CELL CULTURE SUBSTRATE COMPRISING A LAMININ AND A CADHERIN

BACKGROUND
[0001] This application claims priority from U.S. Provisional Patent Application
Serial No. 61/537,940, filed September 22, 2011; U.S. Provisional Patent Application
Serial No. 61/565,380, filed November 30, 2011; U.S. Provisional Patent Application
Serial No. 61/565,849, filed December 1, 2011; U.S. Provisional Patent Application
Serial No. 61/624,588, filed April 16, 2012; and U.S. Provisional Patent Application
Serial No. 61/625,321, filed April 17, 2012. The entireties of those provisional
applications are fully incorporated by reference herein.
[6002] This application relates to cell biology, cell differentiation, cell therapy,
molecular biology, proteins, recombinant human proteins, nucleic acids, and
laminins.
[06003] Basal laminae (basement membranes) are sheet-like, cell-associated
extraceliular matrices that play a central role in cell growth, cellular differentiation,
cell phenotype maintenance, tissue development, and tissue maintenance. They are
present in virtually all tissues, and appear in the earliest stages of embryonic
development.
[0004] Basal laminae are central to a variety of architectural and cell-interactive
functions. For example:
[0005] 1. They serve as architectural supports for tissues, providing adhesive
substrata for cells.
[0006] 2. They create perm-selective barriers between tissue compartments that
impede the migration of cells and passively regulate the exchange of
macromolecules. These properties are illustrated by the kidney glomerular basement
membrane, which functions as an important filtration structure, creating an effective
blood-tissue barrier that is not permeabile to most proteins and cells.
[00607] 3. Basal laminae create highly interactive surfaces that can promote cell
migration and cell elongation during embryogenesis and wound repair. Following an
injury, they provide a surface upon which cells regenerate to restore normal tissue
function.
[0008] 4. Basal laminae present information encoded in their structure fo
contacting cells that is important for cellular differentiation, prevention of apoptosis,
and tissue maintenance. This information is communicated to the cells through



various receptors that include the integrins, dystroglycan, and cell surface
proteoglycans. Signaling is dependent not only on the presence of matrix ligands
and corresponding receptors that interact with sufficient affinities, but also on such
topographical factors as ligand density in a three-dimensional matrix "landscape”,
and on the ability of basal lamina components to cluster receptors. Because these
matrix proteins can be long-lived, basal laminae create a “surface memory" in the
basal lamina for resident and transient cells.

[0008] The basal lamina is largely composed of laminin and type IV collagen
heterotrimers that in turn become organized into complex polymeric structures.
Additional components include proteoglycans such as agrin and perlecan and
nidogens (entactins). To date, six type {V collagen polypeptide chains and at least
twelve laminin subunit chains have been identified. These chains possess shared
and unique functions and are expressed with specific temporal (developmental) and
spatial {lissue-site specific) patierns.

[06010] Laminins are a family of heterotrimeric glycoproteins that reside primarily
in the basal lamina. They function via binding interactions with neighboring cell
receptors on the one side, and by binding to other laminin molecules or other matrix
proteins such as collagens, nidogens or proteoglycans. The laminin molecules are
also important signaling molecules that can strongly influence celiular behavior and
function. Laminins are important in both maintaining cell/tissue phenotype, as well as
in promoting cell growth and differentiation in tissue repair and development.

* [0011] Laminins are large, multi-domain proteins, with a common structural
organization. The laminin molecule integrates various matrix and cell interactive
functions into one molecule.

[0012] A laminin protein molecule comprises one a-chain subunit, one B-chain
subunit, and one y-chain subunit, all joined together in a trimer through a coiled-coil
domain. FIG. 1 depicts the resulting structure of the laminin molecule. The twelve
known laminin subunit chains can form at least 15 trimeric laminin types in native
tissues. Within the trimeric laminin structures are identifiable domains that possess
binding activity towards other laminin and basal lamina molecules, and membrane-
bound receptors. FIG. 2 shows the three laminin chain subunits separately. For
example, domains VI, Vb, and IVa form globular structures, and domains V, llib,
and llla (which contain cysteine-rich EGF-like elements) form rod-like structures.



Domains | and 1l of the three chains participate in the formation of a triple-stranded
coiled-coil structure (the long arm).
[0013] There exist five different alpha chains, three beta chains and three gamma
chains that in human tissues have been found in at least fifteen different
combinations, These molecules are termed laminin-1 to laminin-15 based on their
historical discovery, but an alternative nomenclature describes the isoforms based
on their chain composition, e.g. laminin-111 (Jaminin-1) that contains alpha-1, beta-1
and gamma-1 chains. Four structurally defined family groups of laminins have been
identified. The first group of five identified laminin molecules all share the 1 and y1
chains, and vary by their a-chain composition (a1 to a5 chain). The second group of
five identified laminin molecules, including laminin-521, all share the 2 and y1
chain, and again vary by their a-chain composition. The third group of identified
faminin molecules has one identified member; laminin-332, with a chain composition
of a3B3y2. The fourth group of identified laminin molecules has one identified
member, laminin-213, with the newly identified y3 chain (a2B1y3).
[0014] There have been no reports of isolated laminin-521 that is free of other
laminin chains. Thus far, there are no studies on the function of laminin-521.
Attempts to purify laminin-521 from cell sources by affinity chromatography using
laminin chain antibodies have been unsuccessful in eliminating, for example, laminin
B1 chain, which is a component of laminin-411 and laminin-511. It would be
desirable to provide compositions that contain laminin-521 (aka LN-521) and
methods for making laminin-521.
[0100] Human embryonic stem (hES) cells hold promise for the development of
regenerative medicine for a variety of diseases, such as spinal cord and cardiac
injuries, type | diabetes and neurodegenerative disorders like Parkinson’s disease. A
stem cell is an undifferentiated cell from which specialized cells are subsequently
derived. Embryonic stem cells possess extensive self-renewal capacity and
pluripotency with the potential to differentiate into cells of all three germ layers. They
are useful for therapeutic purposes and may provide unlimited sources of cells for
tissue replacement therapies, drug screening, functional genomics and proteomics.
[0015] A prerequisite for the development of stem cell derived cells for
regenerative medicine are methods that allow long-term cultures of pluripotent stem
cells, chemically defined and repeatable differentiation protocols, as well as xeno-
free cell culture systems. However, culturing of pluripotent human embryonic stem
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cells (hES cells) and induced pluripotent stem cells (hiPS cells) has encountered a
number of problems. One major problem has been that hES cells grow siowly in
clusters that need to be manually split for cell propagation. Dissociation of the celis
usually leads to extensive cell death, the cloning efficiency of hES cells after
complete dissociation being =1 %.
[0016] Maintenance of pluripotent hES cells has required complex cuiture
substrata, such as extracellular matrix protein mixtures like the mouse tumor derived
Matrige! or fibroblast feeder cell layers, that may be immunogenic and toxic and that
generate extensive batch fo batch variability reducing reliability of the experiments.
Thus far, the most successful feeder cell free substrate used for hES cell cultures is
Matrigel, a complex tumor and BM-like extract obtained from murine Engelbreth-
Holm-Swarm (EHS) sarcoma tumor tissues. Matrigel mainly contains murine LN-111,
type IV collagen, perlecan and nidogen, but also varying amounts of other materials,
including growth factors and cellular proteins and, therefore, its composition is
undefined and varies from batch-to-batch. This variability can cause irreproducibility
of scientific results, and due to the animal origin of the subsiratum makes Matrigel
unacceptable for the expansion and maintenance of hES cells for human cell
therapy.
[0017] However, successful development of more or less defined coating
materials that support self-renewal of hES and hiPS cells has recently been
reported. It has been reported that recombinant vitronectin supports adhesion and
self-renewal of hES cells. An acrylate coating containing a variety of peptides from
various ECM proteins has also been previously developed, and it has been shown
that a synthetic methacrylate-based polymer also facilitated adhesion and self-
renewal of hES cells.
[0018] One of the main problems with large-scale propagation of hES cells is that
they poorly survive replating after dissociation into single cell suspension. This, in
turn, makes passaging tedious and large-scale automated expansions impossible.
However, hES celis released into single cell suspension using trypsin treatment in
the presence of a rho-kinase (ROCK) inhibitor'® or blebbistatin' can be plated and
expanded from single clones, but the molecules are not components of the natural
stem cell niche, and they affect the actin cytoskeleton and thus can cause cell
damage. Therefore, the use of the ROCK inhibitor may not be a preferred solution
for iong-term expansion of hES celis aimed for cell therapy purposes.
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[0019] For the purposes of regenerative medicine, there is a desire to develop
methods that allow derivation and long-term cultures of pluripotent stem cells under
chemically defined, xeno-free, pathogen-free, and stable batch-to-batch conditions.
Moreover, such methods should allow fast and economically efficient scale-up to
acquire large quantities of pluripotent hES/hIPS cells in a short period of time.
Preferably, the methods should also allow clonal survival of human ES cells in media
containing no synthetic inhibitor of apoptosis, that could facilitate scientific and
clinical applications involving cell sorting or gene knock-out in the celis.

BRIEF DESCRIPTION
[0020] The present disclosure provides isolated laminin-521 (also known as LN-
521 or laminin-11) and methods for producing isolated laminin-521. In further
aspects, the present disclosure provides recombinant host cells that express laminin-
521 chains and secrete recombinant laminin-521.
[0021] In other aspects, the present disclosure provides GMP quality laminin-521
for culturing cells for differentiation and maintenance for the purpose of developing
cells for human cell therapy. The present disclosure also provides pharmaceutical
compositions, comprising isolated laminin-521 together with a pharmaceutically
acceptable carrier. Such pharmaceutical compositions can optionally be provided
with other extracellular matrix components.
[0022] The present disclosure also provides methods to effectively generate
amounts of isolated laminin-521 for various uses. In preferred embodiments of those
uses, recombinant laminin-521 is used. Kits comprising an amount of isolated
faminin-521, or pharmaceutical compositions thereof, effective for the desired effect,
and instructions for the use thereof, are also disclosed.
[0023] The present disclosure also provides methods for culturing stem cells in
monolayer cultures which facilitates cellular homogeneity, removal of the stem cells
from a cell culture plate or other cellular support in single cell suspension, and
replating stem cells in single cell suspension for passaging and expansion in
significant dilutions that enable expansion of stem cell cultures and large scale
production of such cells.
{0024] In further aspects, the present disclosure describes culturing pluripotent
stem cells on laminin-521 in monolayer culture, removing stem cells from the cell
culture plates along with other cell supporting materials in single cell suspension,
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and replating the stem cells from single cell suspension as single cells on a matrix
containing laminin-521 such that this process can be performed in automated robotic
systems with high efficiency.

[0025] In further aspects, the present disclosure provides improved medical
devices and grafts, wherein the improvement comprises providing medical devices
and grafts with an effective amount of isolated laminin-521.

[0026] In further aspects, the disclosure provides improved cell culture devices,
and methods for preparing improved cell culture devices, for the growth and
maintenance of phenotypes of cells in culture, by providing an effective amount of
isolated laminin-521 to a cell culture device for cell attachment, and subsequent cell
stasis, proliferation, differentiation, and/or migration.

[00271 In other aspect, the disclosure provides compositions, such as human
recombinant laminin-521, and methods for culturing and rapid expanding of human
embryonic stem cells in vitro in undifferentiated state. The methods comprise single
cell dissociation of human embryonic stem cells and plating them on laminin-521
coated cell culture dishes in medium without any Rho-associated kinase (ROCK)
inhibitor (e.g. without Y-27632) (Watanabe et al., Nature Biotechnology 25, 681 - 686
(2007)). The improvement provides a possibility to expand human embryonic stem
cells in pluripotent state faster than in conventional human embryonic stem cell
cultures.

[0028] In further aspects, the disclosure provides new materials, such as human
recombinant laminin-521, which permit human embryonic cell survival after
dissociation into single cell suspension. The improvement provides better cloning
survival of human embryonic stem cells, which may be advantageous for isolating
clones (e.g. after genetic manipulations) or obtaining homogeneous and uniformal
human embryonic stem cell populations.

[0029] Disclosed in some embodiments is isolated recombinant laminin-521,
comprising: an alpha chain comprising a polypeptide with at least 80% identity to a
polypeptide sequence of SEQ 1D NO: 1; a beta chain comprising a polypeptide with
at least 70% identity to a polypeptide sequence of SEQ ID NO: 2; and a gamma
chain comprising a polypeptide with at least 70% identity to a polypeptide sequence
of SEQ ID NO: 3; wherein the alpha, beta, and gamma chains are assembled into
recombinant laminin-521.



[0030] in further embodiments, the alpha chain polypeptide has at least 90%
identity to the polypeptide sequence of SEQ ID NO: 1. The beta chain polypeptide
may also have at least 90% identity to the polypeptide sequence of SEQ ID NO: 2.
The gamma chain polypeptide may also have at least 90% identity to the polypeptide
sequence of SEQ 1D NO: 3.
[0031] In other embodiments, the alpha chain has the polypeptide sequence of
SEQ ID NO: 1. Furthermore, the beta chain may have the polypeptide sequence of
SEQ ID NO: 2. Even more specifically, the gamma chain may have the polypeptide
sequence of SEQ 1D NO: 3.
[0032] The beta chain polypeptide may have at least 80% identity to the
polypeptide sequence of SEQ ID NO: 2. The gamma chain polypeptide may have at
least 80% identity to the polypeptide sequence of SEQ ID NO: 3.
[0033] Also disclosed in embodiments is a pharmaceutical composition,
comprising: a) the isolated recombinant laminin-521 of claim 1; and b) a
pharmaceutically acceptable carrier,
[0034] Also disclosed in embodiments is a composition that enables self-renewal
of pluripotent stem cells grown in vifro, comprising a growth medium and a coating
thereover, the coating comprising recombinant laminin 521 (laminin-11).
[0035] The composition may further comprise a growth factor.
[0038] The composition may be devoid of any differentiation inhibitors. The
composition may also be devoid of any feeder cells. The composition may also be
devoid of any differentiation inductors. In some embodiments, the composition is
devoid of any differentiation inhibitors, feeder cells, or differentiation inductors.
[0037] Also disclosed in embodiments is a method for maintaining the
pluripotency of pluripotent stem cells in vitro, comprising: providing a substrate
comprising a growth medium and a coating thereover, the coating comprising
recombinant laminin 521 {laminin-11); dissociating pluripotent stem cells into a single
cell suspension; and placing the pluripotent stem cells in the single cell suspension
on the coating.
[0038] The growth medium may comprise a growth factor or growth factors.
Exemplary growth factors include basic fibroblast growth factor and insulin growth
factor.
[0039] Sometimes, the growth medium and the coating are devoid of any
differentiation inhibitors. For example, leukemia inhibitor factor is not present.
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[0040] The composition may be devoid of any feeder cells, such as mouse
fibroblasts or human foreskin fibroblasts. The composition may be devoid of any
differentiation inductors, such as Noggin or keratinocyte growth factor. In some
embodiments, the composition is devoid of any differentiation inhibitors, feeder cells,
or differentiation inductors.

[0041] The pluripotent stem cells may be placed on the laminin-521 coating as a
monolayer.

[0042] The pluripotent stem cells may be placed on the coating at a density of
200 cells / mm? or less. Alternatively, the pluripotent stem cells may be placed on
the coating at a density of 200 cells / mm? or more. The pluripotent stem cells can
alternatively be placed on the coating such that no two stem cellis contact each other.
[0043] Also disclosed in embodiments is isolated recombinant laminin-521
produced by a method comprising: providing host cells that express recombinant
laminin-521, wherein the recombinant laminin-521 comprises: a first chain
comprising a polypeptide with at least 80% identity to a polypeptide sequence of
SEQ ID NO: 1, a second chain comprising a polypeptide with at least 70% identity to
a polypeptide sequence of SEQ 1D NO: 2, and a third chain comprising a polypeptide
with at least 70% identity to a polypeptide sequence of SEQ ID NO: 3, wherein the
first, second, and third chains are assembled into recombinant laminin-521; growing
the host cells in a cell culture medium under conditions to stimulate expression of the
recombinant faminin-521 chains; passing the host cell culiure medium through a
column, wherein the column contains a compound that binds to the recombinant
laminin-521; washing the column to remove unbound materials; and eluting the
bound recombinant laminin-521 from the column.

[0044] Described in other embodiments are methods of maintaining the
pluripotency of pluripotent stem cells in vitro, comprising: receiving a substrate
having a coating thereon, the coating containing an intact laminin; placing pluripotent
stem cells and a cell culture medium on the substrate; and activating the PI3-
kinase/Akt pathway.

[0045] The intact laminin may be laminin-521 or laminin-511. In some
embodiments, the cell culture medium does not contain any growth factors, such as
beta fibroblast growth factor (bFGF). The coating may also contain a cadherin. The
pluripotent stem cells may be placed on the coating at a density of 200 cells / mm2
or less.



[06046] The present disclosure also relates to cell culture media that can be used
to maintain stem cells in a pluripotent state. Described in various embodiments is a
cell cuiture medium that provides nutrition to pluripotent stem cells, comprising from
greater than zero to 3.9 ng/mL of basic fibroblast growth factor (bFGF).

[0047] The cell culture medium may comprise 3.5 ng/mL or less of bFGF,
including from 0.5 to 3.5 ng/mL of bFGF.

[0048] The cell culture medium may further comprise at least one inorganic salt,
at least one trace mineral, at least one energy substrate, at least one lipid, at least
one amino acid, at least one vitamin, or at least one additional growth factor. In
particular embodiments, the cell culture medium further comprises at least one
inorganic salt, at least one trace mineral, at least one energy substrate, at least one
lipid, at least one amino acid, and at least one vitamin,

[0048] The cell culture medium may not contain any one of (1) albumin, (2) insulin
or an insulin substitute, or (3) transferrin or a transferrin substitute.

[0050] The cell culture medium may further comprise albumin, insulin, lithium
chloride, GABA, TGF beta 1, pipecolic acid, L-glutamine, MEM non-essential amino
acid solution, and DMEM/F12 solution.

[0051] The cell culture medium may further comprise at least one additional
growth factor, at least one trace mineral, and at least one lipid.

[0052] Also disclosed is a system for maintaining pluripotent stem celis,
comprising: a cell culture medium comprising from greater than zero to 3.9 ng/mL of
basic fibroblast growth factor (bFGF); and a substrate for providing support to the
stem cells.

[0053] The substrate may contain laminin-521 or laminin-511. The substrate may
also contain a cadherin.

[0054] These and other non-limiting characteristics of the disclosure are more
particularly disclosed below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0055] The patent or application file contains at least one drawing executed in

color. Copies of this patent or patent application publication with color drawing(s) will
be provided by the Office upon request and payment of the necessary fee.



[0056] The following is a brief description of the drawings, which are presented
for the purposes of illustrating the exemplary embodiments disclosed herein and not
for the purposes of limiting the same.

[060571 FIG. 1 is a rotary shadowing electron microscopy picture of a recombinant
laminin molecule.

[0058] FIG. 2 shows the structural motifs of laminin o, B, and y chains. The N-
terminal, internal, and C-terminal globular domains are depicted as white ovals. The
coiled-coil forming domains (| and i) are shown as white rectangles. The rod-like
structures (domains V, ilib, and Illa) are depicted as grey rectangles.

[6059] FIG. 3 shows the results of characterization of human recombinant
faminin-521 using SDS-PAGE. An immunoblot of recombinant laminin-521 was
made under non-reducing (labeled as ox) and reducing (labeled as red) conditions.
Proteins on 3-8% gels were transferred onto PVDF membranes followed by staining
with antibodies to laminin a5 (2F7), B2 (MAB2066), 31 (MAB1921) and y1 (H-19).
[0060] FIGS. 4 and 5 show the Crystal Violet staining of human ES cells adherent
to dishes coated in Matrigel (Mg), mouse laminin-111 (mLN111), human
recombinant-faminin-511 (r-laminin-511 or r-LN-511), human recombinant-laminin-
521 (r-laminin-521 or r-LN-521), or a mixture of r-laminin-511 and r-laminin-521 (mix)
after one day in culture. Both Figures are magnified 5x. in FIG. 4, the cells were
cultured without ROCK inhibitor. In FIG. §, the cells were cultured with ROCK
inhibitor Y-27632.

[0061] FIG. 6 is a graph showing the adhesion of human ES celis to human r-
laminin-521 (labeled as LN521), human r-laminin-511 (LN511), and Matrigel (Mg)
coated dishes after one hour in culture without ROCK inhibitor. Error bars show the
standard error of measurement. (n=3).

[0062] FIG. 7 is a graph showing the adhesion of human ES cells to dishes
coated in either Matrigel (Mg), mouse laminin-111 (mLN111), human r-laminin-511
(LN511), human r-laminin-521 (LN521), or a mixture of r-laminin-511 and r-laminin-
521 (mix), after one day in culture and without ROCK inhibitor. Also included are
results for dishes with ROCK inhibitor and either Matrigel (In&Mg), mouse laminin-
111 (In&mLN111), human rlaminin-511 (In&LN511), human r-laminin-521
(In&LN521), or a mixture of r-laminin-511 and r-laminin-521 (In&mix), also after one
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day in cuiture. The cells for both experiments were plated at the same density on the
same cell culture dish. Error bars show standard error of measurement (n=3).

[06063] FIG. 8 shows the growth curves for human ES cells cultured on r-laminin-
521 (LN-521_1 and LN-521_2) using single cell dissociation passaging and for
human ES cells cultured on Matrigel (Mg_1 and Mg_2) using passaging in small
clumps. The latter cells were passaged as described in Rodin et al., Nature
Biotechnol., vol. 28, pp. 611-615 (2010).

[0064] FIG. 9 is a FACS analysis of human ES cells after several single cell
dissociation passages on r-aminin-521 for OCT4, a marker of pluripotency. The
percentage of positive cells is listed in parentheses.

[0065] FIG. 10 is a FACS analysis of human ES cells after several passages on
Matrigel using splitting in small clumps for OCT4. The percentage of positive cells is
listed in parentheses.

[0066] FIG. 11 shows the results of a real-time guantitative RT-PCR analysis
which was used to compare numbers of mRNA transcripts of the pluripotency
markers Oct4 and Nanog in human ES cells cultured on human r-laminin-521
(LN521) after several single cell dissociation passaging and in the cells cultured on
Matrigel (Mg) after several passaging of the cells in clumps. Error bars show 95%
confidence intervals.

[0067] FIG. 12 is a Western blot comparing the levels of phosphorylated myosin
light chain (P-MLC) in stem cells grown on Matrigel (Mg), LN-111, LN-511, and LN-
521 one hour after plating.

[0068] FIG. 13 is a Western blot comparing the levels of phosphorylated myosin
light chain (P-MLC) in stem cells grown on Matrigel (Mg), LN-111, LN-511, and LN-
521 six hours after plating.

[0069] FIG. 14 is a graph comparing the relative migration of human embryonic
stem cells grown on Matrigel (Mg), LN-111, LN-511, and LN-521 between five and
seven hours after plating.

