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IPSC-EC PERFORMANCE ENHANCEMENT VIA SIRT1 OVEREXPRESSION

CROSS-REFERENCE TO RELATED APPLICATIONS
The present invention claims the priority benefit of U.S. Provisional Patent Application

62/192,903, filed July 15, 2015, which is incorporated by reference in its entirety.

STATEMENT REGARDING FEDERAL FUNDING
This invention was made with government support under KO8 DK101757 and ROl
EBO017129 awarded by the National Institutes of Health. The government has certain rights in

the invention.

FIELD
Compositions comprising endothelial cells (ECs) differentiated from induced pluripotent

stem cells that overexpress Sirtuinl (SIRT1), and methods of use and preparation thereof.

BACKGROUND

Endothelial cells (ECs) that are differentiated from induced pluripotent stem cells (iPSCs)
can be used in establishing disease models for personalized drug discovery or developing
patient-specific, vascularized tissues or organoids. However, a number of technical challenges
are often associated with iPSC-ECs in culture, including instability of the endothelial phenotype
and limited cell proliferative capacity over time. Early senescence is believed to be the primary

mechanism underlying these limitations.

SUMMARY

In some embodiments, provided herein are compositions comprising endothelial cells
(ECs) differentiated from induced pluripotent stem cells that overexpress Sirtuinl (SIRT1). In
some embodiments, provided herein are compositions comprising induced pluripotent stem cell
(iPSC)-derived endothelial cells (ECs) that overexpress Sirtuinl (SIRT1). In some
embodiments, the iPSC-derived ECs comprise exogenous nucleic acid encoding SIRT1. In some
embodiments, the exogenous nucleic acid encodes a polypeptide having at least 70% (e.g., 70%,

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 100%, or ranges therebetween) sequence
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identity with all or a portion of wild-type human SIRT1 (SEQ ID NO: 1). In some embodiments,
the exogenous nucleic acid encodes a polypeptide having at least 70% (e.g., 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, 100%, or ranges therebetween) sequence identity with
all or a portion of SEQ ID NO: 2. In some embodiments, the exogenous nucleic acid encoding
SIRT1 is within an expression vector (e.g., SEQ ID NO: 3). In some embodiments, the
expression vector is a viral vector. In some embodiments, the expression vector is a lentiviral
vector.

In some embodiments, provided herein are methods of maintaining endothelial cell (EC)
phenotype, improving EC function, enhancing proliferative capacity, and/or overcoming early
senescence in induced pluripotent stem cell (1IPSC)-derived ECs, comprising overexpressing
Sirtuinl (SIRT1) in said iPSC-derived ECs. In some embodiments, overexpressing SIRT1 in
said iPSC-derived ECs comprises tranducing, transfecting, or transforming a SIRT1-encoding
vector into the iPSC-derived ECs. In some embodiments, the SIRT 1-encoding vector is
tranduced, transfected, or transformed into the iPSC-derived ECs after passage 1, after passage 2,
after passage 3, after passage 4, after passage 5, after passage 6, after passage 7, after passage 8,
after passage 9, after passage 10, etc.

In some embodiments, provided herein are methods comprising: (a) inducing
theformation of pluripotent stem cells (iPSCs) from non-pluripotent somatic cells; (b)
differentiating the iPSCs into iPSC-derived endothelial cells (ECs); and (c) overexpressing
Sirtuinl (SIRT1) in said iPSC-derived ECs.

In some embodiments, provided herein are disease models comprising endothelial cells
(ECs) differentiated from induced pluripotent stem cells that overexpress Sirtuinl (SIRT1).

In some embodiments, provided herein are transplantable cells, tissue, or organ
comprising the iPSC-derived ECs overexpressing SIRT1 described herein.

In some embodiments, provided herein are methods of treating a subject comprising
administering the the transplatanbe cells, tissue, or organ comprising the iPSC-derived ECs
overexpressing SIRT1 described herein to a subject.

