medium was then placed on the
HITE On the next two days the HDF were
fed fresh growth medium. Th.e day after
the HDF were passed from p5 to p6 and
seeded at a density of 2.5 x 106 cells/162
cm` flask (Corning Costar, Cambridge,
MA). Cells were passed as follows spent
medium was aspirated off. The flasks
were then rinsed with a. phosphate
buffered saline to remove any residual
newborn calf serum. Cells were released
from the flask by adding 5 mi.
trypsin-versene to each flask and aently
rocking to ensure complete coverage of
the monolayer. Cultures were returned to
the incubator. As soon as the cells were
released, 5 nil, of SBT1 (Soybean
Trypsin Inhibitor) was added to each
flask and mixed with the suspension to
stop the action of the trypsin-versene.
The eell1Trypsin/SETI suspension was
removed from the flasks and evenly
divided between sterile, cortical
centrifuge tubes. Cells were collected by
centrifugation at approximately 800-1000
x g for 5 minutes.). The cells were
resuspended in the growth media for
seeding at the density listed above. After
two days the cells were fed fresh growth
medium. The following day the cells were
harvested as above, and diluted to a
density of 1.5 x 106 cells/m1 in growth
medium containing 10% newborn calf
scrum (NBCS) with 10% dimethyl
stdfoxide (DMSO) (Sigma, St. Louis,
MO). The cells were then frozen 1
mlicryovial at about -80 "C.
100181]Production of the collagenous
matrix for this example utilize the same
procedure as Examples I and 3,
replacing the human neonatal foreskin
fibroblasts with human neonatal foreskin
fibroblasts transformed to produce high
levels of platelet derived 



WO 2007/103865PCT/U52097/0633111
growth fa.ctor (PDGF) as described
above. Samples were taken for II&E
staining as described above on day 18
post seeding. Samples were also stained
using the aai din-biotin methods for the
presence of fihronectin listed in Example
10. Samples were taken on day 18 post
seeding for Ha staining as described in
Example I, and exhibited a similar eel
lamariaa gross appearance to that
described in Example I with a measured
thickness of 123.6 microns (N-1). PDC,'
output of the transfected cells in the
cell-matrix construct was measured to be
100 nglint by ELTSA throughout the
duration of die culture (18 days) while
control output of EDGE was
undetectable. Example 7: Use Of Theal
Construct As A Gra.ft Material
[00182]Cell-matrix constructs were
prepared according to the methods in
Example 1 using human dermal
fibroblasts derived from neonate foreskin
and were grafted onto full excision
wounds created on nude aihymic mice.
Mice were grafted according to the
methods described by Parenteau, et al.
(1996), the disclosure of which is
incorporated herein. Grafts were
examined at 14,28 and 56 days for signs
of adherence to the wound bed, evidence
of wound contraction, areas of grail loss,
and presence of vascularization (color).
The graft areas were photographed while
intact on the mice. A number of mice
were sacrificed at each timepoint, and
the graft areas and their .surrounds were
excised along with a surrounding rim of
marine skin to at least the patmiculus
camosus. Junctions between the graft
and the marine skin were preserved in
each sample. The explanted tissue
samples were then faxed in phosphate
buffered 10% fonnalin and fixation in
methanol. Formant fixed samples were
processed for H&E, staining according to
procedure described in Example 1. Grails
were able to integrate with the mouse
skin, with minimal contraction noted.
Within 14 days of grafting, the mouse
epidennis had migkated completely over
the graft. Using the H&E stained
samples, vessels were obvious within the
graft at 14 days, and throughout the
experiment By gross observation and by
Htlaka stained samples, it was
determined that the  graft persisted and
remained healthy looking contained living
cells, no gross matoi abnormalities, etc.)
throughout the length of the experiment.
Example 8: Use of Full Thickness Skin
Construct as A Skin Graft [00111]Hitayer
skin constructs were prepared as
described in Example 2 using human
den-nal fibroblasts derived from neonate
foreddn in the dctrmal layer and human.
keratinocytes derived from a different
neonate foreskin in the epidermal layer.
The skin constructs were able to be
manually peeled from the membrane,
handled without carrier support, and
plactx1 onto the graft site. The Mayer
skin constructs were grafted onto full
excision wounds created on atnymie
nude mice according to the methods
described by Parenteau, et al. (1996), the
disclosure of which is incorporated
herein. 'Fimepoints for taking samples
were days 7, 14, 28, 56, and 184 days
postsguaft. The graft areas were
photographed while intact on the mice. A
number of mice were sacrificed at each
timepoint, and the graft areas and their
surrounds were excised along with a
stavounding rim of rnurine skin to at least
the pannieulus camosus. Junctions
between the graft and the marine skin
were preserved in each sample. The
explained tissue samples were then fixed
in phosphate buffered 10% forma and
fixation in methanol. Formalin fixed
samples were processed for H&E
staining according to procedure
described in Example I. 



[00184]The grafts integrated with the
host tissue within 7 days by gross
observation as well as by histological
appearance. By II&E staining, vessels
were visualized growing into the graft
from the host tissue within? days of
grafting. The grafts remained healthy and
persisted through the experiment, with
minimal contraction noted. Utilizing
anti-human involucOn staininv the
persistence of human epidermal cells
was shown for the entire graft period.
xample 9: In Vitro Formation Of A Matrix
By Human Corneal Keratocytes  WO
2007/103865PCT/11520073163301
[00185]Human corneal keratocyte cells
(originated at Organogenesis, Inc.
Canton, MA) were used in the production
of a stromal construct of cornea.
Confluent cultures of human keraloeytes,
were released from their culture
substrates using trypsin-versene. When
released, soybean nypsin inhibitor was
used to neutralize the trypsinwersene,
the cell suspension was centrifuged, the
supernatant discarded and the cells were
then resuspended in base media to a
concentration of 3X106 eellsinal. Cells
were seeded onto 0.4 micron pore size,
24 mm diameter tissue culture treated
transwells in a six-well tray at a density of
3.0 x 106 MU/7W (6.6 x 105 collslcm2).
These cultures were maintained
overnight in seed medium. The seed
medium was composed of: a. base 3:1
mixture of Dulbeceo's Modified Eagle's
Medium (DMEM) and Hams 8-12
Medium (Quality Biologics Gaithersburg,
MD cat.), 4 mM GlutaMAX (Gibco BRE"
Grand Island, NY) and additives: 5 ngInn
human recombinant epidermal growth
factor (FIG8) (Upstate Biotechnology
Lake Placid, NY), 0.4 tig/mI
hydrocortisone (Sigma St. Louis, MO), 1
X 1 0-4 M ethanotamine (Fluka,
Ronkonkoma, NY),  x 107 M
osphosphorvIsethanolamine (Sigma, Sr.
Ihmis, MO), 5 ugIml. insulin (Sigma, St.
Louis, MO), 5 i4g/m1 transihnin (Sigma,
St. Louis, MO), 20 phl triiodothyronine
(Sigma, St. Loans, MO ), and 6.78 ngind
selenium (Sigma Aldrich Fine Chemicals
Company, Milwaukee, WI). Following this
the cultures were fed fresh production
medium_ The production medium was
composed of: a base 3:1 mixture of
DMEM. Hams 8-12 medium (Quality
Biologics (iaithersburg, MD), 411)M
GlutalVIAX (Gibco FRI.., Grand Island,
NY) and additives: 5 ng/nal Human
Recombinant Epidermal growth factor
(Upstate Biotechnology Lake Placid, NY),
2% newborn calf serum (Hyclone, Logan,
Utah), 0.4 pg/m1 hydrocortisone
(Sigma,St. Louis, MO), I x 107 M
ethanotamine (Floka, Ronkonkoma, NY
ACS grade), 1 x 10 M
othosphoryl-ethanolamine (Sigma, St.
Louis,), 5insulin (Sigma, Sr. Louis, MO),
5 itg/ml transferrin (Sigma, St. Louis,
MO), 20 pM triiodothyronine (Sigma, St.
Louis, MO), and 6.78 ngiml selenium
(Sigma Aldrich Fine Chemicals Co.,
Milwaukee, WI), 50  ;aging L-ascorbic
acid (YAM) pure chemical company), 0.2
pgibil L-proline (Sigma, St. Louis, MO),
0.1 ughird alycine (Sigma, St. Louis, MO)
and 0.05% poly-ethylene glycol (PEG)
(Sigma, Si, Louis, MO, cell culture
grade). 