[06070] FIG. 15 is a graph comparing the relative migration of human embryonic
stem cells grown on LN-521 with 1gG and igM blocking antibodies applied (IgGM)
and with a function blocking antibody to integrin B1 (b1) applied. This shows that
blocking the integrin significantly reduced motility.
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[0071] FIG. 16 is a graph comparing the relative survival of hES cells on LN-521
in the presence of water, DMSO, LY294002 (Akt inhibitor), wortmannin (PI3K/Akt
inhibitor), and PD 98059 (MEK1 inhibitor). This showed that activation of PI3K/Akt
was necessary for hES cell survival on LN-521. The medium contained bFGF.
[0072] FIG. 17 is a graph comparing the relative survival of hES cells on LN-521
in the presence of DMSQ, LY294002 (Akt inhibitor), and PD 98059 (MEK1 inhibitor).
No exogenous bFGF was present.

[0073] FIG. 18 is a Western blot comparing cells treated with LY 294002 against
control celis (DMSO) and collected one hour after plating on LN-521.

[0074] FIG. 19 is a Western blot comparing cells treated with PD98052 against
control cells (DMSO) and collected one hour after plating on LN-521.

[0075] FIG. 20 is a graph showing the relative levels of Akt2 phosphorylation on
cell lysates collected one hour after plating on Matrigel (Mg), LN-111, LN-511, or LN-
521, obtained using ELISA.

[6076] FIG. 21 is a graph showing the relative levels of Akt1 phosphorylation on
cell lysates collected one hour after plating on Matrigel (Mg), LN-111, LN-511, or LN-
521, obtained using ELISA.

[0077] FIG. 22 is a graph showing the growth curve of HS181 hES cells cultured
in a low bFGF medium (03_3.9) compared to a higher bFGF medium (03 _100).
[0078] FIG. 23 is a graph showing the relative mRNA expression level for two
pluripotency markers {Oct4 and Nanog) in HS181 hES cells cultured in a low bFGF
medium (O3_3.9) compared to a higher bFGF medium (03_100).

[0079] FIG. 24 is a picture showing an early stage derivation of a new human
embryonic stem HS841 cell line on laminin-521/E-Cadherin matrix.

DETAILED DESCRIPTION
[0080] A more complete understanding of the compositions and methods
disclosed herein can be obtained by reference to the accompanying drawings.
These figures are merely schematic representations based on convenience and the
ease of demonstrating the present disclosure, and are, therefore, not intended to
define or limit the scope of the exemplary embodiments.
[0081]  Although specific terms are used in the following description for the sake
of clarity, these terms are intended to refer only to the particular structure of the
embodiments selected for illustration in the drawings, and are not intended to define
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or limit the scope of the disclosure. In the drawings and the following description
below, it is to be understood that like numeric designations refer to components of
like function.

[0082] All publications, patents, and patent applications discussed herein are
hereby incorporated by reference in their entirety.

[0083] Unless otherwise stated, the technigues utilized in this application may be
found in any of several well-known references such as: Molecular Cloning: A
Laboratory Manual (Sambrook, et al., 1989, Cold Spring Harbor Laboratory Press),
Gene Expression Technology (Methods in Enzymology, Vol. 185, edited by D.
Goeddel, 1991. Academic Press, San Diego, Calif.), "Guide to Protein Purification” in
Methods in Enzymology (M. P. Deutshcer, ed., (1990) Academic Press, Inc.); PCR
Protocols: A Guide to Methods and Applications (Innis, et al. 1990. Academic Press,
San Diego, Calif.), Culture of Animal Cells: A Manual of Basic Technique, Second
Ed. (R. . Freshney. 1987. Liss, Inc. New York, N.Y.), Gene Transfer and Expression
Protocols, pp. 109-128, ed. E. J. Murray, The Humana Press Inc., Clifton, N.J.), or
the Ambion 1998 Catalog {Ambion, Austin, Tex.).

[0084] As used herein, the term "isolated nucleic acid sequence" refers to a
nucleic acid sequence that is free of gene sequences which naturally flank the
nucleic acid in the genomic DNA of the organism from which the nucleic acid is
derived {i.e., genetic sequences that are located adjacent to the gene for the isolated
nucleic molecule in the genomic DNA of the organism from which the nucleic acid is
derived). The "“isolated” sequence may, however, be linked to other nucleotide
sequences that do not naturally flank the recited sequence, such as a heterologous
promoter sequence, or other vector sequences. It is not necessary for the isolated
nucleic acid sequence to be free of other celiular material to be considered
"isolated", as a nucleic acid sequence according to the disclosure may be part of an
expression vector that is used to transfect host cells (see below).

[6085] The present disclosure provides recombinant expression vectors
comprising a full length laminin B2 chain nucleic acid sequence (SEQ ID NO: 4) of
the human laminin B2 chain. In some embodiments, the expression vectors comprise
a nucleic acid encoded by SEQ ID NO: 4, operatively linked to a heterologous
promoter (i.e. is not the naturally occurring promoter for the given B2 laminin chain).
A promoter and a laminin B2 chain nucleic acid sequence are "operatively linked"
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when the promoter is capable of driving expression of the laminin B2 chain DNA into
RNA.

[0086] As used herein, the term "vector” refers to a nucleic acid molecule capable
of transporting another nucleic acid to which it has been linked. One type of vector is
a "plasmid”, which refers to a circular double stranded DNA into which additional
DNA segments may be cloned. Another type of vector is a viral vector, wherein
additional DNA segments may be cloned into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors), are integrated into
the genome of a host cell upon introduction into the host cell, and thereby are
replicated along with the host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are operatively linked. Such vectors
are referred to herein as "recombinant expression vectors" or simply "expression
vectors". In the present disclosure, the expression of the iaminin polypeptide
sequence is directed by the promoter sequences of the disclosure, by operatively
linking the promoter sequences of the disclosure to the gene to be expressed. In
general, expression vectors of utility in recombinant DNA techniques are often in the
form of plasmids. In the present specification, "ptasmid” and "vector" may be used
interchangeably, as the plasmid is the most commonly used form of vector.
However, the disclosure is intended to include other forms of expression vectors,
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and
adeno-associated viruses), which serve equivalent functions.

[0087] The vector may also contain additional sequences, such as a polylinker for
subcloning of additional nucleic acid sequences, or a polyadenylation signal to effect
proper polyadenylation of the transcript. The nature of the polyadenylation signal is
not believed to be crucial to the successful practice of the methods of the disclosure,
and any such sequence may be employed, including but not limited to the SV40 and
bovine growth hormone poly-A sites. Also contemplated as an element of the vector
is a termination sequence, which can serve to enhance message levels and to
minimize readthrough from the construct into other seguences. Additionally,
expression vectors typically have selectable markers, often in the form of antibiotic
resistance genes, that permit selection of cells that carry these vectors.
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[0088] In further embodiments, the present disclosure provides host cells
transfected with the laminin B2 chain-expressing recombinant expression vectors
disclosed herein. As used herein, the term "host cell” is intended to refer to a cell into
which a nucleic acid of the present disclosure, such as a recombinant expression
vector, has been introduced. Such cells may be prokaryotic, which can be used, for
example, to rapidly produce a large amount of the expression vectors of the
disclosure, or may be eukaryotic, for functional studies.
[0088] The terms "host cell" and "recombinant host cell" are used interchangeably
herein. It should be understood that such terms refer not only to the particular
subject cell but to the progeny or potential progeny of such a cell. Because certain
medifications may occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be identical to the parent
cell, but are stil included within the scope of the term as used herein.
[0090] The host cells can be fransiently or stably transfected with one or more of
the expression vectors of the disclosure. Such transfection of expression vectors into
prokaryotic and eukaryotic cells can be accomplished via any technique known in the
art, including but not limited to standard bacterial transformations, calcium phosphate
co-precipitation, electroporation, or liposome mediated-, DEAE dextran mediated-,
polycationic mediated-, or viral mediated transfection. (See, for example, Molecular
Cioning: A Laboratory Manual (Sambrook, et al., 1989, Cold Spring Harbor
Laboratory Press; Culture of Animal Cells: A Manual of Basic Technique, 2.sup.nd
Ed. (R. I. Freshney. 1987. Liss, Inc. New York, N.Y.).
“[0091] In another aspect, the present disclosure provides an isolated full length
human laminin B2 chain polypeptide consisting of the amino acid sequence of SEQ
ID NO: 2.
[0092] As used herein, an "isolated polypeptide" refers to a polypeptide that is
substantially free of other proteins, including other laminin chains, and gel agents,
such as polyacrylamide and agarose. In preferred embodiments, the isolated laminin
polypeptide is free of detectable contaminating laminin chains. Thus, the protein can
either be isolated from natural sources, or recombinant protein can be isolated from
the transfected host cells disclosed above.
[00693] In another aspect, the present disclosure provides isolated laminin-521. As
used herein, the term "laminin-521" refers to the protein formed by joining o5, B2 and
y1 chains together. The term should be construed as encompassing both
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recombinant laminin-521 and heterotrimeric laminin-521 from naturally occurring
sources. In preferred embodiments, the laminin-521 comprises recombinant laminin-
521 (or "r-aminin-521").

{00%4] As used herein, the term 'rdaminin-521" refers {o recombinant
heterotrimeric laminin-521, expressed by a host cell that has been transfected with
one or more expression vectors comprising at least one nucleic acid sequence
encoding a laminin-521 chain selected from the a5, B2 and y1 chains, or processed
or secreted forms thereof. Such r-laminin-521 can thus comprise a5, B2, and y1
sequences from a single organism, or from different organisms. Various laminin-521
chain DNA sequences are known in the art, and the use of any such seguence to
prepare the rdaminin-521 of the disclosure is contemplated. (See, for example,
Pouliot, N. et al., Experimental Cell Research 261(2):360-71, (2000); Kikkawa, Y. et
al.,, Journal of Cell Science 113 (Pt 5):869-76, (2000); Church, H J. et al,
Biochemical Journal 332 (Pt 2):491-8, (1998); Sorokin, L M. et al., Developmental
Biology 189(2):285-300, (1997); Miner, J H. et al., Journal of Biological Chemistry
270(48):28523-6, (1995); Sorokin, L. et al.,, European Journal of Biochemistry
223(2):603-10, (1994)). in preferred embodiments, the r<laminin-521 is formed from
recombinant human a5, B2, and y1 polypeptide chains.

[6095] The disclosure encompasses those laminin molecules wherein only one or
two chains that make up the recombinant heterotrimeric laminin-521 are encoded by
endogenous laminin-521 chains. In preferred embodiments, each of the o5, 2, and
v1 polypeptide chains are expressed recombinantly.

[0096] The laminin-521 is an intact protein. The term “intact” refers to the protein
being composed of all of the domains of the a-chain, B-chain, and y-chain, with the
three chains being joined together to form the heterotrimeric structure. The protein is
not broken down into separate chains, fragments, or functional domains. The term
*chain” refers to the entirety of the' alpha, beta, or gamma chain of the laminin
protein. The term “fragment” refers to any protein fragment which contains one, two,
or three functional domains that possesses binding activity to another molecule or
receptor. However, a chain should not be considered a fragment because each
chain possesses more than three such domains. Similarly, an intact laminin protein
should not be considered a fragment. Examples of functional domains include
Domains 1, 11, I, IV, V, VI, and the G domain.
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[0097] Laminin-521 is a secreted protein, which is capable of being directed to
the endoplasmic reticulum (ER), secretory vesicles, and the extracellular space as a
result of a signal sequence. If the secreted protein is released into the extracellular
space, the secreted protein can undergo extracellular processing to produce a
"mature” protein. Such processing events can be variable, and thus may yield
different versions of the final "mature protein". For example, the lengths of the a5,
2, and y1 chains may vary between proteins. However, the final mature protein still
has the same functionality, even though the chain lengths vary. The isolated
laminin-521 of the present disclosure includes heterotrimers comprising both the full
length polypeptide chains and any such naturally processed laminin-521 polypeptide
chains.
[0098] As used herein, a laminin-521 polypeptide chain refers to a polypeptide
chain according to one or more of the following:
[0098] (a) a polypeptide chain that comprises a polypeptide structure selected
from the group consisting of: R1-R2-R3, R1-R2-R4, R3, R4, R1-R3, R1-R4, R2-R3,
and R2-R4, wherein R1 is an amino terminal methionine; R2 is a signal sequence
that is capable of directing secretion of the polypeptide, wherein the signal sequence
may be the natural signal sequence for the particular laminin chain, that of another
secreted protein, or an artificial sequence; R3 is a secreted laminin chain selected
from the group consisting of a a5 chain, a B2 chain, and a y1 chain; and R4 is a
secreted a5, B2, or y1 laminin chain that further comprises an epitope tag (such as
those described below), which can be placed at any position within the faminin chain
amino acid sequence; or
[0100] (b) a polypeptide chain that is encoded by a polynucleotide that hybridizes
under high or low stringency conditions to the coding regions, or portions thereof, of
one or more of the recombinant laminin-521 chain DNA sequences disclosed herein
(SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6), or complementary sequences
thereof; or
[0101] (c) a polypeptide chain that has at least 70% identity to one or more of the
disclosed laminin-521 polypeptide chain amino acid sequences (SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3), preferably at least 80% identity, and most preferably at
least about 90% identity.
[0102] "Stringency of hybridization" is used herein fo refer to washing conditions
under which nucleic acid hybrids are stable. The disclosure also includes nucleic
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acids that hybridize under high stringency conditions (as defined herein) to all or a
portion of the coding sequences of the laminin chain polynucleotides disclosed
herein, or their complements. The hybridizing portion of the hybridizing nucleic acids
is typically at least 50 nucleotides in length. As known to those of ordinary skill in the
art, the stability of hybrids is reflected in the melting temperature (Tw) of the hybrids.
Tm decreases approximately 1-1.5°C with every 1% decrease in sequence
homology. In general, the stability of a hybrid is a function of sodium ion
concentration and temperature. Typically, the hybridization reaction is performed
under conditions of lower stringency, followed by washes of varying, but higher,
stringency. As used herein, high stringency refers to an overnight incubation at 42°C
in a solution comprising 50% formamide, 5% SSC (750 mM NaCl, 75 mM sodium
citrate), 50 mM sodium phosphate (pH 7.8), 5% Denhardt's solution, 10% dextran
sulfate, and 20 pg/ml denatured, sheared salmon sperm DNA, followed by washing
the filters in 0.1x SSC at about 65°C
[0103] Also contemplated are laminin-521-encoding nucleic acid sequences that
hybridize to the polynucleotides of the present disclosure at lower stringency
hybridization conditions. Changes in the stringency of hybridization and signal
detection are primarily accomplished through the manipulation of formamide
concentration (lower percentages of formamide result in lowered stringency); salt
conditions, or temperature. For example, lower stringency conditions include an
overnight incubation at 37°C in a solution comprising 6x SSPE (20x SSPE=3M
NaCl; 0.2M NaH,PO, ; 0.02M EDTA, pH 7.4), 0.5% SDS, 30% formamide, 100 ug/m!
salmon sperm blocking DNA; followed by washes at 50°C with 1x SSPE, 0.1% SDS.
In addition, to achieve even lower stringency, washes performed following stringent
hybridization can be done at higher salt concentrations (e.g. 5% SSC).
[0104]  Note that variations in the above conditions may be accomplished through
the inclusion and/or substitution of alternate blocking reagents used to suppress
background in hybridization experiments. Typical blocking reagents include
Denhardt's reagent, BLOTTO, heparin, denatured salmon sperm DNA, and
commercially available proprietary formulations. The inclusion of specific blocking
reagents may require modification of the hybridization conditions described above,
due to problems with compatibility.
[0105] As used herein, "percent identity” of two amino acids or of two nucleic
acids is determined using the algorithm of Karlin and Altschul (Proc. Natl. Acad. Sci.
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USA 87:2264.2268, 1990), modified as in Karlin and Altschul (Proc. Natl. Acad. Sci.
USA 90:5873-5877, 1993). Such an algorithm is incorporated into the NBLAST and
XBLAST programs of Altschul et al. (J. Mol Biol. 215:403-410, 1990). BLAST
nucleotide searches are performed with the NBLAST program, score 100,
wordlength=12, to determine nucleotide sequences identity to the nucleic acid
molecules of the disclosure. BLAST protein searches are performed with the
XBLAST program, score=50, wordlength=3, to determine an amino acid sequence
identity to a polypeptide of the disclosure. To obtain gapped alignments for
comparison purposes, Gapped BLAST is utilized as described in Altschul et al.
(Nucleic Acids. Res. 25:3389-3402, 1997). When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective programs (e.g., XBLAST
and NBLAST) are used.
[0106] Further embodiments of the present disclosure include polynucleotides
encoding laminin-521 chain polypeptides having at least 70% identity, preferably at
least 80% identity, and most preferably at least 90% identity to one or more of the
polypeptide sequences confained in SEQ 1D NO: 4, SEQ ID NO: 5, and SEQ ID NO:
6.
[0107] As used herein, "ab polynucleotide” refers to polynucleotides encoding a
laminin a5 chain. Such polynucleotides can be characterized by one or more of the
following: (a) polynucieotides that encode polypeptides which share at least 70%
identity, preferably 80% identity, and most preferably at least 90% identity with a
sequence selected of SEQ ID NO: 5; (b) polynucleotides that hybridize under low or
high stringency conditions to the coding sequence of SEQ ID NO: 5 or
complementary sequences thereof; or (¢) polynucleotides encoding a laminin a5
chain polypeptide with a general structure selected from the group consisting of R1-
R2-R3, R1-R2-R4, R3, R4, R1-R3, R1-R4, R2-R3, and R2-R4, wherein R1 and R2
are as described above, R3 is a secreted o5 chain, and R4 is a secreted a5 chain
that comprises an epitope tag.
[0108] As used herein, "B2 polynucleotides” refers to polynucleotides encoding a
32 laminin chain of the same name. Such polynucleotides can be characterized by
one or more of the following: (a) polynucleotides that encode polypeptides which
share at least 70% identity, preferably at least 80%, and most preferably at least
90% identity with the sequence of SEQ ID NO: 4; (b) polynucleotides that hybridize
under low or high stringency conditions to the coding sequences of SEQ 1D NO: 4, or
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complementary sequences thereof; or (c) polynucleotides encoding a polypeptide
with a general structure selected from R1-R2-R3, R1-R2-R4, R3, R4, R1-R3, R1-R4,
R2-R3, and R2-R4, wherein R1 and R2 are as described above, R3 is a secreted B2
chain, and R4 is a secreted B2 chain that comprises an epitope tag.

[0109] As used herein, "y1 polynucleotides" refers to polynucleotides encoding a
y1 laminin chain of the same name. Such polynucleotides can be characterized by
one or more of the following: (a) polynucieotides that encode polypeptides which
share at least 70% identity, preferably at least 80%, and most preferably at least
90% identity with the sequence of SEQ [ID NO: 6; (b) polynucleotides that hybridize
under low or high stringency conditions {o the coding sequence of SEQ ID NO: 6 or
complementary sequences thereof; or (c) polynucleotides that encode a polypeptide
with a general structure selected from R1-R2-R3, R1-R2-R4, R3, R4, R1-R3, R1-R4,
R2-R3, and R2-R4, wherein R1 and R2 are as described above, R3 is a secreted y1
chain, and R4 is a secreted y1 chain that comprises an epitope tag.

[0110] As used herein, the term "epitope tag" refers to a polypeptide sequence
that is expressed as part of a chimeric protein, where the epitope tag serves as a
recognition site for binding of antibodies generated against the epitope tag, or for
binding of other molecules that can be used for affinity purification of sequences
containing the tag.

[0111] In preferred embodiments, cDNAs encoding the laminin a5, 2 and y1
chains, or fragments thereof, are subcloned into an expression vector. Alternatively,
laminin ab, 82 andfor y1 gene sequences, including one or more introns, can be
used for sub-cloning into an expression vector.