In some embodiments, provided herein are methods of testing an agent comprising
administering the agent to a composition comprising the iPSC-derived ECs overexpressing
SIRTI described herein. In some embodiments, the agent is testing for therapeutic efficacy. In

some embodiments, the agent is testing for toxicity.
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BRIEF DEWCRIPTION OF THE DRAWINGS

Figure 1. Change in morphology and phenotype of iPSC-ECs from passage 1 (A) to
passage 6 (F), with representative flow cytometry data from passage 1 (G) and passage 5 (H).
Phase contrast images (A-F) show that cells gradually lose the cobble stone-like morphology
over time and take on a fibroblast-like appearance. Expression of EC markers (CD31 and
CD144) gradually decreased over time. Scale bar=100um. 138x167mm.

Figure 2. Effect of empty (A, D, G), SIRT1H363Y (B, E, H) and SIRT1 (C, F, I)
lentiviral transduction on iPSC-ECs at passage 5, including phase contrast images of iPSC-ECs
in culture for morphological assessment (A-C); immunofluorescent staining for SIRT1 (green) as
an indication of transduction efficiency (D-F); and flow cytometry analysis for putative markers
(x axis: CD31; y axis: CD144) of EC phenotype (G-I). 97x83mm).

Figure 3. Cellular senescence associated -galactosidase (B-gal) staining (blue) of iPSC-
EC at passage 6 for empty (A, D), SIRTIH363Y (B, E) and SIRT1 (C, F) lentiviral transduction
in the absence (A-C) and presence (D-F) of Ex-527, a SIRT1 inhibitor. 113x58mm.

Figure 4. Functional assessment of iPSC-EC with or without viral transduction for (A)
HDAC activity, (B) proliferation, (C) response to VEGF and (D) nitric oxide production. *
indicates p<0.05 (n=4). 89x70mm.

Figure S. Flow cytometry analysis of CD 31 expression (FITC-A) for iPSC-ECs with
LV-SIRTI at passages 5 (A), 7 (B) and 9 (C). The percentages of CD 31 positive population
(grey histogram) are shown compared to isotype control (white histogram).

Figure 6. Tube formation assay for iPSC-EC at passage 6 with empty (A), SIRT %"
(B) and SIRT'1 (C) lentiviral transduction. Fluorescent microscopic imaging was taken 4 hours

after cell seeding with Calcein AM staining. Scale bar=100 pm.

DEFINITIONS

Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of embodiments described herein, some preferred methods,
compositions, devices, and materials are described herein. However, before the present materials
and methods are described, it is to be understood that this invention is not limited to the

particular molecules, compositions, methodologies or protocols herein described, as these may
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vary in accordance with routine experimentation and optimization. It is also to be understood that
the terminology used in the description is for the purpose of describing the particular versions or
embodiments only, and is not intended to limit the scope of the embodiments described herein.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. However, in case of conflict, the present specification, including definitions, will
control. Accordingly, in the context of the embodiments described herein, the following
definitions apply.

As used herein and in the appended claims, the singular forms “a”, “an” and “the”
include plural reference unless the context clearly dictates otherwise. Thus, for example,
reference to “SIRT1-expressing endothelial cell” is a reference to one or more SIRT1-expressing
endothelial cells, unless the context clearly dictates otherwise.

As used herein, the term “comprise” and linguistic variations thereof denote the presence
of recited feature(s), element(s), method step(s), etc. without the exclusion of the presence of
additional feature(s), element(s), method step(s), etc. Conversely, the term “consisting of” and
linguistic variations thereof, denotes the presence of recited feature(s), element(s), method
step(s), etc. and excludes any unrecited feature(s), element(s), method step(s), etc., except for
ordinarily-associated impurities. The phrase “consisting essentially of” denotes the recited
feature(s), element(s), method step(s), etc. and any additional feature(s), element(s), method
step(s), etc. that do not materially affect the basic nature of the composition, system, or method.
Many embodiments herein are described using open “comprising” language. Such embodiments
encompass multiple closed “consisting of” and/or “consisting essentially of” embodiments,
which may alternatively be claimed or described using such language.

As used herein the term “stem cell” (“SC”) refers to cells that can self-renew and
differentiate into multiple lineages. A stem cell is a developmentally pluripotent or multipotent
cell. A stem cell can divide to produce two daughter stem cells, or one daughter stem cell and
one progenitor ("transit") cell, which then proliferates into the tissue's mature, fully formed
cells. Stem cells may be derived, for example, from embryonic sources ("embryonic stem cells")
or derived from adult sources. For example, U.S. Pat. No. 5,843,780 to Thompson describes the
production of stem cell lines from human embryos. PCT publications WO 00/52145 and WO
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01/00650 describe the use of cells from adult humans in a nuclear transfer procedure to produce
stem cell lines.