[001861The cells were maintained in an
incubator at 37 IC with an atmosphere of
10% = 1% CO2 and fed fresh production
medium every 2-3 days for 20 days (for a
total of 21 days in culture. After 21 days
in culture, the keratocytcs had deposited
a matrix layer of about 40 microns in
thickness, as measured by the method
described in Example 1. Endogenously
produced fibrillar collaecn, decorin and
glycosaminoglycan were also present ha
the cell-matrix construct Example 10: In
Vitro Fotmation of A Collagenous Matrix
By Human Neonatal Foreskin Fibroblasts
Seeded in Production Media.
[001871HIM1211 neonatal foreskin
fibroblasts (originated at Organogenesc.
Canton, MA) were seeded at 1 x 10:
eells,10.4 micron pore size, 24 mm
diameter tissue culture treated carriers in
a six-well tray (TRANSWELL*1, Costar
Corp. Cambridge, MA) and grown in
growth medium. The growth medium
consisted of: Dulbecco's Modified Eagle's
medium (DMENI) thigh glucose
formulation, without L-glutamine,
BioWhittaker, Walkersville, MD)
supplemented with 10% newborn calf
serum (llyClone Laboratories, Inc.,
Logan, Utah) and 4mNII=Glutamine
(BioWhittaker, Walkersville, MD). The
cells were maintained in an incubator at
37= iC with an atmosphere of 10 :: 1%
CO2. The rnediuns was replaced every
two to three days. After 9 days in culture
the medium was aspirated from the
culture dish, and replaced with
production medium. The cells were
maintained in an incubator at 37  1 'CI
with an atmosphere of 101 I% CO2 and
fed fresh production medium every 2-3
days for 21 days. The production medium
was composed of a base 3:1 mixture of
DM EM, Hams F-12 medium (Quality
Biologies, Gaithersburg, MD), 4mM
CiltitaMAX (Ciibco HRI,, Grand island,
NY) and additives: 5 tigind human
recombinant epidermal  WO 2 7/ 03
"fS2007/063301 growth factor (Upstate
Biotechnology, Lake Placid, NY)newborn
calf serum (Ilyclone, Logan, Utah), 0.4
digiml hydrocortisone (Sigma Sr. Louis,
MO), 1 x 1011 M ethanolaminc (Fluka,
Ronkonkoma., NY ACS grade), lx 104 M
osphosphorykethaaolamine (Sigma, St.
Louts,), 5 pgimi insulin (Sigma, St. Louis,
MO), 5 nit-el Mansferrin (Sigma, St.
Louis, MO), 20 pM triiodothyroninc
(Sigma. St. Louis, MO), and 6.78 uginid
selenium (Sigma Aldrich Fine Chemicals
Co., Milwaukee, WI), 50 ngind L-ascorbic
acid (WAKO Pure Chemical Company),
0.2 itg/ml L-proline (Sigma, St. Louis,
MO), 0.1 itg0n1 glycine (Sigma, St.
Louis, MO) and 0.05% poly-ethylene
glycol (PEG) (Sigma, St. Louis, MO, cell
culture Linde). [001881Samples were
taken at day 21 and fixed in formalin,
then embedded in paraffin. The fonnalin
fixed samples were embedded in paraffin
and 5 micrometer section were stained
with hemaloxylinseosin (JILE) according
techniques routinely used in the art.
TJsingH &F stained slides,
measurements were made at ten
randomly picked microscopic fields
utilizing a lox Eyepiece (Olympus
America Inc., Melville, NY) loaded with a 



I Ommll 00 micrometer reticle (Olympus
America Inc., Melville, NY). The
constructs created using this method are
similar in structure and biochemical
composition to those created wirh
Example 1, and have a measured
thickness of 82.00  7.64 microns.
Example 'II: In Vitro Formation of A
Collagenous Matrix by Pig Dermal
Fibroblasts 100189)Pig Dermal
Fibroblasts (originated at Organogenesis,
Inc. Canton, MA) were seeded at 5 x 101
cells/162 cm12 tissue culture treated
flask (Costar Corp., Cambridge, MA. eat
4 3150) and grown in growth medium as
described below. The growth medium
consisted of; Dulbecco's modified Eagle's
medium (DMEM) (high glucose
formulation, without glutamine,
FlioWhittaker, Walkersville, MD)
supplemented with 10% fetal calf serum
(IlyClone Laboratories, Inc., Logan, Utah)
and 4 mM L-glutamine (BioWhittaker,
MD). The cells were maintained in an
incubator at 37id IC with an  confluence,
that is the cells had forrned a packed
layer at the bottom of the tissue culture
flask, the medium was aspirated from the
culture dish. To rinse the 1110110i ayer,
sterile-filtered phosphate buffered saline
was added to the monolayff and then
aspirated from the dish. Cells were
released from the flask by adding 5 ad
trypsin-versene glutamine (BioWhittaker,
Walkersvilie, MD) to each flask and
gently rockinn to ensure complete
coverage of the monolayer. Cultures
were returned to the incubator. As soon
as the cells were released 5 ml of SBTI
(Soybean Trypsin Inhibitor) was added to
each flask and mixed with the cell
suspension to stop the action of the
trHisin-versene. The suspension was
removed from the flasks and evenly
divided between sterile, conical
centrifuge tubes. Cells were collected by
centrifugation at approximately 800-1000
x g for 5 minuses. Cells were
resuspended and diluted to a
concentration of 3 x 106 cells/ml, and
seeded onto 0.4 micron pore sin, 21 mm
diameter tissue culture treated ganswells
in a six-well tray at a density of 3.0 x 106
cells8TW (6.6 x 105 cellsicm2). Cells
were maintained overnight in a seed
medium. The seed medium consisted of;
a base 3:1 mixture of DMEM, Hams F-12
medium (Quality Biologics, Gaithersburg,
MD), 1n154 GlutalVLAX (Gibe Hu,.
Grand Island, NY) and additives: 5 ngimi
human recombinant epidermal growth
factor (Upstate Biotechnology Lake
Placid, NY), 0.4 ggan I hydrocortisone
(Sigma St. Louis, MO), 1 x 1084M
ethanolamine (Fluka, Ronkonkoma, NY
AC'S grade), 1 x 10 M
o-phosphoryl-etharanaminc (Sigma, St.
Louis,), 5 .uglml insulin (Sigma., St.
Louis, MO), 5 agiml transferin (Sigma, St.
Louis, M0), 20 pM triiodtahyronine
(Sigma., St Louis, MO), and 6.78 ngdhl
selenium (Sigma Aldrich Fine Chemicals
Co., Milwaukee, WI), 50 ngiml
18-ascorbic acid (WAKO Pure Chemical
Company), 0.2 higml L-proline (Sigma,
St. Louis, MO), and 0.1 Fighnl gIyeine
(Sigma, St. Louis, MO). The cells were
maintained in an incubator at 37-4 I 'CT
with an atmosphere of 10   1% CO2 and
fed fresh production medium every 2-3
days for 7 days. The production medium
was composed of a base 3:1 mixture of
DMEM. Hams 1-12 medium (Quality
Biologics, Gaithersburg, MD), 4m1,t
GlutaMAX (Gibco BRL, Grand Island,
NY) and additives: 5 nglin I human
recombinant epidermal growth factor
(Upstate Biotechnology, Lake Placid,
NY), 2% newborn calf serum (Hyelone,
Logan, Utah), 0.4 ktganil hydrocortisone
(Sigma St. Louis, MO), 1 x 10-4 M
ethanolamine (Fluke, Ronkonkoma, NY
ACS grade), 1 x 10-4 M
o-phosphoBI-ethanolamine (Sigma, St.
Louis). 5 pgdril insulin (Sigma, St. Louis,
MO), 5 ggind Wansferrin (Sigma, St.
Louis, MO), 20 pM triiodothyronine
(Sigma, St. Louis, MO), and 6.78 nglinl
selenium (Sigma Aldrich Fine Chemicals
Co., Milwaukee, WI), 50 



Gasoorbic acid (WAKO Pure Chemical
Company), 0.2 ug/rel L-prolinc (Sigma,
Si, Louis, MO), 0.1 gg/mIglycins (Sigma,
St. Louis, MO) and 0.05% polyothylene
glycol (PEG) (Sigma, St. Louis, MO) cell
culture grade. After? days the media was
replaced with production medium without
newborn calf serum. This media was fed
fresh to the cells every 2-3 days for 20
more days, for a total of 28 days in
culture. [00190]Samples were taken at
day 21 and fixed in formalin, then
embedded in paraffin. The formalin fixed
samples were embedded in paraffin and
5 micrometer section were stained with
hematoxylin-eosin (H&E) according to
techniques customarily used in the art.
Using II&E stained slides, measurements
were made at ten randomly picked
microscopic fields utilizing a lox Eyepiece
(Olympus America Inc.. Melville, NY)
loaded with a lOmm1100 micrometer
reticle (Olympus America Inc., Melville,
NY). The sample exhibited a structure
composed of cells and matrix with a
measured thickness of 71.20 = 9.57
microns. Besides endogenously
produced fibrillar collagen, deeorin and
glycosaminog,lycan were also present in
the cell-matrix construct. Example 12: In
vitro Formation of a Bilayer Skin
Construct Containing Cells of Dermal
Papilla [00191]A cell-matrix was made
according to the method in Example I
using Human Neonatal Foreskin
Fibroblasts as a first rnatrix producing
cell type. The cell-matrix was  locally
seeded with spots of ermal papilla cells
as a second cell population which was in
turn seeded with keratinocytes as a third
cell population, to form a continuous
epidernal layer over the cell-matrix and
the dermal papilla cells. [00192]First, a
ccl -matrix constructwas tined using
human dennal fibmb lasts 