[0112] In other aspects, the present disclosure provides laminin-521 expressing-
cells that have been transfected with an expression vector containing promoter
sequences that are operatively linked to nucleic acid sequences encoding at least
one polypeptide sequence comprising a sequence selected from the group
consisting of the a5, B2 and y1 chains of laminin-521, wherein the transfected cells
secrete heterotrimeric laminin-521 containing the recombinant laminin chain. In
preferred embodiments, the cells are systematically transfected with recombinant
expression vectors containing promoter sequences that are operatively linked to
nucleic acid sequences encoding polypeptide sequences comprising the a5, B2 and
y1 chains of laminin-521, which are even more preferably all human chains. After the
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multiple transfections, the cells express recombinant laminin-521 chains, which form
the heterotrimeric r-laminin-521.
[0113] Transfection of the expression vectors into eukaryotic cells can be
accomplished via any technique known in the art, including but not limited to calcium
phosphate co-precipitation, electroporation, or liposome mediated-, DEAE dextran
mediated-, polycationic mediated-, or viral mediated transfection. Transfection of
bacterial cells can be done by standard methods.
[0114]  In preferred embodiments, the cells are stably transfected. Methods for
stable transfection and selection of appropriate transfected cells are known in the art.
In other preferred embodiments, a CMV promoter driven expression vector is used in
a human kidney embryonic 293 cell tine.
[0115] Any cell capable of expressing and secreting the r-laminin-521 can be
used. Preferably, eukaryotic cells are used, and most preferably mammalian cells
are used, including but not limited to kidney and epithelial cell lines. The promoter
sequence used to drive expression of the individual chains or r-laminin-521 may be
constitutive (driven by any of a variety of promoters, including but not limited to,
CMV, 8V40, RSV, actin, EF) or inducible (driven by any of a number of inducible
promoters including, but not limited to, tetracycline, ecdysone, steroid-responsive).
Carbohydrate and disulfide post-translational modifications are believed to be
required for laminin-521 protein folding and function. This makes the use of
eukaryotic cells preferable for producing functional r-laminin-521, although other
systems are useful for obtaining, for example, antigens for antibody production. In
most preferred embodiments, the mammalian celis do not express the laminin 32
chain endogenously. In other preferred embodiments, the cells do not express all of
the taminin-521 chains endogenously.
[0116] The protein may comprise additional sequences useful for promoting
purification of the protein, such as epitope tags and transport signals. Examples of
such epitope tags include, but are not limited to FLAG (Sigma Chemical, St. Louis,
Mo.}, myc (9E10) (Invitrogen, Carlsbad, Calif.), 6-His (Invitrogen; Novagen, Madison,
Wis.), and HA (Boehringer Manheim Biochemicals). Examples of such transport
signals include, but are not limited to, export signals, secretory signals, nuclear
localization signals, and plasma membrane localization signals.
[0117] In some embodiments, at least one of the laminin chain polypeptide
sequences, or fragments thereof, is operatively linked to a nucleic acid sequence
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encoding an "epitope tag", so that at least one of the chains is expressed as a fusion
protein with an expressed epitope tag. The epitope tag may be expressed as the
amino terminus, the carboxy terminus, or internal to any of the polypeptide chains
comprising r-laminin-521, so long as the resulting r-laminin-521 remains functional.
[0118] In other embodiments, one of the r-laminin-521 chains is expressed as a
fusion protein with a first epitope tag, and at least one other r-laminin chain is
expressed as a fusion protein with a second different epitope tag. This permits
multiple rounds of purification to be carried out. Alternatively, the same epitope tag
can be used to create fusion proteins with more than one of the r-laminin chains.
[0119] Infurther embodiments, the epitope tag can be engineered to be cleavable
from the r-laminin-521 chain(s). Alternatively, no epitope tag is fused to any of the r-
laminin-521 chains, and the r-laminin-521 is isolated by standard techniques,
including but not limited to affinity chromatography using laminin-521 specific
antibodies or other laminin-521 binding molecules.
[6120] Media from cells transfected with a single laminin chain are initially
analyzed on Western blots using laminin chain-specific antibodies. The expression of
single laminin chains following transfection is generally intracellular. Clones showing
reactivity against individual transfected chain(s) are verified by any appropriate
method, such as PCR, reverse franscription-PCR, or nucleic acid hybridization, to
confirm incorporation of the transfected gene. Preferably, analysis of genomic DNA
preparations from such clones is done by PCR using laminin chain-specific primer
pairs. Media from transfected clones producing all three chains are further analyzed
for r<aminin-521 secretion and/or activity, by any appropriate method, including
Western blot analysis and cell binding assays.
[0121] In preferred embodiments, purification of r-laminin-521 is accomplished by
passing media from the transfected cells through an antibody affinity column. In
some embodiments, antibodies against a peptide epitope expressed on at least one
of the recombinant chains are attached to an affinity column, and bind the r-laminin-
521 that has been secreted into the media. The r-laminin-521 is removed from the
column by passing excess peptide over the column. Eluted fractions are analyzed by
any appropriate method, including gel electrophoresis and Western blot analysis. In
further embodiments, the peptide epitope can be cleaved after purification. In other
embodiments, two or three separate r-laminin chains are expressed as fusion
proteins, each with a different epitope tag, permitting two or three rounds of
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purification and a doubly or triply isolated r-aminin-521. The epitope tag can be
engineered so as to be cleavable from the r-laminin-521 chain(s) after purification.
Alternatively, no epitope tag is fused to any of the r-laminin-521 chains, and the r-
laminin-521 is isolated by standard techniques, including but not limited to affinity
chromatography using laminin-521 specific antibodies or other laminin-521 binding
molecules.
[0122] In other embodiments, purification of r-laminin-521 is accomplished by
passing media from the transfected cells through a gelfiltration chromatography
column. Eluted fractions are analyzed by any appropriate method, including gel
electrophoresis and Western blot analysis. Fractions containing r-laminin-521 are
collected and purity of the specimen is evaluated by any appropriate method,
including gel electrophoresis and Western blot analysis. In some embodiments, the
protein solution can be passed through a gelfiltration chromatography column again
to gain higher purity of the protein. In some embodiments, to achieve higher purity of
r-laminin-521 solution, the media or rdaminin-521 solution from the previous
purification steps can be passed through an ion-exchange column. Eluted fractions
are analyzed by any appropriate method, including gel electrophoresis and Western
blot analysis. Fractions containing r-laminin-521 are collected and purity of the
specimen is evaluated by any appropriate method, including mentioned above.
[6123] The laminin-521 polypeptide chains of the present disclosure also include
(i) substitutions with one or more of the non-conserved amino acid residues, where
the substituted amino acid residues may or may not be one encoded by the genetic
code, or (ii) substitution with one or more amino acid residues having substituent
groups, or (iii) fusion of the mature polypeptide with another compound, such as a
compound to increase the stability and/or solubility of the polypeptide (for example,
polyethylene glycol), or {iv) fusion of the polypeptide with additional amino acids,
such as an IgG Fc fusion region peptide, or leader or secretory sequence, or a
sequence facilitating purification. Such variant polypeptides are deemed to be within
the scope of those skilled in the art from the teachings herein.
[0124] For example, polypeptide variants containing amino acid substitutions of
charged amino acids with other charged or neutral amino acids may produce
proteins with improved characteristics, such as less aggregation. Aggregation of
pharmaceutical formulations both reduces activity and increases clearance due to
the aggregate's immunogenic activity. (Pinckard et al., Clin. Exp. Immunol. 2:331-
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340 (1967); Robbins et al., Diabetes 36: 838-845 (1987); Cleland et al., Crit. Rev.
Therapeutic Drug Carrier Systems 10:307-377 (1993).)
[0125] In particular embodiments, the isolated laminin-521 comprises three
chains. The first chain comprises a polypeptide with at least 80% identity to a
polypeptide sequence of SEQ 1D NO: 1 (i.e. the a5 laminin chain). The second chain
comprises a polypeptide with at least 70% identity to a polypeptide sequence of SEQ
ID NO: 2 (i.e. the B2 laminin chain). The third chain comprises a polypeptide with at
least 70% identity to a polypeptide sequence of SEQ [D NO: 3 (i.e. the y1 laminin
chain). These first, second, and third chains are assembled into recombinant
faminin-521.
[0126] In more specific embodiments, the polypeptide of the first chain has at
least 80% identity to the polypeptide sequence of SEQ ID NO: 1, the polypeptide of
the second chain has at least 80% identity to the polypeptide sequence of SEQ ID
NO: 2, and the polypeptide of the third chain has at least 80% identity to the
polypeptide sequence of SEQ 1D NO: 3.
[0127] In more specific embodiments, the polypeptide of the first chain has at
least 90% identity to the polypeptide sequence of SEQ D NO: 1, the polypeptide of
the second chain has at least 90% identity to the polypeptide sequence of SEQ ID
NO: 2, and the polypeptide of the third chain has at least 90% identity to the
polypeptide sequence of SEQ 1D NO: 3.
[0128] In particular embodiments, the first chain comprises the polypeptide
of SEQ ID NO: 2, and the third chain comprises the polypeptide sequence of SEQ ID
NO: 3.
[0128] In particular embodiments, the first chain is the polypeptide sequence of
SEQ ID NO: 1, the second chain is the polypeptide sequence of SEQ ID NO: 2, and
the third chain is the polypeptide sequence of SEQ ID NO: 3.
{01301 The present disclosure further provides pharmaceutical compositions
comprising isolated laminin-521 and a pharmaceutically acceptable carrier. In
preferred embodiments, the pharmaceutical composition comprises isolated r-
laminin-521. According to these aspects of the disclosure, other agents can be
included in the pharmaceutical compositions, depending on the condition being
treated. The pharmaceutical composition may further comprise one or more other
compounds, including but not limited to any of the collagens, other laminin types,
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fibronectin, vitronectin, cadherins, integrins, a-dystroglycan, entactin/nidogen, o-
dystroglycan, glycoproteins, proteoglycans, heparan sulfate proteoglycan,
glycosaminoglycans, epidermal growth factor, vascular endothelial growth factor,
fibroblast growth factor, or nerve growth factors, and peptide fragments thereof.
[0131] Pharmaceutical preparations comprising isolated laminin-521 can be
prepared in any suitable form, and generally comprise the isolated laminin-521 in
combination with a pharmaceutically acceptable carrier. The carriers can be
injectable carriers, topical carriers, transdermal carriers, and the like. The
preparation may advantageously be in a form for topical administration, such as an
ointment, gel, cream, spray, dispersion, suspension or paste. The preparations may
further advantageously include preservatives, antibacterials, antifingals, antioxidants,
osmotic agents, and similar materials in composition and quantity as is conventional.
Suitable solutions for use in accordance with the disclosure are sterile, are not
harmful for the proposed application, and may be subjected to conventional
pharmaceutical operations such as sterilization and/or may contain conventional
adjuvants, such as preservatives, stabilizers, wetting agents, emulsifiers, buffers etc.
For assistance in formulating the compositions of the present disclosure, one may
refer to Remington's Pharmaceutical Sciences, 15th Ed., Mack Publishing Co.,
Easton, Pa. (1975).
[0132] In further aspects, the present disclosure comprises medical devices with
improved biocompatibility, wherein the exterior surfaces of the devices are coated
with isolated laminin-521 or pharmaceutical compositions thereof, alone or in
combination with other proteins or agents that serve to increase the biocompatibility
of the device surface. The coated device stimulates cell attachment (such as
endothelial cell attachment), and provides for diminished inflammation and/or
infection at the site of entry of the device.
[0133] Such medical devices can be of any material used for implantation into the
body, and preferably are made of or coated with a biocompatible metal, such as
stainless steel or titanium. Alternatively, the device is made of or coated with a
ceramic material or a polymer, such as polyester, polyglycolic acid, or a
polygalactose-polyglycolic acid copolymer.
[0134]  If the device is made of a natural or synthetic biodegradable material in the
form of a mesh, sheet or fabric, isolated laminin-521 or pharmaceutical compositions
thereof may be applied directly to the surface thereof. Appropriate celils may then be
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cultured on the matrix to form transplantable or implantable devices, including dentat
abutment pieces, needles, metal pins or rods, indwelling catheters, colostomy tubes,
surgical meshes and any other appliance for which coating with isolated laminin-521
is desirable. Alternatively, the devices may be implanted and cells may be permitted
to attach in vivo. '

[0135] Coupling of the isolated laminin-521 may be non-covalent (such as by
- adsorption), or by covalent means. The device may be immersed in, incubated in, or
sprayed with the isolated laminin-521 or pharmaceutical compositions thereof.

[0136] The dosage regimen for various treatments using the isolated laminin-521
of the present disclosure is based on a variety of factors, including the type of injury
or condition, the age, weight, sex, medical condition of the individual, the severity of
the condition, and the route of administration. Thus, the dosage regimen may vary
widely, but can be determined routinely by a physician using standard methods.
Laminins are exiremely potent molecules, and one or a few molecules per cell could
produce an effect. Thus, effective doses in the pico-gram per milliliter range are
possible if the delivery is optimized.

[0137] In other aspects, the present disclosure provides a new material, isolated
laminin-521, which permits human embryonic stem cell survival after dissociation
into single cell suspension. The stem cells were dissociated into single cell
suspension by Trypsin-EDTA treatment, pelleted by centrifugation, resuspended into
03 medium, filtered through a 40 um sieve, and plated at a density of 30 Kcells/cm?
on cell culture dishes precoated by either isolated laminin-521, laminin-511, or
Matrigel. After one day in culture, the cells plated on Matrigel died, as is known in
the art. The human embryonic stem cells plated on laminin-521 and in most cases
on faminin-511 survived and started to proliferate, forming small colonies of
pluripotent cells.

[0138] In further aspects, the present disclosure provides a method to expand
human embryonic stem cells in pluripotent state. It has been shown that human
embryonic stem cells plated in single cell suspension on laminin-521 survived and
proliferated at a higher rate than that of classical methods known in the art. After 3
passages (1 month) the cells passaged in a single cell suspension underwent the
same number of cell divisions as that of cell cultures passaged in pieces on Matrigel
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after 20 passages (3 months). Therefore, the new method was advantageous in
terms of time and labor, which may provide significant economical profits.

[0138] Laminin-521 is normally expressed and secreted by human pluripotent
embryonic stem cells and can also be found in the kidneys, neuromuscular junctions,
lungs, and placenta.

[0140] The avaiiability of pure laminin-521 would enable studies of the effects of
the protein on cellular differentiation and maintenance of cellular phenotypes. Thus,
numerous research and therapeutic purposes including, but not limited to, treating
injuries to tissues, promoting cell attachment, expansion and migration, ex vivo cell
therapy, improving the biocompatibility of medical devices, and preparing improved
cell culture devices and media, would be furthered if pure intact isolated laminin-521
were available. Also, the effects of pure laminin-521 on stem cells would be
important to study as this protein is expressed in the early mammalian embryo.
[0141] Thus, there is a need in the art for isolated laminin-521 for research and
therapeutic purposes, and methods for making isolated laminin-521. Laminin-521
can serve as a matrix for long-term self-renewal and fast multiplication of dissociated
human ES and induced pluripotent stem (iPS) cells under completely chemically
defined, feeder-free, and animal-protein-free (xeno-free) conditions. A LN-521 based
system is easy to use and easy to automate, and allows fast scale-up of human
ES/iPS cultures.

[0142] The present disclosure also relates to a cell culture medium that can be
used to provide nutrition to cells, particularly stem cells. In this regard, stem cells
typically require two things to be cultured: (1) a substrate or coating that provides a
structural support for the stem cell; and (2} a cell culture medium to provide nutrition
to the stem cell. The substrate or coating (1) is generally placed on, for example, a
petri dish or some other container.

[0143]  As used herein, the term “self-renewal” refers to the ability of the stem cell
to go through numerous cycles of cell division and remain undifferentiated (i.e.
piuripotent). Pluripotency itself refers to the ability of the stem cell to differentiate
into any cell type. The term “proliferation” refers to the ability of the stem cell to
divide. Survival refers to the ability of the stem cell to live, whether differentiated or
undifferentiated, and does not require the stem cell fo maintain its ability to divide or
to differentiate.
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[0144] The celi culture medium of the present disclosure is particularly suitable for
being used with a substrate that contains laminin-521 and/or laminin-511. These
laminins activate a6B1 integrins, which in turn leads to activation of the PI3K/Akt
pathway. This increases the pluripotency, self-renewal, and/or proliferation of the
stem cells. It is contemplated that the substrate may consist of laminin-521 or
faminin-511, either intact, as separate chains, or as fragments thereof. Recombinant
laminin-521 and recombinant laminin-511 are commercially available. Many different
molecules can activate the PI3K/Akt pathway, though with different efficiencies. For
example, TGF beta 1 and bFGF activate this pathway. The use of laminin-521
and/or laminin-511 allows the quantity of such molecules to be reduced in the cell
culture medium. Laminin-521 conveys the highest dose of signal via a6f1 integrin,
activating the PI3K/Akt pathway. The use of laminin-521 allows for single-cell
suspension passaging without the addition of cell-detrimental rho-kinase (ROCK)
inhibitor to increase cell survival after single-cell enzymatic dissociation. Previously,
single-cell enzymatic passage of human ES cells without using artificial apoptosis
inhibitors was impossible. The simpilicity of the passaging procedure means the
experimental variance is reduced and allows the process to be automated for high-
throughput cell culture and results without the extensive training and costs of cell
culture staff. In addition, human ES and iPS cells plated on laminin-521 or laminin-
511 grow as a monolayer, which makes the culture homogeneous since cells are
equally exposed to the matrix and the cell culture medium. Such human ES cell
cultures, grown in a chemically defined, xeno-free environment on laminin-521,
passaged as single cells in the absence of ROCK inhibitor expand continuously for
months at an even better growth rate compared fo cells grown on Matrigel passaged
as clumps. These pluripotent long-term expanded cells homogeneously express
Oct4 and remain karyotypically normal. Thus, one can obtain human ES and iPS
cells with sustained survival and proliferation capacity.

[0145] The average contact area and spreading homogeneity is much larger for
cells cultured on laminin-511 compared to other available substrata. Human ES
cells grown on laminin-511 over 3 months maintain pluripotency and can generate
teratomas after engraftment into SCID mice. Laminin-511 also supports the self-
renewal of mouse ES cells for over 5 months without the presence of LIF or feeder
cells, when other known matrices are unable to do so for longer than a couple of
weeks.
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[0146]
pluripotent stem cells, embryonic stem cells, adult stem cells, fetal stem cells,

The stem cells to be grown with this cell culture medium can be induced

amniotic stem cells, and generally any pluripotent stem cell.
[0147]
various growth factors and cytokines fo inhibit differentiation and

Typically, cell culture media include a large number and a large amount of
improve
proliferation. One advantage of the cell culture medium of the present disclosure is
that it does not contain as many growth factors or cytokines, or such high amounts.

[0148]
lower amounts of basic fibroblast growth factor (bFGF) than typically used. It is

Most generally, the cell culture medium of the present disclosure requires

contemplated that the cell culture medium may comprise from greater than zero to
3.9 nanograms per milliliter (ng/mL) of bFGF. The bFGF is human bFGF so that the
cell culture medium is totally human and defined. In some more specific
embodiments, the cell culture medium may comprise 3.5 or lower ng/mlL of bFGF. In
other embodiments, the cell culture medium may comprise from 0.5 to 3.5 ng/mL of
bFGF. In some embodiments, the cell culture medium may have zero bFGF, i.e. no
bFGF is present.

[0149]

one inorganic salt, at least one trace mineral, at least one energy substrate, at least

Generally, the cell culture medium includes a liguid phase in which at least

one lipid, at ieast one amino acid, at least one vitamin, and at least one growth factor
(besides bFGF) are dissolved.
ingredients which may be present in the cell culture medium of the present

Table 1 below includes a list of various such

disclosure, and the minimum and maximum concentrations if the ingredient is

present. The values are presented in scientific notation. For example, “4.1E-01"

should be interpreted as 4.1 x 1077,

Table 1.
molar Min. Max. Min. Max.
mass Conc. Conc. Conc. Conc.
Ingredient (g/mol) (mM) {(mM) (ng/mL) | (ng/mL)

INORGANIC SALTS
Calcium chioride
(Anhydrous) 110.88 | 4.1E-01| 1.6E+00 | 4.6E+04 | 1.8E+05
HEPES 238.3 | 5.9e+00| 1.8E+01 | 1.4E+06 | 4.2E+06
Lithium Chloride (LiCl) 42.39 | 4.9E-01| 1.5E+00 | 2.1E+04 | 6.2E+04
Magnesium chloride
(Anhydrous) 95.21 | 1.2E-01 3.6E-01 | 1.1E+04 | 3.4E+04

29




Magnesium Sulfate

(MgSQO,) 120.37 | 1.6E-01 4.8E-01 | 1.9E+04 | 5.8E+04
Potassium chloride (KCI) 74.55 | 1.6E+00 | 4.9E+00 | 1.2E+05 | 3.6E+05
Sodium bicarbonate

(NaHCO5) 84.01 | 9.0E+00| 4.4E~+01 | 7.6E+05 | 3.7E+0D6
Sodium chloride (NaCl) 58.44 | 4.7E+01 | 1.4E+02 | 2.8E+06 | 8.3E+06
Sodium phosphate,

dibasic (Anhydrous) 141.96 | 2.0E-01 5.9E-01 | 2.8E+04 | 8.3E+04
Sodium phosphate,

monobasic monohydrate

(NaH»PQO4-H>0) 137.99 | 1.8E-01 5.3E-01 | 2.4E+04 | 7.3E+04
TRACE MINERALS

Ferric Nitrate (Fe(NO3)s-

9H,0) 404 | 49E-05{ 1.9E-04 | 2.0E+01 | 7.5E+01
Ferrous suifate

heptahydrate (FeSOs-

7H-0) 278.01 | 59E-04 1 1.8e-03 | 1.6E+02 | 4.9E+02
Copper(ll) sulfate

pentahydrate (CuSOy4-

5H,0) 249.69 | 2.0E-06} 8.0E-06| 5.1E-01 | 2.0E+00
Zinc sulfate heptahydrate

(ZnSQ4-7H20) 287.56 | 5.9E-04!1 1.8E-03 1 1.7E+02 | 5.1E+02
Ammonium Metavanadate

NHsVO3 116.88 | 5.5E-06| 1.8E-05| 6.4E-01 | 1.8E+00
Manganese Sulfate

monohydrate (MnSO,-

H.0) 169.02 1 99E-071 3.0E-06] 1.7E-01 | 5.0E-01
NiSO4-6H,0 262.85| 49E-07| 1.5E-06| 1.3E-01 | 3.8E-01
Selenium 78.96 | 8.9E-05| 2.7E-04 | 7.0E+00 | 2.1E+01
Sodium Meta Silicate

Na,Si0; -9H,0 28421 48E-041 1.4E-03| 1.4E+02 | 4.1E+02
SnCl, 189.62 | 6.2E-07 | 1.9E-06 | 1.2E-01 | 3.5E-01
Molybdic Acid, Ammonium

salt 1235.86 | 9.9E-07 | 3.0E-06 | 1.2E+00 | 3.7E+00
CdCl, 183.32 | 6.1E-06 | 1.8E-05| 1.1E+00 | 3.4E+00
CrCl3 158.36 | 9.9E-07 | 3.0E-06 | 1.6E-01 | 4.7E-01
AgNO; 169.87 | 4.9E-07 | 1.5E-06 | 8.3E-02 | 2.5E-01
AlCl; -6H,0O 24143 | 24E-06| 7.3E-06| 5.9E-01 | 1.8E+00
Barium Acetate

(Ba(CoHs07)0) 25542 | 4.9E-06 1.5E-05] 1.3E+00 | 3.8E+00
CoCl, -6H,0 237.93 | 4.9E-06 | 1.5E-051 1.2E+00 | 3.5E+00
GeO, 104.64 | 2.5E-06| 7.5E-06| 2.6E-01| 7.8E-01
KBr 119 49E-07] 1.5E-06 5.9E-02| 1.8E-01
Kl 166} S.0E-07{ 1.5E-06 8.3E-02| 2.5E-01
NaF 4199 49E-05| 1.5E-04 | 2.1E+00 | 6.2E+00
RbCl 12092 | 4.9E-06 | 1.5E-05| 5.9E-01 | 1.8E+00
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Z!’OCIQ —-8Hzo

178.13 | 4.9E-06 |

1.5E-05 | 8.7E-01 | 2.6E+00

ENERGY SUBSTRATES

D-Glucose 180,16 | 6.9E+00 | 2.1E+01 | 1.2E+06 | 3.7E+08
Sodium Pyruvate 110.04 | 2.0E-01] 5.9E-01 | 2.2E+04 | 6.5E+04
LIPIDS

Linoleic Acid 280451 9.4E-051 2.8E-04 | 2.6E+01 | 7.9E+01
Lipoic Acid 206.33 | 2.0E-04| 7.8E-04 | 4.1E+01 | 1.6E+02
Arachidonic Acid 304.47 | 6.5E-06 1.8E-05 | 2.0E+00 | 5.9E+00
Cholesterol 386.65! 56E-04 | 1.7E-03 | 2.2E+02 | 6.5E+02
DL-alpha tocopherol-

acetate 47274 | 1.5E-04 | 4.4E-04| 6.9E+01 | 2.1E+02
Linolenic Acid 27843 | 3.5E-05] 1.0E-04 | 9.7E+00 | 2.9E+01
Myristic Acid 22837 | 43E-05) 1.3E-04 | 9.8E+00 | 2.9E+01
Oleic Acid 28246 | 3.5E-05} 1.0E-04 | 9.8E+00 | 2.9E+01
Palmitic Acid 256.42 | 3.8E-05| 1.1E-04 | 9.8E+00 | 2.9E+01
Palmitoleic acid 254.408 | 3.9E-05| 1.2E-04 | 9.8E+00 | 2.9E+01
Stearic Acid 28448 | 34E-05] 1.0E-04 | 9.8E+00 | 2.9E+01
AMINO ACIDS

