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METHODS OF CELL-BASED
TECHNOLOGIES

CROSS-REFERENCE

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 12/157,967, filed Jun. 13, 2008, which
claims the benefit of U.S. Provisional Application No.
61/040,646, filed Mar. 28, 2008, and which also claims the
benefit of International Application No. PCT/EP2007/
010019, filed Nov. 20, 2007, and which also claims the benefit
of Japanese Application No. JPO-2007-159382, filed Jun. 15,
2007; this application also claims the benefit of International
Application No. PCT/IB2008/002540, filed Jun. 13, 2008,
International Application No. PCT/EP2008/005047, filed
Jun. 13, 2008, U.S. Provisional Application No. 61/061,592,
filed Jun. 13, 2008, and U.S. Provisional Application No.
61/061,594, filed Jun. 13, 2008, all of which are herein incor-
porated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] Regenerative medicine includes therapies designed
to aid the repair, replacement, or regeneration of damaged
cells, tissues, or organs. One branch of regenerative medicine
includes therapies that rely on embryonic stem cells (ES),
which have the potential to give rise to a diverse range of cell
types. ES-based therapies have the promise of treating a vari-
ety of health conditions including degenerative diseases, pro-
liferative diseases, hereditary diseases, injuries, and organ
failures. However, the progress of such therapies has been
hindered by a range of factors including the possibility of
immune rejection of ES cells derived from a donor who is
immunologically incompatible with the recipient, as well as
ethical and legal concerns.

SUMMARY OF THE INVENTION

[0003] Provided herein are methods for providing or con-
ducting a regenerative medicine business or stem cell tech-
nology service comprising providing a service for obtaining a
sample of human postnatal tissue or cells from a customer,
donor, or third party; and generating or obtaining induced
pluripotent stem cells (iPSCs) from the sample. In some
embodiments, the cells obtained from the sample are induced
stem cells, or induced multipotent stem cells. In some
embodiments, the method further comprises manipulating
the sample in order to force expression of: (a) one or more of
the following polypeptides: Oct3/4, Sox2, KIf4, and c-Myc,
or polypeptides; or (b) one or more of the following polypep-
tides: a polypeptide greater than 70% identical to Oct3/4, a
polypeptide greater than 70% identical to Sox2, a polypeptide
greater than 70% identical to K1f4, and a polypeptide greater
than 70% identical to c-Myc. In some embodiments, the
method comprises forcing expression of Oct3/4, Sox2, and
K1f4 polypeptides. In some embodiments, the method further
comprises a sample, wherein the sample is obtained at the
donor’s residence, a hospital, clinic, doctor’s office, a blood
bank, blood mobile, cell-banking facility, fertility clinic,
health-care facility or other regenerative medicine business or
business related to iPS cell technology.

[0004] In some embodiments, the sample is comprised of
one or more of the following: fibroblasts, dermal fibroblasts,
bone marrow derived mononuclear cells, skeletal muscles
cells, adipose cells, peripheral blood mononuclear cells, mac-
rophages, hepatocytes, keratinocytes, hair follicle dermal
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cells, gastric epithelial cells, lung epithelial cells, synovial
cells, kidney cells, skin epithelial cells, and somatic cells. In
some embodiments, the sample is comprised of one or more
of the following: cells collected from an infant near birth or
delivery, placenta, and umbilical cord blood.

[0005] In some embodiments, the method further com-
prises the step of differentiating the iPS cell into one or more
of the following: a neural stem cell, a liver stem cell, a
hematopoietic stem cell, or a cardiac stem cell; a hepatocyte,
a cardiomyocyte, a neuron, an oligodendrocyte, an astrocyte,
a dopaminergic neuron, a neuron, a motor neuron, or a pan-
creatic beta cell; one or more of the following types of tissue:
skin, eye, liver, kidney, lung, pancreas, intestine, muscle,
ligament, joint, or limb; and any cell, organ, tissue, or limb.
[0006] Also provided herein are methods for conducting a
stem cell technology business, comprising providing a ser-
vice for accepting and logging in a sample from a customer,
donor, or third party, wherein the sample comprises one or
more induced pluripotent stem cells (iPSCs) or one or more
cells differentiated from an iPSC cell.

[0007] In some embodiments, the method further com-
prises differentiating the one or more iPS cells into one or
more of the following: (a) a neural stem cell, a liver stem cell,
a hematopoietic stem cell, or a cardiac stem cell; (b) a hepa-
tocyte, a cardiomyocyte, a neuron, an oligodendrocyte, an
astrocyte, a dopaminergic neuron, neuron, motor neuron, or
pancreatic beta cells; (c) one or more of the following types of
tissue: skin, eye, liver, kidney, lung, pancreas, intestine,
muscle, ligament, joint, or limb; and (d) any cell, organ,
tissue, or limb.

[0008] In some embodiments, the method further com-
prises culturing, expanding, or maintaining the one or more
iPSCs or the one or more cells differentiated from an iPSC. In
some embodiments, the method further comprises storing the
sample in a freezer or incubator, or subjecting the sample to
cryogenic freezing. In some embodiments, the method fur-
ther comprises a donor wherein the donor comprises: an
individual suffering from a disease or disorder, an individual
who is genotypically wild-type at the locus of a gene identi-
fied as relevant to a specific disease or disorder, or an indi-
vidual who anticipates developing, or is at risk of developing,
a disease or disorder. In some embodiments, the disease or
disorder is hereditary. In some embodiments, the customer is
suffering from one or more of the following diseases or con-
ditions: neurodegenerative disorders; neurological disorders
such as cognitive impairment, and mood disorders; auditory
disease such as deafness; osteoporosis; cardiovascular dis-
eases; diabetes; metabolic disorders; respiratory diseases;
drug sensitivity conditions; eye diseases such as macular
degeneration; immunological disorders; hematological dis-
eases; kidney diseases; proliferative disorders; genetic disor-
ders, traumatic injury, stroke, organ failure, or loss of limb. In
some embodiments, the method further comprises obtaining
information from the donor, wherein obtaining information
comprises determining donor biographical or demographic
data including one or more of the following: age, sex, race,
ethnic background, medical history, diseases or conditions
suffered, or anticipated diseases or conditions.

[0009] In some embodiments, the method further com-
prises analyzing donors, wherein analyzing comprises deter-
mining donor molecular profiles including one or more of the
following: SNP, InDel, VNTR, RFLP profiles; gene expres-
sion profiles; protein expression profile, HLA-type, genomic
sequence. In some embodiments, the method further com-
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prises analyzing samples for malignant or pre-malignant
changes. In some embodiments, the method further com-
prises analyzing samples wherein the analyzing comprises
analyzing the sample for gene expression or for morphogenic
characteristics. In some embodiments, the method further
comprises consulting a database comprising one or more of
the following: (a) data relating to donors or samples; (b)
customer data; (c) sample inventory; and (d) sample history.
[0010] In some embodiments, the method further com-
prises methods of searching for a sample in the database
based on one or more of the following criteria: donor’s phy-
sician; storage location; biographical data; demographic data;
genomic sequence data; SNP, InDel, or VNTR profile; dis-
ease state of the donor or sample, cell or tissue type; HLA-
type; medical history; or sample history. In other embodi-
ments, the method further comprises retrieving, marketing, or
selling a sample based upon the results of a database search.
In some aspects, provided herein are kits for acquisition and
storage of samples in a manner compatible with the methods
of the regenerative medicine business comprising one or
more of the following: (a) a means for obtaining a sample of
somatic cells from a donor; (b) reagents and materials for
storage of somatic cells in a manner suitable for induction of
iPSCs; and (c) instructions for use of the kit. In some embodi-
ments, the method further comprises a means for recording
donor and sample information. In some embodiments, the
method further comprises one or more of the following:

(a) reagents and materials for culturing somatic cells, iPSCs
and cells derived thereof including one or more of the follow-
ing: cell culture media, antibiotics, and cell culture dishes; (b)
a means for generating iPSCs from somatic cells including
one or more of the following: plasmids encoding induction
factors (IFs), transfection reagents, and recombinant viruses;
a means of recording donor and sample information; a means
of inputting donor and sample information into a database;
and a temporary license for the use of iPSC technology.

INCORPORATION BY REFERENCE

[0011] All publications and patent applications mentioned
in this specification are hereby incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The novel features of the invention are set forth with
particularity in the appended claims. A better understanding
of'the features and advantages of the present invention will be
obtained by reference to the following detailed description
that sets forth illustrative embodiments, in which the prin-
ciples of the invention are utilized, and the accompanying
drawings of which:

[0013] FIG. 1: is an overview of methods of storage and
handling of biological samples for a regenerative medicine
business based on iSC technology (e.g., iPSC or iMSC tech-
nology).

[0014] FIG. 2: is an overview of the information contained
in a database constructed by the regenerative medicine busi-
ness.

[0015] FIG. 3: is an example of accessing the database of
the regenerative medicine business to obtain samples.
[0016] FIG. 4: is an example of a kit provided by the regen-
erative medicine business.
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DETAILED DESCRIPTION OF THE INVENTION
1. Overview

[0017] The present disclosure features methods for running
a regenerative medicine or other cell-based business using
induced pluripotent stem cells (iPSCs) (also known as “iPS
cells”) including related methods, kits, and compositions. A
regenerative medicine business using iPSC technology may
fulfill an unmet need with regard to the current lack of large
scale availability of induced stem cells to the general popu-
lation. In addition, the use of iPSC technology may minimize
or alleviate some legal and ethical problems associated with
other stem cell technologies such as embryonic stem cells. In
some cases, a regenerative business may provide iPSCs to an
individual (e.g., customer, patient, physician, medical profes-
sional, scientist, etc.) or to an entity (e.g., hospital, pharma-
ceutical company, healthcare facility, HMO, etc.) for the pur-
pose of replacing, regenerating, enhancing, or otherwise
influencing the growth or character of tissue in an in vitro, in
vivo, or in situ setting. In some cases, the iPSCs, or cells
differentiated from iPSCs, are transplanted into a patient or
individual seeking treatment. In some cases, the iPSCs are
used to generate panels of cells, e.g., panels of genetically-
heterogenous cells, for use in drug-screening platforms.
[0018] Methods described in this disclosure include meth-
ods and compositions for obtaining and storing cells from a
donor or third party for the purpose of inducing a somatic cell
(e.g., adifferentiated somatic cell or undifferentiated somatic
cell) to become a pluripotent stem cell. Methods of the
present invention further include generating iPSCs from the
obtained or stored cells, and generating differentiated cells
and tissues from the iPSCs. The present invention further
provides methods and compositions relating to the storage
and banking of the iPSCs or of cells and tissues differentiated
from the iPSCs. Such methods also may include storing and/
or banking iPSCs, or storing and/or banking cells differenti-
ated from iPSCs. Methods described herein also include
methods for billing and receiving payment from donors, cus-
tomers (e.g., pharmaceutical companies), and third parties
(e.g., insurance agencies) for products and services of the
regenerative medicine business.

[0019] Kits provided in the present invention include, a kit
for the purpose of obtaining storing and shipping donor
samples, a kit for the purpose of generating iPSCs and option-
ally storing the iPSCs or generating differentiated cells or
tissues from the generated iPSCs, and a kit for providing and
using iPSCs or differentiated cells and tissues derived from
iPSCs to a donor, client, or third party such as a medical
professional. The present invention also provides cell-re-
placement therapies for treatment of various conditions
including diseases and conditions associated with tissue
degeneration and injury.

[0020] Methodsdisclosed herein include using, consulting,
operating or receiving information/data from a searchable
database containing information on donors, samples and/or
stored biological materials, including panels of iPSCs or pan-
els of cells differentiated from iPSCs. In some cases, the
disclosed methods (e.g., general methods, business methods)
may also comprise receiving information, data, and/or results
generated from a searchable database containing information
about donors, samples and/or stored biological materials
including panels of iPSCs, or panels of cells differentiated
from iPSCs, or providing a service for receiving information,
data, and/or results generated from a searchable database



US 2009/0299763 Al

containing information about donors, samples and/or stored
biological materials including panels of iPSCs, or panels of
cells differentiated from iPSCs. In addition, business meth-
ods disclosed herein include using or operating a searchable
database containing information on donors and stored bio-
logical materials. Business methods of the present invention
include, a searchable database containing information on
donors and stored biological materials. Business methods or
other methods provided herein further include methods of
marketing and selling the products and services of the regen-
erative medicine business including but not limited to cell and
tissue storage, generation of iPSCs, generation of iPSCs, and
generation of differentiated cells and tissues.

[0021] The term pluripotent stem cell has a meaning under-
stood in the art, and includes the ability of a cell to differen-
tiate into cell types of all three lineages or germ layers (viz.
endoderm, ectodern, and mesoderm). The term multipotent
has a meaning understood in the art, and includes the ability
of a cell to differentiate into multiple cell types. It is also
understood that multipotent cells may be more restricted in
their ability to differentiate than pluripotent cells. The term
“iSCs”, as used herein, refer to iPSCs or to induced multipo-
tent stem cells (iMSCs). At times, the term “iPS” or “iPS cell”
may be used instead of “iPSC”; similarly, at times the term
“iMS” or “iMS cell” may be used instead of “iMSC”. The
methods and compositions described herein that are appli-
cable to iPSCs are also applicable to induced stem cells (iSCs)
and iMSCs.

[0022] iSCs (e.g.,iPSCsoriPMCs) can be established from
cells comprising the genome of the patient (autologous) or an
individual with a close genetic match to the patient, thus
reducing the potential for immunologic rejection of trans-
planted cells or tissues. At other times, iSCs (e.g., iPSCs or
iPMCs) can be generated from or established from cells that
are not closely-genetically matched to a patient. The iSCs
(e.g., iPSCs or iPMCs) may also be characterized as capable
of long term self renewal and/or possessing a normal karyo-
type.

[0023] One goal of regenerative medicine is to provide,
administer, or transplant essentially any cell, tissue, or organ
to an individual with minimal risk of immunological rejec-
tion. Currently transplantation is indicated when: 1) tissues
and organs are available in reasonable number, 2) tissues and
organs can be effectively harvested and transplanted 2) and
patients are judged likely to survive the harsh regimen of
immunosuppressive drugs often required to inhibit rejection.
[0024] A regenerative medicine business based on iPSC
technology could circumvent one or more ofthe issues related
to transplantation. For example, iPSCs have the ability to
differentiate into multiple types of cells or tissues. Therefore,
provided that viable cells from an individual are available,
essentially all tissues, systems, and organs can be provided in
large quantities. This advantage of having of iPSCs available
from a single donor sample in large quantities also provides
the particular advantage that such a sample may be available
to anumber of other clients related or unrelated to the original
donor, with minimal risk of exhaustion of the original sample.
[0025] In many cases, obtaining viable brain, liver, neural,
or pancreatic tissue may be extremely difficult and danger-
ous. However, harvesting of cells (e.g., cells from skin, blood,
hair follicles, scalp, etc.) foruse in iPSC technology can often
be performed by a skilled artisan. For example, a skilled
artisan may harvest cells from skin, blood, etc., and such cells
may later be used to generate or establish iPSCs or iMSCs,
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which cells may later be differentiated into more mature
cell-types, e.g., neural progenitor cells, neurons, pancreatic
beta cells, hepatocytes, cardiomyocytes. In addition, because
the cells, tissues, and organs may ultimately derive from the
same individual receiving the material, the likelihood of
rejection may be minimized. In other cases the cells tissues
and organs may ultimately derive from an individual who is
related to the recipient, or an individual who is unrelated to
the recipient but matches one or more HLLA haplotype mark-
ers. In still other cases, iPSCs or iMSCs or differentiated cells
and tissues thereof derive from an individual with no known
relationship to the recipient. Furthermore, because a donated
sample becomes a good source of stem cells and differenti-
ated tissue, a regenerative medicine business or stem cell
technology (SCT) business based on iSC technology may
either its store large quantities of such cells. The business may
also generate a catalogue or database of biological material,
which would, among other things, contain information
regarding the samples, such as quantity, lot number, and the
like, and also would contain identifying information and
other relevant information relating to the samples. Often,
such cells may be annotated with identifying information
related to the donor of the sample or intended recipient, as
further described herein.

[0026] The methods described herein also allow the use of
iSCs (e.g., iPSCs or iMSCs) to generate material for research
and development purposes or for further study or analysis.
Currently, potential therapeutic compounds are typically
tested against immortal cell lines, or animal models due to the
unavailability of large numbers of reproducible primary
human cells and tissues. These immortal cell lines and animal
models significantly differ from true human model systems,
and the results may not correlate with the outcome of clinical
trials. This greatly increases the cost of developing new drugs
and therapeutics as well as the time required. For example, a
researcher studying liver toxicity of a number of compounds
may wish to test these compounds on a human primary liver
cell line. It would be advantageous for the researcher to test
many cell lines derived from different individuals because
they may exhibit differing sensitivity to the compounds due to
the varying genetic background of the individual donors.
Unfortunately, primary cell lines have a limited replication
potential. Therefore, only a limited number of compounds
can be tested on a given cell line, and each test can only be
replicated a limited number of times.