(HOE) derived from neonatal foreskin.
HDF were scaled up by seeding them at
5 x 10/ cells/162 cm2 tissue culture
treated flask (Costar Corp., Cambridge,
MA) in growth medium consisting of
Dulbeceols Modified Eagle's medium
(DMEM) (high glucose formulation,
without L.-glutamine, Bioildbittaker,
\k/alkersville, MD) supplemented with
10% newborn calf serum (NBCS)
(HyClone Laboratories, Inc., Logan,
Ptah) and 4m15.1 I.-glutamine
(FiloWhittaker, Wilkersville, MD). When
confluent, HIDE were released from the
plate using trypsinwersene and
resuspended using fresh medium to a
concentration of 3.0 x 106 cells/nil, and
seeded onto 0.4 micron pore size, 24
ram diameter tissue culture treated
inserts (TRANSWELL58), Corning
Costar) in a six-well fray at a density of
3.0 x 1015 cells/insert 6.6 x 105
cells/cm'). HIM, cultures were maintained
in an incubator at 37 -r 1C with an
atmosphere of 10 1. I% CO2 and fed
fresh production medium every 2 to 3
days for 23 days according the method
detailed in Example 1. [00193]After the
cell-matrix construct had formed, it was
seeded with spots of dermal papillae
cells as a second cell population. Demial
papilla cells are a discrete population of
specialized fibroblasts surmunded by the
hair bulb of hair follicles to play a support
role in the hair growth. Dermal papillae
can be isolated by mierodissecting hair
follicles and cultured in vitro using the
method previously described by
Messenger, A.G., The Culture of Dermal
Papilla Cells from Human flair Follicles.
Br..]. Dermatol. 110: 685.-9 (1984), the
method of which is incorporated herein.
When a culture of denial papilla cells
reach confluence they form aggregates
that can be replated on culture flasks to
reform new aggregates. Dermal papillae
were isolated from a skin biopsy obtained
from a. 4-week old  pig. Cells from the
dermal papilla (PDP) were serially
cultured in DMEM containing 20% of
NBCS until passage 8. After 3 weeks in
culture, the PDP cells reformed dermal
papilla-like structures, or aggregates, that
each had a diameter approximately
between 90 to 2 i 0 microns. The
aggregates were then removed FEMII
the culture plate by vigorous pipetting of
medium against them, and then seeded
onto the Human Collagenous Matrix at
the density of 200 aggregates per enfi.
The aggregates were cultured
submerged for an additional 15 days in
DIVtEM 20% NBCS with spent medium
exchanged with fresh medium every 2-3
days. {00194]The cell-matrix cultures
containing dermal papilla cells thereon
were seeded with kcratinoeytes and
cultured to form a continuous epidermal
layer over the cell-matrix and the dental
papillae. Two different constructs were
made: the lirst with human keratinotHes,
the second with pig keratinocytes.
Normal epidermal keratinoeytes were
isolated from human neonatal foreskin
(HEP), or from pig keratinocytes (PEP)
using explain outgrowth to establish
primary cultures. These cells were then
cultured and expanded until passage 3
for the pig strain, or until passage 4 for
the human stain. After about 5 to 6 days
in cultre, cells were then released from
the culture dishes using try,
psin-versene, pooled, centrifuged to form
a cell pellet, resuspended in
epidermalization medium, counted and
seeded on top of the membrane at a
density o14.5 x 101 etills(cm2 for HEP
cells, or 1.6 x lOI eelbsann2 for PEP
cells. Epidennalized cultures were
cultured for 12 days as previously
described in Example [00195]Final
samples were ubmitted for hematoxylin
and eosin processing for light
microscopy. The resulting skin constructs
exhibited the basic morphological
organization similar to skin: a dermal
layer consisting of fibroblasts surrounded
by endogenously produced matrix,
including endogenously produced fibrillar
collagen, decorin and
glycosaminoglyean, localized areas of
dermal papilla cells a-nd a continuous,
stratified layer of keratinoeytes across
the cell-matrix construct and the dermal
papillae. In both tissue  constructs
overlaid with either human or pig
keratinoeytes, the dermal papilla
maintained a packed structure that
induced small undulations of the overlaid
epithelium. Differentiated epithelial cells
are often present close to the delmal
papilla cells. 



Example 13: Hyalumnic Acid
Measurement by Sandwich
[001961Hyaturonie acid (HA) was
measured in cell-matrix constructs
formed be dermal fibmb lasts in
serum-containing medium and chemically
defined medium according to the
methods of Examples 1 and 3.
respectively. [00197]Cell-matrix
constructs were fanned CM circular 75
mith diameter carriers incorporating a
porous membrane (TRANSWELLOO,
CorningCostar). Extracts from the
cell-matrix constructs were prepared by
adding 10 mi. ammonium acetate boiler
and 0.5 mghnil, Proteinase K to a
test-tube containing a cell-matrix
construct. The mixture was incubated at
60 T. overnight. After completion of
digestion, the mixture was spun down
and the supernatant extract was
transferred to a separate tube for
hyalmonic acid assay. A 96-well plate
was coated with 504 of 20 ggind_ HA
binding protein in 0.1 M NaHCOt solution
and stored overnight at LICI. The plate
was then washed three times with 0.85%
NaC1 containing 0.05% Tween 20. To
each well was then added 250 gL
blocking solution (sodium phosphate
buffer, 10 01711(0, pH = 7A containing
3% BSA and 0.9% Nat], PBS -I- 3%
BSA) and the plate was incubated at RI
for 2 h. The plate was theta washed three
times with 0.85% NaCI containing 0.05%
'Iween 20. To the plate was then added
50 tit of standard HA solutions and
extracts ftorn both experimental
conditions, including various dilutions of
these conditions. The plate was
incubated at room temperature (about
203C) for 2 hours. The plate was then
washed three times with 0.85% NaCl
containing 0.05% Tween 20 and to each
well was added 50 pI. of bionnylated HA
(1:2000 dilution) and then incubated for 2
hours at mom temperature. The plate
was then washed three times with 0.85%
NaCI containing 0.05% Tween 20 and
then added to each well was 50 4 of
I1RP-avidin D (1:3000 dilution). The
plate was then incubated for 45 minutes
at rOOm temperature. The plate was
then washed three times with 0.85%
Na.CI containing 0.05% ilVeall 20 and to
each well was added 100 al. of
ortho-phenylenediamine substrate
solution. 'The plate was incubated at 37C
for 10 minutes. The rea.ction was
stopped by addition of 50 id, of 1M HET
Finally, using a plate reader, the
absorbance was read at 492 nu) and
recorded. [00198]Absorbance
measurements were averaged and
converted to quantity measures. Circular
cell-matrix constructs (75 mm diameter)
formed in a serum containing media were
determined to each contain about 200n g
hyaluronic acid white those formed in
chemically defined medium each
contained about 1.5 mg hyaluronic acid.
Example 14: Physical Testing and
Mechanical Properties of the Cell- Matrix
Construct Produced 



[00199]The mechanical properties of the
tissue constructs of Example 1
(cell-matrix construct), Example 2
(cell-matrix construct with a. keratinocyte
layer thereon), and Example 3
(cell-matrix constrict formed in defined
medium) were quantified by membrane
inflation tests. These tests are similar to
assays used clinically (e.g. Dermallexag,
Cyberderm Media, PA, and CutameterM
Courage Khagaka, Cologne, (.iermany)
but involve higher pressures including
pressures able to burst the membrane.
The sample cell-mania construct was laid
flat on a polyearbonate block centered
over a. cylindrical well 10 mm in diameter
filled with nonnotonic saline. A metal
plate with a circular hole corresponding
to the diameter of the cylindrical well was
placed over the sample and clamped to
the block. The samples were then
inflated by infusing additional saline into
the well with a syringe pump. The
resulting pressure was measured with a
pressure transducer. Pressurization was
carried out until device failure, the burst
strength, which averaged at 439.02 mm I
lg for the eel matrix construct generated
by the method of Example I; 998.52 nun
Elg for the samples of the cell-matrix
construct with a keratinoeyte layer
generated by the method of Example 2;
and, 1542.26 mm JIg for the samples
cell-matrix construct formed in defined
medium generated according to the
method of Example 3. [002001To
determine the (hernial melting point of
the dermal matrix, samples matrix
construct), taken at 21 days were
prepared using procedure described in
Example 1. The samples denaturation
temperature was determined by analysis
with Mettler Toledo (Ilighston, NE)
differential scanning calorimeter (DSC
product 4DSC12E). For our purposes,
the melting temperature was determined
by heating the sample from 45 and 80 CI
at a rate of   C/minute. The average
denaturation temperature for the samples
is 60.8 I 2N3 (w3). [00201]The Moore
retention and pull strength of the
epidennalized matrix created using the
procedures in Examples 1 (cell-matrix
construes) and 3 (cell-matrix construct
formed in defined medium) were
measured to determine the suturability of
the construct in certain clinical situations.
Suture retention strength of the 21 day
old human dermal matrix was determined
using method described hi American
National standards publication for
Vascular Graft Prosthesis (instruments,
1986) using a Mini-Sionex 858 test
system (MTS systems Corporation,
Minneapolis. Minn.) [002021For the
samples of Example-matrix construct),
the tensile strength was determined to be
365 Nan; for samples prepared ((cording
to Example 2 (cell-matrix construct with a
keratmocyte layer), the tensile strength
was 2720 Mtn. 



[002031The suture retention strength for
samples prepared according to Example
I was 0.14 N or those prepared according
to Example 2, 0.22 N. 1002041The
constructs created as described in
Examples I, 2 and 3 have been made in
both 24 mm and 75 mm diameters The
constructs made by she culturing
techniques of all 3 methods are cohesive
tissue-like structures are easily peeled
form the membrane with minimal force,
hence "peel able", and able to be
physically handled and manipulated for
use and testing without damage
occurring.  Example 15: In Vitro
Formation of a Collagenous Matrix By
Human Neonatal Foreskin Fibroblasts in
Chemically Defined Medium
100205]Human neonatal foreskin
fibroblasts were expandedthechn c
described in Example I. Cells were then
resuspended to a concentration106
cells/nil, and seeded on to 0.4 micron
pore size, 24 mm diameter tissue culture
treated membrane inserts in a six-well
tray at a density of 3.0 x 106
cells/T.(47(6.6 a io5 cells/em2). Cells in
this example were cultured in chemically
defined medium throughout. [00206]The
medium contained: a base 3:1 mixture of
DMEM, Hams F-12 medium 



(Quality Biologics, Gaithersburg, MD), 4
mhl CilutaMAX (Giber) EE l., Grand
Island, NY) and additives: 5 ng/m1
human recombinant epidermal growth
factor (Upstate Biotechnology, Lake
Placid, NY), 1 x I 0-4 M ethanolamine
(Fluka, Ronkonkoma, NY cat. #02400
ACS grade), I x 10 M
o-phosphorykethanolamine (Sigma, St.
Louis, MO), 5 ROM transferrin        St.
Louis, MD), 20 pM triiodothyronine
(Sigma, St. Louis, MC)). and 6.78 ngim1
selenium (Sigma Aldrich Fine Chemicals
Company, Milwaukee, W-0, 50
ng/mIL-aseorbie acid (WA K 0 Chemicals
USA, Inc.), 0.2 ug/ml 1.-proline (Sigma,
St. Louis, MO), 0.1 tigkni glycine (Sigma,
St. Louis, MO). To the basic medium
above, other components were added in
these Conditions: 1. 5 tig/m1 insulin
(Sigma, St. Loin MO), 0.4 helnil
hydrocortisone (Sigma, St, Louis, MO),
0.05% poly-ethylene glycol (PEG)
(Sigma, St. Louis, MO). 2. 5 ug/inl insulin
(Sigma, St. Louis, MO), 0.4 ng/m1
hydrocortisone (Sigma, St. Louis, MO). 3.
375 ggllall insulin (Sigma, St. Louis, MO),
6 tigiml hvdrocortison (Sigma. Sr. Louis,
MO). [00 71Samples were formalin fixed
and processed for hemotoxylin and eosin
WO 20117/193965PCT/US2007/063
staining for light microscope analysis.
Visual histological evaluation
demonstrated that e Condition 2 lacking
PEG demonstrated a comparably similar
matilx as Condition 1 containing PEG.
Biochemical analysis measuring the
collagen content of the construct showed
nearly the same amount of collagen in
both: 168.7 r 7.98 ttgicm7 for Condition 1
with PEG as compared to 170.88 + 9.07
tigieml for Condition 2 without PEG_
Condition 3 containing high levels of
insulin and hydrocortisone showed a
higher expression of mairix, including
collagen, at a timepoint earlier than the
other two conditions. Besides
endogenously produced fibrillar collagen,
decorin and glycosaminoglycan were
also present in the cell-matrix constmcis
in all Conditions. The cultured dermal
construct formed by the method of
Condition 2 of this Example is shown in
Figure 2. Shown in Figure 2 is a
photomicrograph of a fixed, paraffin
embedded, hematoxylin anti eosin
stained section of a cell-matrix construct
formed from cultured human dertnal
fibmblasts in chemically defined medium
at 21 days. 'Hie porous membrane
appears as a thin translucent band below
the construct and it can be seen that the
cells grow on the surface of the
membrane and do not envelope in
integrate the membrane with matrix. 