L-Alanine 89.09 | 25E-02| 2.1E-01| 2.2E+03 | 1.8E+04
L-Arginine hydrochloride 1472 | 2.7E-01| 1.5E+00 | 4.0E+04 | 2.2E+05
L-Asparagine-H,0 150.13 | 5.0E-02 2.1E-01| 7.5E+03 | 3.1E+04
L-Aspartic acid 1331 ] 25E-02| 2.1E-01 ] 3.3E+03 | 2.7E+04
L-Cysteine-HCI-H,O 175.631 3.9E-021 1.2E-01! 6.9E+03 | 2.1E+04
L-Cystine dihydrochloride 313.22 | 3.9E-02 1.2E-01 | 1.2E+04 | 3.7E+04
L-Glutamic acid 14713 | 25E-02| 2.1E-01 | 3.7E+03 | 3.0E+04
L-Glutamine 146.15 | 1.5E+00 | 4.4E+00 | 2.1E+05 | 6.4E+05
Glycine 75.07 | 1.5E-01| 4.4E-01] 1.1E+04 | 3.3E+04
L-Histidine

monohydrochloride

monochydrate 200.63 | 59E-02] 1.8E-01] 1.2E+04 | 3.7E+04
L-Isoleucine 13117 | 1.6E-01} 4.9E-01 | 2.1E+04 | 6.4E+04
L-Leucine 131171 1.86-01| 5.3E-01 | 2.3E+04 | 7.0E+04
L-Lysine hydrochloride 182.65| 2.0E-01! 5.9E-01] 3.6E+04 | 1.1E+05
L-Methionine 140.21 | 45E-021 1.4E-01| 6.8E+03 | 2.0E+04
L-Phenylalanine 165.19 | 8.5E-02] 2.5£-01| 1.4E+04 | 4.2E+04
L-Proline 115.13 | 1.1E-01] 38.2E-01| 1.2E+04 | 3.7E+04
L-Serine 105.08 | 1.5E-01] 4.4E-01 | 1.5E+04 | 4.6E+04
L-Threonine 11912 1.8E-01] 5.3E-01 | 2.1E+04 | 6.3E+04
L-Tryptophan 204.23 | 1.7E-02| 5.2E-02 | 3.5E+03 | 1.1E+04
L-Tyrosine disodium salt

hydrate 22515 8.4E-02| 3.7E-01 1! 1.9E+04 | 8.4E+04
L-Valine 11715 1.8E-01| 5.3E-01 | 2.1E+04 | 6.2E+04
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VITAMINS
Ascorbic acid 176.12 | 1.3E-01 3.8E-01 ] 2.2E+04 | 6.7E+04
Biotin 24431 5.6E-06| 1.7E-05| 1.4E+00 | 4.1E+00
By 1355.37 | 2.0E-04| 59E-04| 2.7E+02 | 8.0E+02
Choline chloride 139.62 | 2.5E-02| 7.5E-02 | 3.5E+03 | 1.1E+04
D-Calcium pantothenate 238.27 | 1.8E-03 14E-02 | 4.4E+02 | 3.4E+03
Folic acid 4414 | 24E-03| 7.1E-03 | 1.0E+03 | 3.1E+03
i-inositol 180.16 | 2.7E-021 1.1E-01 | 4.8E+03 | 1.9E+04
Niacinamide 12212 | 6.5E-03 | 2.0E-02 | 7.9E+02 | 2.4E+03
Pyridoxine hydrochioride 20564 1 3.8E-03} 1.1E-02) 7.8E+02 | 2.4E+03
Riboflavin 376.36 | 2.3E-04| 6.8E-04 | 8.6E+01 | 2.6E+02
Thiamine hydrochloride 337.27 | 3.3E-03| 3.6E-02|1.1E+03 | 1.2E+04
GROWTH FACTORS/PROTEINS
GABA 103.12 0} 1.5E+00 0| 1.5E+05
Pipecolic Acid 129 0! 1.5E-03 0| 1.9E+02
bFGF 18000 0| 2.17E-07 0| 3.9E+00
TGF beta 1 25000 0 3.5E-08 0| 8.8£-01
Human Insulin 5808 0] 5.9E-03 01 34E+04
Human Holo-Transferrin 78500 0 21E-04 0] 1.6E+04
Human Serum Albumin 67000 0] 2.9E-01 0| 2.0E+07
Glutathione (reduced) 307.32 01 9.6E-03 0| 2.9E+03
OTHER COMPONENTS
Hypoxanthine Na 136.11 | 5.9E-03] 2.6E-02| 8.0E+02 | 3.6E+03
Phenol red 354.38 | 8.5E-03| 2.5E-02| 3.0E+03 | 9.0E+03
Putrescine-2HCI 161.07 | 2.0E-04| 5.9E-04 | 3.2E+01 | 9.5E+01
Thymidine 242.229 | 5.9E-04 ] 1.8E-03 | 1.4E+02 | 4.3E+02
2-mercaptoethanol 78.13 | 4.9E-02 1.5E-01 | 3.8E+03 | 1.1E+04
Pluronic F-68 8400 | 1.2E-02 | 3.5E-02 | 9.8E+04 | 2.9E+05
Tween 80 1310 | 1.6E-04 | 4.96-04 | 2.2E+02 | 6.5E+02

[6150] The liquid phase of the cell culture medium may be water, serum, or

albumin.

[0151] Many of the ingredients or components listed above in Table 1 are not

necessary, or can be used in lower concentrations.

[0152] it is contemplated that the cell culture medium may contain insulin or an

insulin substitute. Similarly, the cell culture medium may contain transferrin or a
transferrin substitute.
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[06153] In more specific embodiments, it is contemplated that the cell culture
medium may not (1) contain albumin, (2) insulin or insulin substitute, (3) transferrin
or transferrin substitute, or any combination of these three components.

[0154] It should be noted that other cell culture mediums may contain growth
factors such as interleukin-1 beta (IL-1B or catabolin), interleukin-6 (IL8), or pigment
epithelium derived factor (PEDF). Such growth factors are not present in the cell
culture medium of the present disclosure.

[0155] One specific formula for a cell culture medium is provided in Table 2:

Table 2.
ingredient Amount Unit
bFGF 0.39 | microgram (ug)
Albumin 1.34 | milligram (mg)
Insulin 2 mg
Lithium Chloride 4.23 mg
GABA 0.01 mg
TGF beta 1 0.06 ug
Pipecolic acid 0.013 mg
_L-glutamine 2.92 grams
MEM non-essential amino acid solution 1 mL
DMEM/F12 100 mlL

[0156] In this regard, MEM non-essential amino acid solution is typically provided
in & 100x concentrate. The MEM of Table 2 is used after dilution back to 1x, and
contains the following amino acids in the following concentration listed in Table 3:

Table 3.
Concentration
MEM Amino Acids {ng/mL.)

Glycine 7.50E+03
L-Alanine 8.90E+03
[-Asparagine 1.32E+04
L-Aspartic acid 1.33E+04
L-Proline 1.15E+04
L-Serine 1.05E+04
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[0157]

DMEM/F12 contains the following ingredients listed in Table 4:

Table 4.
Concentration
DMEM/F12 Ingredients {ng/mL)

Glycine 187.5
L-Alanine 44.5
L-Arginine hydrochloride 1475
L-Asparagine-H,0 75
L-Aspartic acid 66.5
L-Cysteine hydrochloride-H,0 175.6
|.-Cystine 2HCI 312.9
L-Glutamic Acid 73.5
L-Glutamine 3650
L-Histidine hydrochloride-H,0 314.8
L-lsoleucine 544.7
L-Leucine 590.5
L-Lysine hydrochloride 912.5
L-Methionine 172.4
L-Phenylalanine 354.8
L-Proline 172.5
L-Serine 262.5
L-Threonine 534.5
L-Tryptophan 90.2
L-Tyrosine disodium salt dihydrate 557.9
L-Valine 528.5
Biotin 0.035
Choline chioride 89.8
D-Calcium pantothenate 22.4
Folic Acid 26.5
Niacinamide 20.2
Pyridoxine hydrochloride 20
Riboflavin 2.19
Thiamine hydrochloride 21.7
Vitamin ng 6.8
i-inositol 126
Calcium Chloride (CaCl) (anhyd.) 1166
Cupric sulfate (CuSQ4-5H,0) 0.013
Ferric Nitrate (Fe(NO3);-9H,0) 0.5
Ferric sulfate (FeS0,-7H0) 417
Magnesium Chloride (anhydrous) 286.4
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Concentration
DMEM/F12 Ingredients {ng/mL)

Magnesium Sulfate (MgSQy) (anhyd.) 488.4
Potassium Chloride (KCI) 3118
Sodium Bicarbonate (NaHCO3) 24380
Sodium Chioride (NaCl) 69955
Sodium Phosphate dibasic
(NapHPO4) anhydrous 710.2
Sodium Phosphate monobasic
(N8H2PO4~H20) 825
Zinc sulfate (ZnS0O4-7H,0) 4.32
D-Glucose (Dextrose) 31510
Hypoxanthine Na 23.9
Linoleic Acid 0.42
Lipoic Acid 1.05
Phenol Red 81
Putrescine 2HCI 0.81
Sodium Pyruvate 550
Thymidine 3.65

[0158] The combination of the laminin substrate with the cell culture medium of
the present disclosure results in a cell culture system that can be cheaper, yet
provides higher sfficiency in maintaining pluripotent stem cells. In essence, all that is
required is a laminin and a minimal amount of nutrition. it is particularly
contemplated that the laminin used in combination with this cell culture medium is
either LN-511 or LN-521.

[0158] The following examples are for purposes of further illustrating the present
disclosure. The examples are merely illustrative and are not intended to limit
devices made in accordance with the disclosure to the materials, conditions, or
process parameters set forth therein.

EXAMPLES

EXAMPLE 1
[0168]  Cloning of the Human Laminin 82 cDNA
[0161] The 5.6 kb fragment of human laminin 2 ¢DNA was PCR-amplified from
human liver ¢DNA library (BD  Biosciences) using primers 5-
GTGGTACCCACAGGCAGAGTTGAC-3 (SEQ D NO: 7)) and 5-
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GCTCTAGAGCTCTTCAGTGCATAGGC-3' (SEQ ID NO: 8) thus introducing artificial
Xbal and Kpnl cutting sites on the ends of the fragment. To decrease the error rate
during the PCR amplification, Phusion™ high-fidelity PCR Kit (Finnzymes) was used.
Subsequently, the fragment was digested with Xbal and Kpnl and subcloned into
pSK vector digested with the same restriction endonucleases (pSKHLAMB2
plasmid). To verify the integrity of the sequence, several clones of pSKHLAMB2
plasmid were sequenced. Sequencing was performed on an AB} PRISM™ 310
Genetic Analyzer (Perkin Elmer) using ABl PRISM® BigDye™ Terminator Cycle
Sequencing kit (PE Applied Biosystems). Only complete matches with the NCBI
database human laminin B2 sequence were selected for further cloning.

[0162] Expression Constructs

[0163] For expression of the human laminin B2 chain pSKHLAMB2 plasmid was
digested with Xbal and Kpnl and subcloned into Xbal-Kpn! treated pcDNA 3.1(+)
vector (Invitrogen).

[0164] The constructs used for expression of human laminin a5 (HLN5Full.pcDNA
construct) and y1 (HG1 construct) have been described previously (Doi, M. et al., J.
Biol. Chem. 277(15), 12741-8 (2002)).

[0165] Antibodies

[0166] Anti-laminin p2 (MAB2066) monocional antibody (mAb) was purchased
from R@D Systems. Anti-laminin a5 mAb (2F7) was purchased from Abnova. Anti-
laminin B1 mAb (MAB1921) was purchased from Chemicon. Anti-laminin y1 (H-190)
rabbit polyclonal antibody was purchased from Santa Cruz Biotechnology, Inc.

[0167] Production and Purification of Recombinant Laminin-521

[0168] r-laminin-521 was produced in human embryonic kidney cells (HEK293,
ATCC CRL-1573) cultured in DMEM, 10% FCS in humidified 5% CO, atmosphere at
37°C. Wild-type cells were transfected using the standard caicium-phosphate
method with the HG1 construct and stable colonies were selected using 100 mg/mi
hygromycin (Cayla). All further cell culture and clonal expansion was carried out in
continuous presence of relevant selection antibiotics. A highly expressing clone was
then transfected with the human laminin B2 construct and stable clones were
selected using 500 mg/ml G418 (Life Technologies). A clone highly expressing both

36



laminin y1 and laminin B2 was finally transfected with the HLN5Full.pcDNA construct
and stable colonies were selected using 200 mg/mi zeocin (Cayla). The clones
showing the highest secretion were expanded further.

[0169]  For production of r-laminin-521, confluent cells were cultured in DMEM for
up to five days. rlaminin-521 was affinity purified using anti-FLAG M2 matrix
(Sigma). The collected medium was incubated in batch mode with the matrix
overnight at 4°C with agitation. Bound r-laminin-521 was competitively eluted with 50
mg/ml FLAG peptide (Sigma) in TBS/E (50 mM Tris-Cl, pH 7.5, 150 mM NaCl, 1 mM
EDTA) at room temperature. The elute was concentrated and the buffer was
replaced by PBS using 30 kD cut-off ultrafiltration (Millipore). Finally the
concentrated solution was passed through 0.2 mm filter to remove self-aggregated
polymers.

[0170] Characterization of Recombinant Laminin-521

[0171]  Secreted laminin in medium and after purification was characterized using
3-8% gradient SDS-PAGE. Proteins were visualized using Sypro staining (Bio-Rad)
or transferred onto PVDF (FIG. 3). The membranes were probed with antibodies
described above. After washing, the membranes were incubated with HRP-
conjugated goat antibodies. The immunoreactivity was detected by a
chemiluminescent kit (Life Science Products) according to the manufacturer's
instructions.

Methods

[6172] Human ES cell cultures.

[0173] Human ES cells were cultured on r-laminin-521—coated laboratory dishes
in chemically defined O3 medium (described in Rodin et al., Nature Biotechnol., vol.
28, pp. 611-615 (2010)) at 37°C in 5% CO2. Cells were routinely passed once every
10-12 days by exposure to Trypsin-EDTA solution (GIBCO Invitrogen) for 5 minutes
at 37°C. They were then gently pipetted to break into single-cell suspension and
defined frypsin inhibitor (GIBCO Invitrogen) was added. The cell suspension was
centrifuged at for 4 minutes, the supernatant discarded, the cell pellet resuspended
in prewarmed O3 medium, and cells were then passed through a 40 um sieve. After
that cells were plated on new r-laminin-521—coated dishes at a concentration 30
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Keells/em? (1:25-1:30 split ratio). Cells were fed once a day with fresh medium
prewarmed in an incubator for 1 hour, except for the first day after a passage, when
only a few drops of fresh medium were added. Control cells of the same line were
cultured on Matrigel (BD Biosciences) in 03 medium as described in Rodin et al.,
Nature Biotechnol., vol. 28, pp. 611-615 (2010). Control cells were passaged in
pieces.

[0174]  Cell culture dish coating.

[0175] Ninety-six-well tissue cell culture plates were coated overnight at 4°C with
sterile solutions of the ECM proteins mouse LN-111 (Invitrogen), human recombinant
LN-511, and human recombinant LN-521, all at a concentration of 30 ug/ml (5

‘TM

ug/om?). For control cells, BD Matrigel™ hESC qualified (BD Biosciences) was used

according to the manufacturer’s instructions.

[0176] Cell adhesion assay.

[0177] The assay was performed as described (Extraceliular Matrix Protocols,
2000). Briefly, 96-well plates were coated by extracellular matrix proteins as
described above and blocked by O3 medium containing bovine serum albumin. The
ES cells were plated at a cell density of 600 cell / mm? upon extracellular matrix-
coated plates and were left to adhere for either 1 hour or 1 day at the cell incubator.
Non-adherent cells were washed away, and adherent cells were fixed for 20 min by
5% glutaraldehyde, stained by 0.1% Crystal Violet.

[0178] Real-time PCR quantification of mRNAs.

[0179] Total RNA was isolated and cDNA was synthesized as described in Rodin
et al., Nature Biotechnol., vol. 28, pp. 611-615 (2010). Real-time quantitative RT-
PCR Tagman assays were performed using the Applied Biosystems 7300 Real-Time
PCR System. All reactions were done in guadruplicate with predeveloped gene
expression assay mix (Applied Biosystems) containing primers and a probe for the
mRNA of interest. Additional reactions for each experiment included predeveloped
gene expression assay mix for GAPDH, used to normalize the RNA input. All data
were analyzed with 7300 System SDS Software version 1.4.
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[0180] FACS analysis.

{0181] OCT4 expression was analyzed as described in Ludwig, T.E. ef al
Derivation of human embryonic stem cells in defined conditions. Nat. Biotechnol. 24,
185-187 (2006). Cells were run on FACSCalibur Flow Cytometer (Becton
Dickinson). Data were analyzed with CellQuest software (Becton Dickinson).

Results for Exampie 1

[0182] To find out how different celi culture coatings affect single cell survival of
human ES cells in O3 medium without any additives, we completely dissociated
HS181 cells and plated them on either Matrigel, mouse laminin-111, human r-
faminin-511, human r-laminin-521, or a mixture of r-laminin-511 and r-laminin-521.
The results are seen in FIG. 4. As expected, almost no cells remained attached to
Matrigel or mouse laminin-111 by 24 hours after plating. In contrast, the cells on
human r-laminin-521, the mixture, and at a less extent on human r-laminin-511
survived.
[0183] The experiment was repeated on human ES cells in O3 medium treated
with ROCK inhibitor Y-27632. These results are seen in FIG. 5. The stem cells
remained attached on all 5 coatings.
[0184] To quantify this effect, we performed cell adhesion experiments on all of
the above-mentioned coatings at 1 hour and 1 day after plating (i.e., each of the five
coatings, with and without Y-27632). FIG. 6 shows the results for the 1-hour
experiment for LN-521, LN-511, and Matrigel (MG) without Y-27632. The adhesion
of human ES cells in O3 medium without any additives was roughly the same at this
time point.
[0185] FIG. 7 shows the results for the 1-day experiment for all of the coatings.
The plates containing the Y-27632 inhibitor are labeled as “In&” along with the
coating. At 1 day after plating, the stem cells adhered to L.N-521 without additives 20
times better than to Matrigel without additives. In addition, the results showed that
the adhesion of cells to LN-521 without additives was similar to the adhesion of cells
on all dishes including the ROCK inhibitor. In other words, no ROCK inhibitor is
necessary with LN-532 coating to obtain results similar to coatings that do contain
the ROCK inhibitor.
{0186] We cultured human ES cells on human r-laminin-521. passaging them
after complete dissociation into single cell suspension every 10-12 days in 1:25 to
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1:30 ratios. The cells proliferated robustly with a stable and high rate for at least 9
passages (3 months). Moreover, after 3 passages (1 month), they underwent the
same number of cell doublings as stem cells after 20 passages (100 days) cultured
using conventional methods. This is illustrated in FIG. 8, which shows the increase in
the number of cells versus time. The cells on LN-521 increased at a much faster
rate than on Matrigel. Thus, the new r-laminin-521 hES cell culture method was
advantageous in terms of time and labor.

[0187] To confirm the identity of hES cells after several single cell suspension
passages on human r-laminin-521 in O3 medium without any additives, we
performed FACS analysis for Octd4, a marker of pluripotency. FIG. 9 shows the
results for cells grown on r-LN-521, while FIG. 10 shows the results for cells grown
on Matrigel. The percentage of positive cells is listed in parentheses. R-LN-521 had
a much higher percentage of pluripotent cells.

[0188] In addition, the number of mRNA franscripts of the pluripotency markers
Oct4 and Nanog was quantified. FIG. 11 shows these results. For both markers, the
cells on LN-521 showed higher numbers of transcripts.

[0189] Both methods showed that the new methods provides hES cells of the
same or better quality than the current method, which uses Matrigel as a cell culture
dish coating material and passaging of the cells in small clumps.

EXAMPLE 2
[0190] In this Example 2, expressed and purified recombinant LN-521 that was
also expressed in pluripotent hES cells was studied for its effects on cultured hES
and iPS cells. The results showed that LN-521, alone, strongly supports self-renewal
of pluripotent hES and iPS cells, and, importantly, it allows survival of pluripotent
stem cells following plating of trypsinized stem cells in single cell suspension on LN-
521 at high dilutions. The effects of LN-521 were shown to be mediated by signaling
via 6Pl integrin through induction of hES cell migration and PI3K/Akt pathway
activation. The results may be applied for an effective and even automated
expansion method for large-scale production of pluripotent hES and iPS cells, as
well as for development of new medium formulations for self-renewal of pluripotent
stem cells. The new hES/hiPS cell culture method described here closely resembles
standard cell culture methods, e.g. that are used to culture fibroblasts, and,
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therefore, it does not demand special skills. It consumes significantly less cell
coating material per one cell division and is time efficient, thus providing significant
economical profits in comparison with the previous procedures for culturing
hES/hiPS cells.

[0191] Human recombinant LN-521, which has previously not been available in
pure form, was produced by cloning full-length laminin 82 cDNA and carrying out a
triple-transfection of HEK293 cells with the human laminin o5, B2 and y1 chains.
Human recombinant LN-111 and LN-121 were similarly generated following cloning
of full-length ol and 32 chain cDNAs and triple transfection of HEK293 cells with
human ol, Bl and vyl and al, B2 and 7yl chain cDNAs, respectively. The purified LN-
521, LN-111 and LN-121 proteins were shown to contain, respectively, pure a5, B2,
and vl chains, al, B1 and vl chains, as well as al, B2 and yI chains, as shown by
protein staining and Western blot analysis.

Methods

[0192] Human ES and iPS cell cultures.

[6193] Human ES cells of HS181 and HS401 were cultured on LN-521-coated
culture dishes in O3 medium (described in Rodin et al., Nature Biotechnol., vol. 28,
pp. 611-615 (2010) with pH was adjusted to 7.35), mTeSR1 (STEMCELL
Technologies) and chemically defined and xeno-free TeSR2 (STEMCELL
Technologies) at 37°C, 5% CO.. Initially, cells of the lines were transferred onto a
LN-521 coating from a human feeder cell layer by careful scratching using a sterile
knife with subsequent trypsinization, or the cells were frypsinized into single cell
suspension from a LN-511 coating. The cells were provided once a day with fresh
medium pre-warmed in an incubator for one hour, except for the first day after
plating, when only a few drops of fresh medium were added. Cells were routinely
passed once in 10-12 days by exposure to Trypsin/EDTA (GIBCO Invitrogen
Corporation, Paisley, Scotland) for 5 minutes at 37°C, 5% COQO.. They were then
gently pipetted to break into single-cell suspension and a Defined Trypsin Inhibitor
(GIBCO Invitrogen) was added. The cell suspension was centrifuged at 25 rcf for 4
minutes, the supernatant was discarded, the cell pellet was resuspended in
prewarmed O3 medium, and the cells were then passed through a 40 um sieve.
Subsequently, the cells were plated on new LN-521-coated dishes at a
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concentration of 30,000 cells/cm? in 1:25-1:30 split ratios. Control cells of the same
line were cultured on Matrigel (STEMCELL Technologies) and LN-511 in O3 medium
as described previously.®

[0194] For defined and xeno-free cultures, TeSR2 (STEMCELL Technologies)
medium and defined free from any animal derived component TrypLE™“Select
(GIBCO Invitrogen Corporation, Paisley, Scotland) enzyme were used. The celis
were passed every 10-14 days by exposure to TrypLE™Select for 4-5 minutes at
37°C, 5% CO,. Then, the enzyme was carefully aspirated and prewarmed TeSR2
medium was added. After that, the cells were gently pipetted to break into single-cell
suspension, centrifuged, the supernatant was discarded, and the cell pellet was
resuspended in prewarmed TeSR2. The cells were then passed through a 40 pm
sieve and plated on a fresh LN-521 coated dish.

[0195] Tissue cell culture plates were coated overnight at 4°C with sterile
solutions of the ECM proteins, such as human recombinant LN-521, all at a
concentration of 30 pg/ml (5 pg/lom?). Control plates were coated with Matrigsl
according to the STEMCELL Technologies’ instructions. Prior to use, dishes were
pre-warmed in an incubator for one hour after which prewarmed O3 medium was
added without additional washing of the dish. After applying a fresh LN-521 solution
to a new dish, the remaining LN-521 solution could be used at least once more. All
the adhesion, survival, and inhibition of survival experiments were carried out using
fresh coating materials.