[0027] The methods of the present invention allow large-
scale and perhaps even unlimited generation of primary
human cells and tissues from specific individuals. Therefore,
panels of standardized or nonstandardized primary human
cell lines, tissues, and organs can be generated from donor
samples. These panels can be used as a platform to test a large,
even massive, number of compounds, drugs, or potential
therapeutics. Such panels may enable the generation of repro-
ducible results on the efficacy and toxicity of potential thera-
peutics, in the context of the variable genetic background of
the human population, in a manner that may be currently
impractical. In some cases, the panels are generated from
random donor samples. In other cases, the panels are catego-
rized by some criteria such as age, sex, race, genetic back-
ground, genomic profile, disease state, or gene expression
profile.

[0028] FIG. 1 illustrates the initial steps of the business
methods herein. As shown in FIG. 1, biological material may
be stored at any point during the process of running the
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regenerative medicine business (or stem cell technology busi-
ness) from storage of the donor sample (100), storage of
expanded somatic cells (110), storage of iSCs (e.g., iPSCs or
iMSCs) (120), storage of expanded induced cells (e.g., iPSCs
oriMSCs) (130), and storage of differentiated cells, tissues or
organs (140). This may reduce the time required to generate
the desired material for a client or individual. This process
may also improve the generation of iSCs (e.g., iPSCs or
iMSCs) and products derived thereof.

[0029] FIG. 2 illustrates the use of sample analysis and
database construction for a regenerative medicine business or
other business based on iSC (e.g., iPSCs or iMSCs) technol-
ogy. As shown in FIG. 2, information concerning donors,
clients, patients and samples may be stored in a database or set
of databases. This information can include but is not limited
to donor information, client information, physician informa-
tion, and sample information. As also shown in FIG. 2,
donors, clients, and samples may be analyzed to extract out
information (250) and this information may be used to popu-
late the database (260). For example, a donor’s age, sex,
disease state, and genomic profile may be determined and
stored in the database. Similarly, the location, storage date,
HLA-type, gene expression profile, cell type, and sample
history may be determined and stored in the database.
[0030] FIG. 3 illustrates an example of the database user
interface of the present invention. In this example, the user
interface resides on a computer (301), which may have a
standard visual display (307) and keyboard (315) and mouse
inputs (316). In some examples, the input may be by the route
of pushing regions or spots on a touch screen. In some cases,
the database may reside on the same computer as the user
interface (301) as fixed or removable media (including com-
puter-readable media) (311), or on a separate computer or
server (309). A client (322) or representative of the business
(320) may utilize this user interface to access the database
through a communication medium such as a computer net-
work. Search criteria may be input using mouse and key-
boards. Search queries may be transmitted to the database,
and the results displayed visually (307). In one embodiment
of the user interface, results may be further narrowed by
including additional or alternative search criteria.

[0031] FIG. 4 illustrates a kit or kits supplied by the regen-
erative medicine business (or stem cell technology business).
In one embodiment, the kit includes a means for sample
acquisition, storage and transport. In one example of this
embodiment, a sample is obtained via scraping of the dermal
layer of an individual using item 400. In another example,
item 400 is a finger pricking device. The sample may then be
contacted with reagents (405) for storing sample in a manner
compatible with the methods of the regenerative medicine
business or stem cell technology business herein. Reagents
anticipated in 405 include but are not limited to heparin,
phytohemagglutinin, glycerol, human or animal serum,
serum substitute, cell growth medium, buffers, or any reagent
which allows the preservation of at least one living somatic
cell from the sample. The kit further includes a set of instruc-
tions (401) for sample kit use including instructions for
acquiring sample, instructions for contacting sample with
storage reagents, instructions for storing sample, and instruc-
tions for transporting a sample to a storage facility.

[0032] In another embodiment of FIG. 4, the kit includes a
means of generating and optionally storing or differentiating
iSCs (e.g., iPSCs or iMSCs) from somatic cells. Said kit
includes containers containing reagents (405) including but
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not limited to for example one or more of the following:
plasmids or purified virus suitable for generation of iSCs
(e.g., iPSCs or iMSCs); transfection reagents; somatic cells;
suitable cell culture reagents such as media, and antibiotics;
and reagents for differentiating iSCs (e.g., iPSCs or iMSCs)
into desired cell types. Said kit also includes instructions
(401) for use of the kit.

[0033] In another embodiment of FIG. 4, the kit includes
containers containing differentiated cells, tissues, iPSCs, or
iMSCs of the present invention (405), a means for adminis-
tering the cells to an individual (400), and instructions for use
of'the kit (401).

II. Sample

[0034] The method of running a regenerative medicine
business using iPSC technology, or other stem cell technol-
ogy business, may begin with acquiring biological material in
the form of living somatic cells or tissue. The present disclo-
sure makes use of the word sample to refer to the biological
material acquired from a donor or any cells, iSCs, iPSCs,
iMSCs, or tissues derived thereof.

[0035] A. Sample Donor

[0036] Potential sample donors of the present invention
include any animal. The term animal includes any mammal
such as primates, rodents, dogs, pigs, cows, sheep, horses,
rabbits, and cats. In a preferred embodiment, potential sample
donors include humans. Potential sample donors of the
present invention are further described in U.S. application
Ser. No. 12/157,967, filed Jun. 13, 2008; WSGR Docket
Number 36588-704.201; First Inventor Kazuhiro Sakurada,
and WSGR Docket Number 36588-704.501, filed Jun. 12,
2009, both of which are hereby incorporated by reference in
their entirety.

[0037] The donor may be requested or required to allow the
regenerative medicine business or stem cell technology busi-
ness the right to sell or provide in whole or in part the donor’s
samples or derivatives thereof to other customers of the busi-
ness. A donor may further be requested or required to allow
marketing of the donor’s samples or derivatives thereof. A
donor who does not wish to relinquish ownership or market-
ing rights to his biological sample may be required to pay an
increased fee for the products or services of the business. In
some cases, the regenerative medicine business, or stem cell
technology business, may provide a monetary incentive for
donors to provide material to other clients in the form of profit
sharing, credit for future services, or a fee for use of material.
[0038] B. Sample Type

[0039] The method of running a regenerative medicine
business or stem cell technology business may require obtain-
ing living cells. Some preferred embodiments include
somatic cells. Examples of somatic cells include, but are not
limited to fibroblasts, bone marrow-derived mononuclear
cells, skeletal muscle cells, adipose cells, peripheral blood
mononuclear cells, macrophages, hepatocytes, keratinocytes,
oral keratinocytes, hair follicle dermal cells, gastric epithelial
cells, lung epithelial cells, synovial cells, kidney cells, skin
epithelial cells or osteoblasts. It is further understood that
cells such as red blood cells and platelets that lack a nucleus
and are thus unable to replicate are unsuitable for the methods
ofthe present invention. In some cases the donor sample is not
a partially, wholly, or substantially purified hematopoietic
stem cell. Methods and related compositions for collection of
biological material suitable for running a regenerative medi-
cine business based on iSC (e.g., iPSC or iMSC) technology
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or other stem cell technology business are further described in
U.S. application Ser. No. 12/157,967, filed Jun. 13, 2008;
WSGR Docket Number 36588-704.201; First Inventor Kazu-
hiro Sakurada, which is hereby incorporated by reference.
[0040] Since environmentally induced mutations in
somatic cells are present at low rates in young individuals,
preferred biological material for the cell bank are cord blood,
the umbilical cord, the placenta, amniotic fluid, and neonatal
tissues such as bone marrow, muscle, and blood.

[0041] In some embodiments, the sample is an amount of
blood from a donor from about 500 ml to about 1 ul including
the range from 400 ml to 5 ul, 200 ml to 5 ul, 100 ml to 5 ul,
50mlto 5ul,25mlto 5ul, 10 mlto 5 ul, and 1 ml to 5 ul
including about 5 ul, 10 ul, 20 ul, 50 ul, 100 ul, 200 ul, 400 ul,
500ul, 1 ml, 2ml, 5ml, 10 ml, 20 ml, 50 ml, 100 ml, and 200
ml. In an exemplary embodiment, the sample is blood from a
finger prick. In other embodiments the sample is from bone
marrow, skin, muscle, adipose tissue, peripheral blood, fore-
skin, skeletal muscle, or smooth muscle.

[0042] C. Sample Source and Acquisition

[0043] Sample acquisition may be performed by an
employee, representative, or agent of the regenerative medi-
cine business or stem cell technology business. For example,
a donor may visit the location of the business and provide a
biological sample as described herein. The employee, repre-
sentative, or agent may be a nurse, doctor, genetic counselor,
medical technician, customer service representative, sales
representative or any other employee or agent of the business.
The present invention refers to the terms employee, agent, or
representative as equivalent terms to be used interchangeably.
[0044] An agent of the regenerative medicine business or
stem cell technology business may perform the sample acqui-
sition at the residence of the donor or at a third party location
such as aclinic, a fertility clinic, a health spa, a doctor’s office,
a health fair, a blood mobile, or any other location in which
the donor may wish to provide a sample such as the donor’s
residence. In other cases sample acquisition may be per-
formed by a third party such as a family physician, genetic
counselor, other medical professional, sales representative,
family member, or any other third party. In still other cases the
sample acquisition may be performed by an employee or
agent of a third party business or concern including but not
limited to an agent or representative of a health spa, a cell
banking facility, a fertility clinic, a clinic, a hospital, a blood
bank, or a cord blood bank. It is also understood that the
sample may or may not have originally been obtained for the
purpose of using the services of the regenerative medicine
business or stem cell technology business described herein.
[0045] The third party may or may not perform the sample
acquisition using a kit provided or sold by the regenerative
medicine business, stem cell technology business a medical
supplier, pharmacy, or store. The third party may acquire the
sample at a place of business, or at the residence of the donor
or atany other location. Similarly, sample acquisition may be
performed by the donor at any location. The donor may or
may not perform the sample acquisition using a kit provided
by the regenerative medicine business or stem cell technology
business. Such a kit may be sold to the donor through a third
party such as a store, a pharmacy, a doctors office or any third
party licensed to sell a kit for obtaining a sample intended for
use by a regenerative medicine business using iPSC technol-
ogy or other stem cell technology business.

[0046] The act of accepting a sample can be understood to
mean the physical act of taking possession of the sample by
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either the regenerative medicine business, stem cell technol-
ogy business, or by a third party such as a cell-banking facil-
ity, medical professional, a fertility clinic, a clinic, a hospital,
a blood bank, or a cord blood bank.

[0047] The biological sample may be acquired, stored, and
transported to the regenerative medicine business, stem cell
technology business, or a third party. The sample must be
acquired stored and transported in a manner that preserves the
viability of at least one cell but preferably all the cells in the
sample, including any range between one cell and all cells in
the sample. Methods for storage and transport of the sample
are known in the art and may include placing the sample in a
suitable growth or homeostasis inducing medium, or storing
the sample in a cryogenic state. In some cases, blood samples
are contacted with phytohemagglutinin or heparin or both
prior, during or after storage. The somatic cells may also be
provided as cryopreserved compositions containing a cryo-
preservation medium and a population of human somatic
cells, from a third party cell-banking facility or a fertility
clinic. Methods for acquiring, storing, and transporting suit-
able samples are described in U.S. application Ser. No.
12/157,967, filed Jun. 13, 2008; WSGR Docket Number
36588-704.201; First Inventor Kazuhiro Sakurada, which is
hereby incorporated by reference in its entirety.

[0048] The methods of storage may be any method includ-
ing the methods described herein, e.g., using cryopreserva-
tion medium. Some exemplary cryopreservation media
include the “Cryopreservation Medium For Primate ES
Cells” (ReproCELL, Tokyo, Japan) or mFreSR™ (StemCell
Technologies, Vancouver, Calif.). The cells preferably are
rapidly frozen in liquid nitrogen, and stored in a liquid nitro-
gen storage vessel. Other suitable cryopreservation media
and methods for cryopreservation/thawing of cells generated
by the methods described herein are provided in, e.g., U.S.
patent application Ser. Nos. 10/902,571 and 11/142,651. See
also, Ha et al., (2005), Hum. Reprod., 20(7):1779-1785; and
U.S. application Ser. No. 12/157,967, filed Jun. 13, 2008;
WSGR Docket Number 36588-704.201; First Inventor Kazu-
hiro Sakurada, all of which are incorporated by reference in
their entirety.

[0049] D. Sample Storage

[0050] The regenerative medicine business or stem cell
technology business described in the present disclosure may
store samples for use by donors and other potential custom-
ers. It is understood that biological samples, tissues, or cells
may be stored at any point in the process of running the
business. For example: samples may be stored immediately
upon acquisition; after expansion of somatic cells, iSCs,
iPSCs, or differentiated cells; after generation of iSCs or
iPSCs; after differentiation of iSCs or iPSCs; or after genera-
tion of differentiated tissues.

[0051] Biological samples can be stored in any manner that
allows maintenance of the sample in a manner suitable for
generation of iPSCs. Cells and tissues can be stored in any
manner that is compatible with the methods of running a
regenerative medicine business or stem cell technology busi-
ness. For example the sample, or cells isolated from the
sample, can be cryopreserved directly after receipt or acqui-
sition of the sample by the methods described in the present
disclosure. In other cases, cells are stored in an incubator or
maintained by culturing.

[0052] Thesamples may or may not be stored directly at the
business location or by an employee or agent of the business.
Samples may be stored by a third party including but not
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limited to: a clinic, a fertility clinic, a hospital, a cell-banking
facility, a cord-blood bank, a blood bank, a physician, or any
entity capable of storing samples suitable for the regenerative
medicine business or stem cell technology business. For
example, the sample may be 1) acquired by the donor using a
kit supplied by the regenerative medicine business or stem
cell technology business and sold through an intermediary
such as a pharmacy 2) shipped to a third party cell-banking
facility, researcher, or medical professional, and 3) cryogeni-
cally preserved upon receipt of the sample by the cell-banking
facility, researcher, or medical professional. In some cases,
the somatic cells are expanded, ex vivo, prior to cryopreser-
vation. In other cases the somatic cells are expanded after
cryopreservation. Suitable methods and reagents for storage
or cryopreservation of cells or tissues for running a regenera-
tive medicine business based on iPSC technology (as well as
iSC or iMSC technology) or stem cell technology business
are described in U.S. application Ser. No. 12/157,967, filed
Jun. 13, 2008; WSGR Docket Number 36588-704.201; First
Inventor Kazuhiro Sakurada, which is hereby incorporated by
reference. In some cases, the donor or payee may be billed for
sample acquisition and or storage. The payee can include but
is not limited to a customer of the business, a physician, an
insurance provider, a non profit group, or a government entity
such as Medicaid.

II1. Donor and Sample Analysis

[0053] The regenerative medicine business or other stem
cell technology business may analyze one or more of the
following: donors, samples, customers, and potential custom-
ers. The results of these analyses may be used to populate a
database or set of databases for use by the business, donors,
customers, potential customers, or third parties. The donor,
customer, or potential customer may be analyzed to obtain
identifying information such as the name, social security
number, age, race, ethnicity, gender, national origin, disease-
status of the donor or diseases for which the donor may be
pre-disposed. Methods of determining susceptibility to dis-
eases or conditions by examining genomic or gene expression
data are provided in U.S. application Ser. No. 12/157,967,
filed Jun. 13, 2008; WSGR Docket Number 36588-704.201;
First Inventor Kazuhiro Sakurada, and WSGR Docket Num-
ber 36588-706.101; filed on Jun. 13, 2008; First Inventor
Kazuhiro Sakurada, which is hereby incorporated by refer-
ence.

[0054] Exemplary diseases or conditions the donor may
suffer or be anticipated to suffer include but are not limited to:
neurodegenerative disorders; neurological disorders such as
stroke, cognitive impairment, and mood disorders; auditory
disease such as deafness; osteoporosis; cardiovascular dis-
eases; diabetes; metabolic disorders; respiratory diseases;
drug sensitivity conditions; eye diseases such as macular
degeneration; immunological disorders; hematological dis-
eases; kidney diseases; proliferative disorders; genetic disor-
ders, traumatic injury, stroke, organ failure, or loss of limb.
[0055] Examples of neurodegenerative disorders include,
but are not limited to, Alexander’s disease, Alper’s disease,
Alzheimer’s disease, amyotrophic lateral sclerosis, ataxia
telangiectasia, Batten disease, bovine spongiform encephal-
opathy, Canavan disease, Cockayne syndrome, corticobasal
degeneration, Creutzfeldt-Jakob disease, Huntington’s dis-
ease, HIV-associated dementia, Kennedy’s disease, Krabbe’s
disease, lewy body dementia, Machado-Joseph disease, mul-
tiple sclerosis, multiple system atrophy, narcolepsy, neu-
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roborreliosis, Parkinson’s disease, Pelizaeus-Merzbacher
Disease, Pick’s disease, primary lateral sclerosis, prion dis-
eases, Refsum’s disease, Sandhoffs disease, Schilder’s dis-
ease, subacute combined degeneration of spinal cord second-
ary to pernicious anaemia, schizophrenia, spinocerebellar
ataxia, spinal muscular atrophy (SMA), Steele-Richardson-
Olszewski disease, and tabes dorsalis.