As used herein, the term “pluripotent cell” or “pluripotent stem cell” refers to a cell that
has complete differentiation versatility, e.g., the capacity to grow into any of the mammalian
body's approximately 260 cell types. A pluripotent cell can be self-renewing, and can remain
dormant or quiescent within a tissue. Unlike a totipotent cell (e.g., a fertilized, diploid egg cell), a
pluriotent cell, even an pluripotent embryonic stem cell, cannot usually form a new blastocyst.

As used herein, the term “induced pluripotent stem cells” (“iPSCs”) refers to a stem cell
induced from a somatic cell, e.g., a differentiated somatic cell, and that has a higher potency than
said somatic cell. iPS cells are capable of self-renewal and differentiation into mature cells (e.g.,
endothelial cells).

As used herein the term “feeder cells” refers to cells used as a growth support in some
tissue culture systems. Feeder cells may be embryonic striatum cells or stromal cells.

As used herein, the term “endothelium” refers to a layer of cells that line the inside
surfaces of blood vessels and form capillaries. The term “endothelial cell” refers to the
specialized cells that form the epithelium and line the inner walls of blood vessels.

As used herein, the term “overexpress” refers to increasing the expression of a protein to
a level greater than the cell normally produces. It is intended that the term encompass
overexpression of endogenous, as well as exogenous proteins.

As used herein, the term “transduction” refers to the introduction ofnucleic acid
sequences into a eukaryotic cell by a replication-defective retrovirus.

As used herein, the term “transfection” refers to the introduction of foreign or exogenous
DNA by a cell. A number of transfection techniques are well known in the art, see, e.g., Graham
et al., 1973, Virology 52:456; Sambrook et al., 2001, Molecular Cloning: A Laboratory Manual,
supra; Davis et al., 1986, Basic Methods in Molecular Biology, Elsevier; Chu et al., 1981, Gene
13:197. Such techniques can be used to introduce one or more exogenous DNA moieties into
suitable host cells. Depending on the technique used to make the transfected cell and the desired
use of the transfected cell, a cell can be transfected either stably or transiently.

As used herein, the term “endogenous” refers to material (e.g., nucleic acids,

polypeptides, etc.) that is native to (e.g., within the natural genome of, encoded by the natural
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genome of) a cell, or cell type, and does not originate from outside of the cell or the the cell’s
lineage.

As used herein, the term “exogenous” refers to to material (e.g., nucleic acids,
polypeptides, etc.) that is not native to a cell or cell type and is instead introduced to the cell or

the cell’s lineage using synthetic, recombinant, and/or genetic engineering methods.

DETAILED DESCRIPTION

Compositions comprising endothelial cells (ECs) differentiated from induced pluripotent
stem cells that overexpress Sirtuinl (SIRT1), and methods of use and preparation thereof.

Induced pluripotent stem cells (iPSCs) are a non-natural cell source for disease modeling
(refs.1-2; herein incorporated by reference in their entireties), drug discovery (refs.3,4; herein
incorporated by reference in their entireties), and potentially patient-specific tissue regeneration
(refs.5,6; herein incorporated by reference in their entireties). Specifically, endothelial cells
(ECs) that are derived from iPSCs could be used in vascular repair and regeneration (ref.7,
herein incorporated by reference in its entirety). However, early senescence, limited cell
proliferation and instability of the endothelial phenotype remain significant challenges to the
large scale production and wide-scale use of these cells (refs.8,9; herein incorporated by
reference in their entireties). Therefore, strategies need to be developed to improve the durability
and performance of iPSC-EC in culture.