[0196] The human iPS cells, ChiPSW line, were derived from lentivirally
transduced human foreskin fibroblasts (HFF) with OCT-4/SOX2/NANOG/LIN28
reprogramming genes. The ChiPSW line had normal male karyotype, 46,XY, in
repeated testing at different passages. Prior to cell culture and passaging
experiments, the cells were first characterized in vitro for expression of pluripotency
markers. Immunofluorescence study with antibodies against Oct3/4 (SC-5279),
Nanog (SC-33759), TRA-1-60 (SC-21705) and SSEA4 (sc-21704) showed that the
cells expressed all those markers of pluripotency. RT-PCR analysis confirmed that
the cells lacked expression of the viral transgenes. The pluripotency of ChiPSW cells
was confirmed by in vitro (embryoid bodies formation and immunofluorescence
study) and in vivo (injection subcutaneously into SCID beige mice) experiments.
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Cells of ChiSW line could be further differentiated into beating cardiomyocytes. They
were also capable of undergoing hematopoietic differentiation.

[0187] Before taken to the present feeder free cultures, the IPS cells were
maintained and expanded over irradiated human foreskin fibroblasts. Knock-out
serum (KSR, Invitrogen)-supplemented media was wused for propagation,
supplemented with 8 ng/ml of basic fibroblast growth factor (bFGF, R&D Systemns).
Cells were fed on a daily basis and weekly passaged using collagenase 1V (1 mg/mi,
Roche) or manual dissection when required.

[0198] Prior to these experiments, the CutB1.2 cells were shown to express
pluripotency markers Oct4/Nanog/Sox2/TRA-1-80/TRA-1-81, to lack expression of
the viral transgenes, and the pluripotency of the cells was confirmed both by in vivo
and in vitro differentiation studies.

[0189] Laminin-521 and other coating materiais.

[0200] Human recombinant LN-521, available from BiolLamina, AB, Stockholm
(www.biolamina.com), was produced in human embryonic kidney cells (HEK293;
ATCC CRL-1573) sequentially transfected with full-length laminin v1, B2 and o5
constructs essentially as described previously. For protein production, the HEK293
cells were cultured in Dulbecco’s modified Eagie’s medium (DMEM) supplemented
with GlutaMax [ for up to six days. The LN-521 molecules were affinity-purified using
anti-FLAG matrix (Sigma), and then characterized using 3-8 % and 4-15 % gradient
SDS-PAGE under reducing and nonreducing conditions. The proteins were
visualized using Sypro Ruby (Bio-Rad) protein staining and immunostaining of the
chains on polyvinylidene difluoride membranes. To further characterize the protein,
Western blot analysis with antibodies against the laminin .3, B2 and y1 chains was
performed. Human recombinant laminin-111 and laminin-121 were produced
similarly to LN-521 and shown to contain the correct chains of predicted molecular
sizes by Western and SDS-PAGE. If not otherwise stated, the corresponding mouse
laminin-111 (Invitrogen) was indicated as LN-111.

[6201] Reagents and antibodies.
[0202] [InSolutionTM LY 294002 (a specific Akt inhibitor), InSolutionTM
Wortmannin (a specific PI3K inhibitor), and [nSolutionTM 98059 (a specific
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MEK1/Erk inhibitor) were purchased from Calbiochem. Antibodies to phospho-Akt
(#4060), total-Akt (#9272), phospho-Erk (#9101), and total-Erk (#9102) were
obtained from Cell Signaling Technology. PathScan Phospho-Akt1 sandwich ELISA
kit (#7160), PathScan total Akt1 sandwich ELISA kit (#7170), PathScan Phospho-
Akt2 sandwich ELISA kit (#7048), and PathScan total Akt2 sandwich ELISA kit
(#7046) were also purchased from Cell Signaling Technology. Antibodies to Calnexin
(#ab10286) were obtained from Abcam. Function blocking antibodies to various
integrin subunits, mouse isotype antibodies, and o-dystroglycan were purchased
from Millipore. Since function blocking antibodies fo aV (MAB1980) and o6
(MAB1378) were presented in a solution with sodium azide, before the inhibition of
survival experiment all the antibodies to alpha integrin subunits were dialyzed thrice
against O3 medium for 2 hours each time. Antibodies to Lutheran receptor and a-
fetoprotein, as well as rat isotype control antibodies were obtained from R&D
Systems. Antibodies to Oct4, Nanog, SSEA-4, smooth muscle actin and MAP-2 were
purchased from Millipore.

[0203] Immunofiucrescence.

[0204] For immunofluorescence studies, ES cells were cultured and fixed in 8-
well slide chambers (BD Biosciences) or 96-well plate wells by 4 %
paraformaldehyde, permeabilized by 0.1 % Triton-X and blocked by 10 % bovine
fetal serum (GIBCO Invitrogen Corporation) in phosphate-saline buffer (PBS)
containing 0.1 % Tween-20 (Sigma-Aldrich, St. Louis, hitp://www.sigmaaldrich.com)
for one hour. Incubation with primary antibody was performed for 1.5 hours at room
temperature. Incubation with secondary antibody and 4,6-diamidino-2-phenylindole
(DAPI, Molecular Probes) was performed for 40 minutes. Between incubations, the
specimens were washed with 0.1% Tween-20 in PBS buffer three to five times.
Specimens were preserved in a fluorescence mounting medium (Dako, Glostrup,
Denmark, http://www.dako.com), and observed under a fluorescence microscope
(Leica, Heerbrugg, Switzerland, http://www.leica.com).

[0205] Realtime PCR quantification of different mRNAs,
[0206] Total RNA was isolated using Absolutely RNA Microprep Kit (Stratagene,

La Jolla CA, www.siratagene.com} according to the manufacturer's instructions.
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cDNA was synthesized using 0.2 pg of total RNA in 20 4l reaction mixture,
containing oligo(dT)12-18 primers and Superscript Il reverse transcriptase (GIBCO
invitrogen Corporation), according to the manufacturer's instructions. Real-time
quantitative RT-PCR Tagman assays were performed using the Applied Biosystems
7300 Real-Time PCR System (Applied Biosystems, Foster City, CA). All reactions
were done in guadruplicates with the use of a pre-developed gene expression assay
mix (Applied Biosystems) containing primers and a probe for the mRNA of interest.
Additional reactions for each experiment included pre-developed gene expression
assay mix for GAPDH for normalizing the RNA input. All data was analyzed with
7300 System SDS Software v 1.4,

[0207] FACS analysis.

[0208] Cells were removed from the culture dish with Trypsin/EDTA, dissociated
into single cell suspension and resuspended in ice-cold FACS buffer (2 % fetal
bovine serum, 0.1 % sodium azid in Hank's buffer). Incubation with primary
antibodies against SSEA-4 (from Millipore, Billerica, MA, http://www.millipore.com)
was performed for one hour on ice. Then, the cells were washed three times with
ice-cold FACS buffer. Subsequently, the cells were probed in FACS buffer with 1:400
dilution of Alexa Fiuor anti-mouse secondary antibodies (GIBCO Invitrogen
Corporation) for 30 minutes in the dark, and washed four times. Control cells were
incubated with mouse immunoglobulins and, subsequently, with the secondary
antibody as described above. Cells were analyzed on FACSCalibur Flow Cytometer
(Becton Dickinson, San Jose, CA). Data were analyzed with the CellQuest software
(Becton Dickinson).

[0209] Karyotyping.

[0210] Karyotyping of the cell lines was carried out using standard Q-banding
technigues. Samples of cells were treated with colcemid KaryoMAX (0.1 pg/mi;
Gibco Invitrogen Corporation) for up to 4 hours, followed by dissociation with
Trypsin/EDTA solution (Gibco Invitrogen Corporation). The cells were pelleted via
centrifugation and re-suspended in pre-warmed 0.0375 M KCI hypotonic solution and
incubated for 10 minutes. Following centrifugation, the cells were resuspended in
fixative (3:1 methanol:acetic acid). Metaphase spreads were prepared on glass
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microscope slides and G-banded by brief exposure to trypsin and stained with 4:1
Gurr's/Leishmann’s stain (Sigma-Aldrich Co.). A minimum of 10 metaphase spreads
were analyzed and additional 20 were counted.

[6211] Teratoma formation.

[0212] Teratoma formation experiments were performed by implantation of
approximately 10° cells beneath the testicular capsule of a young (7-week-old)
severe combined immunodeficiency (SCID) mouse. Three animals per each cell line
were used. Teratoma growth was observed by weekly palpation, and the mice were
sacrificed eight weeks after the implantation. The teratomas were fixed, and sections
were stained with hematoxylin and eosin (HE) or with hematoxylin, eosin and PAS
(HE-PAS). The presence of tissue components of all three embryonic germ line
layers was demonstrated, as analyzed from the stained sections. All animal
experiments were performed at the infection-free animal facility of the Karolinska
University Hospital in accordance with ethical committee approval.

[0213] Embryoid body formation.

[0214] ES cells from LN-521 coated cell culture dishes were exposed to
TrypLE™Select for one minute at 37°C, 5% CO,, washes two times with a medium,
broken into large pieces and cultured in suspension in low adhesion plates. The
medium used for this was Knockout DMEM (GIBCO Invitrogen Corporation)
supplemented with 2 mM L-glutamine, 20% fetal calf serum (GIBCO Invitrogen
Corporation), 0.1 mM B-mercaptoethanol (GIBCO Invitrogen Corporation) and 1%
non-essential amino acids (GIBCO Invitrogen Corporation). After 1-2 weeks in
suspension, the embryoid bodies were transferred onto gelatin coated tissue cell
culture 96-well plates (Sarstedt), cultured for 1-2 weeks, then fixed, stained with
antibodies against markers of all three embryonic germ line layers (smooth muscie
actin, MAP-2 and o-fetoprotein) and analyzed as described above for

immunofluorescence.

[0215] Cell adhesion assay.
[0216] Briefly, 96-well plates were coated by extracellular matrix proteins as
described above and blocked by O3 medium containing bovine serum albumin. The
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ES cells were plated at cell density of 50,000 cells/cm? onto extraceliular matrix-
coated plates and left to adhere for 1 hour in a cell incubator. After that the plates
were washed 3 times with the medium to remove the non-adherent cells, and then
the adherent cells were fixed for 20 minutes by 5% glutaraldehyde, stained by 0.1%
Crystal Violet. (Kebo Lab, Spanga, Sweden,http://www.kebolab.se). After one hour
and 3 washes with water, Crystal Violet was extracted with 10% acetic acid and
quantified by measuring optical density at 570 nm. All the experiments were
performed in quadruplicate.

[0217] Cell survival and inhibition of survival assays.

[0218] The survival assay was performed as described for the cell adhesion
assay above, except that the cells were left in the cell incubator for 24 hours. For
inhibition of survival assay, the celis were kept in a medium with function blocking
antibodies at the concentrations recommended by the manufacturer or pathway
inhibitors at concentrations indicated in the text for 30 minutes, and then plated on
the coated dishes. All the experiments were performed in quadruplicate.

[0218] Western blotting and ELISA.

[0220] HS 181 cells were trypsinized into single cell suspension as described
above. For inhibition experiments, the cells were kept in O3 medium with blocking
antibodies or pathway inhibitors for 30 minutes and then 450K cells were plated on
35 mm dishes precoated with the appropriate matrix coating. For other experiments,
same number of cells was plated directly after trypsinization. In all cases the cells
were allowed to spread for 1 hour at 37°C, 5% CO,. After two washings in ice-cold
PBS, the plates with cells were snap frozen in liquid nitrogen and stored at -80°C. To
prepare samples for western blots and ELISA, the plates were slowly thawed and
kept on ice with 100-150 pl of lysis buffer (50 mM Tris-HCI, pH7.5, 150 mM NaCl,
0.5% deoxycholate, 0.5% SDS, 1% Triton X-100, 1% Igepal, Complete™ (Roche)
and Phospho-Stop™ (Roche)) on top. Then, the cells were scraped, pipetted and
sheared through a 27G %" needle. After that, the cell pellets were clarified by
centrifugation at 16,100 rcf for 15 minutes at 4°C. For western blots, 4-12% gradient
gels were used for SDS electrophoresis and the proteins were transferred to PVDF
membranes. The membrane was hybridized with the antibody of interest according

47


http://www.kebolab.se

to the manufacturer's instructions. Chemoluminescent HRP-substrate from
Amersham Biosciences was used for visualization. For the densitomelry analysis the
films were scanned at 2,400 dpi and analyzed by the Chemilimager5500 program
(1D-Multi Line densitometry mode). For ELISA the samples were applied to the wells
according to the manufacturer’s instructions.

[0221] In vivo imaging and migration assay.

[0222] 24-well plates were coated by extracellular matrix proteins and blocked by
03 medium containing bovine serum albumin. The ES cells were plated at cell
density of 30,000-40,000 cells/cm? onto extraceliular matrix-coated plates and left to
adhere for half an hour in a cell incubator. After that, the plate was transferred into
high content imaging system Operetta (PerkinElmer) equipped with environmental
control unit, which allowed to keep 37°C, 5% CO,. For two movies that were made,
the brightfield images were taken once in 15 minutes during 24 hours after plating
using Harmony software (PerkinElmer), exported, and analyzed using ImageJ
software (NIH, the US). For migration assay the images were taken every seven
minutes during 18 hours after plating. Images acquired between the fifth and seventh
hours after plating were analyzed using MTrackd plug-in (University Medical Center,
Rotterdam, The Netherlands). 100 attached cells on each coating were traced and
mean distances from the current to the previous point of the track were calculated.
Error bars show standard error of the mean s.e.m. (n=100).

[0223] Statistics. Statistical significance was determined the by Student’'s two-
tailed t-test for unequal variances.

Discussion of Results for Example 2

[0224] Piuripotent hES cells express a1, oS, 81,52 and y1 laminin chains. To
compare the adhesion and clonal survival of hES cells plated from single cell
suspension to different coating substrata, hES cells growing as monolayers on LN-
511 or as clusters on a feeder layer were irypsinized into single cell suspension in
03 medium and plated on cell culture dishes coated with Matrigel, LN-111, LN-511,
LN-521 or a mixture of LN-511 and LN-521, in the absence or presence of a ROCK
inhibitor (Y-27632) and analyzed after 24 hours.
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[0225] The cells did not survive on Matrigel or LN-111, but they did so as single
cells on human recombinant LN-511 and LN-521, as well as on the mixture of the
two. However, the survival of cells on LN-521 was significantly higher than on LN-
511 (compared in numbers below). Cells plated on human recombinant LN-111 or
LN-121 failed to survive after 24 hours (data not shown), which demonstrates that
the presence of the B2 chain in a laminin trimer, as such, is not sufficient to support
the effect. In the presence of ROCK inhibitor Y-27632, the hES cells survived on all
surfaces.

[0226] There were, however, clear differences with regard to cell shapes between
cells growing on LN-521 in the absence or presence of ROCK inhibitor 24 hours after
plating. In the absence of ROCK inhibitor 24 hours after plating, cells growing on LN~
521 were round, while the cells growing in the presence of ROCK inhibitor adopted
spindle or crescent like shape possibly caused by rearrangement of the actin
cytoskeleton.

[0227] To test if LN-521 could be used as a cell coating material for long-term
self-renewal of human pluripotent cells, HS181, HS401, H1 cells and human iPS
ChiPSW and CutB1.2 cells were cultured on the protein in O3, mTeSR1 or TeSR2
media. Cells growing in O3 or TeSR1 media were passed in single cells suspension
every 10-14 days at ratios of 1:20-1:30. Pluripotent hES cells proliferated at a stable
rate similar or higher fo that of cells grown on LN-511 or Matrigel when passed in
small clumps. Thus, one passage on LN-521 yielded the same or higher number of
cell divisions than that of control cells passed twice in clumps. HS181, HS401, and
H1 cells profiferated for at least 24, 5 and 15 passages, respectively (9, 2 and 6
months) in an O3 medium. CutB1.2 iPS and ChiPSW cells have been cultured for 5
and 3 passages in mTeSR1, respectively. interestingly, dissociated hES cells could
be cultured on LN-521 under completely defined and xeno-free conditions, using
TeSR2 medium and TrypLE Select enzyme. The plating efficacy after a passage
was slightly lower than that of the cells in O3 or mTeSR1 media, and the dissociated
cells were passed normally every 10-14 days in 1:15-1:20 ratios. H1 and HS401
cells have been cultured for 12 and 4 passages, respectively (5 and 1.5 months) in
TeSR2.

[0228] The hES cells were usually plated in single cell suspension at 30,000 cells
per 1 cm? of culture dish coated with LN-521, after which individual cells lacked any
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direct contacts with each other. Eight hours after plating, the hES cells could be
observed as single cells expressing pluripotency markers Oct4, Nanog, and Sox2.
Twenty four hours after plating, the cells formed small monolayer colonies that
eventually combined into large islands of monolayers covering most of the well.
[0229] Cells grown on LN-521 showed stable expression levels of pluripotency
markers Oct4, Nanog, and SSEA4, which were similar to those in cells plated on
Matrigel and passed as small clumps. To compare the level of spontaneous
differentiation in LN-521 and Matrigel cultures, the amount of mRNAs for
differentiation markers PAX6, SOX17 and SOX7 expressed in Matrigel cultures and
in LN-521 cultures were compared after one (10 days) and 10 passages (4 months).
Quantitative RT-PCR revealed similar or less levels of expression of all three
markers of differentiation in LN-521 cultures independently on the passage number.
[0230] Karyotypes were confirmed fo be normal for hES cell lines HS181 and H1
after 12 and 10 passages, respectively, on LN-521 in the O3 medium; and for H1
after 7 passages in TeSR2 medium. Histological examination of teratomas formed in
SCID mice after injection of HS181 and H1 cells cultured for 13 and 12 passages,
respectively, on LN-5621 in O3 medium, and H1 cells cultured for 7 passages on LN-
521 in TeSR2 revealed development of tissues containing all three germ lineages of
the human embryo. Differentiation in vitro also revealed, that the cells in all three
cases retained the competence to form embryoid bodies expressing markers of
mesoderm (smooth-muscie actin), ectoderm (MAP-2) and endoderm (o-fetoprotein).
[0231] To quantify the efficacy of the coating substrata, adhesion after one hour
and survival after 24 hours of dissociated hES cells on Matrigel, LN-111, LN-511,
LN-521, and an equal mixture of LN-511 and LN-521 were studied. Interestingly,
after one hour about the same 75-80% of cells had adhered to all the coatings,
although the spreading of the cells was clearly better on LN-521 and LN-511 than on
Matrigel or LN-111 (not shown). After 24 hours, almost no cells had survived on
Matrigel or LN-111, and very few on LN-511. In contrast, the survival of hES cells on
LN-521 was approximately 20 times higher than on Matrigel, and three times higher
than on LN-511.

[0232] To qualitatively compare the effects of LN-521 and ROCK inhibitor (Y-
27632), we plated cells from the same single cell suspension at the same plating
density (40,000 cells per 1 ¢cm?®) in a medium containing 10 pM of Y-27632 and
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studied their survival on the different coatings. The untreated cells on LN-521 and Y-
27632 treated cells on Matriget showed similar survival rate 24 hours after plating.
Interestingly, even Y-27632 treated human ES cells survived better on LN-521 than
on Matrigel.

[0233] If exogenous DFGF was removed from the O3 medium, the cells still
showed 20 times higher survival on LN-521 than on Matrigel. Moreover, hES cells
survived on LN-521 24 hours after plating, even in a medium lacking all the growth
factors of the TeSR1 formulation (bFGF, LiCl, yaminobutyric acid (GABA), pipecolic
acid and TGFB)™®, suggesting that the survival mechanism is independent of
signaling induced by those factors.

[0234] An assay for inhibition of cell survival using function-blocking antibodies to
potential receptors for LN-521 on the plasma membrane showed that antibodies to
integrins a6, and to a slightly lesser extent to B1, inhibited survival of human ES cells
on LN-521. Function-blocking antibodies to other tested integrin subunits, as well as
to Lutheran receptor and o-dystroglycan, showed very littie if any sffects on human
ES cell survival on LN-521.

[0235] Recently, it has been shown that ROCK inhibitors- and blebbistatin act
through abrogation of actin-myosin contractility, which is mediated by
phosphorylation of the myosin light chain (MLC). To test if LN-521 had similar
activity, levels of phosphorylated MLC were compared between the dissociated cells
on Matrigel, LN-111, LN-511, and LN-521 one and six hours after plating (FIG. 12
and FiG. 13). interestingly, western blot showed that phosphoryiation of MLC was
even higher in the cells on LN-511 and LN-521 than that in the cells on Matrigel and
LN-111. Since actin-myosin rearrangements are essential not only for contractions,
but also for cell motility, we surmised that the cell migration could be caused by
interaction between LN-521 and its integrin receptor o6B1. In vivo imaging of the
cells on Matrigel and LN-521 revealed that the cells migrated much faster on the
latter and survived by aggregation into small fast moving colonies. Migration of hES
cells on the four coatings was also compared between the fifth and seventh hours
after plating when the cells were still attached in all cases (FIG. 14). Motility of the
hES cells on LN-521 was higher than that of the cells on other coatings and
correlated with the ability to survive on them. Treatment with function blocking
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antibody to integrin P1 significantly reduced motility (FIG. 15) and adhesion (data not
shown) of the cells on LN-521.

[0236] An extensive body of data has shown that activation of the MEK1/Erk or
PI3-kinase/Akt pathways by integrins can block anoikis. The effects of LY 294002
and PD 98059, specific inhibitors of Akt and MEK1, respectively, were examined to
explore the potential role of these pathways in hES cell survival on LN-521. Blockade
of Akt activation by LY 204002 was found to facilitate detachment and hES cell
death, with no cells surviving 24 hours after plating on LN-521 (FIG. 16). In contrast,
treatment with PD 98059 did not affect the survival that severely. hES cells treated
with another PI3K/Akt specific inhibitor, Wortmannin, also failed to survive 24 hours
after plating on LN-521, confirming that activation of PI3K/Akt was necessary for the
cell survival on LN-521.

[0237] Since bFGF is known to be a potent activator of the MEK1/Erk pathway,
the influence of which cannot be fully inhibited by PD 98058, we performed the same
experiment in O3 medium without exogenous bFGF with the same result (FIG. 17).
The efficacy of LY 294002 and PD 98059 treatment was confirmed by western blot
analysis of the treated and control cells collected one hour after plating on LN-521
(FIG. 18 and FIG. 19).

[0238] Western blot analysis of exiracts of cells growing on Matrigel and LN-521
with antibodies to phospho-Akt showed that the PI3K/Akt pathway was active in both
cases (data not shown). To determine the levels of Akt activation in the cells on
different coating, ELISA was performed on cell lysates collected one hour after
plating on Matrigel, LN-111, LN-511 and LN-521 when the celis still did not have
direct contacts with each other (FIG. 20 and FIG. 21). The level of Aki2
phosphorylation in the cells on different coatings correlated with survivability on
them.

[0238] It has been demonstrated that a6 and B1 integrins are the most abundantly
expressed integrin isoforms in human ES cells among alpha and beta subunits
respectively. Integrin o631 shows a broad spectrum of specificity towards different
laminins, but the binding affinity for LN-521 or LN-511 is higher than that for LN-111.
Recently, it has been established that B2 laminins have higher affinity for integrins
than the B1 laminins. Therefore, having the highest affinity for the integrin, LN-521
can provide the best anchorage for migration and can convey the highest dose of
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signal via o6B! integrin resulting in the best survivability of dissociated pluripotent
hES cells, although e.g. LN-511 also can do it at a lesser extent.