[0056] Examples of immunological disorders include but
are not limited to acquired immune deficiency, leukemia,
lymphoma, hypersensitivities (allergy), autoimmune dis-
eases, and severe combined immune deficiency.

[0057] Examples of autoimmune diseases include but are
not limited to acute disseminated encephalomyelitis, addi-
son’s disease, ankylosing spondylitis, antiphospholipid anti-
body syndrome, autoimmune hemolytic anemia, autoim-
mune hepatitis, bullous pemphigoid, coeliac disease,
dermatomyositis, diabetes mellitus type 1, diabetes mellitus
type 2, Goodpasture’s syndrome, Graves’ disease, Guillain-
Barré syndrome, Hashimoto’s disease, idiopathic thromb-
ocytopenic purpura, lupus erythematosus, multiple sclerosis,
myasthenia gravis, pemphigus, pernicious anaemia, poly-
myositis, primary biliary cirrhosis, rheumatoid arthritis,
Sjogren’s syndrome, temporal arthritis (also known as “giant
cell arthritis™), vasculitis, Wegener’s granulomatosis.

[0058] Examples of cardiovascular diseases include but are
not limited to aneurysm, angina, arrhythmia, atherosclerosis,
cardiomyopathy, calcific aortic valve disease (CAVD), cere-
brovascular accident (stroke), cerebrovascular disease, con-
genital heart disease, congestive heart failure, myocarditis,
valve disease coronary, artery disease dilated, cardiomyopa-
thy, diastolic dysfunction, endocarditis, high blood pressure
(hypertension), hypertrophic cardiomyopathy, mitral valve
prolapse, myocardial infarction (heart attack), and venous
thromboembolism.

[0059] Examples of metabolic disorders include but are not
limited to acid lipase disease, amyloidosis, Barth Syndrome,
biotinidase deficiency, camitine palmitoyl transferase defi-
ciency type I, central pontine myelinolysis, metabolic dis-
eases of muscle including muscular dystrophy, Farber’s Dis-
ease, glucose-6-phosphate dehydrogenase deficiency,
gangliosidoses, trimethylaminuria, Lesch-Nyhan syndrome,
lipid storage diseases, metabolic myopathies, methylmalonic
aciduria, mitochondrial myopathies, mucopolysacchari-
doses, mucolipidoses, mucolipidoses, mucopolysacchari-
doses, multiple CoA carboxylase deficiency, nonketotic
hyperglycinemia, Pompe disease, propionic acidemia, type I
glycogen storage disease, urea cycle disorders, hyperox-
aluria, and oxalosis.

[0060] Examples of proliferative disorders include but are
not limited to one or more of the following: carcinomas,
sarcomas, lymphomas, leukemias, germ cell tumors, blastic
tumors, prostate cancer, lung cancer, colorectal cancer, blad-
der cancer, cutaneous melanoma, breast cancer, endometrial
cancer, and ovarian cancer.

[0061] Further examples of diseases or disorders may be
found in U.S. application Ser. No. 12/157,967, filed Jun. 13,
2008; WSGR Docket Number 36588-704.201; First Inventor
Kazuhiro Sakurada, and WSGR Docket Number 36588-706.
101; filed on Jun. 13, 2008; First Inventor Kazuhiro Sakurada,
all of which are hereby incorporated by reference. It is also
anticipated that the methods of the present invention include
marketing and selling products and services for the treatment
of diseases and disorders including, but not limited to, those
mentioned herein.
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[0062] Susceptibility or pre-disposition to a disease or con-
dition may be determined by examining factors other than
genomic or gene expression data. These factors include but
are not limited to one or more of the following: engaging in
dangerous activities such as smoking, scuba diving, or rock
climbing for example; family history such as a history of
obesity, drug dependence, depression, diabetes, or other dis-
eases or conditions that are known to occur or have occurred
in related family members; and medical history. In some
cases, the donor is analyzed for the presence of cytomega-
lovirus specific antibodies (CMV serologic status).

[0063] The database may also contain or include other
identifying information of the stored tissue or cells. For
example, the identifying information may be a molecular
profile, or set of molecular profiles. The term molecular pro-
file is understood to mean partial, whole, or substantially-
whole genomic profiles, e.g., genome sequences, SNP, CNV,
VNTR, or InDel profiles, gene expression profiles, or protein
expression profiles. Methods and compositions for determin-
ing and analyzing molecular profiles are provided in U.S.
application Ser. No. 12/157,967, filed Jun. 13, 2008; WSGR
Docket Number 36588-704.201; First Inventor Kazuhiro
Sakurada, and WSGR Docket Number 36588-704.501; filed
on Jun. 12, 2009; First Inventor Kazuhiro Sakurada, both of
which are hereby incorporated by reference in their entirety.
[0064] The identifying information may include cell-type,
tissue type, and sample history. Sample history may include
date of sample acquisition; method of sample acquisition;
origin of sample; number of times sample has been sub-
cultured; method of storage; date of storage; length of time
sample has been stored; derivatives of the sample; history of
derivatives of the sample; customers or third parties that have
requested or received samples or derivatives thereof; custom-
ers or third parties that have been billed or paid for samples;
derivatives, or services rendered; and manipulations per-
formed on the sample. Manipulations performed on the
sample may include, but are not limited to, expansion, stor-
age, generation of iPSCs, iSCs or differentiation of iPSCs or
iSCs.

[0065] Donated cells or tissue, or derivatives thereof, may
analyzed prior to or after storage. The biological sample may
be assayed by a number of methods known to the art, includ-
ing but not limited to: molecular profiling, gene expression
analysis; whole or partial genomic sequencing; protein
expression analysis; determination of the HLA serotype or
genotype; SNP, VNTR, CNV, or InDel profiling; analysis of
methylation patterns; karyotype analysis; or analysis of
malignant or pre-malignant changes. In some cases, the
sample may be assayed for the presence of viral, fungal, or
bacterial contamination. The results of these analyses may be
included as information in the database.

[0066] Assays may be performed after manipulation of the
sample such as generation of iPSCs (or iSCs), or differentia-
tion. In some cases assays are performed both before and after
manipulation of the sample. It is also understood that for
some analyses, analysis of the sample and analysis of the
donor are equivalent. In some cases, the donor, a third party,
or payee thereof may be billed for the analyses of the cells,
tissues, or donors of the present disclosure. The assays may
also be performed by a third party such as a cell banking
facility, physician, hospital, clinical laboratory, laboratory,
contract research organization, or other testing facility.
[0067] Samples, or derivatives thereof such as iPSCs may
also be analyzed for markers of pluripotency, multipotency or
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embryonic stem cell markers. Such markers are known to the
art and are described in U.S. application Ser. No. 12/157,967,
filed Jun. 13, 2008; WSGR Docket Number 36588-704.201;
First Inventor Kazuhiro Sakurada, which is herein incorpo-
rated by reference in its entirety. It is further understood that
new markers may become known to the art and that the
methods of the present invention also apply to such new
markers.

[0068] The donor, samples or derivatives thereof may be
analyzed for malignant or pre-malignant changes. Such
changes are known to the art and include but are not limited to
one or more of the following: aberrant expression or muta-
tions in p53, Ki67, ras, cox-2, bcl-2, or any gene that contrib-
utes to progression towards malignancy; and morphological
changes. Analysis for such changes may include comparison
of genomic or gene expression data to a database of known
markers of malignancy, pre-malignancy, proliferative disor-
ders, or other diseases or conditions including but not limited
to the disease to gene expression mapper database (http://
dgem.cs.iupui.edu), and the online mendelian inheritance in
man database (www.ncbi.nlm.nih.gov/omim/). It is under-
stood that the number of known markers of malignancy and
pre-malignancy is increasing, and the methods of the present
invention are expected to also apply to markers that are not
currently known to the art, but that are later discovered or
made known.

[0069] In some embodiments, iPSC technology may be
used to provide personalized guidance for therapeutic inter-
ventions. Samples, or cells or tissues derived thereof may be
analyzed by determining a dose response, inhibitory concen-
tration, effective concentration, maximum tolerated dose, or
lethal dose for a given therapeutic agent on a cellular pheno-
type for a given individual. For example, an individual may be
diagnosed with a proliferative disorder such as hepatocellular
carcinoma. The individual may provide a sample to the regen-
erative medicine business, stem cell technology business or a
third party. Said sample may be used to generate heptocytes.
Said hepatocytes may then be used to screen compounds or
therapeutic agents for toxicity, or inhibition of proliferation.
[0070] In some embodiments the regenerative medicine
business or stem cell technology business may provide iPSCs,
iMSCs, differentiated cells, or tissues to subjects other than,
or even unrelated to the original donor. In such cases, it may
be advantageous to determine the compatibility between a
donor’s sample and a subject. In order to determine compat-
ibility, samples and subjects may be analyzed for human
leukocyte antigen (HLA) type.

[0071] HLA-type refers to the unique set of proteins called
human leukocyte antigens. These proteins are present on each
individual’s cells and allow the immune system to recognize
‘self” from ‘foreign’. Administration of cells or tissues that
are recognized as foreign can lead to compatibility problems
such as immuno-rejection or graft versus host disease
(GVHD). Accordingly, HLA type is particularly important in
organ and tissue transplantation.

[0072] There are six major HLAs (HLA-A, HLA-B, HLA-
C,HLA-DR, HLA-DP, and HLA-DQHLA). Each HLA anti-
gen has multiple isoforms in the human population, and each
individual can have two different isoforms for each HLA due
to the diploid nature of our genome. Therefore, a perfect
match would match twelve out of twelve isoforms. A cell or
tissue donated from the same individual as, or an identical
twin of, the intended recipient would have a perfect HLA-
type and is referred to as allogenic or autologous. It is also
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understood that certain factors including but not limited to
ethnic background and race correlate with certain HLA-
types.

[0073] Many major and minor HL A isoforms exist and itis
understood that a suitable match may include a match
between a subset of the major HLAs, all the major HLAs,
some or all major and minor HLAs or any combination
known to the art that mitigates immuno-rejection or GVDH.
It is also understood that specific guidelines for what consti-
tutes a good HLA-type match depends on many factors.
Therefore, judgment must be made by one skilled in the art to
assess the suitability of a given cell or tissue sample for
transplant into a given individual.

[0074] HLA-type can be determined using so-called low
resolution methods, for example by sero-typing, or using
antibody based methods. Sero-typing is based on antibody
recognition of HLA-types. Sero-typing can distinguish
between 28 different HLA-A genes, 59 HLA-B genes and 21
HLA-C genes. A perfect match by sero-typing methods
would be a so-called six out of six match referring to the two
alleles for each HL A (A,B, and C) present in each individual.
In certain cases, a five out of six match or less may be con-
sidered a good match as determined by one skilled in the art.
[0075] Other low or medium resolution methods to deter-
mine HLA-type examine the HL.A isoforms of the individual,
but do not rely on determining the actual sequence of an
individual’s HLA alleles. Often, the donor is related to the
individual receiving the sample, in this case sero-typing alone
or in combination with other low or medium resolution meth-
ods may be sufficient to determine if a sample is suitable for
transplantation. In other cases a five out of six or lower match
is readily found, but a perfect match is not. In such cases it
may be advantageous to use cells or tissues with a lower
match rather than expend time and effort to find a better
HLA-type match.

[0076] High resolution methods involve examining the spe-
cific sequence of the HL.A genes or gene expression products
(protein or RNA). High resolution methods can distinguish
between thousands of different isoforms. Due to the time and
expense of performing high-resolution HLA-typing, it may or
may not be desirable to perform this analysis until such time
as it is deemed necessary to confirm a suitable match. For
example, an individual may search the database of the regen-
erative medicine business or stem cell technology business
and find 1000 suitable perfect sero-typed HLA matches. In
this example, 1000 samples would be very expensive to test
for high resolution HLA-type. However, these matches may
be further grouped by geographic location of the donor, age,
sex, race, ethnic background or any other criteria that
increases the likelihood of a high resolution HLA-type match
(e.g. ethnic background), or increases the desirability of the
sample (e.g. a young donor age). The 1000 samples from the
original search may thus be narrowed down to a few likely
candidates suitable for high resolution HLA-typing. HLA-
typing may then be performed by the regenerative medicine
business, stem cell technology business or a third party.

IV. Sample Manipulation

[0077] A. Cell Culture

[0078] The methods of the present invention include cul-
turing of cells from donor samples. These cells include
somatic cells obtained from donors, iPSCs generated from
these somatic cells, and differentiated cells generated from
the iPSCs. Detailed methods of cell culture suitable for run-
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ning a regenerative medicine business based on iSC technol-
ogy or stem cell technology business or other stem cell tech-
nology business are described in application U.S. application
Ser. No. 12/157,967, filed Jun. 13, 2008; WSGR Docket
Number 36588-704.201; First Inventor Kazuhiro Sakurada,
which is herein incorporated by reference in its entirety. Tis-
sues, cell, or iSCs (e.g., iPSCs or iMSCs) may be cultured or
expanded at any point during the process of running the
regenerative medicine business or other stem cell technology
business prior to, or after storage. Methods incorporated by
reference include methods for obtaining and culturing cells
from bone marrow, skin, skeletal muscle, adipose tissue, and
blood.
[0079]
[0080] Methods for generation of iPSCs from somatic cells
involves forced expression of a set of polypeptides or induc-
tion factors (IFs). IFs currently known to the art include but
are not limited to polypeptides encoded by the genes: c-Myc,
Oct3/4, Sox2, and Kl1f4. In addition, small molecule com-
pounds such as histone deacetylace inhibitors may be used or
a combination of IFs and small molecules may be used to
generate iPSCs. The somatic cells may be used directly, i.e.,
without culturing or passaging, in the referenced induction
methods; or, the somatic cells may be cultured and/or pas-
saged prior to their use in the referenced induction methods.
The induced cells may be induced from the somatic cells of a
postnatal donor or non-embryonic donor as described in U.S.
application Ser. No. 12/157,967, filed Jun. 13, 2008; WSGR
Docket Number 36588-704.201; First Inventor Kazuhiro
Sakurada, which is herein incorporated by reference in its
entirety. The induced stem cells may be generated from any
cell-type including but not limited to those described.

[0081] IPSCs or iSCs may be used directly for differentia-
tion or regenerative medicine. In other cases, iPSCs or iSCs
may be stored by the regenerative medicine business, stem
cell technology business or a third party. Alternatively, iPSCs
or iSCs may be expanded using culturing methods described
in U.S. application Ser. No. 12/157,967, filed Jun. 13, 2008;
WSGR Docket Number 36588-704.201; First Inventor Kazu-
hiro Sakurada, which is herein incorporated by reference in
its entirety, prior to or after storage. iISCs may be stored in any
manner which preserves their multipotent or pluripotent
capabilities including cryogenic storage, and culturing. In
some cases the donor, potential recipient of the iPSCs or
derivatives thereof, or payee may be billed for generation and
or delivery of iPSCs or differentiated cells or tissues. In some
cases a kit may be marketed and sold which includes a means
for generation of iPSCs.

[0082] During the induction process, forced expression of
certain polypeptides is carried out in cultured cells for a
period of time, after which the induced cells are screened for
a number of morphological and gene expression properties
that characterize multipotent and pluripotent stem cells.
Induced cells that meet these screening criteria may then be
subcloned and expanded. In some cases, the cells to be
induced may be cultured for a period of time prior to the
induction procedure. Alternatively, the cells to be induced
may be used directly in the induction process without a prior
culture period. In some embodiments, the type of cell culture
medium used is the same or very similar before, during, and
after the induction process. In other cases, different cell cul-
ture media are used at different points. For example, one type
of culture medium may be used directly before the induction
process, while a second type of media is used during the

B. Induction
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induction process. At times, a third type of culture medium is
used during the induction process.