[002081Figure 3 shows transmission
electron microscope (TEM) images of
two magnifications of cultured dermal
construct formed by the method of
Condition 2 of this Example at 21 days.
Figure dA is a 7600X magnification
showing align:anent of endogenous
collagen fibers between the fibroblasts.
Figure 3B is a 19000X magnification of
fully formed endogenous collagen fibers
demonstrating fibril arrangement and
packing. [002091In all Conditions of this
Example, the cultured dermal constructs
formed comprise dermal fibroblasts and
endogenously produced matrix. All have
fully formed collagen fibrils in packed
organization arranged between the cells.
Their fibrous qualities, thickness, and
cohesive integrity give the COMAttlet
considerable strength to allow it to be
peelably removed from the culture
membrane and handled as it is
transferred to a patient to  be Ireated with
rho construct, as in a graft or implant.
Example 16: Full Thickness Skin
Construct 1002101Using a 21 day
dermal construct formed by human
derrnal fi chemically defined conditions
according to the method of Condition 2
(without PUTT described in Example 15,
above, normal human neonatal foreskin
epidermal keratinoeytcs were seeded on
the top surface of the cell-matrix
construct to form the epidermal layer of
the skin construct. 100211]The medium
was aseptically removed from the culture
insert and its surrounds. Normal human
epidermal keratinocytes were scaled up
to passage 4 front frozen subculture cell
stock to confluence. Cells were then
released from the culture dishes using
trypsin-versene, pooled, centrifuged to
form a cell pellet, resuspended in
epidermalization medium, counted and
seeded on top of the membrane at a
density of 4.5 x 1(/4 eells/cm2. The
constructs were then incubated for 90
minutes at 37 IC, 10% CO2 to allow the
keratinocytcs to attach. After the
incubation, the constructs were
submerged in epidermalization medium.
The epidermalization medium is
composed of: a I I base mixntre of Du
lbecco's Modified Eagle's Medium (DM
FIVI) (containing no glucose and no
calcium, BioWhittaker, Walkersville, MD)
and Hams F-12 medium (Quality
Biologics Gaithersburg, 



supplemented with 0.4 nglian
hydrocortisone (Sigma St. Louis, MO), lx
10T M ethanolamine (Finks,
Ronkonkoma, NY), 1 x l0 11M
o-phosphoryl-cthanolamine (Sigma, St.
Louis, MO), 5 p.gfin I insulin (Sigma, St.
Louis, MO), 5 ug/m1 transfenin (Sigma,
St. Louis, M0), 20 pM triiodothyronine
(Sigma, St. Louis, MO), 6.78 neml
selenium (Aldrich), 24.4 ttg/m1 adenine
(Sigma Aldrich Fine Chemicals
Company, Milwaukee, WIT 4 mM
Lglutamine (BioWhittaker, Walkersville,
MD), 50 tig/mIL-asccirbate sodium salt
(Sigma Aldrich Fine Chemicals
Company, Milwaukee, WI), 16 WM
linoleic acid (Sigma, St. Louis,  MO ), 1
p.M toeophcrol Acetate (Sigma, St.
Louis, MO) and 50 uglml nentamicin
sulfate (Amersham, Arlington Heights,
114. The constructs were cultured in the
epidermalization medium for 2 days at
37m 1C, 10  1% COs. 1002121After 2
days the medium was exchanged with
fresh medium composed as above, and
returned to the incubator set at 373 IC.
10  1% CO2 for 2 days. After the 2 days,
the carrier containing the construct was
aseptically transferred to new culturing
trays with sufficient media to achieve a
fluid level just to the surface of the earier
membrane to maiotaiat e developing
construct at the air-liquid interface. 'the
air contacting: the top surface of the
incoming epidermal layer allows
stratification of the epithelial layer. The
constructs were incubated at 37 l<C,
10% CO2, and low humidity, in media
with media changes every 2-3 days for 7
days. This medium contained a 1:1
mixture of Dulbecco's modified Eagle's
medium (DMFM) (containing no glucose
and no calcium,13ioWhittaker"
Walkersville, MD), Hams F-12 medium
(Quality Biologies, Gaithersburg, MD),
supplemented with 0.4 parnil
hydrocortisone (Sigma, St. Louis, MO), 5
x 104 M eLhanolaminc (Ruhr,
Ronkonkoma, NY), 5 x 101 M
o-phosphoryl-ethatmlamine (Sigma, St.
Louis, MO), 5 gtml insulin (Sigma, St.
Louis, MO), 5 rtWnil transterrin (Sigma.
St. Louis, MO), 20 pM triiodothyrcmine
(Sigma, St. Louis, MO), 6.78 ng/m1
selenium (Sigma Aldrich Fine Chemicals
Company), 24.4 ugYal adenine (Sigma
Aldrich Fine Chemicals Company), 4 mM
L-glutamine (BioWlaittaker, Walkersville,
MD), 2.65 merril calcium chloride
(Mallinckrodt, Chesterfield, MO), 16
1.1,"1 linol Mc acid (Sigma, St. Louis,
MO). 1 riM tocopherol acetate (Si mina,
St. Louis, MO), 1.25 rtiM scrim (Sigma,
St. Louis, MO), 0.64 mM choline chloride
(Shona, St. Louis, MO) and 50 ,u gOnl
gcntamiein sulfate (Amcrsham, Arlington
Heights, IL). The cultures were fed every
2-3 days, for 14 days. [00213]Samples,
in triplicate, were submitted 10, 12, and
14 days after the construct was lifted to
the air-liquid interface for hematoxylin
and eosin processing as described in 74
Example I to determine gross
appearance under light microscopy. The
resulting construct was a bilayer skin
construct consisted or a lower dennal
layer consisting of dermal fibroblasts
surrounded by ma.trix overlaid by an
upper epidermal layer of stratified and
differentiated keratinocytes. The bilayer
skin constmet of this Example is shown
in Figure 4. Figure 4 is a
photomicrograph of a fixed, paraffin
embedded, nematoxylin and eosin
stained section oft cultured skin construct
formed in chemically defined media in the
absence of exogenous matrix
components comprising a cell-matrix
construct formed from cultured human
dermal fibroblasts in chemically defined
medium with a multilayered,
differentiated epidermis formed from
cultured human keratinocytcs in
chemically defined medium. Example 17:
Formation of a Colla.genous Matrix by
Human Buccal Fibroblasts 



[00214]The purpose of this experiment is
to produce a cell-matrix construct ftom
buccal fibroblasts isolated from human
cheek tissue. Buccal were cultured in
T-150 flasks in DMEIM containing 10%
NBCS medium. After 7 days, to expand
the number of cells further, buccal cells
were harvested and passaged into nine
T-150 flasks at 4.0 x LE cells in DMEM
containing 10% NBCS medium and
cultured until confluence at which time
the cell.s were harvested. I.0021 5]To
harvest the cells, the medium was
aspirated from the culture flask. To rinse
the monolayer, sterile-filtered phosphate
buffered saline was added to the bottom
of each culture flask and then aspirated
from the flasks. Cells were released from
the flask by adding 5 inL trypsimvemene
glutamine (BioWhittaker. Walkersvil lc,
MD) to each flask and gently rocking to
ensure complete coverage of the
monolayer. Cultures were returned to the
incubator. As soon as the cells were
released 5 ml of SBTI (Soybean Trypsin
inhibitor) was added to each flask and
mixed with the suspension to stop the
action of the trypsinsversene. The cell
suspension was removed from the flasks
and evenly divided bemoan sterile,
conical contrifaae tubes. Cells were
collected by centrifugation at
approximately 800-1000 x g for 5
minutes. [00216]Cells were resuspended
using fresh medium to a concentration of
3.0 a 106 colls/rit, and seeded onto 0.4
micron pore size, 24 min diameter tissue
culture treated inserts (IRANSWELC,
Corning Costar) in a six-well tray at a
density of 3.0 a 106 cells/insert (6.6 x 10]
cells/cm2). The cells were maintained in
an incubator at 37 ss 1C. with an
atmosphere of 10  1% CO] and fed
medium containing: a base 3:1 mixture of
DMEM, Hams F-I2 medium (Quality
Biologics, Gaithersburg, MD), 4 mM
CilutaMAX (Gibe]) BRL, Grand island,
NY) and additives:human recombinant
epidermal growth factor (Upstate
Biotechnology, Lake Placid, NY), 0.4
hg/ml hydrocortisone (Sigma., St, Louis,
MO), 1 x 10-] M ethanolamine (Fluka.
Ronkonkoma, NY cat. 402400 ACS
grade), la 10-4M o-
phosphoryTethanolamine (Sigma, St.
Louis, MO), S pgiml insulin (Sigma, St,
LothJO), 5 