[0240] The results of this work may facilitate culturing and expansion of
pluripotent human stem cells in general, and even make automated expansion of
such cells possible including cell aimed for clinical applications. The survival of
dissociated hES cells on LN-521 appears to be dependent on migration and the cells
can therefore not survive after plating at ultralow densities. The new hES cell culture
method described here utilizes only a naturally occurring LN-521 adhesion protein
that does not damage the cytoskeleton as ROCK inhibitor or blebbistatin treatment
do. Thus, LN-521 most probably favors survival of the cells only with the correct
integrin profile on the cell surface. The present results also showed that hES cells
plated on LN-521 at relatively low densities of 20,000-30,000 cells per 1 cm? could
survive and muitiply at least as efficiently as in the other hkS culture systems. The
new method closely resembles standard cell culture procedures, e.g. culturing of
fibroblasts, and, therefore, hES cell cultures on LN-521 do not demand specially
trained personnel, which has been a major problem before since culturing of hES
cells has been a technological challenge.

[0241] The widely used TeSR1 formulation for human pluripotent stem cell self-
renewal was initally developed for use with Matrige!l and it contains high doses of
bFGF that mostly targets the MEK1/Erk pathway, which is not widely considered to
have a beneficial effect for pluripotent hES cells. The present results can lead to

ERAa

development of new medium formulations utilizing benefits of LN-521 as coating
material and specifically targeting pathways, which are important for human ES cell
self-renewal.

[0242] In summary, the present work has demonstrated that LN-521, normally
secreted by pluripotent hES, can as a sole coating material support seif-renewal of
human pluripotent stem cells in culfure, similar fo LN-511. Both laminins facilitated
growth of the cells as homogenous monolayers in vitro. However, an important
difference between the two laminins is that hES/hiPS cells could be trypsinized into
single cell suspension, and plated and effectively expanded from single cells on LN-
521, as opposed to manual splitting of cell clusters, as is currently required for
expansion of hES/iPS cells grown on Matrigel or feeder cells. The results of this work
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may facilitate culturing of pluripotent human stem cells and facilitate automated
expansion of such cells.

EXAMPLE 3

[0243] Human embryonic stem cells were cultured upon a laminin-521 substrate
in two different cell culture mediums. The two cell culture mediums differed in the
amount of bFGF, 3.9 ng/mi and 100 ng/ml.

[0244] FIG. 22 shows the growth curve of H38181 hES cells cultured in an O3
medium comprising 3.9 ng/mL of bFGF with a laminin-521 substrate after 5
passages (40 days) in solid black. The O3 medium was a variant of the
commercially available chemically defined mTeSR1 medium with bovine serum
albumin as the only animal derived component. The growth curve of HS181 hES
cells cultured in an O3 medium comprising 100 ng/mL of bFGF with a laminin-521
substrate is shown in dashes. The cells were dissociated into single cell suspension
for passaging. As seen here, the growth curve for the lower amount of bFGF was as
good as or better than the higher amount of bFGF.

{0245] FIG. 23 shows the relative amount of mRNA transcripts for pluripotency
markers Oct4 and Nanog after 5 passages (40 days) for both media, which was
obtained using real-time quantitative reverse transcription polymerase chain reaction
(RT-PCR) analysis. Again, similar amounts were obtained in both cell culture
mediums, indicating that the stem cells in the lower amount of bFGF maintained
pluripotency. Thus, a lower amount of bFGF can be used and still obtain good

results, particularly in combination with the laminin-521 substrate.

EXAMPLE 4
[0246] In Examples 1 and 2, the dissociated stem cells survived mostly through
active motility on LN-521 and association into small effectively growing and migrating
monolayer islands. The cells plated at very low, cloning densities died through
anoikis, a specialized from of programmed cell death. Normally, integrin-related
signaling from extracellular matrix molecules, e.g. laminins, and cadherin-related
cell-cell signaling, can prevent anoikis. The most abundant cadherin isoform on the
human ES cell surface is epithelial-cadherin (E-Cadherin). The experiments in
Examples 3 were performed fo find out if a combination of LN-521 and E-Cadherin
could protect human ES cells from anoikis and allow clonal survival of the cells.
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[0247] hES cells were plated in mTeSR1 medium on different coatings at a
density of 250 cells per cm? and monitored after 5 days in culture using an alkaline
phosphatase staining kit. Neither laminin-521 nor E-Cadherin alone permitted
efficient clonal survival of individualized hES cells.
[0248] Next, combinations of laminin-521 and E-Cadherin were tested to
determine whether the combinations could sustain clonal survival of the cells. Fixed
amounts of laminin-521 were used for the cell culture dish coating in combination
with titrated E-Cadherin. Clonal survival of cells was achieved at different ratios of
E-Cadherin to laminin-521 including from about 1:10 w/w to about 1:5 w/w.
[0249] Additional tests were performed to test the effects of various modifications
to the mTeSR1 medium. A mixture of E-Cadherin to laminin-521 in a ratio of about
1:10 w/w was used fo coat the plates. Unexpectedly, it was discovered that a 2x
increase in albumin concentration significantly improved clonal survival of hES cells
on the laminin-521/E-Cadherin matrix. The rate of individualized hES cell survival
under these conditions was from 10 to 15% and was at least one order of magnitude
higher than that of the cells on Matrigel, laminin-521, or E-Cadherin alone in both
mTeSR1T medium and mTeSR1 medium with additional albumin. Time-lapse
photography of the cells confirmed that laminin-521/E-Cadherin coatings facilitated
cell survival through proliferation of the single cells, not through the aggregation of
different cells. Laminin-521/E-Cadherin similarly sustained clonal survival of cells in
completely chemically defined and xeno-free TeSR2 medium with the addition of
recombinant human serum albumin (rHSA).
[0250] In additional testing, hES cell lines were derived. Twenty-four well tissue
cell culture dish plates were washed twice with Dulbecco’s Phosphate Buffered
Saline. Next, the dish plates were coated for 2 hours at 37°C with sterile solution
containing: 48 ul- of 100 pg/mL laminin-521 (BioLamina AB, Stockholm); 6 ul of 82
pg/mL  E-Cadherin (R@DSystems); and 300 pL of DPBS with calcium and
magnesium (GIBCO) to produce a laminin-521/E-Cadherin matrix.
[0251] The donated embryos used to derive the hES cell lines were obtained from
an accredited in vitro fertilization clinic after the consent of both partners and ethics
approval were obtained. Only fresh or frozen embryos, which could not be used for
infertility treatment, were used in the derivation procedures. One or two cells were
isolated from an 8-cell stage embryo using a micropipette after making a small
opening to the zona peilucida with a laser apparatus designed for this purpose. This
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procedure has been accredited for clinical use in pre-implantation genetic
diagnostics (PGD). The cells were placed on the laminin-521/E-Cadherin matrix in
TeSR2 medium with additional rHSA. The cells successfully attached and started fo
proliferate. The parental embryos were allowed to grow to a blastocyst stage and
frozen. The embryo culture was carried out using xeno-free standardized in vitro
fertilization culture media in drops under oil at 37°C and 5% O./10% CO,. After
removal of the zona pellucida, the inner cell masses of five human blastocysts were
mechanically isolated and plated in 4-well culture plates (Nunc) onto the laminin-
521/E-Cadherin matrix. Following an initial 48 hours of culture, the culture medium
was replaced on a daily basis. After 10 to 14 days, the outgrowths were
mechanically isolated and replated onto laminin-521/E-Cadherin matrix. Mechanical
passaging was used for the subsequent 2 to 3 passages after which colonies were
passaged using TrypLE Select (GIBCO).

[06252] Using the laminin-521/E-Cadherin matrix described above with the
mTeSR1 medium including additional bovine albumin, three new hES cell lines were
derived from six cultured blastocysts. Four days after plating, the inner cell masses
gave stem cell-like outgrowths. FiG. 24 shows an early stage derivation of a new
human embryonic stem HS841 cell line on laminin-521/E-Cadherin  matrix.
Morphologically typical human embryonic stem cells growing out from the inner cell
mass of a day six blastocyst four days after mechanical isolation of the inner cell
mass and plating on laminin-521/E-Cadherin matrix are shown.

[0253] Unexpectedly, the cell culture system and method gave stable, hES cell
lines in 3 out of 6 embryos (50%), a derivation rate higher than that of standard
methods.

[0254] The use of a laminin-521/E-Cadherin matrix and TeSR2 medium with
additional rHSA, a completely chemically defined and xeno-free environment, yielded
similar results in the derivation of new hES cell lines.

[0255] Table 5 below provides the formulation for the mTeSR1 medium used in
this Example. The amounts of each ingredient can vary by up to 20%.

[0256] In particular embodiments, the amount of human serum albumin (HSA)
can be varied from a concentration of 0.195 mM to 1 mM, including from 0.3 mM to 1
mM or from 0.3 mM to about 0.4 mM. The amount of bFGF can aiso be varied from
0 to about 105 ng/mL, or from 0 to 3.9 ng/mL, or from 0.5 ng/mL to 3.5 ng/mL.
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These two variations in the amount of HSA and bFGF may occur independently or

together.

Table 5. mTeSR1 formulation.

molar
mass | Concentration | Concentration
mTeSR1 Ingredient {g/mol) {ng/mL) {(mM)

INORGANIC SALTS
Calcium chloride (Anhydrous) 110.98 9.14E+04 8.24E-01
HEPES 238.3 2.81E+06 1.18E+01
Lithium Chloride (LICI) 42.39 4.15E+04 9.80E-01
Magnesium chloride (Anhydrous) 95.21 2.26E+04 2.37E-01
Magnesium Sulfate (MgSQy) 120.37 3.84E+04 3.19E-01
Potassium chloride (KChH 74.55 2.43E+05 3.26E+00
Sodium bicarbonate (NaHCO3) 84.01 1.51E+06 1.80E+01
Sodium chloride (NaCl) 58.44 5.53E+06 9.46E+01
Sodium phosphate, dibasic (Anhydrous) 141.96 5.56E+04 3.92E-01
Sodium phosphate, monobasic
monohydrate (NaHPO,;-H,0) 137.99 4.90E+04 3.55E-01
TRACE MINERALS
Ferric Nitrate (Fe(NQO3)3-8H,0) 404 3.92E+01 9.71E-05
Ferrous sulfate heptahydrate (FeSOy-
7H,0) 278.01 3.28E+02 1.18E-03
Copper(ll) sulfate pentahydrate (CuSO;-
5H,0) 249.69 1.02E+00 4.08E-06
Zing sulfate heptahydrate (ZnSQO4-7H0) 287.56 3.39E+02 1.18E-03
Ammonium Metavanadate NH,VO; 116.98 1.28E+00 1.09E-05
Manganese Sulfate monohydrate (MnSO4-
H,0) 169.02 3.33E-01 1.97E-06
NiSQ4-6H,0 262.85 2.55E-01 9.70E-07
Selenium 78.96 1.40E+01 1.77E-04
Sodium Meta Silicate NaSi0O; 9H,0 284.2 2.75E+02 9.66E-04
SnCly 189.62 2.35E-01 1.24E-06

1235.8
Molybdic Acid, Ammonium salt o] 2.43E+00 1.97E-06
CdCl, 183.32 2.24E+00 1.22E-05
CrCls 158.36 3.14E-01 1.98E-06
AgNOs3 169.87 1.67E-01 9.81E-07
AlCl; 6H,0 241.43 1.18E+00 4.87E-06
Barium Acetate (Ba(CoH30,)0) 255.42 2.50E+00 9.79E-06
CoCl; 6H,0 237.93 2.33E+00 9.81E-06
Ge0, 104.64 5.20E-01 4.97E-06
KBr 119 1.18E-01 9.89E-07
Ki 166 1.66E-01 1.00E-06
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NaF 41.99 4.13E+00 9.83E-05
RbCl 120.92 1.19E+00 9.81E-06
ZrOCl, 8H:0 178.13 1.75E+00 9.80E-08
ENERGY SUBSTRATES
D-Glucose 180.18 2.47E+06 1.37E+01
Sodium Pyruvate 110.04 4.31E+04 3.92E-01
LIPIDS
Linoleic Acid 280.45 5.27E+01 1.88£-04
Lipoic Acid 206.33 8.25E+01 4.00E-04
Arachidonic Acid 304.47 3.93E+00 1.29E-05
Cholesterol 386.85 4.33E+02 1.12E-03
DL-alpha tocopherol-acetate 472.74 1.37E+02 2.90E-04
Linolenic Acid 278.43 1.95E+01 6.99E-05
Myristic Acid 228.37 1.96E+01 8.59E-05
Oleic Acid 282.46 1.96E+01 6.94E-05
Palmitic Acid 256.42 1.96E+01 7.65E-05
254.40
Palmitoleic acid 8 1.96E+01 7.71E-05
Stearic Acid 284.48 1.96E+01 8.89E-05
AMINO ACIDS
L-Alanine 89.09 1.22E+04 1.37E-01
L-Arginine hydrochloride 147.2 8.07E+04 5.48E-01
L-Asparagine-H,0 150.13 2.06E+04 1.37E-01
L-Aspartic acid 133.1 1.82E+04 1.37E-01
L-Cysteine-HCI-H,O 175.63 1.38E+04 7.83E-02
L-Cystine dihydrochloride 313.22 2.45E+04 7.83E-02
L-Glutamic acid 147.13 2.02E+04 1.37E-01
L-Glutamine 146.15 4.30E+05 2.94E+00
Glycine 75.07 2.21E+04 2.94E-01
L-Histidine monohydrochloride
monohydrate 209.63 2.47E+04 1.18E-01
L-Isoleucine 131147 4.28E+04 3.26E-01
L-Leucine 131.17 4.64E+04 3.54E-01
L-Lysine hydrochloride 182.65 7.14E+04 3.91E-01
L-Methionine 149.21 1.35E+04 9.06E-02
L-Phenylalanine 165.19 2.79E+04 1.69E-01
|.-Proline 115.13 2.49E+04 2.16E-01
L-Serine 105.09 3.09E+04 2.94E-01
L-Threonine 119.12 4.19E+04 3.52E-01
L-Tryptophan 204.23 7.07E+03 3.46E-02
L.-Tyrosine disodium salt hydrate 225.15 3.78E+04 1.68E-01
L-Valine 117.15 4.16E+04 3.55E-01
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VITAMINS

Ascorbic acid 176.12 4.46E+04 2.53E-01
Biotin 244.31 2.74E+00 1.12E-05
1355.3

B12 7 5.34E+02 3.94E-04
Choline chloride 139.62 7.02E+03 5.03E-02
D-Caicium pantothenate 238.27 8.79E+02 3.69E-03
Folic acid 441.4 2.08E+03 4.71E-03
i-Inositol 180.16 9.89E+03 5.49E-02
Niacinamide 122.12 1.58E+03 1.30E-02
Pyridoxine hydrochloride 205.64 1.57E+03 7.62E-03
Riboflavin 376.36 1.72E+02 4.56E-04
Thiamine hydrochloride 337.27 8.16E+03 2.42E-02
GROWTH FACTORS/PROTEINS

GABA 103.12 1.01E+05 9.79E-01
Pipecolic Acid 129 1.27E+02 9.84E-04
bFGF 18000 1.04E+02 5.77E-06
TGF beta 1 25000 5.88E-01 2.35E-08
Human Insulin 5808 2.28E+04 3.92E-03
Human Holo-Transferrin 78500 1.08E+04 1.37E-04
Human Serum Albumin 87000 1.31E+07 1.95E-01
Glutathione (reduced) 307.32 1.96E+03 6.38E-03
QOTHER COMPONENTS

Hypoxanthine Na 136.11 1.61E+03 1.18E-02
Phenol red 354.38 5.99E+03 1.69E-02
Putrescine-2HCI 161.07 6.36E+01 3.95E-04

242.22

Thymidine 9 2.86E+02 1.18E-03
2-mercaptoethanol 78.13 7.66E+03 9.80E-02
Pluronic F-68 8400 1.96E+05 2.33E-02
Tween 80 1310 4.31E+02 3.29E-04

[0257] The systems containing a LN-521/e-cadherin substrate and mTeSR1
medium with additional albumin work exiremely well for maintaining and proliferating

undifferentiated stem cells (e.g. embryonic and induced pluripotent stem cells) in a

completely chemically defined environment and xeno-free conditions without feeders

or any inihibitors of apoptosis.

[0258] In this context, LN-521 and LN-511 can be used in a substrate combined
with e-cadherin. The LN-521/LN-511 may be present as an intact protein or as a

protein fragment. Again, a “fragment” contains one, two, or three functional domains




that possesses binding activity to another molecule or receptor. Generally, any
effective laminin may be used, wherein the effectiveness is determined by whether
stem cells can proliferate upon the substrate. The laminins are usually recombinant
as well.

[02591 It will be appreciated that variants of the above-disclosed and other
features and functions, or alternatives thereof, may be combined into many other
different systems or applications. Various presently unforeseen or unanticipated
alternatives, modifications, variations or improvements therein may be subsequently
made by those skilled in the art which are also intended to be encompassed by the

following claims.
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CLAIMS:
1. A cell culture substrate comprising a laminin and a cadherin, wherein
the laminin is an intact protein or a protein fragment.

2. The substrate of claim 1, wherein the laminin is laminin-521 or laminin-
511. '

3. The substrate of claim 1, wherein the laminin is an effective
recombinant laminin.

4., The substrate of claim 1, wherein the cadherin is e-cadherin.

5. The substrate of claim 1, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 15:1.

6. The substrate of claim 1, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 10:1.

7. The substrate of claim 1, wherein the laminin is laminin-521 and the
cadherin is e-cadherin.

8. The substrate of claim 7, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 15:1.

9. The substrate of claim 7, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 10:1.

10. A cell culture system, comprising:
a celi culture medium comprising at least 0.3 mM of albumin; and
a substrate comprising a laminin and a cadherin, wherein the laminin is
an intact protein or a protein fragment.
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11.  The system of claim 10, wherein the cell culture medium is mTeSR1
medium with additional. atbumin added to arrive at an albumin concentration of at
least 0.3 mM,

12.  The system of claim 10, wherein the cell culture medium is mTeSR1
medium with about 0.39 mM albumin.

13.  The system of claim 10, wherein the albumin is human serum albumin.

14, The system of claim 13, wherein the human serum albumin is
recombinant human serum albumin.

15. The system of claim 10, wherein the laminin is laminin-521 or laminin-
511.

16. The system of claim 10, wherein the laminin is an effective
recombinant laminin.

17.  The system of claim 10, wherein the cadherin is e-cadherin.

18.  The system of claim 10, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 15:1.

19.  The system of claim 10, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 10:1.

20. The system of claim 10, wherein the laminin is laminin-521 and the
cadherin is e-cadherin.

21.  The system of claim 20, wherein the weight ratio of faminin-521 to e-
cadherin is from about 5:1 to about 15:1.

22.  The system of claim 20, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 10:1.
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23.  The system of claim 10, wherein the substrate and the medium do not
contain any differentiation inhibitors, feeder cells, differentiation inductors, or
apoptosis inhibitors,

24.  The system of claim 10, wherein the laminin is laminin-521 and the
cadherin is e-cadherin, the weight ratio of laminin-521 to e-cadherin is from about 5:1
to about 15:1, and the cell culture medium is mTeSR1 medium with about 0.39 mM
albumin.

25.  Acell culture system, comprising:
mTeSR1 cell culture medium; and
a substrate comprising a taminin and a cadherin, wherein the laminin is
an intact protein or a protein fragment.

26. The system of claim 25, wherein additional albumin is added to arrive
at a final albumin concentration of at least 0.3 mM.

27. The system of claim 25, wherein additional albumin is added to arrive
at a final albumin concentration of about 0.39 mM.

28. The system of claim 25, wherein the laminin is laminin-521 or laminin-
511.

29, The system of claim 25, wherein the laminin is an effective
recombinant laminin.

30. The system of claim 25, wherein the cadherin is e-cadherin.

31.  The system of claim 25, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 15:1.

32.  The system of claim 25, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 10:1.
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33. The system of claim 25, wherein the laminin is laminin-521 and the
cadherin is e~cadherin.

34. The system of claim 33, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 15:1.

35. The system of claim 33, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 10:1.

36.  The system of claim 25, wherein the substrate and the medium do not
contain any differentiation inhibitors, feeder cells, differentiation inductors, or
apoptosis inhibitors.

37. The system of claim 25, wherein the laminin is laminin-521 and the
cadherin is e-cadherin, the weight ratio of laminin-521 to e-cadherin is from about 5:1
to about 15:1, and the mTeSR1 medium contains about 0.39 mM albumin.

38. A method for maintaining stem cells, comprising:
plating the stem cells on a substrate comprising a laminin and a
cadherin, wherein the laminin is an intact protein or a protein fragment; and
exposing the stem cells to a cell culture medium comprising at least 0.3
mM of albumin.

39. The method of claim 38, wherein the cell culture medium is mTeSR1
medium with additional albumin added to arrive at an albumin concentration of at

least 0.3 mM.

40. The method of claim 38, wherein the cell culture medium is mTeSR1
medium with about 0.39 mM albumin.

41.  The method of claim 38, wherein the albumin is human serum albumin.
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42.  The method of claim 38, wherein the human serum albumin is
recombinant human serum albumin.

43.  The method of claim 38, wherein the laminin is laminin-521 or laminin-
511.

44. The method of claim 38, wherein the laminin is an effective
recombinant laminin. "

45,  The method of claim 38, wherein the cadherin is e-cadherin.

46. The method of claim 38, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 15:1.

47.  The method of claim 38, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 10:1.

48. The method of claim 38, wherein the laminin is laminin-521 and the
cadherin is e-cadherin.

49.  The method of claim 48, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 15:1.

50. The method of claim 48, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 10:1.

51.  The method of claim 38, wherein the substrate and the medium do not
contain any differentiation inhibitors, feeder cells, differentiation inductors, or
apoptosis inhibitors.

52.  The method of claim 38, wherein the laminin is laminin-521 and the
cadherin is e-cadherin, the weight ratio of laminin-521 to e-cadherin is from about 5:1
to about 15:1, and the cell culture medium is mTeSR1 medium with about 0.39 mM
albumin.
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53.  The method of cEairﬁ 38, wherein the stem cells are plated at a density
of 200 cells / mm? or less.

54.  The method of claim 38, wherein the stem cells are plated at a density
of 200 cells / mm? or more.

55.  The method of claim 38, wherein the stem cells are plated such that no
two stem cells contact each other.

56. A method for maintaining stem cells, comprising:
plating the stem cells on a substrate comprising a laminin and a
cadherin, wherein the laminin is an intact protein or a protein fragment; and
exposing the stem cells to a mTeSR1 cell culture medium.

57. The method of claim 56, wherein additional albumin is added to arrive
at a final albumin concentration of at least 0.3 mM.

58. The method of claim 56, wherein additional albumin is added to arrive
at a final albumin concentration of about 0.39 mM.

59. The method of claim 56, wherein the laminin is laminin-521 or laminin-
511.

60. The method of claim 56, wherein the laminin is an effective
recombinant laminin.

61. The method of claim 56, wherein the cadherin is e-cadherin.

62. The method of claim 56, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 15:1.

63.  The method of claim 56, wherein the weight ratio of the laminin to the
cadherin is from about 5:1 to about 10:1. '
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64. The method of claim 58, wherein the laminin is laminin-521 and the
cadherin is e-cadherin.

65. The method of claim 64, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 15:1.

66. The method of claim 64, wherein the weight ratio of laminin-521 to e-
cadherin is from about 5:1 to about 10:1.

67. The method of claim 56, wherein the substrate and the medium do not
contain any differentiation inhibitors, feeder cells, differentiation inductors, or
apoptosis inhibitors.