[0083] Cells may be cultured in medium supplemented
with a particular serum. In some embodiments, the serum is
fetal bovine serum (FBS). The serum can also be fetal calf
serum (FCS). In some cases, the serum may be Human AB
serum. Mixtures of serum may also be used, e.g. mixture of
FBS and Human AB, FBS and FCS, or FCS and Human AB.
[0084] Culture of cells may be carried out under a low
serum culture conditions prior to, during, or following induc-
tion. A “low serum culture condition” refers to the use ofa cell
culture medium containing a concentration of serum ranging
from 0% (v/v) (i.e., serum-free) to about 5% (v/v), e.g., 0% to
2%, 0% to 2.5%, 0% to 3%, 0% to 4%, 0% to 5%, 0.1% to 2%,
0.1% to 5%, 0.1%, 0.5%, 1%, 1.2%, 1.5%, 2%, 2.5%, 3%,
3.5%, or 4%. In some embodiments, the serum concentration
is from about 0% to about 2%. In some cases, the serum
concentration is about 2%. In some cases, the serum concen-
tration is preferably 2% or less. In other embodiments, cells
are cultured under a “high serum condition,” i.e., greater than
5% serum to about 20% serum, e.g., 6%, 7%, 8%, 10%, 12%,
15%, or 20%. Culturing under high serum conditions may
occur prior to, during, and/or after induction.

[0085] Some representative media that the cells can be cul-
tured in include: MAPC, FBM, ES, MEF-conditioned ES
(MC-ES), and mTeSR™ (available, e.g., from StemCell
Technologies, Vancouver, Canada), See Ludwig et al (2006),
Nat Biotechnol, 24(2):185-187. In other cases, alternative
culture conditions for growth of human ES cells are used, as
described in, e.g., Skottman et al (2006), Reproduction, 132
(5):691-698. In some embodiments, the cells are cultured in
MAPC, FBM, MC-ES, or mTeSR™ prior to and/or during
the introduction of induction factors to the cells; and the cells
are cultured in MC-ES or mTeSR™ medium later in the
induction process.

[0086] MAPC (2% FBS) Medium may comprise: 60%
Dulbecco’s Modified Eagle’s Medium-low glucose, 40%
MCDB 201, Insulin Transferrin Selenium supplement, (0.01
mg/mlinsulin; 0.0055 mg/ml transferrin; 0.005 pg/ml sodium
selenite), 1x linolenic acid albumin (1 mg/mL albumin; 2
moles linoneic acid/mole albumin), 1 nM dexamethasone,
2% fetal bovine serum, 1 nM dexamethasone, 10-4 M ascor-
bic acid, and 10 pg/ml gentamycin.

[0087] FBM (2% FBS)Medium may comprise: MCDB202
modified medium, 2% fetal bovine serum, 5 pg/ml insulin, 50
mg/ml gentamycin, and 50 ng/ml amphotericin-B.

[0088] ES Medium may comprise: 40% Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) 40% F12 medium, 2 mM
L-glutamine, 1x non-essential amino acids (Sigma, Inc., St.
Louis, Mo.), 20% Knockout Serum Replacement™ (Invitro-
gen, Inc., Carlsbad, Calif.), and 10 pg/ml gentamycin.
[0089] MC-ES medium may be prepared as follows. ES
medium is conditioned on mitomycin C-treated murine
embryonic fibroblasts (MEFs), harvested, filtered through a
0.45-uM filter, and supplemented with about 0.1 mM f§ mer-
captoethanol, about 10 ng/ml bFGF or FGF-2, and, option-
ally, about 10 ng/ml activin A. In some cases, irradiated MEFs
are used in place of the mitomycin C-treated MEFs.

[0090] When either low or high serum conditions are used
for culturing the cells, one or more growth factors such as
fibroblast growth factor (FGF)-2; basic FGF (bFGF); plate-
let-derived growth factor (PDGF), epidermal growth factor
(EGF); insulin-like growth factor (IGF); or insulin can be
included in the culture medium. Other growth factors that can
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be used to supplement cell culture media include, but are not
limited to one or more: Transforming Growth Factor (-1
(TGF [O-1), Activin A, Noggin, Brain-derived Neurotrophic
Factor (BDNF), Nerve Growth Factor (NGF), Neurotrophin
(NT)-1, NT-2, or NT 3. In some cases, one or more of such
factors is used in place of the bFGF or FGF-2 in the MC-ES
medium or other cell culture medium.

[0091] Insome cases, the concentration of growth factorsin
the culture media described herein (e.g., MAPC, FBM, MC-
ES, mTeSR™) is from about 2 ng/ml to about 20 ng/ml, e.g.,
about 2 ng/ml, 3 ng/ml, 4 ng/ml, 5 ng/ml, 6 ng/ml, 7 ng/ml, 8
ng/ml, 10 ng/ml, 12 ng/ml, 14 ng/ml, 15 ng/ml, 17 ng/ml, or
20 ng/ml. In some embodiments, the concentration of bFGF
or FGF2 is from about 2 ng/ml to about 5 ng/ml; from about
5 ng/ml to about 8 ng/ml; from about 9 ng/ml to about 11
ng/ml; from about 11 ng/ml to about 15 ng/ml; or from about
15 ng/ml to about 20 ng/ml.

[0092] The growth factors may be used alone or in combi-
nation. For example, FGF-2 may be added alone to the
medium; in another example, both PDGF and EGF are added
to the culture medium.

[0093] Insome examples, following initiation of the forced
expression of genes or polypeptides (e.g., immediately after a
retroviral infection period) in cells, the “induced cells” are
maintained in MC-ES medium as described herein.

[0094] In some embodiments, cells are maintained in the
presence of a rho, or rho-associated, protein kinase (ROCK)
inhibitor to reduce apoptosis. In some cases, an inhibitor of
Rho associated kinase is added to the culture medium. For
example, the addition of Y-27632 (Calbiochem; water
soluble) or Fasudil (HA1077: Calbiochem), an inhibitor of
Rho associated kinase (Rho associated coiled coil-containing
protein kinase) may be used to culture the human pluripotent
and multipotent stem cells of the present invention. In some
cases the concentration of Y-27632 or Fasudil, is from about
5 uM to about 20 uM, e.g., about 5 uM, 10 uM, 15 uM, or 20
uM.

[0095] The cells may be cultured for about 1 to about 12
days e.g., 2 days, 3 days, 4.5 days, 5 days, 6.5 days, 7 days, 8
days, 9 days, 10 days, or any other number of days from about
1 day to about 12 days prior to undergoing the induction
methods described herein.

[0096] In some cases, the induced cells are cultured in
complete ES medium in a 370C, 5% CO2 incubator, with
medium changes about every 1 to 2 days. In some embodi-
ments, induced the induced cells are cultured and observed
for about 14 days to about 40 days, e.g., 15,16, 17,18, 19, 20,
23,24, 27,28, 29,30, 31, 33, 34, 35, 36, 37, 38 days, or any
other period from about 14 days to about 40 days prior to
identifying and selecting clones comprising “induced cells”
based on morphological characteristics. Morphological char-
acteristics for identifying induced cell clones include, but are
not limited to, a small cell size with a high nucleus-to-cyto-
plasm ratio; formation of small monolayer colonies within
the space between parental cells (e.g., between fibroblasts).
[0097] The cells may be plated at a cell density of about
1x103 cells/cm?2 to about 1x104 cells/cm2, e.g., 2x103 cells/
cm2, 3.5x103 cells/cm2, 6x103 cells/cm2, 7x103 cells/cm?2,
9x103 cells/cm2, or any other cell density from about 1x10°
cells/cm2 to about 1x10* cells/cm?2.

[0098] The cells can be plated and cultured directly on
tissue culture-grade plastic. Alternatively, cells are plated and
cultured on a coated substrate, e.g., a substrate coated with
fibronectin, gelatin, matrigel™, collagen, or laminin. Suit-
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able cell culture vessels include, e.g., 35 mm, 60 mm, 100
mm, and 150 mm cell culture dishes, 6-well cell culture
plates, and other size-equivalent cell culture vessels. In some
cases, the cells are cultured with feeder cells. For example, the
cells may be cultured on a layer, or carpet, of MEFs.

[0099] Media with low concentrations of serum may be
particularly useful to enrich for undifferentiated stem cells.
The undifferentiated cells cultured under low serum condi-
tions may or may not share certain properties with MSCs,
MAPCs, and/or MIAMI cells. Differences in phenotype may
be due, in part, to culture methods used to obtain MSCs,
MAPCs and MIAMI cells. For example, MSCs are often
obtained by isolating the non-hematopoeitic cells (e.g., inter-
stitial cells) adhering to a plastic culture dish when tissue,
e.g., bone marrow, fat, muscle, or skin etc., is cultured in a
culture medium containing a high-concentration serum (5%
or more). However, even under these culture conditions, a
very small number of undifferentiated cells can be main-
tained, especially if the cells were passaged under certain
culture conditions (e.g., low passage number or low-density
culturing).

[0100] Insome embodiments, in order to culture and grow
human pluripotent stem cells induced from the undifferenti-
ated stem cells of the present invention present in a human
postnatal tissue, it is preferred that the cells are subcultured
every 5to 7 days in a culture medium containing the additives
described herein on a MEF-covered plastic culture dish or a
matrigel-coated plastic culture dish. In some cases, the cells
may be cultured at a low density, which may be accomplished
by splitting the cells from about 1:6 to 1:3 or by plating the
cells at 10 cells/cm? to 3x10* cells/cm?®.

[0101] Primary culture ordinarily occurs immediately after
the cells are isolated from a donor, e.g., human. The primary
cells can be subjected to a second subculture, a third subcul-
ture, a fourth subculture, and greater than four subcultures. A
“second” subculture describes primary culture cells subcul-
tured once, a “third” subculture describes primary cultures
subcultured twice, a “fourth” subculture describes primary
cells subcultured three times, etc. The culture techniques
described herein may generally include culturing from the
period between the primary culture and the fourth subculture,
but other culture periods may also be employed. Preferably,
cells are cultured from primary culture to second subculture.
[0102] Inducingacell to become multipotent or pluripotent
can be accomplished in numerous ways. In some embodi-
ments, the methods for induction of pluripotency or multipo-
tency in one or more cells include forcing expression of a set
of induction factors (IFs). In some cases, the set of IFs
includes one or more: an Oct3/4 polypeptide, a Sox2 polypep-
tide, a K1f4 polypeptide, or a c-Myc polypeptide. In some
cases, the set does not include a c-Myc polypeptide. For
example, the set of IFs can include: an Oct3/4 polypeptide, a
Sox2 polypeptide, and a K1f4 polypeptide, but not a c-Myc
polypeptide. In some cases, the set of IFs does not include
polypeptides that might increase the risk of cell transforma-
tion.

[0103] Insomecases, the set may include a c-Myc polypep-
tide. In certain cases, the c-Myc polypeptide is a constitu-
tively active variant of c-Myc. In some instances, the set
includes a c-Myc polypeptide capable of inducible activity,
e.g., a c-Myc-ER polypeptide, see, e.g., Littlewood, et al.
(1995) Nucleic Acid Res. 23(10):1686-90.

[0104] Inother cases, the set of IFs may include: an Oct3/4
polypeptide, a Sox2 polypeptide, and a K1f4 polypeptide, but
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not a TERT polypeptide, a SV40 Large T antigen polypep-
tide, HPV16 E6 polypeptide, a HPV16 E7 polypeptide, or a
Bmil polypeptide. In some cases, the set of IFs does not
include a TERT polypeptide. In some cases, the set of IFs
does not include a SV40 Large T antigen. In other cases, the
set of IFS does notinclude a HPV 16 E6 polypeptide ora HPV
16 E7 polypeptide.

[0105] In some cases, the set of IFs includes three IFs,
wherein two of the three IFs are an Oct3/4 polypeptide and a
Sox2 polypeptide. In other cases, the set of IFs includes two
IFs, wherein the two polypeptides are a c-Myc polypeptide
and a Sox2 polypeptide In some cases, the set of induction
factors is limited to Oct 3/4, Sox2, and K1f4 polypeptides. In
other cases, the set of induction factors may be limited to a set
of four IFs: an Oct3/4 polypeptide, a Sox2 polypeptide, a K1f4
polypeptide, and a c-Myc polypeptide.

[0106] A set of IFs may include IFs in addition to an Oct
3/4, a Sox2, and a KIf4 polypeptide. Such additional IFs
include, but are not limited to Nanog, TERT, LIN28,
CYP26A1, GDF3, FoxD3, Zfp42, Dnmt3b, Ecatl, and Tcll
polypeptides. In some cases, the set of additional IFs does not
include a ¢ Myc polypeptide. In some cases, the set of addi-
tional IFs does not include polypeptides that might increase
the risk of cell transformation.

[0107] Forced expression of IFs may be maintained for a
period of at least about 7 days to at least about 40 days, e.g.,
8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15
days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 25
days, 30 days, 33 days, or 37 days.

[0108] C. Gene Therapy

[0109] Introduction of heterologous transgenes (HTs) may
be used to provide a beneficial oligonucleotide, gene, or set of
genes for the purpose of correcting a genetic defect or pro-
viding an enhanced function. HTs can be used to mitigate a
known genetic defect that is understood in the art to increase
the likelihood of developing, or contribute directly to, a dis-
ease or condition. It is also understood that it may be advan-
tageous to introduce HT's into cells or tissues at any time both
before and after the generation of iPSCs. It is further under-
stood that HTs may be introduced into cells or tissues in vivo
or in vitro. Methods for the use of suitable mammalian
expression vectors for the introduction of HT's are known the
art and are described in U.S. Pat. Nos. 7,318,919, 5,399,346,
7,157,098,7,074,772, 7,018,826, 6,743,620, which is hereby
incorporated by reference. The regenerative medicine busi-
ness or other stem cell technology business may perform,
analyze, and confirm the introduction of HTs, or the service
may be performed by a third party. In any case, the business of
the present invention may bill the customer, or a third party
for services rendered.

[0110] In one example of the use of HTs, the gene CCR5S
encoding a human cell surface protein may be replaced with
the heterologous transgene CCRS variant known as CCR5S
delta 32. Gene replacement can be done by specific integra-
tion of a replacement transgene into the genome of the target
cell, or by spliceosome-mediated RNA trans-splicing. Cells
with this replacement transgene, when administered to an
individual in the form of iMSCs capable of providing partial
or complete immune system function in an individual, enable
enhanced protection in that individual against infection by the
human immuno-deficiency virus (HIV) and a decreased like-
lihood of developing acquired immune deficiency after expo-
sure to HIV.
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[0111] Similar methods to accomplish this protection
against HI'V exposure via the use of HTs in combination with
iPSCs will be evident to those skilled in the art based on the
above description. For example, instead of replacing CCRS5
with CCRS5 delta 32, cells can be transfected with a vector
encoding a hairpin RNA that silences only wild-type CCRS5
and transfected with a vector that forces the expression of
CCRS delta 32 either before or after generation of iPSCs.
Other methods to silence endogenous genes are known to
those skilled in the art and can be employed to the same effect
including but not limited to: antisense oligonucleotides, triple
helix forming oligonucleotides, or ribozymes. It is also rec-
ognized that those skilled in the art will also be able to identify
other variants of CCRS or other genes such as CD4, or
CXCR4 that enable protection from HIV exposure. It further
recognized that this approach, possibly utilizing alternative
transgenes, may be generally useful by those skilled in the art
for protection against infection by any virus or infectious
agent that requires a specific host gene to infect or replicate.
[0112] Forced expression of HTs in combination with the
use of iPSCs can also be used to treat a genetic defect or
disease allele. The individual to be treated may or may not be
currently suffering from a genetic disease. Cells may be trans-
fected with a vector containing nucleic acid that acts to spe-
cifically silence a deleterious dominant disease gene or allele,
but not a wild-type allele. Such a silencing nucleic acid may
take the form of a vector encoding for an oligonucleotide,
such as a short hairpin RNA molecule, an antisense oligo-
nucleotide, or a triple helix forming oligonucleotide that spe-
cifically silences the disease causing mutation. In other cases
a transgene encoding for a ribozyme or an oligonucleotide
promoting spliceosome-mediated RNA trans-splicing may
be used.

[0113] Forced expression of HTs in combination with the
use of iPSCs can also be used to treat a genetic defect or
disease allele by providing a missing or insufficient function,
gene, or gene product to an individual. For example, iPSCs
induced from a sample donated by an individual suffering
from a factor VIII deficiency may be transfected with a wild-
type factor VIII gene and administered to the individual or
recipient. In another case, the donor is an HL A-type match to,
or family member of, the recipient. In still other cases, the
donor and recipient are unrelated.