nimt transferrin (Sigma, St. Louis, MO),
20 pM triiodothyronine (Sigma, St Louis,
MO), and 6.78 nglml selenium (Sigma
Aldrich Fine Chemicals Company,
Milwaukee, WO, SO ngiml 4-ascorbic
acid (WAKO Chemicals USA, Inc.), 0.2
ggind L-proiine (Sigma, Sr. Louis, MO),
0.1 }tgiml glycine (Sigma, St, Louis, MO)
and 0.05% poly-ethylene glycol (PEG)
(Sigma, St. 1.ouis, MOT [00217]At day 1
post seeding, medium, was replaced with
Serum Free Production Media,
exchanged every 2-3 days for 21 days.
At day 21, samples were fixed in fonnalin
for histology. Three samples were used
for protein and collagen production
analysis. [002181Collagen production for
24 mm diameter constructs averaged
519 ug, per construct after 21 days in
culture. Total protein production for 24
mm diameter constructs averaged 210
rig per construct after 2] days in culture.
Morphologically, the buccal fibroblast
cell-mania Gmstruct, a cultured tissue
construct of oral cormective tissue,
showed buccal fibroblasts surrounded by
matrix while physically, the construct had
physical bulk and  EXAMPLE 18:
Preparation of Tissue-Equivalent by
Contracting Collagen Lattices Seeded
With Fibroblast Cells [00219]Crude
colkprepared as fiallows. Frozen rat tails
from 450 gm rats were thawedAOH for
20 minutes. The tendon bundles were
excised in 70% Et.01-1 in a laminar flow
hood. Individual tendons were pulled out
of the tendon sheath, minced and placed
in dilute acetic acid (1:1"000) using 250
ml per tail. This solution was left standing
for 4S hours as 4 C. at which point the
minced tendons had swelled to occupy
the total volume. This viscous solution
was centrifuged at 23 k rpm in a
Beckman L ultracentrifuge in an SW25
rotor for 1 hour. The supernatant was
drawn off and stored at 4. C. as crude
collagen solution (Protein "C"). 



[002201Refined collagen solution was
prepared by mixing crude collagen
solution wills 0.1 M NaOH in a 6:1 ratio to
neutralize the acetic acid, upon which
collagen precipitated. This solution was
centrifuged at 1500 rpm for 5 minutes in
a clinical centrifuge. The supernatant was
discarded and an equal volume of fresh
acetic acid (1:1,000) was introduced to
resolubilize the collagen. This solution
was stored at 4". C. a.s refined collagen
solution (Protein "R"). 1002211Protein
concentration was determined by the
method of Lowry et at See Lowry, 0. H.,
Rosebrough, N. 1, Fist. N. J. and
Randall, R. J., j. Riot Chem.,
193,265-275 (1951) and Waddel, W. 1.,1.
Lab and Clin. Med. 48. 311-314 (1 95p).
[00222]Protein lattices were prepared in
60 nun Falcon bacteriological dishes to
which fibroblasts adhere poorly. Each
dish contained: 1.0 ml 5X McCoy's 5a
medium. 1.0 ml Fetal Calf Serum, 0.25
ml 0.1 M Na01-1, 1.5 ml collagen
solution, and 1.0 ml fibroblasts
suspended in IX McCoy's medium. The
dishes were first filled with the above
volume of McCoy's medium, serum and
NaOH and then set aside until the
fibroblast suspension was prepared.
Speed was important in simultaneous
addition of collagen solution and
fibroblasts  since the gel started setting
immediately. Dishes were placed in an
incubator at 375. C. in a 5% CO2
atmosphere at 100% humidity. Gels
incorporating the fibroblasts were
completely set after 10 minutes.
[002231The fibroblasts employed were
human foreskin fibroblasts. strain 1519,
obtained from an Genetic Cell Repository
at the Institute for Medical Research iii
Camden, NJ. These cells were grown
and maintained in McCoy's 5a modified
medium with 20% serum, penicillin, and
streptomycin. The cultures were free of
myeoplasma. The MIT, Cell Culture
Center prepared and froze cells of every
tenth population doubling level (PDLL
[00224] To measure lattice diameters,
the dishes were placed on top of a
transparent metric ruler on a dark
background. Optimum visibility of gel
edges was obtained by shining white light
horizontally against the edge of the dish.
Contracted gels were well formed discs:
they showed very slight differences of
diameter at various points. The average
of the major and minor axes was 'taken
as the diameter_ EXAMPLE 9 :
Measurement of Contraction of Hydrated
Collagen Lattice By Fibroblast Cells 



[00225]The contraction of a hydrated
collagen lattice prepared according to the
procedures of Example 18 and
containing 570 .mu.g/ml of Protein "C" by
7.5.times.10.sup.6 human foreskin
fibroblasts, strain 1519, 19th PDL, was
determined_ Medium was changed in the
dish on the first, fourth and eighth days.
The data obtained are plotted in Fla 3
which indicates a 112-fold reduction of
lattice area in a little over seven days.
Within one day, there had been a
seven-fold area contraction. EXAMPLE
20: Contraction of Hydrated Collagen
Lattices Of Different Protein
Concentration [00226]The effect of
protein concentration in hydrated
collagen lattices on contraction  WO
2607/103863PCTOTS200 7/0633 of the
lattice was determined as follows. Three
hydrated collagen lattices were prepared
according, to the procedures of Example
18 except that each contained a different
concentration of Protein "R". Human
foreskin fibroblasts, strain 1519, 19th
FDL were employed and medium was
changed on the fourth day. [00227]The
data obtained are plotted in FIG. 4 where
it can be seen that the rate of lattice
contraction varied inversely with gel
protein concentration. The lattice areas
diminished as time went on. EXAMPLE
21; Effect of Number of Cells on
Contraction Of Hydrated Col 



[002281The effect of the number of cells
on contraction of hydrated collagen
lattices was determined as follows. A
number of hydrated collagen lattices
containing 720 .mug/ml of Protein "H"
were prepared according to the
procedure of Example 18. Human
foreskin fibroblasts, strain 1519, were
employed and the medium in each of the
culottes was changed in the third,
seventh and tenth days. [00229]Controls
were employed to which no cells were
added. In addition, four series of
experiments were nut in which varying
numbers of cells were added. The data
obtained are plotted in FIG. 5 in which
each point represents the average of the
contraction of three or four lattices.
Deviations are not shown because they
were all very small (<.1-.1.0 min).
[00230]As call be seen, the another of
cells did have an effect on the rate of
lattice contraction but this difference in
contraction became less significant as a
function of time. Lattice diameters
approached a common small number for
concentrations above some MilliMUM
value. Below the minimum value, the
relationship between rate of lattice
contraction and cell number was
distinctly non-linear. The latices with
8.1.times.10.sup.4 cells did not begin to
contract for 24 hours. These sparsely
populated lattices lagged well behind the
more densely populated ones throughout
the period of the experiments.
EXAMPLE 22: Contractile Capacity in
Hydrated Collagen Lattices Of Cells Of
Different PM_ 1002311The contractile
capacity rnhydraled collagen lattices of
ce o di population doubling level (PDL),
that is cells which had undergone
different numbers of cell divisions, was
determined aS follows. Cultures were
formed of hydrated collagen lattices
prepared according to the procedures of
Examide 18 and containing 720 .mu.g/nt
Protein "R". Medium was changed on the
third, seventh and tenth days. 



[00212]Control cultures contained no
cella in addition, a series of experiments
with cells of different PDLit was carried
out. [00233]The data collected are
plotted in 1110.5 in which each point
represents the average of three or four
lattice contractions. Deviations were e. i
-.1.0 ram. As can be seen, cells of the
35th PDL performed as well as those of
the 19th PDL, hut cells of the 50th PDL
were unable to contact lattices at a
commensurate rate. EXAMPLEEffect of
Cyttchalasin B On Capacity Of Cells To
Contract A Hydrated Collagen lattice
[00234]The effect of the inhibitor
cytochalasin B on the capacity of cells to
contract a hydrated collagen lattice was
determined as follows. Hydrated collagen
lattices were prepared according to
Example 1$ which contained a Protein
"C" content of 570 .mu.gunl. Fibroblast
(human foreskin, strain 1519, 19th PDI.)
cell concentration in the cultures was
5.0.times. I tsup.5. 10,0 butt/int
cytochalasin B was added to each Mute
and medium was changed on the fourth
and eighth days. [00235]Data obtained
are plotted in Fla 6, and as can be seen,
this concentration of eytochalasin B
completely blocked lattice contraction
even at the relatively high cell
concentration employed. 



EXAMPLE 24: Effect of Colcemid On
Collagen Lattice Concentration
[002361The effect of the inhibitor
colcemid on protein lattice contraction
was determined as follows. Cultures
containing hydrated collagen lattices
prepared according to the procedures of
Example 18 which contained 570
.mmglin I of Protein "C"0.36Ord eolcemid
was added to each of these except for
the controls which contained no
colcemid. The same number of cells was
added to both test cultures and control
cultures, and data obtainede plotted in
FIG. 7. As can he seen, the 45th PDL
cells outstripped the performance of 19th
PDL cells, while 45th PDT., untreated
cells lagged behind the 19th VEIL
untreated cells. It is clear that coleemid
can be used to regulate the rate and
extent of contraction of the lattices.
EXAMPLE 25 Effect of Cyiostne
Arabinoside On Collagen Lattice
Contraction By Cells Of Different PDL
[002371'lie effect of 1.0 .mthe/m1 of
cytosine arahinosicie on protein lattice
contraction by cells of different PDL level
was tested as follows. Cultures
containing hydrated collagen lattices
containing Protein "C" in a concentration
570 sna.ghnl were prepared. Human
foreskin fibroblasts, strain 1519, of the
19th PDL or 47th PO0 were added to
both controls containing no Cytosine
arabinoside and test cultures containing
cytosine arabinoside. Data obtained are
plotted in FIG. 8, where it can be seen
that the 47th PDL cells outperformed the
lower POE cells even though they were
fewer in number, In these experiments
cytosine arabinoside was used to block
DNA synthesis and thereby keep the
number of cells in the lattice constant.
EXAMPLE 26 Formation of S n-
hquivalent Employ aq Human Foreskin
Fibroblasts and 