68. The method of claim 56, wherein the laminin is laminin-521 and the
cadherin is e-cadherin, the weight ratio of laminin-521 to e-cadherin is from about 5:1

to about 15:1, and the mTeSR1 medium contains about 0.39 mM albumin.

69. The method of claim 56, wherein the stem cells are plated at a density
of 200 cells / mm? or less.

70.  The method of claim 56, wherein the stem cells are plated at a density
of 200 cells / mm? or more.

71.  The method of claim 56, wherein the stem cells are plated such that no
two stem cells contact each other.
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agactgactg cctcatccac

cacctgcagg acgaaaagaa
gacaacccac acagccatcg
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ttgtggectyg
gtgcttcctt
catccagaat
gaatggtatc
cctcattaty
ctttggeege
aggagtccca
agagattgag
tatcccagac
gaacctgact
agagaagtac
acacgectca
cggagettge
ctatcgtgac

tgagtgecat

Gly Thr Leu Asn Lys

Asp Arg Lys val Ser

Ala Ala Ile Met Asp

Asp TIle Arg Asn Leu

Phe Asn Thr Pro

ggacagcctc
ctggcacagg
acgggcgacc
aatggccecc
tgtgactccc
gtagtcacca
cctgeggtca
accttcaaga
acctggcatg
ctagcacccec
ccatccactg
ccctacaget
cgtctacaca
tactatgeee
gagtgtgcac
atctgcaaac
ctgecctgge
gggcacaccc
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1530

Ala Lys
1545

Asp
1560

Leu

Tyr
1575

Asn

Glu
1590

ASp

ser Ile

1605

tgcectggga
ccectgeccec
tgctggrggg
agcectactyg
ggcgeecctt
gctttgeace
ccatccaget
catttecgcecec
tgtaccgata
cacggcactg
aaggcgaggt
cacggattca
cgttgggaga
tctatgaget

cgeeceagy
acaacacacg
gtccggetga

acagctgeca

Asp Glu

Glu Asn

Arg Asp

Ite Arg

Glu Lys

acttcgactyg
ggatgtgcct
ccgagcetgac
catcgtcagt
ctctgctaga
acagcggegg
ggacctggag
tgctgecatg
tttctcctat
ggatgatgta
catctatcgt
gaacctgttg
caacctactc

ggttgtacgt

ggacggceat

cttcgacatg



gcecgtatacc
acagctgggc
ctgcgggatc
ggtcgetgty
aaagaacatg
atcagtgacc
agcactcctt
ggatgtgacc
ccctgtgact
tgccactgec
cggeecttcee
gtggtggagc
cggctacagg
tatgacctgce
attgtgcagc
gatgatcgca
gtctgcettg
agtgcccagce
ctgeeeegty
caggccacct
ccctetgagg
ctgccatgtce
cagtgcctgt
tatggctttg
agtctctgty
tgtgaccgcet
gggcatgcag
gggggtgagc
gggggccagt

cactgcaagc

aacctgcetgg

tggcatctgg
gccactgtga
cggctgtgty
attcccatga
tggtgggcac
gtctgggctg

gtgaccccaa
gctgectgec
gcgacgtggg
gccagcacat
tggaccacct
gcctggtgac
aaggtcagac
tgcrgegett
gtccagggcc
tccaagggac
agcctggtat
ctgagactcc
tcctggtget
ttgaacgcta
cctgegeace
agtgcaaccc
gcaagcctgg
gceecacagg
aaaagaccag
gccagegtgg
atgagtgcaa
actgtgaaag

gccggeectyg

aactgtgtga
cggggcaaty
ctggctteca

gcacaaatcc

caatgtgagt
gctctgtegg
ccgetectgt
tgaccctgea
tcgetgecag
ccggegatgt
cagtggatcc
tggccactgy
tggtgcttty
ggttgggcga
aatttgggag
cccecggggaa
cctggagttc
agagccccag
tgtgectgec
tctgcaacca
ctcctacaag
ctactctgga
agagatgttt
ccaatgccat
cctecteatce
tcaaggttca
agtggttggg
ctgtcaagcec
tgggcaatgt
ccagtgggga
cacccacacé
gtgcattgcet
teectgtect

atattcccag

gtgcagtggg
cctgegetgt
tgggcaggct
gcagcagtge

ggaggtgtgt
ccecttetrct
gattgtgacc
ctgggactgg
caatgccgtg
caatgtaatg
tgttactgcea
ggcctgagec
gatccccagt
cgctgtgage
gctgaggaca
actccatect
ctggtggect
gtccctgage
cacagcctgt
catgccaggt
ctgcatctga
cctggectge
agtgggggty
gaggagggtc
agcctgteca
ctgagttctg
cgcegetyty
tgccagtgea
ctctgtcgaa
ttccctaget
ggcgettgec
ggtttccacg
gaaggccctyg
cagattgtgt
gggcactttg
aacattgacc
ttacaccaca
gceccgacaga

ccatctecty
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gtgatggatg
accgtgaccc
ccatgggttc
tcteceggeca
atggcttctt
cacggggcac
aacgtctagt
acgacctgcet
gtgatgaggy
aggtgcaacc
cccgagggea
ggactggctc
ctgtgccgaa
aatgggcaga
gtgggcattt
acttgatatt
agctggtacg
tcattgactc
atgctgetge
tggtgcccag
ccctecatcta
agtgcaaccc
acctctgtge
gccacgagygy
ctggtgeett
gccggecatg
tgggctgeceg
gggacccacg

ggagccaacg

2 m e w d ona o e e

caatggatce
cagagggtcc
gctgtcaccg

accagtgcca

tcagcataac
aaccaaggac
tcaagacggt
gtgtcgetge
tgggctcage
agtgectgag
gactggacgt
cggctgeege
cacaggtcaa
tggctacttc
ggtgctcogat
aggcttcgtyg
ggctatggac
gttggaactg
ggtgcccaag

tcctaatect

gacaggggga
gctggtgetg
cctggagegce
caagacttct
caatggtgcc
tcatggtggt
ccetggetac
ggcactcagc
tgggcttcgce
tgtctgcaat
tgatcacaca
gctgecatat

gcactttget

e g i e o ma o

ggcaggctat
aaggocaggt
tgatgeotgt
acactgtgec
ctgcacatgc

ctgtgatcca

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2830

P
w
Y
C

3000
3060
3120
3180



agcagtgggc
cccaacttct
cgggccagag
ggagggcgga
catgcctgtg
cactgcagcet
tcaggaatct
gtgcaggact
acgggtgtge
gtgcagggca
gccacagagg
gcagacctga
gagcgagata
ctcaaacatt
gcagaggcag
tcggcaagty
agcaaacaca
agcctgacag
agcccttgty
agctgcaatg
gcagagctge
cgtcggcagy
tccaggggac
gacttcctca
ctagagctct
gagcgagtcc
cgtegtgeeg
aaacagaagyg
gcccagggtyg
caggtacagg
cggeagttgg
gcetctacag
ctygctacgeg

gcccaaggtg

agtgccceatg
ggaacctcac
gcecceaccty
cttgttctga
attgtgactc
gccgeccagyg
ttcctgectg
tggcageceg
tgggtgectt
tcgtaggtge
agctgeggeg
cagatgtgca
ggcttgcact
Ccaaacttcct
aacgtecgtgce
ctcggcatcyg
tggccaacca
acataaatga
ggggtgcegy
gggcagcegge
agcgggeact
caagcgagge
aggtggaaca
accaggaggg
ccatcccage
ggagcctggce
agcagctact
cagagacagt
ccatccgygg
agaggatggc
atgerctee

cagaagaaac
gtcctctogy
tgctggetge

ccteccccaat
cagtggccat
caacgagttc
gtgccaagag
tcgtggaata
ggtgtctggt
ccatcecetge
tacacagcgc
tgagagcagc
ccgcaacace
tgaaattggg
agatgagaac
taatctcaca
gggtgcctat
caatacctca
gacagaggca
gcgggcactt
gctggtotgt
ctgtcgagat
tacagcagac
ggcagaaggt
acagcagcgg
ggccaaccag
ggctgatcct
ttcagcigag
agatgtggat
gcaggatgca
acaggcagca
ggcagtggcet
aggtgcagag
ggagogctctyg
ggcaggcagt
tgatcagtac

acaggcaagg

gtccagggece
ggttgccage
acagggcagt
ctccactggy
gatacacctc
gtgcgetgtg
catgcatgct
ctagagcagc
ttctggecaca
tcagecgect
gaggccactg
ttcaatgceca
ctgcggcage
gacagcatcc
gcectggeag
ctgatggatg
ggcaagctct
ggggcaccag
gaggatgggc
ctagcactgg
ggtagcatcc
gcccaggceag
gaacttcaag
gatagcattg
cagatccagc
gcgatcctgy
cggcgggcaa
ctggaggagg

gacacacggg

gcccagggte
cagacggtga
gcagaacaac

30

ctagctgtga
cttgtgcctg
gccactgecg
gagaccctgg
agtgtcaccg
accagtgtgce
tcggggattg
gggcgcagga
tgcaggagaa
ccactgcaca
agcacctgac
accatgcact
tcgaccagca
ggcatgccca
tacctagecee
ctcagaagga
ctgcccatac
gggatgcacc
agccgcgetyg
gccgggececg
tcagcagagt
ccctggacaa
aacttatcca
aaatggtggc
acctggeggg
cacgtactgt
ggagctggge
cccageggyc
acacagagca
gctotgeagg
gggcaggaaa
gtgcccagga
aggcoctage

tgcgggatga

ccgetgtgec
ccacccaage
tgcecggettt
gttgcagtge
cttcacaggt
ccgtggetrte
ggaccgagtg
gttgcaacag
gctgggeatt
gcttgtggag
tcagctcgag
aagtggtctyg
tcttgacttg
tagccagtct
tgtgagcaac
ggacttcaac
ccacaccctyg
ctgtgctaca
tgggggcctc
gcacacacag
ggctgagact
ggctaatgct
gagtgtgaag
cacacgggtyg
tgcgattgca
aggagatotg
tgaggatgag
acagggtatt
gaccctgtac
tgaaagggct
tagtctggca
ggctgageag
tgagcgcaag
ggctegggac



ctgttgcaag ccgctcagga caagctgcag cggctacagg aattggaagg cacctatgag 5280

gaaaatgagc gggcactgga gagtaaggca gcccagtigg acgggttgga ggccaggatg 5340
cgcagcgtge ttcaagecat caacttgcag gtgcagatct acaacacctg ccagtgaccc 5400
ctgcccaagg cctaccccag ttcctagcac tgccccacat gcatgtctge ctatgcactyg 5460
aagagctctt ggcccggcag ggeccccaat aaaccagtgt gaacccccaa aaaaaaaa 5518
<210> 5

<211> 11426

<212> DNA

<213> Homo sapiens

<400> 5

agacccgecg ggetceegee gegegegetyg tccectggage tcggggacge ggeccggage 60
cgggaagatg gcgaagcggc tctgcgeggg gagcgcactg tgtgticgeg gococccggyg 120
cceegegeceg ctgetgetgg tcgggetgyge gotgetggge gcggegeggy cgegggagga 180
ggcgggegge ggettcagec tgcacccgec ctacttcaac ctggccgagg gcgeccgeat 240
cgcecgectce gecgacctgeg gagaggagge cccggegege ggetccccge gecccaccga 300
ggacctttac tgcaagctgg tagggggccce cgtggeegge ggcgacccca accagaccat 360
ccggggecag tactgtgaca tctgcacgge tgccaacagc aacaaggcac accccgcgag 420
caatgccatc gatggcacgg agcgctggtg gcagagtcca ccgcetgtcecce geggectgga 480
gtacaacgag gtcaacgtca ccctggacct gggccaggtce ttccacgtgg cctacgtect 540
catcaagttt gccaactcac cccggeegga cctctgggtyg ctggagcggt ccatggactt 600
cggccgcacc taccagcecct ggecagttctt tgcctectce aagagggact gictggagceg 660
gttcgggeca cagacgctygg agegeatcac acgggacgac geggcecatct gcaccaccga 720
gtactcacgc atcgtgccoce tggagaacgg agagatcgtg gtgtccctgg tgaacggacy 780
tccgggegec atgaatttcet cctactcgec getgetacgt gagttcacca aggecaccaa 840
cgtecgectg cgettectge gtaccaacac getgetggge catctcatgg ggaaggeget 900
gcgggaccee acggtcaccc gccggtatta ttacagcatc aaggatatca gcatcggagg 960
ccgctgtgtc tgccacggec acgcggatge ctgcgatgcc aaagacccca cggaccegtt 1020
caggctgcag tgcacctgce agcacaacac €tgcggggge acctgcegace getgetgecc 1080
cggcttcaat cagcagccgt ggaagectge gactgcecaac agtgccaacy agtgccagfc 1140
ctgtaactgc tacggccatg ccaccgactg ttactacgac cctgaggtgg accggegecg 1200
cgcecagecag agectggatg gcacctatca gggtgggggt gtctgtatcg actgecagea 1260
ccacaccacc ggcgtcaact gtgagegotg cctgooogge ttotaccgot cicccaacca 1320
ccctctegac tegocecacg totgoogoog ctgcaactyge gagtocgact tcacggatyg 1380
cacctgegag gacctgacgg grcgatgeta cigecggoece aactictoty gggagcggrg 1440
tgacgtgtglt gCcgaggget tcacgogott cccaageige tacocgacga cotegtocte 1500
caatgacacc agggagcagg tgctgccage cggccagatt gtgaattgtg actgcagege 1560
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ggcagggacc

acccaacttc
ccageectge
ccagtgcagg
ctttcacttc
ctgcgatgag
gtgccgecct
agccctggac
cactgcctge
ctgctctget
ccggeeecgt
ctactgcgaa
tgaggcacag
caaacctggy
cgacctcagg
ctgcaagccc
ggatcaggct
ccagagctgt
ctgcagcgag
ggaggaggct
cgagaacttc
caggctgaac
ggccatgagt
caactgcaca
caccgtgccc
gcgtgtggag
cgaggcggey
gcagtctggce
cgeegggetg
gcagctcage

ggatgeccge
getgotoice
ccaggaccac

acaggcacgc

cagggcaacyg
caaggcaccc
cagtgttcca
tgccgagtgg
cctetetgec
gcecggeeget
ggctaccatg
cagctctgtg
caggaatgca
gaaggctccc
gtgacggggce
gctggetett
gttccctgta
ttctggggac
ggcacactgg
cacgtgtgcg
gactattttg
gaaccgagga
cctgegaggg
gccacacctyg
agctggaggg
ctgacctecc
gtgagcgggce
gcacagagtc
cagaggggct
gccgaagggg
ctecetgeage

gacaactgec
gaggcectgt

ccgtegeace

C. - o g . .
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C899ag9tagy
ctgcaceect
ctggctgtct
ttcttectge

cctgeccggaa
attgtgagct
gcectggagt
gcttcgaggg
agttgtgtgg
gcctatgeca
gtttccccaa
999cgggagy
gccceggett
tgcacgcagce
tgcggtgtga
gccaccctgce
tgtgcegggce
tgagccccag
gtggagttge
gccaggectg
gctgccgeag
cgggcgtctg
accactacct
agggtcacgc
gctacgcgca
ctgacctttt
gggtctctgt
agccegtgge
tcggagagec
tgctcctgga
tgcgggtgac
tcctctacac

gtcgccagga

gcgtggeogt
gcctgracag
tccacctgga

acggggtcac

ggacccaagy
ctgcgegeca
ggccgatgac
ggccacatgt
ctgcageect
gcctgagttt
ctgccaagea
tttgtgecge
tcacggettce
ctgtgacccc
cacatgtgtg
cggtctggec
tcacgtggag
caaccccgag
tgagtgccag
cgegtectge
ctgcegytgt
ccggtgecgc
cccggacctyg
cgtgcgettt
gatggcacct
ctggctcgtc
gcgagaggag
cttceccacce
ctttgtgetg
ctacgtggtt
tgaggcctge
acacctcccc
caacagcctg

FaleTakak afaPal. Woye
CallTglacy

gcacacccca
caccotgige
ctecggaggec

tetggtgece
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gtgggacgct
gggttctacg
cgectgtgacc
gatcgctgtg
gcaggaacct
gctggacctc
tgcacctgceg
tgcegeeccg
ccecagetgty
cggagtgggc
cceggtgecet
ccagtggatc
gggccgaget
ggctgtacce
ccgggeaccg
aaggatggct
gacattggcg
cccaacaccc
caccacctgce
ggcttcaacc
gtccagececa
ttccgatacg
ggcaggtcgg
agcacggage
aaccctggea
ctgctgecta
acataccgtc
ctggatggcet
ceecggeect

ggcagtgatg

Ak lohlsls-Tekul
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cagcgggecc
Cgggycacty
agcgtgaggce
attgaggagt

gtctgtgcaa
gcececgygcty
ctgacacagg
cceceecggeta
tgcccgaggg
attgtgaccg
accctcgggg
gctacacagg
tcecectgeca
agtgcagctg
acaacttccc
ctgeecttec
gtgaccgctg
gctgcagetg
gccagtgett
tctttggact
gtgcactggg
agggecececac
gcctggaget
ccctegagtt
ggatcgtggce
tcaaccgggg
ccacctgegce
ctgccttcat
cctgggeect
gcgcatacta
cctetgecca
tceectegge
gccccacgga
tggacgtcca
acgccaatga

cccageaggg

tcacagccga

tcagcccgga



gtrcgtggag
cgcetgtetg
ggtogatcccg
gtccccaget
cectgetgegt
ctatgccttce
catcaacgcece
cggctgeege
gctcactgtg
ggtccctgag
tgacttcatc
gttctgccga
tggctgecac
ctgccatgcece
ccccaactge
catctgcecyg
ctgccacccc
cacagaccct
gcgecgetgt
ctgtcacgag
taaggagaac
tgctgccaac
gagctcgtcc
tgaccggcag
gcggcacgtyg
ctcctacctg
agagacccag
gggcaaccag
ccgtgggcag
gtcocgegag
cttctcacag
agcaggecag
gggggactca

gggcegatgt

cceegggtea
ccctegeget
ctgcegeecg
ggacccecgac
gagccecagg
ctgctgeacy
ggcegegtgt
accctggtgg
accgtgegtg
aacgtctaca
agccactgeg
aacgctgcetg
gaagtaggtg
catgtcattg
aggcectgtg
ccacgcacca
ctggtcgget
acctgtgaca
gatacctgcet
gcgggcacty
gtgcagggec
cccaaaggtt
tacacccgee
gtggtgccce
cctgaggctg
ggggaccggg
Cggggagatyg
atgagcatca
ctgcagctgg
gagctcatga
atctectogg
ggggccctgg
tgccaggaat

gtcccttgtc

gctgcatcag
tcccaaagec
gcctecceget
ctecggeececc
ccaccgtggt
gctaccagec
ggcagggcca
tgtgtgaggg
tgcccaaggy
gctttggcta
cagcccaggg
cttccctctce
ctacaggcecc
gcegtgactg
actgcggtgce
tceecgeccga
gtgaggagtg
cagacagcgg
ctcecgggett
cgectggegt
ccaaatgtga
gcacccgetg
aggagttcgt
acgagcggca
tgceccgagge
tgtcatccta
tctttgtece
cattcctgga
tggaggggaa
tggtgctgge
crgtortect
ccagcaatgt
gtgcoeeegy

agtgccatgg

cagccacggce
gcecccagecec
gacccacgey
caccgctgtyg
cttecaccace
agcccacccce
cgccaacgec
ccaggeectyg
ccggtggetce
ccteecgggag
ctaccacatc
cctcttctat
cacgtgtgag
ctcecegetgt
ccgectetgt
ctgcctgetg
taactgctca
ccagtgcaag
ccatggctac
gtgtgacccce
ccagtgcagce
cttctgettt
ggatatggag
gccagggacyg
tttcecccgag
cggtgggacc
catggagagc
gccggeatac
cttcecggceat
cagectggag
gcgceagagry
ggagctgtge
cttctatcgg
acactcagac
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gcectttggee
atcatcctca
caggatctca
gaccctgatg
catgtgccca
accttccecyg
agcttctgte
ctggacgtga
tggctggatt
gagcccectagg
agccccagea
aacaacggag
ccectteggyg
gccaccggat
gacgagctca
tgccagececc
gggcccggea
tgcagaccca
ccecegetgece
ctcacagggce
cttgggacct
ggggccacgg
ggatgggtgc
gagatgctcc
ctgtactggce
ctcegttatg
aggceggatyg
cccacgectyg
acggagacgc
cagctgcaga
gcactggagy
ctgtgccecy
gacgtcaaag

cgctgectcec

ccaacagtgc
gggactgcca
ctccagccat
cagagcccac
cgctgggecy
tggaagtcct
cacatggcta
cccacagega
atgtactcgt
ataaatccta
gcreateect
ccegteceatg
gccagtgtcc
actggggcett
cgggccagtyg
agacctttgg
tccaggagcet
acgtgactgg
gcecectgtga
agtgctactg
tctecactgga
agcgctgecg
tgctgageac
gtgcagacct
aggccccacc
aactgcactc
tggtgetgea
gccacgttca
gcaacactgt
Teegtgeoct
tggecagecc
ccagetaccg
gictcticet

ctggctctgg

3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700



cgtectgtgtg
cttegtgage
agtgccttcc
ctgcaaacct
cccactggty
cttgctcttce
cactgggccc
caactgcacc
gcactgecty
ttttggtttc
ctcecgagtgce
gtgccgcgag
gtgcectggg
cggggagcgc
gggccacage
ggaacgggcc
ctccatggcec
gctccggage
gcagagcaca
agaccaggeg
gttggcggcece
cctygggetyg
ggtggagcgg
tgaggctgag
cctetgggag
ggcecggectc
ccaggagete
gctgtcccgg

cagcegtctec
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ggcactcaat
catcgaggec
tgctggecag
ggtggaccga

gactgccagce
agcagggacg
aacaacttcy
ggtratgcag
ctgggcagct
agcgactgcg
cgctgegaga
cggtgcgact
tgcaaggcgg
gatggctgcg
cacccccaga
tgtgceecty
ggccgetgtg
tgcgacacct
atccactgty
ggcgeectcce
tgggcceegtce
cceetggycec
agcctcgggc
agccaattgc
atccgggety
gccaatgect
ctgctctggy
ttggctgcag
gagaaccagg
atggacctgc
aacagccgcea
gacaatgcca
agattgctgc

gatggggCic

3]

tgogr

tccaacgeet
gcectgeage

gcccageage

acaacaccga
accccagege
ccgagggcety
gtgcctectg
cctgecagec
accccctgac
tctgtgeecce
gtaccccatg
gcgtgactgg
ggggctgecg
gcggacagtg
gctactgggy
accctcacac
gcagccagea
aagtgtgtga
tccececgecat
tgcacaggcet
cccgecatga
aggacgcacg
tggccggeac
tggaccgeac
cggctecatc
agatgeggge
cacagagatt
cactggccac
gagaggcttt
accaggagceg
ccctgeagge

acagcctgga

e N

tcatcctgga ©

acagcegeat
aggcggacca

tcctggecaa

aggggcecac
ccectgtgtce
tgtcctgega
cgagcggtgt
atgcgactgc
gggcgectgce
cggcttctac
tgggacagag
gcggegetgt
cccgtgtgcet
ccactgecga
gcteecctgag
gggcecgetge
gcatcaggtg
ccactgtgtg
tcacgagcaa
gaacgcctcc
gacggcacag
gcggctagge
cgaggcecaca
cctgagcegag
aggtgagcag
ccgggacctg
gctggeecgg
acaaacccge
gaaccgggca
cctggaggaa
cactctgeat

ccaggctaag

cctgeaggec

cacgtgggeg

cagcactgcea
34

tgtgagcget
agctgeeect
ggcggecgea
gcgceecggat
agcggcaacg
cgtggctgce
ggcaacgccce
gcetgegacce
gaccgctgece
tgtggaccgg
ccagggacca
cagggctgea
aactgccccc
cctgttccag
gtcctgetec
ctgcgtggea
atcgctgacce
cagctggagyg
ggccaggeeyg
ctgggccatg
ctcatgtecc
ctgctccgga
ggggccccge
gtgcaggagc
gaccggctgg
gtggacgcca
gcectgcaaa
gcggcetaggg
gaggagctgg
atgcagacct
gaccgoetca
gtgcaggltg
acggtggtgce
ctagaagagg