[0114] Ina specific embodiment, a donor carrying a variant
of the human gene breast cancer 1 early onset or BRCA1 that
is known to increase the likelihood of developing breast can-
cer may elect to undergo an autologous transplant of differ-
entiated breast tissue derived from iPSCs after a prophylactic
mastectomy. A heterologous transgene may be used to
replace the deleterious BRCA1 gene variant by any of the
methods disclosed above with a variant that does not contrib-
ute to the likelihood of developing early onset breast cancer in
the donated somatic cells prior to or after generation of iPSC.
Variations of this approach will be evident to those skilled in
the art based on the present description. For example, muta-
tions in the gene RPE65 lead to blindness. Differentiated cells
ofthe retina generated from donor derived iPSCs that express
a wild-type RPE65 allele may be used to treat this condition
by administering the differentiated cells to the patient.
[0115] Similarly, gene therapy in combination with use of
iPSCs and/or differentiated cells and tissues thereof may be
used for mitigating a variety of genetic factors or diseases
including but not limited to one or more of following: Alzhe-
imer’s disease, Parkinson’s disease, cystic fibrosis, hemo-
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philia, diabetes, multiple sclerosis, liver disease, kidney dis-
ease, cardiac disease, Crohn’s disease, severe combined
immune deficiency, arthritis, rheumatoid arthritis, metabolic
disorders, a proliferative disease such as cancer, or any dis-
ease or condition caused in whole or in part by a specific gene
variant or set of gene variants. Several lists of genes and gene
variants currently known to contribute to diseases or condi-
tions are known to the art. For example, a number of online
databases of disease alleles and associated diseases and con-
ditions are described in U.S. application Ser. No. 12/157,967,
filed Jun. 13, 2008; WSGR Docket Number 36588-704.201;
First Inventor Kazuhiro Sakurada, which is herein incorpo-
rated by reference in its entirety. It is understood that the
number of known alleles that contribute to diseases or condi-
tions will continue to increase and that the methods described
herein are also applicable to disease or condition-associated
alleles as yet undescribed.

[0116] Sometimes, a particular gene therapy approach may
be deleterious in and of itself if applied to a whole individual.
A particular advantage of the present methods is that the gene
therapy can be performed outside the body and targeted only
to a specific cell-type or tissue. For example, rheumatoid
arthritis is a common chronic systemic autoimmune disease
whose pathogenesis is not fully understood. The disease is
associated with, among other symptoms, severe inflamma-
tion and pain in the joints of the body. In one embodiment,
iPSCs are generated from an autologous, related, or unrelated
donor and subjected to forced expression of HTs that down-
regulate the autoimmune reaction. iPSCs are differentiated
into cells and tissue of the affected area and administered to
the patient. HT's that can downregulate an autoimmune reac-
tion are known to those skilled in the art (see Expert Opinion
on Therapeutic Targets, Volume 4, Number 4, August 2000,
pp- 481-495(15)). Other HTs that might be used to mitigate a
disease or condition include but are not limited to: apolipo-
protein E, cystic fibrosis transmembrane conductance regu-
lator, insulin, hemoglobin, dystrophin, breast cancer 1 early
onset, breast cancer 2 early onset, adenosine deaminase, fac-
tor VIII, or factor IX.

[0117] The successful introduction of HTs may be con-
firmed by an assay for presence or expression of the trans-
gene. This assay may involve i) the detection of the polypep-
tide encoded by the transgene by techniques known to the art
including but not limited to blotting, enzyme assay, immu-
noassay or mass spectrometry, ii) detection of the ribonucleic
acid message encoded by the transgene by techniques known
to the art including but not limited to quantitative pcr, SAGE,
or blotting, microarray, or iii) detection of a co-transfected
marker gene that confers a detectable phenotype including
but not limited to: resistance to the drug G418, fluorescence as
in the case of green fluorescent protein, or an enzyme activity.
In some cases the co-transfected marker gene is present on the
same vector as the beneficial transgene, in other cases it is on
a separate vector. In some cases, more than one transgene is
introduced into the cells.

[0118] Inother cases, the transgene may provide a cell-fate
determining function to ensure that iPSCs differentiate into a
specific cell-type or tissue. For example, 1) transcription fac-
tors including but not limited to: Isl-1, en-1, en-2, nurr-1,
myoD, myogenin, or forkhead box proteins, ii) growth factors
including but not limited to: hedgehog, wnt genes, transform-
ing growth factor beta, granulocyte colony stimulating factor,
granulocyte macrophage stimulating factor, nerve growth
factor, neurotrophin, platelet-derived growth factor, erythro-



US 2009/0299763 Al

poeitin, thrombopoietin, myostatin, growth differentiation
factor 9, acidic fibroblast growth factor, basic fibroblast
growth factor, epidermal growth factor, insulin like growth
factor, or hepatocyte growth factor, and iii) growth factor
receptors. In some cases those skilled in the art may wish to
use a variant or mutation of a transgene to provide the cell-fate
determining function. Instill other cases multiple HT's may be
used to provide the cell-fate determining function.

[0119] Forced expression of HTs may include introducing
one or more mammalian expression vectors encoding the
desired transgene to a population of cells. The HTs may be
introduced into the cells as exogenous genes. In some cases,
the exogenous genes are integrated into the genome of a host
cell and its progeny. In other cases, the exogenous genes are
integrated into the genome of a host cell and its progeny and
replace an endogenous variant of that gene. In still other cases
the exogenous genes persist in an episomal state in the host
cell and its progeny. Exogenous genes may be genes that are
transfected into the cell from an external source. In some
cases, a natural version of the gene may already exist in the
cell but an additional “exogenous gene” is added to the cell to
induce polypeptide expression. A single mammalian expres-
sion vector may contain two or more HTs. In other cases, one
or more expression vectors encoding a transgene polypeptide
are used. In some embodiments, each of the HTs to be
expressed is encoded on a separate mammalian expression
vector.

[0120] Examples of suitable mammalian expression vec-
tors include but are not limited to one or more of the follow-
ing: recombinant viruses, nucleic acid vectors, such as plas-
mids, bacterial artificial chromosomes, yeast artificial
chromosomes, human artificial chromosomes, cDNA,
cRNA, and PCR product expression cassettes. Examples of
suitable promoters for driving expression of HTs include: the
natural promoter of the transgene; retroviral LTR elements;
constitutive promoters such as CMV, HSV1-TK, SV40,
EF-10, B-actin; PGK, and inducible promoters, such as those
containing Tet-operator elements. In some cases, one or more
of the mammalian expression vectors encodes, in addition to
an HT, amarker gene that facilitates identification or selection
of cells that have been transfected or infected. Examples of
marker genes include, but are not limited to, fluorescent pro-
tein genes, e.g., for EGFP, DS-Red, YFP, and CFP; proteins
conferring resistance to a selection agent, e.g., the neoR gene,
and the blasticidin resistance gene.

[0121] In some cases, the HTs are genetically fused in
frame with a transport protein amino acid sequence, e.g., that
of a VP22 polypeptide as described in, e.g., U.S. Pat. Nos.
6,521,455, 6,251,398, and 6,017,735. Such VP22 sequences
confer intercellular transport of VP22 fusion polypeptides
from cells that have been transfected with a VP22 fusion
polypeptide expression vector to neighboring cells that have
not been transfected or transduced. See, e.g., Lemken et al
(2007), Mol Ther, 15(2):310-319. Accordingly, the use of
HT-VP22 fusion polypeptides can significantly increase the
functional efficiency of transfected mammalian expression
vectors in the regenerative medicine methods of the present
invention.

[0122] The methods of the present invention are not limited
to any particular gene therapy methods. Gene therapy meth-
ods contemplated by the present invention include but are not
limited to the use of recombinant viruses, proteoliposomes,
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nucleic acid vectors. These gene therapy methods may be
used to treat any diseases or disorders of the present inven-
tion.

[0123] D. Differentiation of iPSCs

[0124] Induced stem cells may be differentiated into cell-
types of various lineages as deemed necessary or advanta-
geous for running the regenerative medicine business or other
stem cell technology business. Methods of differentiating
iSCs, iPSCs, or iMSCs into cell types of various lineages
include but are not limited to the addition of growth factors,
hormones, or cell culture media additives, the use of spent
media, co-culture of iSCs in the presence of other cells, and
the use of alternative culture conditions such as lower or
higher temperature. Specific methods for differentiation of
iPSCs are more fully provided in U.S. application Ser. No.
12/157,967, filed Jun. 13, 2008; WSGR Docket Number
36588-704.201; First Inventor Kazuhiro Sakurada, which is
herein incorporated by reference in its entirety.

[0125] Differentiated cell types, tissues, and organs of the
present invention include but are not limited to differentiation
ofiPSCs into neural stem cells, cardiac stem cells, and hepatic
stem cells. Differentiated cell types further include but are not
limited to neurons, oligodendrocytes, astrocytes, fibroblasts,
cardiomyocytes, pancreatic beta cells, hepatocytes, and myo-
cytes. Differentiation of iPSCs is also understood to include
the generation of tissues and organs. It is also understood that
the methods of the present invention may apply to methods of
differentiating iPSCs that are currently unknown to the art.
Differentiated cells of the present invention may also be puri-
fied from cells that are not successfully differentiated into the
desired cell-type using a variety of methods including but not
limited to cell sorting, and magnetic separation.

[0126] In some cases a kit is marketed and sold which
includes a means for generation of differentiated cells from
iPSCs, and optionally a means for administering the cells to
an individual. In some cases, the donor, a third party, or a
payee thereof, may be billed for the generation of differenti-
ated cells from iSCs.

[0127] The induced cells may be differentiated into cell-
types of various lineages. Examples of differentiated cells
include any differentiated cells from ectodermal (e.g., neu-
rons and fibroblasts), mesodermal (e.g., cardiomyocytes), or
endodermal (e.g., pancreatic cells) lineages. The differenti-
ated cells may be one or more: pancreatic beta cells, neural
stem cells, neurons (e.g., dopaminergic neurons), oligoden-
drocytes, oligodendrocyte progenitor cells, hepatocytes,
hepatic stem cells, astrocytes, myocytes, hematopoietic cells,
or cardiomyocytes.

[0128] The differentiated cells derived from the induced
cells may be terminally differentiated cells, or they may be
capable of giving rise to cells of a specific lineage. For
example, induced cells can be differentiated into a variety of
multipotent cell types, e.g., neural stem cells, cardiac stem
cells, or hepatic stem cells. The stem cells may then be further
differentiated into new cell types, e.g., neural stem cells may
be differentiated into neurons; cardiac stem cells may be
differentiated into cardiomyocytes; and hepatic stem cells
may be differentiated into hepatocytes.

[0129] There are numerous methods of differentiating the
induced cells into a more specialized cell type. Methods of
differentiating induced cells may be similar to those used to
differentiate stem cells, particularly ES cells, MSCs, MAPCs,
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MIAMI, hematopoietic stem cells (HSCs). In some cases, the
differentiation occurs ex vivo; in some cases the differentia-
tion occurs in vivo.

[0130] Any known method of generating neural stem cells
from ES cells may be used to generate neural stem cells from
induced cells, See, e.g., Reubinoff et al., (2001), Nat, Bio-
technol., 19(12): 1134-40. For example, neural stem cells
may be generated by culturing the induced cells as floating
aggregates in the presence of noggin, or other bone morpho-
genetic protein antagonist, see e.g., Itsykson et al., (2005),
Mol, Cell Neurosci., 30(1):24-36. In another example, neural
stem cells may be generated by culturing the induced cells in
suspension to form aggregates in the presence of growth
factors, e.g., FGF-2, Zhang et al., (2001), Nat. Biotech., (19):
1129-1133. In some cases, the aggregates are cultured in
serum-free medium containing FGF-2. In another example,
the induced cells are co-cultured with a mouse stromal cell
line, e.g., PA6 in the presence of serum-free medium com-
prising FGF-2. In yet another example, the induced cells are
directly transferred to serum-free medium containing FGF-2
to directly induce differentiation.

[0131] Neural stems derived from the induced cells may be
differentiated into neurons, oligodendrocytes, or astrocytes.
Often, the conditions used to generate neural stem cells can
also be used to generate neurons, oligodendrocytes, or astro-
cytes.

[0132] Dopaminergic neurons play a central role in Parkin-
son’s Disease and other neurodegenerative diseases and are
thus of particular interest. In order to promote differentiation
into dopaminergic neurons, induced cells may be co-cultured
with a PA6 mouse stromal cell line under serum-free condi-
tions, see, e.g., Kawasaki et al., (2000) Neuron, 28(1):31-40.
Other methods have also been described, see, e.g., Pomp et
al., (2005), Stem Cells 23(7):923-30; U.S. Pat. No. 6,395,
546, e.g., Lee et al., (2000), Nature Biotechnol., 18:675-679
[0133] Oligodendrocytes may also be generated from the
induced cells. Differentiation of the induced cells into oligo-
dendrocytes may be accomplished by known methods for
differentiating ES cells or neural stem cells into oligodendro-
cytes. For example, oligodendrocytes may be generated by
co-culturing induced cells or neural stem cells with stromal
cells, e.g., Hermann et al. (2004), J Cell Sci. 117(Pt 19):4411-
22. In another example, oligodendrocytes may be generated
by culturing the induced cells or neural stem cells in the
presence of a fusion protein, in which the iterleukin (IL)-6
receptor, or derivative, is linked to the IL-6 cytokine, or
derivative thereof. Oligodendrocytes can also be generated
from the induced cells by other methods known in the art, see,
e.g. Kang et al., (2007) Stem Cells 25, 419-424.

[0134] Astrocytes may also be produced from the induced
cells. Astrocytes may be generated by culturing induced cells
or neural stem cells in the presence of neurogenic medium
with bFGF and EGF, see e.g., Brustle et al., (1999), Science,
285:754-756.

[0135] Induced cells may be differentiated into pancreatic
beta cells by methods known in the art, e.g., Lumelsky et al.,
(2001) Science, 292:1389-1394; Assady et al., (2001), Dia-
betes, 50:1691-1697; D’ Amour et al., (2006), Nat. Biotech-
nol., 24:1392-1401; D’ Amour et al., (2005), Nat. Biotechnol.
23:1534-1541. The method may comprise culturing the
induced cells in serum-free medium supplemented with
Activin A, followed by culturing in the presence of serum-
free medium supplemented with all-trans retinoic acid, fol-
lowed by culturing in the presence of serum-free medium
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supplemented with bFGF and nicotinamide, e.g., Jiang et al.,
(2007), Cell Res., 4:333-444. In other examples, the method
comprises culturing the induced cells in the presence of
serum-free medium, activin A, and Wat protein from about
0.5 to about 6 days, e.g., about 0.5, 1, 2, 3, 4, 5, 6, days;
followed by culturing in the presence of from about 0.1% to
about 2%, e.g., 0.2%, FBS and activin A from about 1 to about
4 days, e.g., about 1, 2, 3, or 4 days; followed by culturing in
the presence of 2% FBS, FGF-10, and KAAD-cyclopamine
(keto-N-aminoethylaminocaproyl dihydro cinnamoylcyclo-
pamine) and retinoic acid from about 1 to about 5 days, e.g.,
1, 2, 3, 4, or 5 days; followed by culturing with 1% B27,
gamma secretase inhibitor and extendin-4 from about 1 to
about4 days, e.g., 1, 2,3, or4 days; and finally culturing in the
presence of 1% B27, extendin-4, IGF-1, and HGF for from
about 1 to about 4 days, e.g., 1, 2, 3, or 4 days.

[0136] Hepatic cells or hepatic stem cells may be differen-
tiated from the induced cells. For example, culturing the
induced cells in the presence of sodium butyrate may generate
hepatocytes, see e.g., Rambhatla et al., (2003), Cell Trans-
plant, 12: 1-11. In another example, hepatocytes may be
produced by culturing the induced cells in serum-free
medium in the presence of Activin A, followed by culturing
the cells in fibroblast growth factor-4 and bone morphoge-
netic protein-2, e.g., Cai et al., (2007), Hepatology, 45(5):
1229-39. In an exemplary embodiment, the induced cells are
differentiated into hepatic cells or hepatic stem cells by cul-
turing the induced cells in the presence of Activin A from
about 2 to about 6 days, e.g., about 2, about 3, about 4, about
5, or about 6 days, and then culturing the induced cells in the
presence of hepatocyte growth factor (HGF) for from about 5
days to about 10 days, e.g., about 5, about 6, about 7, about 8,
about 9, or about 10 days.

[0137] The induced cells may also be differentiated into
cardiac muscle cells. Inhibition of bone morphogenetic pro-
tein (BMP) signaling may result in the generation of cardiac
muscle cells (or cardiomyocytes), see, e.g., Yuasa et al.,
(2005), Nat. Biotechnol., 23(5):607-11. Thus, in an exem-
plary embodiment, the induced cells are cultured in the pres-
ence of noggin for from about two to about six days, e.g.,
about 2, about 3, about 4, about 5, or about 6 days, prior to
allowing formation of an embryoid body, and culturing the
embryoid body for from about 1 week to about 4 weeks, e.g.,
about 1, about 2, about 3, or about 4 weeks.

[0138] In other examples, cardiomyocytes may be gener-
ated by culturing the induced cells in the presence of leukemia
inhibitory factor (LIF), or by subjecting them to other meth-
ods known in the art to generate cardiomyocytes from ES
cells, e.g., Bader et al., (2000), Circ. Res., 86:787-794, Kehat
etal., (2001), J. Clin. Invest., 108:407-414; Mummery et al.,
(2003), Circulation, 107:2733-2740.