Sirtuin 1 (SIRT1) is a nicotinamide adenine dinucleotide (NAD")-dependent histone
deacetylase (HDAC) that functions in mammalian cells to promote cell survival (ref. 10; herein
incorporated by reference in its entirety) and prevent stress induced senescence (ref. 11; herein
incorporated by reference in its entirety). Moreover, SIRT1 plays various roles in maintaining
endothelial function, including angiogenesis via deacetylation of the forkhead transcription
factor (FOXO1) (ref.12; herein incorporated by reference in its entirety); nitric oxide (NO)
production via deacetylating and activating endothelial nitric oxide synthase (eNOS) (ref.13;
herein incorporated by reference in its entirety); cell proliferation by targeting the LKB1-AMPK
pathway (ref.14; herein incorporated by reference in its entirety); and inhibiting oxidative stress
via p53 deacetylation (refs.15,16; herein incorporated by reference in their entireties).

Sirtuinl (SIRT1) is an NAD" dependent deacetylase involved in the regulation of cell

senescence, redox state, and inflammatory status. Experiments conducted during development of
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embodiments herein demonstrate that overexpression of the SIRT1 gene in iPSC-ECs maintains
EC phenotype, function, and proliferative capacity by overcoming early cell senescence. The
SIRT1 gene was packaged into a lentiviral vector (LV-SIRT1) and transduced into iPSC-ECs at
passage 4. Beginning with passage 5, iPSC-ECs exhibited a fibroblast-like morphology whereas
iPSC-ECs overexpressing SIRT1 maintained EC cobblestone morphology. SIRT1
overexpressing iPSC-ECs also exhibited a higher percentage of canonical markers of endothelia
(LV-SIRT1 61.8% CD31+ vs. LV-empty 31.7% CD31+, p<0.001; LV-SIRT1 46.3% CD144+
vs. LV-empty 20.5% CD144+, p=0.011), with higher nitric oxide synthesis, lower [3-
galactosidase production indicating decreased senescence (3.4% for LV-SIRT1 vs. 38.6% for
LV-empty, p<0.001), increased deacetylation activity, and higher proliferation rate. SIRT1
overexpressing iPSC-ECs continued to proliferate through passage 9 with high purity of ECs
while iPSC-ECs without SIRT1 overexpression became senescent after passage 5. SIRT1
overexpression in iPSC-ECs maintains EC phenotype, improves EC function and extends cell
lifespan, overcoming critical hurdles associated with the use of iPSC-ECs in translational
research.

Embodiments herein relate to induced pluripotent stem cells (iPSCs). In particular,
embodiments herein related to endothelial cells (ECs) derived from (differentiated from) iPSCs.

In some embodiments, iPSCs are induced using polypeptides exogenous polypepides
and/or nucleic acids. The polypeptides (or nucleic acids encoding such polypeptides) used to
induce the formation of iPSCs may include any combination of Oct3/4 polypeptides, Sox family
polypeptides (e.g., Sox2 polypeptides), KIf family of polypeptides (e.g., KIf4 polypeptides), Myc
family polypeptides (e.g., c-Myc), Nanog polypeptides, Lin28 polypeptides, and others
understood in the field to be useful for generating iPSCs. For example, in some embodiments,
nucleic acid vectors designed to express Oct3/4, Sox2, Kif4, Lin28, and/or c-Myc polypeptides
are used to obtain induced pluripotent stem cells. In some cases, polypeptides are directly
delivered into target cells to obtain induced pluripotent stem cells using a polypeptide
transfection method (e.g., liposome or electroporation). In other embodiments, nucleic acid
vectors designed to express iPSC-inuding polypeptides (e.g., Oct3/4, Sox2, Klf4, Lin28, and/or
c-Myc polypeptides), are used to obtain induced pluripotent stem cells. Methods and reagents
(e.g., polypeptides) for inducing the formation of pluripotent stem cells are not limited to the

above, and additional methods and reagents understood in the field are within the scope herein.
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In some embodiments, any appropriate cell type is used to obtain induced pluripotent
stem cells. In some embodiments, skin, lung, heart, liver, blood, kidney, muscle cells, etc. are
used to obtain iPSCs. Such cells can be obtained from any type of mammal including, without
limitation, humans, mice, rats, dogs, cats, cows, pigs, or monkeys. In addition, any stage of the
mammal can be used, including mammals at the embryo, neonate, newborn, or adult stage.