K eratinoeyes [00238]A hydrated
collagen latticeparmg to the'es of
Example') 18 which contained 500
rung/m1 of Protein "C". Human foreskin
fibroblasts obtained in a biopsy were
removed from a culture plate with a
solution of EDTA and trypsi The
suspension of single cells was
centrifuged to pellet the cells, after which
the cells were resuspended in culture
medium and then deposited on top of the
hydrated collagen matrix seven days
after the fibroblast cells had been
introduced. Within three days, the
keratinocyte cells had attached to the
lattice substrate and the process of
ketatinization began leading to the
fomaation of an impervious comium.
Histological observations were made by
means of electron microscopy.
EXAMPLEvo Studies With
Skin-Equivalent Employing Guinea Pig
Skin Fibroblasts and Keratinocytes
[00239]Skin biopsies were taken from
guinea pigs and derails was separated
limn epidermis surgically. Dennis was
dissociated enzymatically into constituent
cells which were plated onto tissue
culture dishes and allowed to undergo
proliferation. Cells from each
experimental animal were grown in
separate dishes so that their identity was
preserved. Tissues were made up in vitro
by forming contracted-hydrated collagen
lattices according to the procedures of
Example 18 except employing fibroblasts
from the guinea pigs. Some of the
lattices, after contraction, were plated
according to Example 26 with epidermal
cells or keratinocytes taken from second
biopsies so that keratinoeytes as well as
fibroblasts in each graft were from the
animal which was to become the
recipient of the graft. 1002401Grafts of
these skin-equivalents were made to the
dorsum of the experimental animals
(guinea pigs), and it was found that such
grafts were thoroughly integrated at all
WO 2007/103865PCTUU 520071063301
levels within one vethey had become
vascularizedi at the level of the 



dermis, collagen :fibrils of the graft were
interwoven with those of the surrounding
host Tissue. In histological sections, the
grafts could be distinguished by their high
fibroblast colt density and by the reduced
degree of birefringence as compared with
that of surrounding skin when viewed
through a polarization microscope. Even
those grafts hot provided with epidermis
were completely covered with all
epideimal cell layer (keratinocytes) many
cells deep. The layer was continuous
with that of the adjacent host slain It was
clear also that dermal wound contraction
was inhibited by the presence of the
skin-equivalent graft just as it is when an
autograft is made. EXAMPLE 28 In Vivo
Studies With Skin-Equivalent Employing
Rat Skin 1 blasts, Dermal and Epidermal
Cells Formation of Denrud-Equival
[00241]A small biopsy from a potential
graft recipient was cut into 1.0 min.sup.2
fragments. Fibroblasts grew out of tile
fragments and populated the Lux tissue
culture dish, and after 4-7 days, the
fragments were removed and discarded
or transferred to new plates. The cells on
one or more plates were allowed to
pmpagate until they became nearly
confluent, at which time the cells were
removed by treatment with trypsin,
washed, and thereafter propagated in
tissue-culture flasics. About
5.times.10.supd cells were needed for
each square centimeter of demial
equivalent, and an appropiate number of
cells was cast by removing them from the
substrate with trypsin after which they
were suspended and combined with a
collagen solution, rat SeVLIM, and
tissue-culture medium. Collagen was
obtained by extracting rat tail tendons in
0.02 M acetic acid and purifying by
centrifugation. When kept at an acid pH
and a pmtein concentration of 1.5 ingiml,
the collagen was a viscous slightly
opalescent solution. It consisted only of
collagen type.' with no  contaminating
proteins detectable by SOS
polyacrylamide gel elecnophoresis. At
the moment the collagenwas combined
with the cells and other ingredients, the
pH was adjusted to 7.2 with MOH, which
caused the collagen to come out of the
solution in the form of fibrils. As this
occurred, a gel or lattice in which fluid
was trapped formed. The cells in the
lattice were more or less minim-11y
distributed through it. By a process of
active compaction of collagen fibrils by
the cells, the lattice was transformed into
a tissue of firm consistency. The result
was loss of trapped fluid and a many-fold
decrease ill volume of the original lattice.
A tissue resulted which constituted a
dermal-equivalem Addition of Epidermis
[00242]Epidctmal cells dissociated from
the biopsy fragments by means of trypsin
were distributed as a suspension on the
dermal equivalent. In 2-4 days, the
epidermal cells formed a continuous
sheet that covered the dermal
substratum. Within this time, the
confluent sheet of cells began to
differentiate. Desmosomal junctions,
tonofilaments, and keratohyalin granules
were apparent, and the process of
keratinization proceeded leading to
formation of an impervious stratum
CC/111MM The entire process would
occur in vitro on the DE if permitted.
However, in this work, the liyin.e,
two-layered tissue was considered ready
for grafting as soon as the epidemal cells
.(ormed a confluent sheet which served
as a skin-equivalent (SE). 



[00243]Skin-equivalents wne grafted to a
large number of rats with the following
results. First, by 3-5 days after
implantation, vascularization of the grail
had begun and continued rapidly with no
necrosis or ischemia occurring. Second,
with few exceptions, the graft inhibited
would contraction. When the graft was
made, the periphery of normal skin
adjacent to the graft was tatooed to mark
the limits of the grafts, a procedure which
enabled the monitoring with time of the
dimensions of the graft. The exceptions
to inhibition of  WO 2410 /103865rcut
S2961171063301 wound contraction
may have been due to inadequate initial
coverage of the denial equivalent by the
epidermis, to dislodgement of the graft by
the animal, or to formation of an
inadequate lattice which was a function
of the quality of the dollen preparation
used, [00244]In one study of thirty-one
such grails examined at the time Inc
bandage was removed (9-14 days),
seven inhibited wound contract
completely, fifteen blocked would
contraction by 75% or more, and
twenty-three blocked it by 50% or more.
[00245]in another study of fifty-two grafts,
wound contraction was blocked in at
least 75-80% of the grafts.
[00246]Although a number of grafts
showed a decrease in size with time,
most were stabilized by sixty days and
none were rejected. Grafts of large size
(approximately kiimes.l 2 cm) with good
epidermal coverings, effectively blocked
wound contraction (75% or room) and
took well as replacements for burned
skin. 



[00247]Grafts persisted for long periods,
the longest having been in place for over
o years. [00248]In addition to becoming
well vascularized, the matrix of the
dermal equivalent underwent
considerable remodeling during the first
few months after grafting. Changes in its
structure were studied by examing the
birefringence of histologic section ktom
which it was apparent that the matrix
exhibited birefringence by one week after
grafting, a phenomenon not observed in
granulation tissue of comparable age.
Whereas the birefringence increased in
intensity with time, the pattern, generally,
was not one of the basket-weave
configuration characteristic of normal
demi s. However, by ten weeks in the
transition region where the graft meets
normal tissue, the basketweave pattern
had begun to develop. [00249]In vivo, the
epidermis hypertrophies, and even ten
weeks after grafting, was considerably
thicker than adjacent normal tissue.
Tongues or pegs or epidermis were seen
penetrating the dermal equivalent.
Externally, for a period of several
months, the epidermis  appeared
somewhat scalely, and the unraft had a
reddish tint. By about three months,
grafts were smooth and pinkish in color
resembling normal skin of the albino rat
but lacking hair. A degree of scaliness
persisted even to seven months which
might be attributed to the absence of
seba.ccous glands. EXAMPLE 29:
Preparation ofe-Equivalent By
Contraction of Collagen Lattice With
Platelets [00250]Outdated platelet
concentrates were obtained from the Red
Cross Blood 



Center in Boston; Mass. Rat and pig tail
tendon collagens were extracted as
described in Example 18; pigskin
collagen was supplied by Dr. Paul Ehrlich
of the Shiners' Burns Institute of Boston;
and telogen, a bovine collagen, was
obtained from Collagen Corporation, Palo
Alto, Calif. Collagen concentrations were
determined using a modification of the
method of Waddei. See Waddel, W.J.T.
Lab and Clin. Med. 48, 311-14 (1956).
'Ike fonmila employed wasTinngim1-0.D.
215-0.D. 225764.6. [00251]The platelet
concentrate, concentrated to 60x as
obtained from the Red Cross, was further
concentrated by centrifugation for 50
minutes at 500 rpm in an IEC PR-2
centrifuge using a 253 rotor at 4T. C. to
remove red blood cells. The supernatant
was then centrifuged an additional 50
minutes at 1500 rpm using the same
rotor to concentrate the platelets.
Supernatant was drawn off and used to
resuspend the platelet pellets obtained.
['he absolute platelet concentration
varied from one experiment to the next
depending upon the platelet
concentrations in the blood of the donors,
but all concentration values within each
experiment are based on the use of one
or pooled samples which are
concentrated and then diluted. A Ix
platelet concentration is equivalent to the
concentration of platelets in 1.0 ml of
blood. [00252]Platelet la.tnees were cast
by combining,the following: 2.3 ml
DIVIEM /.76x medium, (Flow
Laboratories), 1.5 nil rat tail tendon
collagen, 0.25 nil 0.1 N NaOH (the
concentration of Na01-1 needed to
neutralize the collagen varied slightly
depending upon the acidity of the
collagen preparations used), and 0.45 ml
FRS (Flow .aboratories). This mixture
was poured into a 60 mm Falcon 0007
Petri dish with 0.5 nil of a 5x platelet
concentrate applied in small drops on the
dish surface. Alternately, all ingredients
were combined in a separate vessel and
poured into the empty Petri dish. The
resulting lattices were incubated at 11) C.
in a 90% aift10% C0.sub.2 atmosphere
of 100% Comic Lattice thickness was
controlled by increasing or decreasing
the total lattice volume cast. Ni
differences were observed in rates of
lattice contraction as a function of casting
procedure. [00253]The rates of
contraction were determined by drawing
the fluid released by the lattice into a I ml
pipette at first, and larger ones later, and
then recording the volume of withdrawn
fluid after which the withdrawn fluid was
rammed to the dish. These
measurements were repeated hourly until
the lattice had contracted maximally. In
those lattices haying a platelet
concentration of lx or lower, the lattice
edges were first detached from the dish
using a fine scalpel to free fluid trapped
beneath the lattice for measurement.
Because a lattice will release additional
fluid when tom., care was taken to avoid
damaging the lattice to obtain
measurements of fluid released only by
platelet contraction. Experiments were
also conducted to determine the effect of
the addition of thrombin (Sigma
Chemicals) by spotting thrombin and
platelet concentrate onto the Petri dish in
discrete droplets prior to the addition of
the combined DMEM collagen, Na011
and FBS. [00254]FIG. 9 is a plot of data
obtained which illustrate the effect of
thrombin on the contraction by platelets
of collagen lattices when the thrombin
concentration was 4.0 units/ml
t00255jFIG. 10 is a plot illustrating the
lattice contraction obtained as a function
of platelet concentration and the
presence of thrombin at a concentration
of 4.0 units/ml. 