[0139] Examples of methods to generate other cell-types
from induced cells include: (1) culturing induced cells in the
presence of retinoic acid, leukemia inhibitory factor (LIF),
thyroid hormone (T3), and insulin in order to generate adi-
poctyes, e.g., Dani etal., (1997),J. Cell Sci., 110: 1279-1285;
(2) culturing induced cells in the presence of BMP-2 or
BMP-4 to generate chondrocytes, e.g., Kramer et al., (2000),
Mech. Dev., 92:193-205; (3) culturing the induced cells under
conditions to generate smooth muscle, e.g., Yamashita et al.,
(2000), Nature, 408:92-96; (4) culturing the induced cells in
the presence of beta-1 integrin to generate keratinocytes, e.g.,
Bagutti et al., (1996), Dev. Biol., 179:184-196; (5) culturing
the induced cells in the presence of Interleukin-3(IL-3) and
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macrophage colony stimulating factor to generate macroph-
ages, e.g., Lieschke and Dunn (1995), Exp. Hemat., 23:328-
334; (6) culturing the induced cells in the presence of IL-3 and
stem cell factor to generate mast cells, e.g., Tsai et al., (2000),
Proc. Natl. Acad. Sci. USA, 97:9186-9190; (7) culturing the
induced cells in the presence of dexamethasone and stromal
cell layer, steel factor to generate melanocytes, e.g., Yamane
et al., (1999), Dev. Dyn., 216:450-458; (8) co-culturing the
induced cells with fetal mouse osteoblasts in the presence of
dexamethasone, retinoic acid, ascorbic acid, beta-glycero-
phosphate to generate osteoblasts, e.g., Buttery et al., (2001),
Tissue Eng., 7:89-99; (9) culturing the induced cells in the
presence of osteogenic factors to generate osteoblasts, e.g.,
Sottile et al., (2003), Cloning Stem Cells, 5:149-155; (10)
overexpressing insulin-like growth factor-2 in the induced
cells and culturing the cells in the presence of dimethyl sul-
foxide to generate skeletal muscle cells, e.g., Prelle et al.,
(2000), Biochem. Biophys. Res. Commun., 277:631-638;
(11) subjecting the induced cells to conditions for generating
white blood cells; or (12) culturing the induced cells in the
presence of BMP4 and one or more: SCF, FLT3, IL-3, IL-6,
and GCSF to generate hematopoietic progenitor cells, e.g.,
Chadwick et al., (2003), Blood, 102:906-915.

[0140] In some cases, sub-populations of differentiated
cells may be purified or isolated. In some cases, one or more
monoclonal antibodies specific to the desired cell type are
incubated with the cell population and those bound cells are
isolated. In other cases, the desired subpopulation of cells
expresses a reporter gene that is under the control of a cell
type specific promoter.

[0141] In a specific embodiment, the hygromycin B phos-
photransferase-EGFP fusion protein is expressed in a cell
type specific manner. The method of purifying comprises
sorting the cells to select green fluorescent cells and reiterat-
ing the sorting as necessary, in order to obtain a population of
cells enriched for cells expressing the construct (e.g., hygro-
mycin B phosphotransferase-EGFP) in a cell-type-dependent
manner. Selection of desired sub-populations of cells may
also be accomplished by negative selection of proliferating
cells with the herpes simplex virus thymidine kinase/ganci-
clovir (HSVIK/GCV) suicide gene system or by positive
selection of cells expressing a bicistronic reporter, e.g.,
Anderson et al. (2007) Mol Ther. (11):2027-2036.

[0142] E. Drug Discovery and Testing

[0143] One method of the regenerative medicine business
or stem-cell technology business may be to provide libraries
or panels of cells or tissues for screening of drugs or com-
pounds for toxicity or efficacy in a reproducible manner.
These panels may be used, for example, in a clinical or pre-
clinical trial. These uses include determining dose response
curves, effective concentrations, maximum tolerated dose,
and minimum effective concentration. Methods and compo-
sitions related to generation and use of the panels are
described in U.S. application Ser. No. 12/157,967, filed Jun.
13, 2008; WSGR Docket Number 36588-704.201; First
Inventor Kazuhiro Sakurada, which is herein incorporated by
reference in its entirety and in U.S. Application, WSGR
Docket Number 36588-704.501; filed Jun. 12, 2009, First
Inventor Kazuhiro Sakurada, which is herein incorporated by
reference in its entirety.

[0144] The regenerative medicine business or stem-cell
technology business may involve screening of agents, such as
nucleotides, peptides, and small molecules for the ability to
alter the developmental potential of a cell, for example a
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somatic cell. The altered cell may be transformed into, for
example, a multipotent stem cell, progenitor cell, or pluripo-
tent stem cell. Methods of screening for agents are further
described, for example, in US application WSGR Docket
Number 36588-702.101; filed on Jun. 13, 2008; US applica-
tion WSGR Docket Number 36588-706.101; filed on Jun. 13,
2008; and US application WSGR Docket Number 36588-
704.501; filed on Jun. 12, 2009, First Inventor Kazuhiro
Sakurada, which is hereby incorporated by reference.

[0145] In another embodiment, iSCs (e.g., iPSCs or
iMSCs) generated from a subject, or cells differentiated from
iSCs, may be tested against candidate drugs or therapies to
determine a personalized drug efficacy and safety profile. For
example, a subject may suffer from a condition such as
depression, or any of the diseases or conditions described
herein, that can be treated by several different drugs. Each
drug may exhibit different pharmacokinetic parameters. In
addition, each drug may interact with the subject in unpre-
dictable ways and be tolerated to differing degrees. Said
subject may provide a biological sample to a stem cell tech-
nology business. The business may then generate hepatocytes
and neurons from the biological sample after induction of
iPSCs. These hepatocytes may then for example be tested for
toxicity of the candidate drugs, while the neurons are tested
for efficacy. In other cases, the iPSCs are differentiated into
cardiomyocytes, which are used in toxicity studies.

[0146] Panels of Induced Pluripotent Stem Cell Lines
[0147] Insome cases, the methods described herein utilize
a panel of iPSC lines or a panel of cells differentiated from
iPSC lines. A panel of iPSC lines comprises multiple iPSC
lines or iSC cell lines, e.g., multipotent or pluripotent iSC
lines, that meet certain selection criteria. Also provided
herein are panels of cells differentiated from iPSC or iMSC
lines as described herein. Such panels of differentiated cells
include, but are not limited to, panels of neural stem cells,
neurons, retinal cells, glial progenitor cells, glial cells, car-
diac progenitor cells, cardiomyocytes, pancreatic progenitor
cells, pancreatic beta cells, hepatic stem cells, hepatocytes or
lung progenitor cells. In some cases, the selection criteria for
inclusion of an iPSC line in a panel of iPSC lines are deter-
mined prior to generating the iPSC lines that will constitute
the panel. In other cases, the selection criteria are applied to
iPSC lines generated before hand, e.g., a bank of iPSC lines.
Selection criteria include, but are not limited to, the presence
or absence of a particular health condition in an iPSC donor,
a positive drug response in an iPSC donor, negative, positive,
or adverse drug responses in an iPSC donor, the presence or
absence of a particular phenotype in an iPSC line or in cells
differentiated from the iPSC line, and the presence or absence
of one or more polymorphic alleles in the cell lines or their
corresponding donors.

[0148] In some embodiments, where selection criteria
include the presence or absence of one or more polymorphic
alleles, the panel includes genetically diverse human iSC
(e.g., iPSC or iMSC) lines in which each iSC (e.g., iPSC or
iMSC) line carries at least one polymorphic allele that is
unique among the iSCs (e.g., iPSC oriMSC) to be included in
the panel, e.g., 5 to 10, 20 to 50, 50 to 200, 200 to 500, 500 to
1000, 1000 to 5000, 5000 to 20000, or 20000 to 50000 poly-
morphic alleles that are unique within the panel of iSC (e.g.,
iPSC or iMSC) lines. Such polymorphic alleles may include,
e.g., a SNP allele, a promoter allele, or a protein-encoding
allele. Polymorphic alles can be screened and scored for by
genotyping using any of a number of known genotyping
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assays. In some cases, the genotyping assay is a multiplexed
genotyping assay, e.g., a nucleic acid microarray assay plat-
form such as a “SNP chip.” In some cases, the one or more
polymorphic alleles are pre-selected. In some embodiments,
the one or more preselected alleles are polymorphic alleles
associated with a health condition or a predisposition to a
health condition. Examples of polymorphic alleles associated
with a health condition or a predisposition to a health condi-
tion, include, but are not limited to, polymorphic alleles asso-
ciated with a neurodegenerative disorder, a neurological dis-
order, an eye disease, a mood disorder, a respiratory disease,
a cardiovascular disease, an immunological disorder, a hema-
tological disease, a metabolic disorder, or a drug sensitivity
condition. Some examples of polymorphic alleles associated
with a health condition are provided in Table 3 above. Poly-
morphic alleles may include polymorphic alleles in an
encoded protein or a regulatory sequence affecting the
expression of the encoded protein. In some cases, the encoded
protein is a drug target. Examples of drug target proteins
include, but are not limited to, GPCRs, ion channels, kinases,
enzymes, and transcription factors.

[0149] Inother embodiments, the one or more polymorphic
alleles are pre-selected based on the presence of a high degree
of surrounding linkage disequilibrium in the genome, which
has been proposed as a signature of genomic loci that are
likely to impact many common health conditions. Methods
for identifying SNPs having a high surrounding linkage dis-
equilibrium and genes near such SNPs are described in, e.g.,
Wang et al (2006), Proc Natl Acad Sci USA, 103(1):135-140.
[0150] In some cases, a panel of iSC (e.g., iPSC or iMSC)
lines includes lines generated from subjects that are diag-
nosed as suffering from one or more health conditions. The
one or more health conditions may be one or more health
conditions that are common to all of the iSC donors (e.g.,
iPSC or iMSC), or they may be health conditions that are
different between the iSC (e.g., iPSC or iMSC) donors.
[0151] Incertain cases, a panel of iSC (e.g., iPSC or iMSC)
lines includes iSC (e.g., iPSC or iMSC) lines generated from
subjects that are both diagnosed as suffering from a health
condition and carry a polymorphic allele associated with a
health condition, e.g., a polymorphic allele associated with
the diagnosed health condition.

[0152] A panel of iSC (e.g., iPSC or iMSC) lines may
include iSC (e.g., iPSC or iMSC) lines from at least about 10
individuals to at least about 50,000 individuals, e.g., 10 to 50,
20 to 100, 50 to 250, 100 to 1000, 250, to 2000, 500 to 5000,
1000 to 10,000, 2500 to 20,000, 10,000, to 30,000, 20,000 to
40,000, or 30,000 to 50,000 individuals.

[0153] A panel of iSC (e.g., iPSC or iMSC) lines may
include iSC (e.g., iPSC or iMSC) lines from at least two
ethnic groups, e.g.,3,4,5,6,7,8,9,10, 12, 15, 20, 25, 30, or
50 ethnic groups. Examples of ethnic groups include, but are
not limited to, Europeans, Japanese, Chinese, and the Yoruba
of Nigeria, and ethnic groups listed in Table 4.

TABLE 4

Exemplary Ethnic Groups

Africa

Bantu

Biaka
Mandenka
Mbuti pygmy
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TABLE 4-continued

Exemplary Ethnic Groups

Mozabite

San

Yoruba

Native America

Colombian
Karitiana

Mava

Pima

Surui

Asia Ctrl/South

Balochi
Brahui
Burusho
Hazara
Kalash
Makrani
Pathan
Sindhi
Uyghur
Western Asia

Bedouin
Druze
Eastern Asia

Cambodian
Dai

Daur

Han (N. China)
Han (S. China)
Hezhen
Japanese

Lahu

Miao
Mongola

Naxi

Orogen

She

Tu

Tujia

Xibo

Yakut

Yi

Europe

Adygei
Basque
French
North Italian
Orcadian
Russian
Sardinian
Tuscan
Oceania

Melanesian
Papuan

V. Database Construction Operation and Access

[0154] It may be advantageous to construct or maintain a
database related to customers, potential customers, donors,
and samples of the regenerative medicine business or stem
cell technology business. Such a database may be useful for
tracking customers, tracking samples, searching for suitable
samples for customers and potential customers, and market-
ing to customers and potential customers.

[0155] A representative or agent of the regenerative medi-
cine business or stem cell technology business, an individual,
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a donor, a customer, or third party such as medical profes-
sional, a genetic counselor, a licensee, a health care provider,
an insurance provider, a testing facility, or any individual or
entity to whom the regenerative medicine business or stem
cell technology business grants database access to, herein
referred to as a database user, may search a database of the
present invention that contains descriptions of donors, cus-
tomers, stored cells, and tissues to identify suitable samples
for use in a therapy or as a research tool.

[0156] Sample information referring to harvested donor
samples, cultured cells, iSCs, differentiated cells, and tissues
derived thereof may be entered into the database. In some
cases the information is entered into the database by an
employee or agent of the business. In other cases the infor-
mation is entered into the database by a database user. The act
of logging in samples can be understood to mean entering
data relating to the sample, the donor, or both into the data-
base, or collecting or recording the data.

[0157] Information in the database can include but is not
limited to one or more of the following: a unique identifica-
tion, any information determined during analysis of the donor
or sample, presence of transgenes, whether the sample is part
of a panel as described herein, and the price for purchase or
manipulation of the sample.

[0158] The database may be a computer database or set of
computer databases or modules. The generic technique of
constructing a computer database is known to the art, e.g. U.S.
Pat. No. 7,370,366. The information may be entered into the
database using a computer. In some cases, the database is
accessed via the internet or other form of electronic informa-
tion exchange such as a telephone or a secure network. Data-
base access may be restricted to employees of the regenera-
tive medicine business or stem cell technology business,
donors, customers, licensees, prospective customers, or third
parties. Alternatively, some access to the database may be
available to any individual or entity. In some cases, restriction
of access to the database is performed via the use of a unique
user identification and password. Database users may be
grouped according to a hierarchical level of allowed informa-
tion access, e.g. a donor may access all the information per-
taining to the samples stored for that donor, but cannot access
information about other donor samples or clients. In some
cases, a database user may have access to some information
about all the samples in the database, but cannot access infor-
mation that would violate privacy laws or enable competitive
business practices. In other cases, a database user may pur-
chase different levels of database access.

[0159] A database user may search the database based on
one or more criteria. Such criteria may be but are not limited
to one or more of the following: donor age, disease state,
HLA-type, cell-type, genomic data, disease state, SNP data,
or any information stored in the database. A representative of
the business or third party such as a medical professional, or
genetic counselor may perform the search on behalf of a
customer or potential customer. The results of any such search
described may provide enough information to motivate the
customer or potential customer to purchase a product or ser-
vice from the business. In some cases, the donor, a third party,
or payee thereof, may be billed for the access to the database
regardless of the results of any search. Billing may be based
on a per-computer (per seat) license, a per search license, a
per-month of access license, a per minute of use license, or
any method known to the art of billing for access to a data-
base.
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[0160] Inoneexample, apotential customer may access the
database through a world-wide-web interface to search for
samples that match one or more criteria such as a given
HLA-type. Identification numbers corresponding to match-
ing samples in the database are provided and the results may
be searched with additional criteria to further narrow the
number of matches. The potential customer may at this point
order cells or tissues generated from the sample from the
business, be billed, and pay for services and materials.
[0161] The database user interface may include a computer
form or a web page including a means for a user to login, and
a means for new user registration. The user interface may
further include a form or set of forms containing search cri-
teria, and a means to input values for the search criteria. Said
search criteria may include but are not limited to any infor-
mation that may be contained in the database. In some cases,
the search criteria that may be displayed by the interface or
filled in by the user may be restricted according to the level of
database access available to that user. If a small number of
possible values are available for a given search criterion, the
interface may include a set of choices for filling that particular
search criterion such as in the form of a drop down menu. In
other cases, the interface may include an example specifying
a valid format for a given search criteria value. Said search
criteria values may be filled in by the database user and
transmitted to a server. Said transmission may be interpreted
as a search query by the server. The search query may then be
performed on the database. The database may reside on the
server, or may reside on another computer. The results of any
search by a database user may then be transmitted and dis-
played as a web page on the database user’s computer. Said
results may then be further refined by including additional or
alternative search criteria. A customer or potential customer
may access the database by electronic communication such as
over a computer network. Alternatively, the database user
may access the database by contacting a representative of the
business or a third party to perform the database search.