In some embodiments, methods and reagents herein are used to differentiate iPSCs into
endothelial cells (ECs). For example, in some embodiments, to initiate differentiation, iPSCs are
incubated type IV collagenase and cultured (e.g., in ultra low attachment dishes) in
differentiation media to form embryoid bodies. Exemplary differentiation media may comprise
a~-Minimum Eagle’s Medium, fetal bovine serum, L-glutamine, f-mercaptoethanol, non-essential
amino acids, bone morphogenetic protein-4 (BMP-4), vascular endothelial growth factor (VEGF-
A), etc. In some embodiments, for arterial EC differentiation, EBs (e.g., 4-day EBs) are then
seeded (e.g., on gelatin-coated dishes) and cultured (e.g., in the presence of VEGF-A and 8-
bromoadenosine-3’:5’-cyclic monophosphate sodium salt). In some embodiments, for venous EC
differentiation, the EBs (e.g., 4-day EBs) are differentiated in VEGF-A. In some embodiments,
for lymphatic EC differentiation, EBs (e.g., 4-day EBs) are differentiated in BMP-4, VEGF-A,
VEGF-C, and angiopoietin-1. Other methods and reagents for the differentiation of pluripotent
stems cells, or induced pluripotent stem cells, into endothelial cells are understood in the field,
within the scope herein, and described, for example, in Lian et al. Stem Cell Reports. 2014 Nov
11; 3(5): 804-816.; Yoder. Curr Opin Hematol. 2015 May; 22(3): 252-257; WO 2013/166165;
WO 2014/200340; Bernardini et al. J Biol Chem. 2014 Feb 7;289(6):3383-93.; each of which are
herein incorporated by reference in their entireties. Such methods and reagents find use in
embodiments herein.

In some embodiments, any suitable methods and vectors are used to introduce nucleic
acid (e.g., to induce formation if IPSCs, to differentiate iPSCs into ECs, to introduce SIRT1, etc.)
into a cell. In some embodiments, nucleic acid encoding polypeptides are transferred to the cells
using: recombinant viruses that infect cells, liposomes, other non- viral methods such as
electroporation, microinjection, transposons, phage integrases, or calcium phosphate
precipitation, that are capable of delivering nucleic acids to cells. In some embodiments, an
exogenous nucleic acid is delivered as part of a vector in which a regulatory element such as a

promoter is operably linked to the nucleic acid of interest (e.g., to induce formation if IPSCs, to
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differentiate iPSCs into ECs, to introduce SIRT1, etc.). In some embodiments, the promoter is
constitutive or inducible. Non-limiting examples of constitutive promoters include
cytomegalovirus (CMV) promoter and the Rous sarcoma virus promoter. An inducible promoter
is a promoter that is capable of directly or indirectly activating transcription of one or more DNA
sequences or genes in response to an inducer. In the absence of an inducer, the DNA sequences
or genes will not be transcribed. In some embodiments, the inducer is a chemical agent such as a
protein, metabolite, growth regulator, phenolic compound, or a physiological stress imposed
directly by, for example heat, or indirectly through the action of a pathogen or disease agent such
as a virus. In some embodiments, additional regulatory elements are present in a vector, such as
polyadenylation sequences, translation control sequences (e.g., an internal ribosome entry
segment, IRES), enhancers, or introns. In some embodiments, vectors also include other
elements. For example, in some embodiments, a vector includes a nucleic acid that encodes a
signal peptide such that the encoded polypeptide is directed to a particular cellular location (e.g.,
the cell surface) or a nucleic acid that encodes a selectable marker. Non-limiting examples of
selectable markers include puromycin, adenosine deaminase (ADA), aminoglycoside
phosphotransferase, dihydrofolate reductase (DHFR), hygromycin-B-phosphtransferase,
thymidine kinase (TK), and xanthin-guanine phosphoribosyltransferase (XGPRT). Such markers
are useful for selecting stable transformants in culture.

In some embodiments, any appropriate viral vector is used to introduce nucleic acids
(e.g., to induce formation if IPSCs, to differentiate iPSCs into ECs, to introduce SIRT1, etc.).
Examples of viral vectors include, without limitation, vectors based on DNA or RNA viruses,
such as adenovirus, adeno-associated virus (AAYV), retroviruses, lentiviruses, vaccinia virus,
measles viruses, herpes viruses, baculoviruses, and papilloma virus vectors. See, Kay et al., Proc.
Natl. Acad. Sci. USA, 94:12744-12746 (1997) for a review of viral and non-viral vectors;
incorporated by reference in its entirety. In some embodiments, viral vectors are modified so the
native tropism and pathogenicity of the virus has been altered or removed. The genome of a virus
also can be modified to increase its infectivity and to accommodate packaging of the nucleic acid
encoding the polypeptide(s) of interest (e.g., to induce formation if IPSCs, to differentiate iPSCs
into ECs, to introduce SIRT1, etc.).