WO 2007/1
3065PCT/1102007/11633111 [002561As
can be seen, the reaction is quite rapid.
At a platelet concentration of lx,  80-90%
of the total fluid which will be expressed
has taken place by the third hour after
casting of the lattice. By six hours, the
reaction is essentially complete and
equilibrium is attained; that is, no further
fluid releases observed under conditions
of 100% humidity. At this point, 20-80%
of the initial fluid volume has been
expressed from the lattice, with the
precise amount depending upon platelet
and collagen concentrations and on other
casting medium variables. The process
of platelet lattice contraction resulis in the
formation of a tissue-equivalent of
relatively high tensile strength compared
with that of a collagen lattice cast without
platelets [00257]When thrombin is
included in the casting mixture with a
sufficient number of platelets, the tissue
equivalent forms more quickly as
indicated by FIG. 2. The
tissue-equivalent containing thrombin has
properties somewhat different from those
cast without its tensile strength being
somewhat less and its fluid content
lower. 'tensile strength was measured by
tying gram weights to tissue equivalents
after casting and measuring breaking
time. [00258]The rate of contraction of
platelet lattices is related to the
concentration of platelets. Increasing the
platelet concentration speeds up the rate
of lattice contraction and results in a
lattice with proportionately less fluid, as
can be seen in FIG. 10. EXAMPLE 30:
Effect of Pro in Goocenti'ation And Type
on Contraction By Platelets [002591The
effect of protein concentration and source
on contraction of lattices by platelets was
determined by employing collagen from
different sources in different
concentrations, but otherwise following
the procedures of Example 29. The
resulting data are plotted in FIGS. 11A-
1113. 



[00260]As can be seen, tnerea.sing the
collagen content of the ca.sting
tnediuraareduces  the rate of contraction
and quantity of fluid expressed. These
results correspond generally to those
obtained when fibroblasts wore used as
the contractile agent. [00261]Collagen
from the four different sources employed
functioned similarly. except that elope]]
offerrod considerably less resistance to
contraction than collagen from the other
three sources. EXAMPLE 31: Effect of
Inhibitors Cytochalastin B And Colcemid
On Contraction of Collagen Lattices By
Plat [00262]The effects of the inhibitors
cytochalasin B and colcemid on the
capacity of platelets to contract hydrated
collagen lattices was determined
Following the general procedures of
Example 29 except as follow*
[00263]Cytochalasin B (Sigma
Chemicals) and colommid (013A
Phammceuti cal Company) were added
directly to the concentrated DMEM
medium to give final concentrations in the
5 nil lattice volume of 10 .mu.g1m1 and
0.5 .mu.g/ml, respectively. Data obtained
are plotted in FIG. 12. 1002641As can be
seen, lattices cast with latelets in the
presence of cytochalasin 



failed to contract. Colcomid, on the other
hand, had no apparent effect on lattice
eosin-action; fins was expected since
Colcemid is known to have no effect on
the ability of human platelets to contract
fibrin clots. Cytochal ash) B. on the other
hand, stabilizes the discoid shape of
platelets and prevents psendoped
formation. EXAMME 32 Rabbit Graft
[00265]Tissue-equivalents formed from
hydrated collagen lattices contracted by
platelets and suitable for grafting to the
cars of rabbits were prepared as follows.
Platelets were collected from 10 ml of
rabbit blood taken from the potential grail
recipient by heart puncture, and
concentrated by differential centrifugation
as described in Example 29. Rabbit  WO
2007/013865PCTif 001/063301 platelet
gels were cast, also following the
procedures ofplc 29. After contraction,
the lattices were seeded with epidermal
cells derived from a biopsy frore the
same rabbit following the procedures of
Example 28. [00266]The anesthetized
rabbit was prepared for grafting by
clipping the hair over the graft site. The
graft bed was outlined, and tatoo marks
were placed just outside the periphery of
the outline. The site was washed with
70% ethanol and all tissue down to the
fa.seia overlying the cartilege was
removed. The tissue-equivalent was
freed from the dish and placed on the
graft bed with the edges of the graft
slightly overlapping the edges of the graft
bed. The graft was overlaid with tulle was
prepared by impregnating Tella pads with
vaseline. Ten pads soaked in Earle's salt
solution were placed over the tulle gras.
A foam pad was used in the ear to hold it
in shape and the ear was bandaged with
three-inch Elastoplast. To prevent the
rabbit Limn removing the bandage, both
ears were taped together with three-inch
Elastoplast. The bandages were
removed seven days after grafting. The
rabbit was fitted with an Elizabethan
collar to prevent scratching for another
two days. 1002671The grafted region
together with a border of normal skin was
excised as a 



single piece from the rabbit ear and
inunersed in 10% formalin in 0.03 M.
phosphate buffer. The skin was fixed
overnight, rinsed with distilled water,
dehydrated in ethanol, cleaned in amyl
acetate followed by toluene and
embedded in Paraplast t. Seven micron
sections were cut using a rotary
mierolome and these were stained with
hematoxylin and eosin. [002681Grafts
were accepted and inhibited wound
contraction in all experiments. Grossly,
the grafts appeared whiter than
surrounding skin, the surface being
somewhat scaly and lacking hair. Even
after six weeks, a small centrally located
scab remained. [00269]A grafi which had
been in place for six weeks was
examined histologically in part to
determine the degree to which the graft
was infiltrated by fibroblasts from
surrounding tissue. The density of
fibroblasts in the graft was considerably
greater than that of the  adjacent tissue.
The graft was distinguished from
surrounding tissue by the reduced level
of birefringence noted viewed under a
light microscope. Vaseularization in the
graft appeared to be greater than in
adjacent tissue. The graft was further
distinguished from surrounding tissue by
the absence of secondary derivatives,
that is, hair follicles and sebaceous
glands. The epidermal covering of the
graft was markedly hypertrophied.
EXAMPLE 31 In Vivo Studies of
Rejection  SSt a lent in Rats Formation of
Skin-Equivalent [002701Small pieces of
skin were removed from the backs of
female Fisch . 44 rats (Charles River
Breeding Labs.). These biopsies were
trimmed of extraneous tissue, cut into 2-
3 mm.sup.3 pieces and dried down onto
the surface of Lux tissue culture dishes.
The fibroblasts which grew out of the
biopsies were culturedin Du becco's
modification of Eagle's Minimal Essential
Medium (DMEN) supplemented with 10
percent fetal calf serum, penicillin,
streptomycein and fungizonc (Flow
Laboratories) in a 10 percent C0.sub.2
atmosphere at 370C. 



[002711Collagen lattices were prepared
following the procedures of Example, 28.
Briefly, 2-8.times.10.sup.5 fibroblast cells
were combined in a 100 mm plastic dish
with concentrated OMEN plus 10 percent
fetal calf serum, antibiotics and 6 mg of
rat tail collagen in a 1:1000 dilution of
acetic acid in water. Within a week the
fibroblasts had contracted the collagen
lattice and a suspension of epidermal
cells dissociated from a fresh biopsy was
layered onto the surface of the lattice.
Cholera toxin at 10.sup.- 10 M, epidermal
growth factor at 20 .mu.ginil and
hydrocortisone at 0.4 krnignin were
added to the medium to promote the
growth of epidermal cells and the dishes
were moved to a 5 percent C0.sub.2
atmosphere. Within a week the epidermal
cells formed a confluent sheet on the
surface of the collagen lattice and the
skinequivalent was ready for grafting.
WO 2007/103865PCTMS20071063311I
[00222]To test allografts, lattices were
prepared with cells from the female
Sprague- Dawley rats and implanted onto
male Fisher rats. Grafting Procedure
[00273]Male Fischer rats weighing
approximately 350-400 g. were
anesthetized with sodium phenobarbital.
A graft bed approximately the same size
as the lattice was prepared by removing
the full thickness of the skin {tom the
back of each animal. The lattice was
placed in the wound and covered with a
vasefine-imprepated Telfa pad and a
Telfa pad soaked in Earle's salt Solution.
These bandages were covered by
wrapping the body with several layers of
Ela.stoplast At time intervals ranging
from nine days to thirteen months after
the graft was origina.11y applied. the
animals were again anesthetized and the
entire graft was excised. Half of the graft
was fixed in phosphate-buffered formalin,
dehydrated in ethanol, and embedded in
paraffin. A central portion of the other half
of the graft was trimmed of underlying kit
tissue, cut into 2-3 mm.sup.3 pieces and
placed in tissue culture to allow the
resident fibroblasts to pow out.
Preparation of the Karyoty, pes
[00274]The population of fibroblasts
which grew out of the grafts was
subcultured to 



obtain three to six T-150 flasks of rapidly
dividing cells. The fibroblasts were
treated with colehicine at 2 .muglinl for
four hours, shaken off the flasks, swollen
in hypotonie medium (1 part DMEM to 3
parts distilled II.sub.2 0), air-dried onto
glass slides, and stained with
accro-orcein. Twenty to thirty complete
chromosomal spreads for each time point
were photographed and kayrotypes
prepared to determine the proportion of
female celLs in the total population of
fibroblasts. [00275]Drafts with
Sprague-Dawley female cells were
received and retained by male Fisher
hosts as determined by the presence of
female cells in the graft 1-2 months
afterward. Example 34: Preparation of
Skinue Equivalent Test Systems  WO
20071103365PC:17i.S21107/963301
[00276]A. An apparatus similar to that
shown in FIG. 16. was used in
conducting the work described
hereinafter. The coser is removed for
conducting operation but is otherwise
kept in place to maintain sterility. Perot
nit information regarding the apparatus is
listed Outer container diameter 38 mm
capacity 35 ml 



timer container 20: diameter 24 mm
capacity 4 ml Permeable member 24:
Polyearbonate membrane frorn
Nuclepore, pore size 3.mu., thickness
5.mu.. [00277]a An acellular. hydrated
collagen gel was: formed on the
permeable member 24 as follows: (I)
Premix: 10X MEM16.2 ml L-glutamine
(200 mM) 1.6 ml gentanaycin (50 mg/m1)
0.2 ml Fetal bovine serum 18.0 ml
Sodium bicarbonate (71.2 inn/a) 