3 s lnd
% ALY LS

gccaggetgg
geeeectete

cccagtgect
tctttgggaa
gtgaccccaa
tgcgecacac
tgctgeecgg
cccacagegy
aggagggaca
ccgccgaggg
tgggacccca
ggcgcetgeca
cggggctcag
gcgggectgt
tggatgacct
tcaatgccag
tgcagagcca
tgctggagca
tggggacccg
cgaagacgct
agacgggcca
cactggcega
aggcagcage
agctgageag
cccageacga
cacgggaggc
ggaagcagga
acaccctggc

agcgectcge

P R PR

CCgaggatge
ggcagggect

ccatgctcca

5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500

&

7620
7680
7740
7800



ggaacagcag
agatgtccgg
tgccatggac
agcccaggac
gcggtggcag
cgcaggccac
catcctggag
cgtycgagag
gttcaacggg
ctacactgcec
ggatcgcttt
tctgegtgac
aagcatcgat
gtttggecac
ggtggcecect
cggggggrac
ctgcatcgag
cttccagetg
gtggctcacy
tcagatcagce
gctettettc
cgtgctgttg
gccectgace
tgtgctggty
gctggecgac
acggctette
caagtatgtg
cctgctggty
gaacgtggca
cagtgeectyg
gggeegtgty
tggtgeccce
tgaccagetc

tgaggggccc

aggctgggec
gccaagaagg
acagacgaga
accgecacce
ggccagtacg
tcagtgtcca

aaccgtyggygg

ctcattgcecec
cgctcagggg
ctcaagttct
gtgatgtaca
aagaaggtgce
gaggacattg
atgtccgtca
ggggcagagg
cccagtacct
atggacacgc
gacacggctyg
gacggctcct
accaccaagce
ctgaagcagce
tatgactttg
tcggecagea
cgtgtggagc
gcctactacc
ceecaccggay
gacctcaagc
gggcgegeca
ccgectcactg
ctctactacc
agcctacage
cattacgtcyg
cagcagatga

ccgaggcetece

ttgtgtgggce
accagctgga
caagcaagaa
gtgtgcagtc
agggcecetgeg
ccctggagaa
tgcacaacgc
aggcccgggy
tgcagetgeg
acctgcaggg
tgggcagecy
actgggtgta
gggagcagtt
cagtggagag
ggctgctcaa
tcacgeeecc
tgaatgagga
tggacaggcc
acctggacgg
gcttcgagea
agagccagtt
gggctggect
aggcgatcca
gggccacggt
tggggggegt
gctcagtecg
ggctgaacac
tgactttcca
gcaacgtcta
gggegtoccec
tectgaggac
ccrtctacag
agcoccaccy

tcctgggagg

tgcectecag
ggcgcacatc
gatcgcacat
ccagctgeag
gggccaggac
gacgctgecc
cagcctggece
ggctgcecagt
caccccacgyg
cccagagect
ccaggecact
tcagctgggt
cgcagctgtce
acagatgatc
cctgcggeca
tcecectgett
ggtggtcagce
ttgtgeeccge
caccggctte
ggagctgegg
cctgtgetty
gaaaaaggcc
ggtgttcctyg
gtacagcgtg
gcegeecgac
tggctgegtc
gacaggcgty
tggccacgge
ctcecggettc
ggatgggeta
tgaagtgaaa
caatgccacyg
gggaccaccc
cctgectgag
35

ggtgccagga
caggcggege
gccaaggctg
gccatgcagyg
ctgggccagy
cagctgctgg
ctgtccgeca
aaggtcaagg
gatcttgccg
gagcctgggce
ggggactaca
gaggcgggec
agcctggaca
caggaaacca
gacgacttcg
cgcttcececy
ctctacaact
tccaagtcga
gccegeatca
ctcgtgtect
gcecgtgeaag
gtcccactgce
ctggggggea
gagcaggaca
cagctgeccc
aaaggcatca
agcgeegget
ttccttegec
ggcttrccaca
tgccaggtyt
actcaagegg
ggagtctgge
cccgagotce

tctggcacca

cccagetecy
aggccatgcet
tggctgcetga
agaatgtgga
cagtgcttga
ccaagctgag
gcattggecg
tgcccatgaa
accttgctgce
agggtaccga
tgggtgtgtc
ctgcagtcct
ggactctcca
agggtgacac
tcttctacgt
gctaccgggg
tcgagaggac
ccggggaccce
gcttecgacag
acagcggggtr
aaggcagect
agcceecacce
gcecgeaagey
atgatctgga
cgagecctyceg
aggccctggg
gcaccgeega
tggcgetctc
gcgeccagga
gcitcgeoga
tgtatgrcga
agccgeagec

tttacaactt

7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
966¢
9720
$780
9840



cagtggctgc
tctgcagcag
ccagaccecg
cagccgtcag
agactcectac
ccgacatagg
cctectettce
tggccacttce
gcgceteecegg
gctggtgacy
ggcagagcac
ctccaaactt
gaggcccectyg
ggaggcgggc
tacactgect
cttccacttg
agtcectygetyg
agtgctgtgt
gctggaggtyg
tgceccagec
ceceegectac
tcgctctgtg
agccaacccc
ctcataggtg
gtttaagtta
ccecttecacc
aaaattaaaa
<210> 6

<211l> 7632

<212> DNA
<213>

<400> &
atgagaggga
ctggeegtgo
acggacgagyg
gtgactgtgg

atcagcaacg
aacctgggca

ggcctgggagc

cccgeeegge
cagtttgggg
aactggccca
actgcecgic
gttgcacaga
cctggecgcet
gacggggccc
ccccageece
ccggtgaccg
ggggcecccca
ctgttcttee
gatgtgggcce
ggccaggecc
cgggcggaty
gatggccagt
gacgcgcaga
cctectgtacc
tgcggetgea
gaggtccacg
ggccectggt
tctatttgga
tagcttctta
catttttaat

agtaacttct

Homo sapiens

gecateggyc
tggcggcggc
gcgggeggee
tggccaccaa

tcttegtgea
gcgtcaatgt
ctagaggact
atcctgecty
gttcectgtce
gtctctccat
tgaggceegg
tggaaggect
ggcacaaggt
gggccetggag
acaccctctt
tcgggttcag
cacggatggc
caggcagcgg
tggaactgga
ggacgcccce
acggagcagg
ggcaccggcet
gcaaccacac
tcgggggect
tgaggaggct
gggcagtggg
caggccectyg
ctctaagcetce
aacgaaagaa
tgtgagagat
gtgtaa

cgegeeggee
caccgogacg
gcagegotgo

cacgtgtggg

gcggctectyg
gagcacgggc
gcaggccacc
catgctgece
cagtcacctg
gcacgtecte
cagccecetec
cgggactcgg
cteegtgege
C€caggagggg
tgtgggcggc
cggctgtatg
aggggtcaca
gggagttatc
ggtgcggecce
ctacttgcag
ggagttctcce
agcggtgatg
cgtgggceece
gcctgageec
ggcggtgaac
ggccagtggce
cagctgecte
tacgggtgac
taaaatactg

ttgtcaccaa

ctgcggeece
ggctgtgeec
actcecgeccyg

36

ggcccacagce
tgtgcacceg
gcccggaagg
ccacacctca
gagtttgtgg
ccgegaaget
ctggcgetct
ctcegegecce
tgggagaaga
ccgcaccgge
ctceecggecea
aagagactga
ccctgeatct
actttagacc
ctggcagtca
ttgcaggtga
acgtcagtga
aaaagcggga
ttgctyggegy
atggcegtge
cggtcceecy
tgcccagecg
acaccgcece
agatcttgtt
caaaatgttt

tcatcactgg

gggggcgoct
aggcageceat
tcgtcaacge

aggaatactg

gcgtatttga
ccctgeaagce
ccteccgecg
ggaccacccg
gcatcctgge
cccgaggect
tcctgageaa
agagccgceca
accggatect
agcaccaggg
gcagccacag
ggctgeacgg
tgggcecect
tceccaggage
ccggactgat
ccgagaagcea
cccgececte
atgtgctccg
ctgcagctgg
agcecctggec
tcgecatgac
cctaggacac
ttgtgctege
tctgaagatg
ttatatttgg

ttcctectta

ctggcocgtyg
ggacgagtgce
cgccttcaac

tgtgcagacc

9900

9960
10020
10080
10140
10200
10260
10320
10380
10440
105060
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11426

[ay
o

126
180
240



ggggtgaccg
cacggggceag
cagaccatgc
aaagcttttg
gccatttaca
tcctgtgaga
cagcaggcct
gccttttcta
caggaatggg
gatgaagtgt
gctgtaggtg
gataagctgg
cctttecttea
ccctgtgatt
actggccatg
aggtgccgag
agtcctytyg
ggagtgatgg
ggatgcaggc
ggaagatgtg
Tttittaatc
tcttetgtet
attgatgagg
tcctetgaga
gctcctgcaa
tttcgagtag
ggcttaagag
gtgaagtatg
ccttttgaat

agtgagagaa

tgtgagatgt
tgtgtgcttt
aactgcagag

gattcaactg

gggtcaccaa
ccttectgac
tggccggggt
acatcaccta
agcgcacacg
acacctactc
tgtgtactga
ccctggaagg
taactgecac
ttaacgatcc
gcagatgtaa
tgtgtaattg
atgaccggcce
gcaatggtcg
ggggccactg
agaacttctt
gctctetaag
gggacaaatg
catgctcttg
tttgcaaaga
tggaatcatc
gtacaaacgc
atgggtggeg
ggcaagatat
agttcttggg
acaggcgaga
tatctgtacc
tcttcaggcet
ttcagaagct
gtgctggata
caactrggyt
gectetcagy
gcgectgeaa
acaatacggc

caggcacctc

gtcctgtcac
cgactacaac
gcagtacccc
tgtgcgtctc
ggaagacggg
caaggcaaac
tgaattcagt
aaggcccage
tgacatcaga
Caaagticic
atgtaatgga
caaacataac
gtggaggagg
atcccaggaa
taccaactgce
cegeettggc
cacacagtygt
tgaccgttge
tgatccctet
caatgtcgaa
taatcctcgg
tgttggetac
tgcggaacag
cgcecgtgatc
caagcaggtyg
tactegectc
cttgatcgct
ccatgaagca

cctaaacaac

T

ttggatgat

ttacagaaga
tggacacagc
tggcecgeac

ctecgattge

ctgtgegacg
aaccaggcecg
agctceccatca
aagttccaca
ccetggattc
cgcggettea
gacatttctc
gcctataact
gtaactctta
aagtcctratt
cacgcaageg
acatatggag
gcaactgcgg
tgctacticg
caggataaca
aacaatgaag
gatagttacg
cagcctggat
ggcagcatag
ggcttcaatt
ggttgcacac
agtgtttatt
agagatggct
tcagacagcet
ttgagttatg
tctgecagaag
cagggcaatt
acagattacc
ttgacctcta

Tcacccty

)
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gaaactcecta
gagacctygty
tgtgagaagt

caaccctgte
37

ccgggeagec
acaccacctg
acctcacgcet
ccagcecegece
cttaccégta
tcaggacagg
cccteactgyg
ttgacaatag
atcgcectgaa
attatgcecat
agtgtatgaa
tagactgtga
aaagtgccag
accctgaact
cagatggegce
cctgetette
gcagatgcag
tccattctct
atgaatgtaa
gtgaaagatg
cctgcettetyg
ctatctecte
ctgaagcatc
actttecteg
gtcagaacct
accttgtgct
cctatccaag
cttggaggcee

tcaagatacy

g

aagtgcicy

atcrtggacc
atcctgagac
gcagtgatgg
cgtgtectgy

ccacctgceag
gtggcaaagc
gcacctggga
ggagagcttt
ctacagtggt
2ggggacgag
gggcaacgtg
ccectogtgetg
cacttttgga
ctctgatttt
gaacgaattt
aaagtgtctt
tgaatgcctg
ctatcgttee
ccactgtgag
atgccactgt
ctgtaagcca
cactgaagca
tattgaaaca
caaacctgga
ctttgggcat
tacctttcag
tctcgagtgg
gtacttcatt
ctecttctee
tgagggagcet
tgagaccact
tgctcttacc
tgggacatac
tcctgggect
atacagtcca
aggtgtitgt
gtactatgga
aggttcaagt



tgtgetgttg
ggtaagagat
cctgtgagac
aattgcaatc
tgtgaccggt
tgcaaagcect
gtgacggggc
cctggattct
ggctccacca
actggtcagc
aaaccctgty
tgtgaatgca
tacaatcggt
aaggttgcty
actggggatg
gaagttatgg
gatcgectac
cggaatacca
acagagcggt
aatgtgtcag
gaagaggctc
gcaaagacag
ggagaaaatc
aacatctcac
ggtgacaaag
acactggaga
gaccagaaat
gtcaagaacc
cgagctgaty
caagaagcta
aagacggceg
gccaatgaaa
gaggccaaga

accagcacca

ttcccaagac
gtgagctctg
tttgcegect
gcttgacggg
gcaaagacgyg
gcaattgcaa
agtgtgaatg
acaatctgca
atgggcagty
actgtgagcg
actgtcatcc
gagaaggctt
cttggectgy
atcatagagt
agatggtgac
acctecttey
agagagtgaa
ttgaagagac
tgattgaaat
tcactcagec
gaaagcttgce
ccaatgatac
aaacagcatt
aggatctgga
ctgtggagat
atgaagcaaa
taaaagatta
ttctggagaa
ctgccaaggce
atgacattct
cagaggaggc
agaccagaga
acaaggceca

aggcagaagc

aaaggaggtg
tgatgatggc
gtgccagtgc
agaatgectg
attttttgga
tctgtatggy
tttgccteac
gagtgggcaa
tgacatccge
ctgtgaggtc
tgagggatct
tgtgggaaat
ctgccaggaa
gaagctccag
agatcaagcc
tgaggccecag
taacactctg
tggaaacttg
cgcatccaga
agaatctaca
tgaacgtcat
gtcaactgag
tgagattgaa
aaaacaagct
ctatgccagce
taacataaag
tgaggacctce
aggcaagact
cctegetgaa
caacaacctyg
actaaggaag
agcceageay
tgaggcggag

tgaaagaact

gtgtgcacca
tactttggag
agtgacaaca
aagtgcatct
aatcccctgg
accatgaagc
gtgactggcc
ggctgtgaga
accggecagt
aaccactttg
ctttcactte
cgctgtgacc
tgtccagett
gaattagaga
ttcgaggata
gatgtcaaag
tccagccaaa
gctgaacaag
gaacttgaga
ggggacccaa
aaacaggaag
gcatacaacc
gagcttaata
gcccgagtac
gtggctcage
atggaagctg
agagaagata
gaacagcaga
gaagctgcaa
aaagatttty
attcctgeca
gcectgggea
aggatcgcga
tttgcagaag
38

actgtectac
accccctggg
tcgatcccaa
ataacactgc
ctcccaatec
agcagagcag
aggactgtgg
ggtgtgactg
gtgagtgcca
ggtttggacc
agtgcaaaga
agtgtgaaga
gttaccggct
gtctcatage
gactaaagga
atgttgacca
ttagcegttt
cgcgtgecca
aagcaaaagt
acaacatgac
ctgatgacat
tgcttctgag
ggaagtatga
atgaggaggc
tgagcccttt
agaatctgga
tgagagggaa
ccgeagacca
agaagggacg
ataggcgtgt
tcaaccagac
gtgergagge
gcgetgtoca

ttacagatct

tggcaccact
tagaaacggc
tgcagttgga
tggctictat
agcagacaaa
ctgtaacccc
tgcttgtgac
ccatgecttg
gceeggeatc
tgaaggctge
tgatggtcge
aaactatttc
ggtaaaggat
aaaccttgga
agcagagagg
gaatttgatg
acagaatatc
tgtagagaac
cgetgctgec
tcttttggea
tgttcgagtg
gacactggca
acaagcgaag
caaaagggcc
ggactctgag
acaactgatt
ggaacttgaa
actcctagec
ggatacctta
gaacgataac
catcactgaa
ggatgocaca
aaagaatgec

ggataatgag



gtgaacaata
gacgctgacc
atcaatgcca
ttggagcage
accctaaaca
ctggagaatg
gagatcatga
ttcaacaccc
tgacaggggy
cceecactee
taaagagaag
ctctteecatt
gcatcctacg
agaghaagta
cttgtttcta
cagtccatgg
gaaataaaca
tgcttttagt
tataaaagtc
gaagatgaac
tgcactcacc
aagaaatagg
gcttttttat
ctaaggtctt
gggataaaac
gttggagaga
agaatccctc
tcacacagct
ttcectctaa
ttgatcctea
acttigegta
ttaattattt
agaataagga

ttgctcaatt

tgttgaagea
aggacatgat
gaaaagccad
tggggcaget
aagccaaaga
aagccaagaa
aggacattcg
cgtccattga
gcagttgtga
tctgetgcty
caaattaaac
cacgttgcta
ttactgtaca
geecctecect
tgaaggaaaa
ataaagaaaa
tcctgtgeca
tattatgagt
tccaggtgaa
tttttttcay
aatagaccaa
gatatgataa
tagttagtct
gacaaaacay
ttagatggca
tgagacattt
aaaaaacatt
gccaacgeta
gtgtagaggg
gctctgtggt
gcagggycgyg
caaatttaia
atttatgtaa

tttcctettc

actgcaggaa
gatggcaggg
aaactctgtt
ggatacagtg
tgaaatgaag
gCaggaggct
caatctggag
aaagccctag
ggccacagag
tccatgacty
atcctgaatc
ccttacccac
gtggcataag
gtctcatcga
gtittggctac
tgcatctgeca
aaggtattgg
gtaggacact
catggctgaa
atctttggge
aagacatctt
ccactaaaat
tggaactagt
aagaaaaaca
gcttgtactg
gacccttage
gtttgccaaa
tcgagttect
aagaccctta

cC

o

tttaaga
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g9tgggggga
TITItgtgtg
atatacttag

actggcacaa

gcagaaaaag
atggcttcac
actagectec
gacctgaata
gtcagcgatc
gccatcatgg
gacatcagga
tgtctttagg
tgecttgaca
tecttttgaa
gggaacaaag
actttccctt
cacatcgtgt
taccagcaga
taacagtagc
tctectacece
tcatttagaa
gagccatccg
gatttttcta
agctgataat
ttgatattct
tttgttttca
gttaagtatc
agcctectceg
tcagaatccec
tccagttttc
tcctggtggc
gcactttgtg
cgtggagttt

cagtgtgaca

aagaaactat
aatgtitigt
tcctatitcet

tgtatctgaa
39

agctaaagag
aggctgctca
tcagcattat
agctaaacga
ttgataggaa
actataaccg
agaccttacc
gctggaaggc
caaagattac
ccaggaaaag
ggtttratct
ctgatttgceg
gagcccatgt
acctccteag
attgtgatgg
ctcttectic
tgtcggtage
tgggtcagga
gtatattaat
ttaaatctgg
tataaatgga
aaatcaaact
tggcagagaa
tcctagtert
gtgtatccat
ttctgatgtt
aaatacttgc
atttaaatcc

cctagtggge

ratctgacac
gttttgttta
agaatgacac

taccteettc

aaaacaagat
agaagccgag
taatgacctc
gattgaaggc
agtgtctgac
agatatcgag
atctggctge
agcatccctce
atttttcaga
tcacagagtt
aataaagtgt
tgaggacgtyg
atgctggggt
tctcagtact
ccagtatatc
taagcaaaag
catccatcag
tgcaattatt
aattgactag
atgggcagct
acttacacag
aattcttaca
cagttaatcc
ttctagcaaa
ttgttcttct
tccatcttec
actcagtatt
actctaaacc
ttctcaactt
acacaccooc
geaactiigt

acrggtgcta

tctgttcact

cctcccetict



agaattcttt
taaaattaat
tcttccatty
gcaggaacgc
tgacgccaca
agctggatag
acagtgctac
ccacttecty
atactcctga
tggcgtgety
gctacatect
aagctagttt
tggtttcctt
ttttaagcag
cactcccgea
tgtaattgac
tttttcccty
tttagctgtt
acttggcatt
tgtaaccctt
<210> 7
<211> 24
<212> DNA
<213>

<220>
<223>

<400> 7

ggattgtact
ataattgctt
cagtcctgat
caggttgaca
gtgggactag
gtaagtttta
ttactgatgg
tttccatetg
gctttcactce
ttgcaaagtt
aacatatgca
gggtgaagtt
ttaacttict
aattttattt
acacagccat
aggatggctg
aattttrttc
tgccttaatc
tttatgtitt
ta

primer

ccaaagaatt
tcctecacac
gatcctaacc
agctatggta
ccaggaatga
taagggagta
gtagactggg
cttgggatat
tgctgettet
ttcacgtcat
tittggtcaayg
cactccagca
tittgttatt
tttaaaataa
tattttattg
ctgcagaatg
ctttgaattc
tctacagect

aagaaaaaca

Artificial Sequence

gtggtaccca caggcagagt tgac

<210> 8
<211> 26
<212> DNA
<213>
<220
«<Z73>

<400 8
gcrc

primer

artificial Sequence

tagagc tcttcagige ataggc

gtgccttgty
ccagccactyg
tgcagcacgg
ggattaggaa
gggagaaatg
cattttgact
agaggtggtg
accagagttt
cccaggectc
tgtttcctyg
gttgcagaag
agtctcagge
tgcttttcte
aaggttcttt
tctagcetceca
ctggttgaca
caactgtgga
tgctctecyg
gtattttatt

40

tttgcageat
taaagaggta
tggttttaca
agtttgctga
ccctttctag
gagcacttag
taacttagtt
accacaagtg
ttctactatg
ctagttcatt
aggactgaag
cacaatgggg
ctccaccrgt
acaagatgat
gttatctgta
cagggattat
ccttttatat
ggtggttaat

tataataaaa

ctccattctce
acttgggtcec
atgttccaga
agaggatctt
caattgttgg
ggcatcagga
cttgatgatc
ttitgacgat
gcaggagatg
tcattaagtg
attgactgcec
tggtttggtt
gtggtatatt
accttraatta
ttttatgtaa
tatactgcta
gtgcctteac
aaaatgcaac

tctgaatatt

6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7632
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