VI Kits

[0162] Kitsanticipated by the present invention include one
or more of the following: 1) a kit for the acquisition, storage
and transportation of a donor sample, 2) a kit for the genera-
tion of iPSCs, or of cells on some stage of developing towards
iPSCs, 3) a kit for the differentiation of iPSCs into cells or
tissues, and 3) a kit providing iPSCs, cells, or tissues for
administering to an individual. A kit for acquisition and stor-
age of samples may comprise: (a) a means for obtaining a
sample of somatic cells from a donor; (b) reagents and mate-
rials for storage of somatic cells in a manner suitable for
induction of iSCs; and (¢) instructions for use of the kit. The
kit may also include a means of transporting the sample to a
storage facility; a means for recording donor and sample
information; a means to input donor and sample information
into a database

[0163] Insome cases, a kit may comprise: (a) reagents and
materials for culturing somatic cells, iPSCs and cells derived
thereof including one or more of the following: cell culture
media, antibiotics, and cell culture dishes; and (b) a means for
generating iPSCs from somatic cells including one or more of
the following: plasmids encoding IFs, transfection reagents,
and recombinant viruses. In some cases, a kit includes a
temporary license for the use of iPSC technology; in some
cases a kit includes instructions for use of the kit. For
example, the kit may include instructions how to care for the
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biological sample, or how to use the reagents provided in
order to generate iPSCs from the biological sample.

[0164] In some cases, a kit for providing iPSCs, or cell,
tissues, or organs differentiated from iPSCs includes: (a) a
means for administering a therapeutic amount of biological
material to an individual; and (b) a container containing iSCs
or cells, tissues or organs derived thereof. In some cases, the
kit also includes instructions for administering the biological
material to an individual.

VII. Business Methods

[0165] (a) Reaching the Target Market

[0166] A robust marketing strategy may enable greater
market share, and decrease time to profitability in the nascent
field of regenerative medicine. The overall marketing strategy
may be broken up into several modules including but not
limited to: 1) marketing of sample acquisition and storage, 2)
marketing of generation of iSCs, 3) marketing of product
delivery for use as a therapeutic agent, 4) marketing of
research products, 5) marketing of kits of the regenerative
medicine business or stem cell technology business, 6) mar-
keting of database access and use, and 7) marketing of core
technology and use licenses for core technologies and intel-
lectual property.

[0167] The target audience for the marketing modules can
be any individual or entity. The target audience for 1) 2) and
3) may be further divided into groups including but not lim-
ited to: medical professionals, genetic counselors, veterinar-
ians, those who are suffering from a disease or condition,
those who anticipate suffering from a disease or condition,
the elderly, expectant mothers, or parents, or any individual
interested in or potentially interested products and services of
the regenerative medicine business or stem cell technology
business. The target market for 4) includes but is not limited
to researchers, universities, research laboratories, drug devel-
opment companies, contract research organizations, govern-
ment entities such as the National Institutes of Health, or any
individual or entity interested in obtaining a panel of iSCs, or
cells or tissues derived thereof. The target market for 7) may
consist of independent entities that may be interested in gain-
ing access to the use of iSC technology such as independent
cell-banking companies or regenerative medicine businesses
or stem cell technology business. The target market for 4) and
5) may consist of any of the individuals or entities previously
listed.

[0168] Methods of marketing to a target audience may be
facilitated by marketing to members of disease support
groups or advocacy groups. Such groups include but are not
limited to: the Multiple Sclerosis Society, the Muscular Dys-
trophy Association, the Cystic Fibrosis Foundation, the
American Diabetes Association, the Alzheimer’s Associa-
tion, or the National Hemophilia Foundation. Additional dis-
ease support and advocacy groups can be found at http://
www.kumec.edu/gec/support/, which is hereby incorporated
by reference.

[0169] Methods of marketing to a target audience may fur-
ther include marketing to individuals within a group, or
groups as a whole, whose members represent a desirable
demographic. Said groups include but are not limited to:
members of the AARP; subscribers to parenting and preg-
nancy magazines such as Parenting, Fit Pregnancy, Parents,
Baby Talk, American Baby, or Exceptional Parent; subscrib-
ers to health, lifestyle, or fitness magazines including but not
limited to Men’s Health, Women’s Health, Boomer, Arthritis
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Today, Body and Soul, Cooking Light, Diabetic Cooking,
Diabetic Living, Healthy and Fit Magazine, Life Extension,
Nutrition Today, Prevention, Self; Shape, or totalhealth; sub-
scribers to science or technology magazines including but not
limited to Scientific American, or Wired; readers of internet
web pages, discussion groups, social networking groups, or
blogs that relate to medicine, health, illnesses, or longevity
including but not limited to members of the Daily Strength
social networking site, members of Facebook or Myspace
groups, readers of www.stemcellnews.com, or readers of
http://www.webMD.com. In some cases however, it may be
beneficial to reach potential customers of the business by
placing advertisements in the general media such as for
example newspapers, general interest magazines, or televi-
sion commercials.

[0170] Individuals of certain groups may more effectively
be marketed to by entering into collaborative agreements with
the groups. Such collaborative agreements may include pay-
ment of a fee for access to members, provision of a discount
for members in exchange for access to members, or any
agreement which increases awareness of the products, ser-
vices and benefits offered by the regenerative medicine busi-
ness or stem cell technology business. Member access may
take the form of provision of a list of member names and
contact information such as address, electronic mail address,
or telephone number. Alternatively, member access may take
the form of scheduling informational sessions for group
members. Such informational session may take the form of
seminars or town-hall style meetings to discuss the benefits of
the regenerative medicine business or stem cell technology
business.

[0171] Marketing may take the form of print, television, or
radio media, informational sessions, internet presence such as
a webpage of the business, or any form which increases
awareness of the products, services, and benefits offered by
the regenerative medicine business or stem cell technology
business. In some cases, marketing media may take the form
of'essays or articles in print media written by a representative
ofthe business, a medical professional, or a third party such as
a journalist, or a medical professional, describing aspects of
the regenerative medicine business or stem cell technology
business.

[0172] In the case of a webpage of the regenerative medi-
cine business or stem cell technology business, marketing
may include a discussion forum. Said discussion forum may
be moderated to keep discussions on topic and to remove
inflammatory speech. The webpage may further include a
means for individuals to register contact information such as
a phone number, address, or e-mail address. Said contact
information may be used to disseminate information about
the products and services of the regenerative medicine busi-
ness or stem cell technology business.

[0173] It is further anticipated that the marketing methods
of the business may further include a media relations depart-
ment for contact with independent media outlets. Such a
media relations department could consist of at least one indi-
vidual who: discusses aspects of the regenerative medicine
business or stem cell technology business with independent
media outlets; and manages contact between spokespersons
for the business, independent media outlets, and outside
experts. Said outside experts may or may not be provided a
fee for discussing aspects of the regenerative medicine busi-
ness or stem cell technology business with independent
media outlets.
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[0174] Marketing may further include methods of market-
ing the products and services of the regenerative medicine
business or stem cell technology business and benefits thereof
by purchasing the rights to keyword search terms. Said key-
word search terms when used by an individual in an internet
search engine would trigger the display of an advertisement
for the regenerative medicine business or stem cell technol-
ogy business. Such keywords or phrases may include but are
not limited to: words that are related to diseases or conditions
actually or potentially cured or mitigated by the use of iSC
technology such as Alzheimer’s disease, or organ failure; or
words related to target marketing audiences such as preg-
nancy, child, or new parent.

[0175] It may also be beneficial to the regenerative medi-
cine business or stem cell technology business to market to
individuals or entities that may service potential customers.
Such individuals or entities include but are not limited to
medical professionals, genetic counselors, fertility clinics,
cell banking facilities, health spas, hospitals, insurance com-
panies, cord blood banks, mid-wives, or blood banks. Mar-
keting to such individuals or entities may be performed
directly or through marketing to professional groups such as
the American Medical Association, marketing to trade groups
such as the American Society for Reproductive Medicine, or
marketing to subscribers of vocational journals such as The
Journal of the American Medical Association, Midwifery
Today, The Journal of Genetic Counseling, or any other voca-
tional journal.

[0176] Marketing of the products and services of the regen-
erative medicine business or stem cell technology business to
individuals or entities that may service potential customers
may also take the form of educational seminars or workshops.
These workshops may provide sufficient training to allow the
target audience to practice aspects of the regenerative medi-
cine business or stem cell technology business as a franchisee
or licensee.

[0177] In another embodiment, marketing may be per-
formed based on the results analyses performed on donors or
samples. For example, a donor may provide a sample to the
business. This sample may then be analyzed prior to or after
storage. The analysis may indicate a hereditary disease or
condition. The business may then use this information to
market products and services of the business that may be of
interest to the donor in light of the results of the analysis.
Similarly, new genetic factors of diseases or conditions may
become known. The database of the business may then be
searched for the presence of these new genetic factors.
Donors may be identified that have these genetic factors and
marketed to.

[0178] (b) Marketing and Selling Products and Services
[0179] Business methods of the present invention provide
marketing of the products and services of the regenerative
medicine business or stem cell technology business. One
embodiment of the present invention provides marketing and
selling of a sample acquisition and storage service as
described herein. This service may or may not be done by the
regenerative medicine business or stem cell technology busi-
ness of the present invention. For example, the service may be
performed by a third party cell banking company.

[0180] The methods of the present invention also provide
marketing and selling the service of generating iSCs. Simi-
larly, iISCs may be generated by third parties licensed to use
the iSC technology of the present invention. This may be
advantageous in cases where the customer is geographically
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distant from the location of the regenerative medicine busi-
ness or stem cell technology business. The iPSCs may be
generated using a kit sold by the regenerative medicine busi-
ness or stem cell technology business.

[0181] In other cases, the present invention includes mar-
keting and selling the service of differentiating iSCs into
differentiated cells and tissues. As described previously for
generation of iSCs, the actual differentiation steps may be
outsourced to a third party. These differentiated cells and
tissues include multipotent stem cells, somatic cells, fully
differentiated cells, tissues, and organs. The methods of the
present invention further provide marketing and selling iSCs,
iMSCs, iPSCs, and differentiated cells and tissues.

[0182] The kits of the present invention may also be mar-
keted and sold using the methods of the present invention.
[0183] The present invention also includes the business
method of achieving approval from government entities for
the marketing and selling of the products and services of the
regenerative medicine business or stem cell technology busi-
ness.

Billing

[0184] The method of the present disclosure provides a
means for billing customers, third parties or payees thereof
such as an insurance provider or government entity (e.g.
Medicaid) for products and services of the regenerative medi-
cine business or stem cell technology business. Said billing
methods may include one or more of the following: billing for
access or an increased level of access to the database of the
present invention, billing for delivery of samples of the
present invention, billing for license to practice iSC technol-
ogy or license to run a regenerative medicine business or stem
cell technology business based on iSC technology, or billing
for delivery of kits of the present disclosure. In any case,
billing events and or payments may be recorded in the data-
base of the business. The regenerative medicine business or
stem cell technology business may take as payment personal
checks, money orders, credit cards, debit cards, wire trans-
fers, or any other means known by which a payment may be
made by those skilled in the art.

[0185] The term billing may include any act in which a
customer or payee is informed of the amount owed the regen-
erative medicine business or stem cell technology business. In
some cases, billing includes a notice mailed to a customer or
payee including an itemized list of the products and services
rendered. In other cases, billing may be performed by sending
an electronic communication to a customer or payee. This
communication may take the form of an electronic document
or an e-mail notice to a customer to log into the database or
web page of the business and retrieve a statement.

[0186] Some customers of the regenerative medicine busi-
ness or stem cell technology business may also generate
credits due to use of samples provided by one customer for
another unrelated customer. This mechanism of providing
credit to a customer for making sample available may be used
to provide incentives for individuals to donate samples.
[0187] Billing events may be initiated by changes in the
database. For example, a donor sample is obtained and
sample information is added to the database. Said sample
includes information about the medical insurance provider.
This change in the database may for example automatically
initiate billing to the donor or insurance provider for services
and products related to sample acquisition, analysis and stor-
age. Alternatively, billing may be initiated by a representative
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or agent of the business as a condition of providing a product
or service of the business. In other cases, billing is performed
ona recurring basis, such as monthly, for sample maintenance
and storage.

[0188] In another embodiment of the present invention,
billing is performed by a third party or licensee of the regen-
erative medicine business or stem cell technology business;
for example, a physician or third party such as a cell-banking
facility licensed to obtain and store samples for induction of
stem cells. Said cell-banking facility may obtain a sample
from a donor, input donor and sample information into the
database, and bill the donor or insurance provider for mate-
rials and services rendered. Payment of the bill may then be
passed onto the regenerative medicine business or stem cell
technology business, and a differential retained by the third
party or licensee.

EXAMPLES
Prophetic Example 1

[0189] This example illustrates the use of the products and
services of the regenerative medicine business by a customer,
herein referred to as subject A. Subject A first provides a
biological sample, which is stored cryogenically by the
regenerative medicine business. Optionally, induced pluripo-
tent stem cells (iPSCs) may be derived from the biological
sample by forcing the expression of induction factors such as
Oct3/4, Sox2 and Kl1f4. The cells are induced to become
pluripotent by following any method known in the art, e.g., a
method described in U.S. application Ser. No. 12/157,967,
filed Jun. 13, 2008, WSGR Docket Number 36588-704.201;
First Inventor Kazuhiro Sakurada, or in WSGR Docket Num-
ber 36588-704.501, filed Jun. 12, 2009. Such iPSCs are then
cryogenically stored for later use. At a later point in time,
subject A suffers organ damage via liver failure. Subject A is
deemed by those skilled in the art to require a liver transplant.
Ordinarily, a liver transplant might require a long wait to
identify a suitable donor, during which subject A might die.
Even if a suitable donor were to be found, subject A would
then have to look forward to a lifetime of immunosuppressive
therapy.

[0190] In this case however, subject A or his physician
contacts the regenerative medicine business and requests that
an autologous liver, hepatocytes, or liver progenitor cells be
generated from the stored donor sample. Said donor sample is
identified by the business from the database by searching for
the donor’s name or other identifying information. The
sample, or a portion thereof, is then thawed and cultured for a
limited period of time such as one day to four months. During
which time, cells from the donor sample are expanded. A
portion of the expanded cells are stored cryogenically frozen
in aliquots. Another portion is then used to generate induced
pluripotent stem cells, which are then differentiated into liver
(hepatic) stem cells. Said liver stem cells are then expanded to
provide a therapeutic number of cells for subject A. The liver
stem cells are analyzed for malignant or premalignant
changes in genomic or gene expression profiles. The liver
stem cells are then provided to subject A or subject A’s phy-
sician in a kit suitable for administering to subject A. Suitable
matrices, or pharmaceutical carriers for encouraging success-
ful engraftment of hepatocytes or liver stem cells are known
to those skilled in the art. It is also understood that this

Dec. 3, 2009

example is meant to apply to other materials or techniques for
encouraging successful engraftment that may become known
in the future.

[0191] The database ofthe business may be updated at each
step to reflect changes to subject A’s condition, changes to
subject A’s sample history, addition of new samples derived
from subject A via expansion, induction, or differentiation, or
billing events. Further each step of the business, or change in
the database, may generate a billing event for subject A, or his
insurance provider.

Prophetic Example 2

[0192] This example illustrates the use of the products and
services of the regenerative medicine business by a customer,
herein referred to as subject B. Subject B does not provide a
sample to the regenerative medicine business. In this case,
subject B also suffers liver failure due to trauma, and requires
a transplant for which a suitable donor cannot be timely
found. Subject B’s physician obtains a kit provided by the
regenerative medicine business for acquiring a suitable
sample of biological material from subject B and transporting
the sample to the regenerative medicine business. Upon
receipt of the sample by the business, cells are analyzed,
cultured and expanded. On the basis of donor and sample
analysis, subject B is considered free of known diseases or
conditions. A portion of expanded cells are stored cryogeni-
cally in individual aliquots for future use. A portion of
expanded cells are also used to generate liver stem cells,
which are then provided in the manner previously described.

Prophetic Example 3

[0193] This example illustrates the use of the products and
services of the regenerative medicine business by a customer
herein referred to as subject C. Subject C does not provide a
sample to the regenerative medicine business. In this case,
subject C suffers from a hereditary leukemia rendering an
autologous transplant inadvisable because any autologous
material contains the same hereditary factor that contributed
to the leukemia.

[0194] Subject C’s high resolution HL A type is determined
by methods described herein from a sample of biological
material, which is subsequently stored. The database of the
regenerative medicine business is then searched to find an
HLA serotype (low resolution HLA-type) match. Potential
matches are then ranked according to donor and sample char-
acteristics such as age of the donor (cells from younger
donors are preferable), race or ethnic background of the donor
(individuals of similar race or ethnic background are likely to
have similar HLA-types), and disease state of the donor (do-
nor’s suffering from hereditary diseases may be less desir-
able), or CMV serologic status. Suitable donor samples are
identified and further analyzed by high resolution HLA-type.
A matching sample is then identified. If the matching sample
comprises differentiated cells, induced pluripotent stem cells
(iPSCs) are generated from the matching sample. Optionally,
the matching sample may already include iPSCs. In the next
step, the iPSCs are differentiated into hematopoietic stem
cells. The hematopoietic stem cells are analyzed for malig-
nant or premalignant changes, and provided to subject C, or
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subject C’s physician for administering to subject C. Subject
C’s insurance provider is then billed for products and services
rendered.