5.0 nil [00278jThe stock solutions were
mixed at 378 C.. combining in the above
sequence, and stored at 4 C. for
approximately 30 Mill. in 50 ml. tube (not
gassed). (2) 27.8 g of a I naginil collagen
solution (extracted by acid From calf
common digital extensor tendon) in
0.05% viv acetic acid, was weighed out
into a 50 ml tube and stored 4' C. for 30
min. (8) 8.2 ml of the pre-mix described
above and 4 ml of DMEM complete
(containing 10% PBS, 4M84 L-glutamine,
50 driu.g/m1 nentamycin) was added
(and 1 nil aliquots pipetted into the inner
container 20 and allowed to gel in a
hood.  WO
20071103865PCT/I32007/063301
[00279]C. Tissue equivalents were cast
with human dermal fibroblasts and
seeded with human epidermal (epithelial)
cells as described below. A general
description of procedures and reagents
may also be found in the Patents and
copending application Ser. No.
07/361,041, filed dun. 5, 1689.
1002801(1) Casting mixture: 8.2 ml of the
pre-mix described above was added to
27.8 g of at mgInd collagen solution in
0.05% v1v acetic acid, as described in
step A(2) above, and 4 ml of human
dental fibroblasts (2.5Times.10.sup.5
colts/int) were combined. 3 ml aliquots
were pipetted into the container 20 over
the acellular, hydrated collagen gel
formed in step B(2) above and allowed to
gel. 4.5 ml DMEM complete was added
to the outside container 20 and then
incubated at :16 C710% CO.sub.2
typically for 4-8 days. [00281]Dm
following medium was sed:
ComponentsrnSBM 



Hydrocortisone1.1 .mu.tvl insnlm5
inu.a/m1 Transferrrin 5 .mug/m1
Triiodothyronine 20 pM Ethanolamine 1
dimes. 10.sup.-4 M
0-phosphorylethanolamine I Times.
10.sup.-4 M Adenine0.18 niM
Progesterone2 dimes. 10.sup.-9 M
Selenium5.26 dimes. 10.sup.-8 M Bovine
Serum0.3% Epidermal Growth Factor 10
ngind 



Calcium Free DMEM 75% Ham's
F-1225% [00282]Two other media used
were identical with mSBM except as
noted below: cSBM o,aioSBM
Progesterone00  Bovine Serum2.0%I%
Epidermal Growth Factor 1 ng/ml 1 n_
Calcium Free DATEM 50%50% Ham's
F-1250%50% [002831in some instances
calcium chloride was added to the media
at 1.8 mM, This is 



indicated as medium plus calcium, c.o.,
mSBNA plus calcium.
[00284]Flpidermalization was initiated at
6 days after casting the tissue equivak
100285](1) EpideneaFixing The medium
of step C above was removed from both
the inside 20 and outside 10 containers.
A 50 .mu,1 suspension of human
epidermal cells (3.33.times.10.sup.6
cells/m1) was placed on the tissue
equivalent formed above in step C
above. The container was then incubated
at 36. C. and 10% Casub.2 for 4 hours.
12.0 ml of mSBM was then added to the
outside chamber and 4 ml to the well.
The apparatus was then returned to the
same incubator. 1002801(2)
Differentiating [00287]At 2 days post pi
dermalization the medium was removed
and replaced with mS BM plus calcium.
[00288](3) Airlifting At 5 days post
epidermalintion, the following procedure
was performed: Medium was removed
from inside and outside chambers. The
inner container 20 was removed and two
volumes cSBM plus calcium soaked
cotton pads were positioned in the
bottom of the outer chamber 10 and 9.0
ml of cS.FIN1 plus calcium added. The
inner container 20 was then replaced and
the apparatus incubated at 35.511C. and
10% CO2. 1002891(4) Maintaining Every
4 days the medium was removed and
replaced with fresh mainSBM plus
calcium. 



Example 35: Preparation of Test
Systenas incorporating Atearose  WO
2907/1113565PCT/US2097/0633111
[00290]A 2% agarose solution in water
was sterilized by autoclaving, cooled to
400C, and mixed with an equal volume of
2 concentrated main SliM, The absorbent
cotton pads were removed and 13 ml of
the mixture was poured into the outer
area bla allowed to set at 36" C. (10%
CO2) and the apparatus returned to the
incubator for storage prior to shipment.
[0029 )1 It is understood that the
examples and embodiments described
herein are for illustrative purposes only,
and that various modifications or
changes in light thereof that will be
suggested to persons skilled in the art
are to be included in the spirit and
purview of this application and the scope
of the approved claims. Example 6:
Efficacy of a cultured tisstta
conslTuctstied oral aingi [002921the
priminy objective was to determine
whether the cultured tissue cons/runt
could provide a functional zone of
attached gingiva comparable to free
autogcnous graft. [00293]During this
study, up to 25 subjects were enrolled.
Subjects were aged at least 18-70. The
first three subjects were used to
determine surgical and material handling
techniques, and were not included in the
statistical analysis. Subsequent patients
were enrolled until these three patients
had completed four weeks of follow up.
The subjects enrolled had at least two
non-adjacent teeth with an insufficient
zone of attached gingival which required
tissue grafting. The two selected tooth
must have been located in contralateral
quadrants. Root coverage was not
indicated or desired at the time of
grafting. The subjects were treated with
either the cultured tissue construct of the
invention or with a free autogenous graft.
The grafts were evaluated clinically to
determine the change in the attached
gingival and on at least three subjects, a
small biopsy was taken to allow histologic
evaluation and comparison of both grafts.
Secondary efficacy variable were the
changes from baseline in width of
keratinized tissue, recession depth,
inflammation score, color or texture
match of the grafted tissue to the
adjacent tissue, resistance to oral muscle
pull,  clinical attachment level, probing
depth and subject discomfort. 



[00294]The study utilized a randomized,
controlled treatment comparison between
subjects. Assessment of the amount and
the quality of attached gingival generated
through the cultured tissue construct and
free autogenous grafts had occurred at
one week postoperatively, and at months
1, 3 and 6. Primary end point had
occurred at month 6. All postoperative
evaluations were performed by the
research coordinator who was blinded to
the suruncal procedures porfomied.
Color, texture, inflammation and
resistance to muscle pull was scored
independently by a calibrate research
coordinator. [00295]Although the
foregoing invention has been described
in some detail by way of illustration and
Examples for purposes of clarity and
understanding, it will be obvious to one of
skill in the art that certain changes and
modifications may be practiced within the
scope of the appended claims.  WE
CLAIM 1.Use of a culture, tissue
construct in a manufacture of a
medicameot for treating a subject in need
of an oral tissue graft, wherein said
cultured tissue construct comprises a
lbyer of extra-.ce.ilular and said
extraccllulas matrix comprises cultured
ftbrobia.si celia in the absence or
exogenous matrix ,,omponenLs or
scafibld supports. 



The use of claim I wherein the oral
condition is selected from the group
consistinp 01 recessedoral gingiva, loss
of inierdernal papifla., alveolar ridge
deficienct. failed oral implant, denial
furcabon defect and maxiliofacial tumor
resection.            The use of claim 1,
wherein the cultured fibroblast cells are
derived from [issue selected from the
group consisting of neonate male
foreskin, dernis, tendon, lung, urethra,
umbilical cord, corneal stroma, oral
nmeosa, and intestine. 4.The use of
claim I. wherein the cultured fibroblast
cells are dennal fibroblasts he use of elaI,
wherein the cultured fibroblast ccre
derived fro human tissue. 6.The use of
claim 1, wherein said cultured tissue
construct comprises a first layer
ofacellular matrix and a second layer of
cells disposed on said first layer, and
said second laver of cells comprising
opithelial cells.  



7. The use of claim 6, wherein the
epithelial cells arc F;elected from, the
gna:p ConaiSting of keratinocytcs,
cormml epithelial cells., epithelial cefls
fron: cwal ]rEncosa, esoNvirrh.n1
apitheiiai cells. und umcpithel in cells.
8. Thu atin Of elabra 6, wherein the epi
thhth id eggiS fbel.Yr an epiderrual 'cell
1.,...hyer that is multilayered. stratified, di
fitnhntied.:',(1 and exhibits a basin liner,
suprAwisal bear, a gram' at ia:,t.t and a
straturn corny,uny and wherein. the
bi.:ayared ening ad skin construct has a
baseiner, membrane present at the
jorati(m. Or the firs: and second layers.
,Q.Use of a cultured tissue constmat in
the manufacture or a meditaniont for
nearing an oral conchLIEin in a:. subject
., wherein  said cultured tissue cocstr'act
comprises a gel mixture n a, collag
selatirm and a contract ii anent. tissue
The one of elan selected from the group
consisting u 



umbi lien I cord, corneal simma, oral
mucosa and haeatine. 14.The use el
claim 9 wherein said cultured tissue
construct corn r is a First layer
comprising a cell:amen gel in the
absence of cells. a second layer
disposed on said first layer, said second
layer comprising a second collagen gel
containing cod agOn and a contractile
agent  15.The use Of any one ofto 14
wherein the fibroblast cells are
u'enetjenlly modified to produce
exlraccllular matrix camponants, growth
faZI or, hormone, peptide. or prinein. 
