In some embodiments, appropriate non-viral vectors are used to introduce nucleic acids

(e.g., to induce formation if IPSCs, to differentiate iPSCs into ECs, to introduce SIRT1, etc.).
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Examples of non-viral vectors include, without limitation, vectors based on plasmid DNA or
RNA, retroelement, transposon, and episomal vectors. In some embodiments, non-viral vectors
are delivered to cells via liposomes, which are artificial membrane vesicles. The composition of
the liposome is usually a combination of phospholipids, particularly high-phase-transition-
temperature phospholipids, usually in combination with steroids, especially cholesterol. Other
phospholipids or other lipids may also be used. The physical characteristics of liposomes depend
on pH, ionic strength, and the presence of divalent cations. Transduction efficiency of liposomes
can be increased by using dioleoylphosphatidylethanolamine during transduction. See, Feigner et
al., J. Biol. Chem., 269:2550-2561 (1994); incorporated by reference in its entirety. High
efficiency liposomes are commercially available.

In some embodiments, iPSCs and iPSC-derived ECs are obtained using culture
conditions that do not involve the use of serum or feeder cells. In some embodiments, iPSCs and
iPSC-derived ECs are obtained using culture conditions that involve the use of serum or feeder
cells.

Embodiments herein find use in, for example, in vifro disease modeling with iPSC-ECs
from cardiovascular diseases, vascular tissue engineering using iPSC-EC, neovascularization for

tissue ischemia using iPSC-EC, etc.

EXPERIMENTAL
Example 1
Materials and methods
Lentivirus (LV) construction
SIRTI (Addgene plasmid 1791) plasmid DNA were cloned into a lentiviral transfer
vector, pWPL Lentiviral packaging vectors, pMD2.g and psPAX2, were co-transfected with
pWPL pWPI-SIRT1 (mass ratio 1:3:4, respectively) into HEK-293FT cells using Fugene HD at
3:1 total DNA mass to Fugene HD (Promega, Madison, WI) volume ratio complexed in Opti-
MEM (Life Technologies, Carlsbad, CA). After 48 h of transfection, the supernatant was
collected and purified using Lenti-X Maxi Purification Kit (ClonTech, Mountain View, CA) and
subsequently concentrated using Lenti-X concentrator (ClonTech, Mountain View, CA). The
lentivirus titer was determined using a qPCR lentivirus titration kit (Applied Biological

Materials, Richmond, BC, Canada).

10
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Transduction to iPSC-ECs

Lentivirus with SIRT1 at MOI 5 were added to iPSC-EC at the end of passage 4 for 48
hours. Transduction efficiency was evaluated by quantifying the percentage of cells stained
positive for human SIRT1 (Santa Cruz, Dallas, TX). At the end of each passage, iPSC-ECs were
trypsinized and stained for EC markers CD31 (PECAM) and CD144 (VE-Cadherin) using FITC-
conjugated CD31 antibody (Sigma-Aldrich, St Lois, MO) and PE-conjugated CD144 antibody
(Life Technologies, Carlsbad, CA). Flow cytometry was performed using BD LSR II flow
cytometer (San Jose, CA) and the data analyzed with FlowJo (Ashland, OR).

A 60.34+7.3% transduction efficiency was measured via immunohistomorphometry of
SIRTI positive cells. Cells overexpressing SIRT1 exhibit a higher degree of EC-like cobblestone
morphology compared to the control groups. Expression of EC markers such as CD31 and
CD144 was also significantly higher in the SIRT overexpressed group (61.8 +£3.6% CD31+,
46.3 £ 9.7% CD144+) relative to control (31.1 £ 4.5 % CD31+, 20.5 + 2.5% CD144+) at the end
of passage 5. Moreover, as iPSC-ECs overexpressing SIRT/ continued to proliferate, the
percentage of CD31+ cells increased from ~60% at end of passage 5 to ~90% at end of passage 7

to over 95% at end of passage 9.