Prophetic Example 4

[0195] This example illustrates the use of the products and
services of a stem cell technology business by a customer
herein referred to as customer D. Customer D is a researcher
developing new therapies for hereditary leukemias. In this
case, customer D wishes to test possible therapies against (1)
human leukemia cell lines, (2) human primary lymphocyte
cells from individuals who are at risk of developing leukemia
due to hereditary factors, and (3) disease free primary human
lymphocyte cells. In addition, Customer D wishes to be able
to reproducibly obtain genetically identical primary human
cell lines in perpetuity for the purposes of testing new poten-
tial therapeutic agents as they become known to the art.
[0196] In this case, the regenerative medicine business or
stem cell technology business possesses a panel of primary
human lymphocytes from subject C (2) and subject B (3).
Said cells of (2) and (3) are then provided to customer D for
research purposes. Customer D or a third party payee is billed
for products and services. Primary human cell lines ordinarily
do not replicate for prolonged periods of time; therefore,
customer D requires that primary human cell lines are gener-
ated using iPSC technology using samples from subject C and
subject B and provided on a continuing basis. In this case, the
regenerative medicine business or stem cell technology busi-
ness generates and stores a large number of iPSCs that are
generated from samples from subject C and subject B.
[0197] Customer D publishes or makes known the findings
of his research involving primary human cell lines derived
from subject C and subject B. Other researchers wish to
reproduce the work of Customer D, or perform similar experi-
ments using the same cells. These other researchers, therefore
contact the regenerative medicine business or stem cell tech-
nology business to obtain the panel of cells described by
customer D consisting of (2) and (3).

Prophetic Example 5

[0198] This example illustrates the use of the products and
services of the regenerative medicine business by a customer
herein referred to as Subject E. Subject E is an expectant
mother. Subject E learns of the products and services of the
regenerative medicine business by reading an advertisement
in Pregnancy Magazine. Subject E wishes to have a sample
from her child obtained and stored for possible future use.
Subject E registers as a new user on the website of the regen-
erative medicine business, and purchases a neonatal sample
collection kit paid for by credit card. Subject E provides the
sample collection kit to her obstetrician for the purpose of
collecting neonatal tissue from her child shortly after birth.
The kit includes a means for obtaining, storing, and transport-
ing blood cells from the umbilical cord of the neonate. The kit
further includes a means for updating the database of the
business to provide donor and sample information. The obste-
trician follows the instructions included in the kit and obtains
a suitable sample from Subject E’s child. The sample is then
transported to a third party cell-banking facility for cryogenic
storage. The database of the regenerative medicine business is
then updated to include donor and sample information. Sub-
ject E is then billed for sample handling and storage fees by
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the cell-banking facility. The cell banking facility remits a
portion of Subject E’s payment to the regenerative medicine
business.

Prophetic Example 6

[0199] This example illustrates a method of marketing the
products and services of the regenerative medicine business
or stem cell technology business. In this example a website is
constructed that includes 1) a home page in which a potential
customer can access general information concerning the
products and services of the regenerative medicine business
or stem cell technology business including but not limited one
or more of the following: a) methods of accessing the prod-
ucts and services, b) methods of contacting an agent or rep-
resentative of the business, c) lists of diseases or conditions
that may be mitigated by products and services or the busi-
ness, d) information about collaborative partners of the busi-
ness such as a third party cell banking facility that may obtain
and store samples, e) information about products such as kits
that may be ordered or are available from a store, and f) a
means for registering as a new user to gain database access,
and 2) a means for accessing the database of the regenerative
medicine business or stem cell technology business to search
for desirable samples such as those that match a particular
HLA-type.

[0200] In this example, a potential client finds the website
of the business through a variety of means such as by search-
ing for keywords “stem” and “cell” using an internet search
engine. The potential client explores whether there are
samples that match the potential client’s HLA-type, by reg-
istering as a new user, obtaining a login and password, log-
ging in, and searching the database. The results of a database
search reveals information such as specific samples of interest
sorted by degree of match, information as to potential uses of
the matching samples, and information as to how to obtain the
samples. Additionally, the results of the database search mar-
ket the advantages of providing an autologous sample.

Prophetic Example 7

[0201] This example illustrates the use of the products and
services of a stem cell technology (SCT) business by a cus-
tomer herein referred to as customer F. Customer F is an agent
for a pharmaceutical company focused on developing assays
for identifying molecules that improve molecular or cellular
disease phenotypes in motor neurons, particularly molecules
with the potential to treat patients suffering from spinal mus-
cular atrophy (SMA). SMA is a neuromuscular degenerative
disease that is among the leading causes of childhood paraly-
sis and mortality. The disease exhibits a wide range of severity
affecting infants through adults, and is subdivided into types
I-IV based on the age of onset and severity of symptoms: Type
I “Infantile” onset at ages 0-6 months and generally fatal);
Type Il “Intermediate,” onset at ages 7-15 months; inability to
stand or walk, but some ability to maintain a sitting position;
Type III “Juvenile” onset at ages 18 months to 17 years, with
some ability to walk, though potentially transient; Type IV
“Adult,” some muscle weakness, but no genetic basis known.
[0202] The molecular basis of SMA is linked to the Sur-
vival Motor Neuron (SMN) gene. The region of chromosome
5 that contains the SMN (survival motor neuron) gene has a
large duplication. A large sequence that contains several
genes occurs twice—i.e. once in each of the adjacent seg-
ments. The two copies of the gene—known as SMN1 and
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SMN2—differ by only a few base pairs. The SMN2 gene
contains a mutation that occurs at the splice junction of intron
6 to exon 7 resulting in about 90% of SMN2 pre-mRNA
transcripts being spliced into a form that excludes exon 7.
This shorter mRNA transcript codes for a truncated SMN
protein, which is rapidly degraded. About 10% of pre-mRNA
transcript from SMN2 is spliced into the full length transcript
that codes for the fully functional SMN protein. This splicing
defect occurs in multiple cell types, although, for unknown
reasons, the survival of motor neurons appear to be particu-
larly affected.

[0203] SMA results from the loss of the SMN1 gene from
both chromosomes, and its severity, ranging from SMA 1 to
SMA 3, largely depends on whether the level of SMN2E7
transcript can make up for low levels or absence of exon
7-inclusive SMN 1 transcript. The mutations that cause the
loss of SMN 1 are of two types. One type is deletion muta-
tions, in which both copies of the SMN1 are missing. The
other type of mutation is a conversion mutation in which both
copies of the SMN1 gene have a point mutation resulting in
the same splicing pattern as the SMN2 gene. As an initial step
towards developing an in vitro assay for identifying mol-
ecules that can increase levels of exon 7-inclusive SMIN2
(SMN2E?7) transcript, we generated several iPSC lines from
Coriell fibroblast lines established from three SMN1 -/-
SMA patients and from two healthy SMN1-/+ subjects.

[0204] The molecular basis of SMA is linked to the Sur-
vival Motor Neuron (SMN) gene. The region of chromosome
5 that contains the SMN (survival motor neuron) gene has a
large duplication. A large sequence that contains several
genes occurs twice—i.e. once in each of the adjacent seg-
ments. A second change that is found only in humans is that
the two copies of the gene—known as SMN1 and SMN2—
differ by only a few base pairs. The important change in the
SMN?2 gene, for the purposes of SMA, is a silent mutation that
occurs at the splice junction of intron 6 to exon 7. This affects
splicing of the SMN2 pre-RNA, resulting in about 90% of the
transcripts being inappropriately spliced into a form that
excludes exon 7. This shorter mRNA transcript codes for a
shorter SMN protein, which is rapidly degraded. About 10%
of the mRNA transcript from SMN2 is spliced into the full
length transcript that codes for the fully functional SMN
protein.

[0205] The stem cell technology (SCT) business houses
large numbers of panels of iPSCs (or of somatic cells that can
be used to generate iPSCs) as well as panels of cells (e.g.,
neurons, motor neurons, hepatocytes, cardiomyocytes) dif-
ferentiated from iPSCs. SCT may obtain the iPSCs from
numerous sources. For some panels, the SCT business obtains
tissue from participants in a clinical trial; the SCT business
then generates panels of iPSCs. Each panel of iPSCs is used
to generate differentiated cells. Some panels of iPSCs are
used to generate several types of differentiated cells. In some
services, the SCT provides panels of neurons (including
dopaminergic neurons and motor neurons), hepatocytes, and
cardiomyocytes all generated from the same panel of iPSCs.
Customer F locates the web-site of the stem cell technology
(SCT) business on the world wide web, or internet. Customer
F then uses the “search” function on the web-site to locate
lists of panels of cells currently available at SCT. Customer F
may also use a function on the web-site to custom design sets
of panels. Customer F desires the following panels of cells:
(1) a panel of motor neurons differentiated from iPSCs
derived from greater than 500 donors who display Type I
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SMA; (2) a panel of motor neurons differentiated from iPSCs
derived from greater than 500 donors who display Type 11
SMA; (3) a panel of motor neurons differentiated from iPSCs
derived from greater than 500 donors who display Type 111
SMA; (4) a panel of motor neurons differentiated from iPSCs
derived from greater than 500 donors who display Type IV
SMA; (5)-(8) panels of hepatocytes differentiated from
iPSCs derived from the sets of donors described in (1)-(4);
(9)-(12) panels of cardiomyocytes differentiated from iPSCs
derived from the sets of donors described in (1)-(4); (13)
panels of neurons differentiated from the sets of donors
described in (1)-(4), where such sets are further modified to
exclude all male donors; and (14) panels of neurons differen-
tiated from the sets of donors described in (1)-(4), where such
sets are further modified to exclude all female donors.
[0206] Customer searches the SCT site for panels matching
his criteria. He succeeds with respect to panels (1) through
(12) listed above. He adds (1) through (12) to his shopping
basket. He then proceeds to the custom panel page and
designs the panels described in (13) and (14). He next pro-
ceeds to the check out screen to complete his order, which
may involve providing billing information, delivery address;
delivery date, and other purchasing information.

[0207] While preferred embodiments of the present inven-
tion have been shown and described herein, it will be apparent
to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that
various alternatives to the embodiments of the invention
described herein may be employed in practicing the inven-
tion. It is intended that the following claims define the scope
of the invention and that methods and structures within the
scope of these claims and their equivalents be covered
thereby.

What is claimed is:

1. A method for providing a stem cell technology service
comprising:

(a) providing a service for obtaining a sample of human
postnatal tissue or cells from a customer, donor, or third
party; and

(b) generating or obtaining induced pluripotent stem cells
(iPSCs) from the sample.

2. The method of claim 1 further comprising manipulating

the sample in order to force expression of:

(a) one or more of the following polypeptides: Oct3/4,
Sox2, K1f4, and c-Myc, or polypeptides; or

(b) one or more of the following polypeptides: a polypep-
tide greater than 70% identical to Oct3/4, a polypeptide
greater than 70% identical to Sox2, a polypeptide greater
than 70% identical to K1f4, and a polypeptide greater
than 70% identical to c-Myec.

3. The method of claim 1, wherein the sample is obtained at
the donor’s residence, a hospital, clinic, doctor’s office, a
blood bank, blood mobile, cell-banking facility, fertility
clinic, health-care facility or other regenerative medicine
business or business related to iPSC technology.

4. The method of claim 1, wherein the sample is comprised
of one or more of the following: fibroblasts, dermal fibro-
blasts, bone marrow derived mononuclear cells, skeletal
muscles cells, adipose cells, peripheral blood mononuclear
cells, macrophages, hepatocytes, keratinocytes, hair follicle
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dermal cells, gastric epithelial cells, lung epithelial cells,
synovial cells, kidney cells, skin epithelial cells, and somatic
cells.

5. The method of claim 1, wherein the sample is comprised
of one or more of the following: cells collected from an infant
near birth or delivery, placenta, and umbilical cord blood.

6. The method of claim 1, further comprising the step of
differentiating the iPSC into one or more of the following:

(a) a neural stem cell, a liver stem cell, a hematopoietic
stem cell, or a cardiac stem cell;

(b) a hepatocyte, a cardiomyocyte, a neuron, an oligoden-
drocyte, an astrocyte, a dopaminergic neuron, a neuron,
a motor neuron, or a pancreatic beta cell;

(c) one or more of the following types of tissue: skin, eye,
liver, kidney, lung, pancreas, intestine, muscle, liga-
ment, joint, or limb; and

(d) any cell, organ, tissue, or limb.

7. A method for conducting a stem cell technology busi-
ness, comprising providing a service for accepting and log-
ging in a sample from a customer, donor, or third party,
wherein the sample comprises one or more induced pluripo-
tent stem cells (iPSCs) or one or more cells differentiated
from an iPSC.

8. The method of claim 7, further comprising differentiat-
ing the one or more iPSCs into one or more of the following:

(a) a neural stem cell, a liver stem cell, a hematopoietic
stem cell, or a cardiac stem cell;

(b) a hepatocyte, a cardiomyocyte, a neuron, an oligoden-
drocyte, an astrocyte, a dopaminergic neuron, neuron,
motor neuron, or pancreatic beta cells;

(c) one or more of the following types of tissue: skin, eye,
liver, kidney, lung, pancreas, intestine, muscle, liga-
ment, joint, or limb; and

(d) any cell, organ, tissue, or limb.

9. The method of claims 7, further comprising culturing,
expanding, or maintaining the one or more iPSCs or the one
or more cells differentiated from an iPSC.

10. The method of claim 7, further comprising storing the
sample in a freezer or incubator.

11. The method of claims 7, wherein the donor comprises:
an individual suffering from a disease or disorder, an indi-
vidual who is genotypically wild-type at the locus of a gene
identified as relevant to a specific disease or disorder, or an
individual who anticipates developing, or is at risk of devel-
oping, a disease or disorder.

12. The method of claim 7, wherein the disease or disorder
is hereditary.

13. The method of claim 7, wherein the customer is suffer-
ing from one or more of the following diseases or conditions:
neurodegenerative disorders; neurological disorders such as
cognitive impairment, and mood disorders; auditory disease
such as deafness; osteoporosis; cardiovascular diseases; dia-
betes; metabolic disorders; respiratory diseases; drug sensi-
tivity conditions; eye diseases such as macular degeneration;
immunological disorders; hematological diseases; kidney
diseases; proliferative disorders; genetic disorders, traumatic
injury, stroke, organ failure, or loss of limb.
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14. The method of claims 7, further comprising obtaining
information from the donor, wherein obtaining information
comprises determining donor biographical or demographic
data including one or more of the following: age, sex, race,
ethnic background, medical history, diseases or conditions
suffered, or anticipated diseases or conditions.

15. The method of claims 7, further comprising analyzing
donors, wherein analyzing comprises determining donor
molecular profiles including one or more of the following:
SNP, InDel, VNTR, RFLP profiles; gene expression profiles;
protein expression profile, HLA-type, genomic sequence.

16. The methods of claims 7, further comprising analyzing
samples for malignant or pre-malignant changes.

17. The method of claim 16, wherein analyzing comprises
analyzing the sample for gene expression or for morphogenic
characteristics.

18. The method of claim 7, further comprising consulting a
database comprising one or more of the following:

(a) data relating to donors or samples;

(b) customer data;

(c) sample inventory; and

(d) sample history.

19. The method of claim 18, further comprising methods of
searching for a sample in the database based on one or more
of the following criteria: donor’s physician; storage location;
biographical data; demographic data; genomic sequence
data; SNP, InDel, or VNTR profile; disease state of the donor
or sample, cell or tissue type; HLA-type; medical history; or
sample history.

20. The method of claim 18, further comprising retrieving,
marketing, or selling a sample based upon the results of a
database search.

21. A kit for acquisition and storage of samples in a manner
compatible with the methods of the regenerative medicine
business comprising one or more of the following:

(a) a means for obtaining a sample of somatic cells from a

donor;

(b) reagents and materials for storage of somatic cells in a
manner suitable for induction of iPSCs; and

(¢) instructions for use of the kit.

22. The kit of claim 21, further comprising a means for
recording donor and sample information.

23. The kit of claim 21, further comprising one or more of
the following:

(a) reagents and materials for culturing somatic cells,
iPSCs and cells derived thereof including one or more of
the following: cell culture media, antibiotics, and cell
culture dishes;

(b) a means for generating iPSCs from somatic cells
including one or more of the following: plasmids encod-
ing induction factors (IFs), transfection reagents, and
recombinant viruses;

(¢) a means of recording donor and sample information;

(d) ameans of inputting donor and sample information into
a database; and

(e) a temporary license for the use of iPSC technology.
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