Functionality assessment

Nitric oxide (NO) production was assessed via 4,5-diaminofluorescein.diacetate (DAF 2-
DA) assay (Life Technologies). Cell mitogenic effect in response to VEGF (100 ng/ml) was
assessed via MTT assay (Sigma-Aldrich) after treating cells in serum-free (starvation) medium,
or starvation medium containing 100ng/ml VEGF for 24 hours. Cell proliferation was
determined by counting cell number every seven days after lentiviral transduction using a
hemocytometer by excluding dead cells with Trypan blue. HDAC cell-based activity assay kit
(Cayman Chemicals, Ann Arbor, MI) was used to assess iPSC-EC deacetylase activity due to
SIRT1 by measuring the difference in HDAC activity between normal (0 uM Ex-527) and
SIRTTI inhibited (10 uM Ex-527) culture conditions. All results were normalized to cell number
via Alamar blue assay (Sigma-Aldrich).Cellular senescence assay kit (Cell Signaling
Technology, Danvers, MA) was used to stain for senescence associated p-galactosidase (p-gal)

in the presence or absence of Ex-527 (10 uM), a SIRT1 inhibitor, and the percentage of B-gal
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positive cells was quantified with ImageJ. SIRT1 overexpressing cells showed significantly
higher NO production compared to control cells. VEGF stimulation led to increased mitogenicity
in iPSC-ECs overexpressing SIRT1 but not control cells. The rate of cell proliferation was
significantly increased at two passages following viral transduction with SIRT1 and these cells
continued to proliferate throughout passage 10. In contrast, cells from the control group
remained static after passage 5. Cell HDAC activity was significantly higher in cells with SIRT1
overexpression compared to the endogenous SIRT1 HDAC activity in cells with no viral control.
Overexpression of SIRT1 led to a significant reduction of cells entering senescence when
compared to control group (B-gal+ SIRT1 overexpressed: 3.4 +2.7 %, control: 38.6 + 3.3 %,
P<0.01)

Flow cytometry

EC markers CD31 (PECAM) and CD144 (VE-Cadherin) were stained with FITC-
conjugated CD31 antibody (1:200 dilution, Sigma-Aldrich, St Lois, MO) and PE-conjugated
CD144 antibody (1:200 dilution, Life Technologies, Carlsbad, CA). Flow cytometry was
performed using BD LSR 1II flow cytometer (San Jose, CA) and the data analyzed with FlowJo
analytical software (Ashland, OR).

Functional Analysis

Cellular senescence assay kit (Cell Signaling Technology, Danvers, MA) was used to
stain for B-galactosidase (B-gal) in the presence or absence of Ex-527 (10 uM), a SIRT1 inhibitor
(18), and the percentage of B-gal positive cells was quantified with ImageJ. HDAC cell-based
activity assay kit (Cayman Chemicals, Ann Arbor, MI) was used to assess iPSC-EC deacetylase
activity due to SIRT1 by measuring the difference in HDAC activity between normal (0 uM Ex-
527) and SIRT1 inhibited (10 uM Ex-527) culture conditions. Cell proliferation was determined
by counting cell number every seven days after lentiviral transduction using a hemocytometer by
excluding dead cells with Trypan blue. Cell mitogenic eftect in response to VEGF (100 ng/ml)
was assessed via MTT assay (Sigma-Aldrich) after treating cells in serum-free (starvation)
medium, starvation medium containing 100ng/ml VEGF or regular growth medium for 24 hours.

NO production was assessed via 4,5-diaminofluorescein.diacetate (DAF 2-DA) assay (Life
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Technologies). All results were normalized to cell number via Alamar blue assay (Sigma-

Aldrich).

Example 2
Results

Influence of SIRT1 overexpression on EC phenotype

iPSC-ECs exhibited typical EC cobblestone-like morphology between passage 1 to 3, but
gradually become fibroblast-like with decreased CD31 and CD144 expression over time (Fig. 1).
A transduction efficiency of 60.3 + 7.3% was measured via immunohistomorphometry of SIRT1
positive cells. Cells overexpressing SIRT exhibit a higher degree of EC-like cobblestone
morphology compared to the LV-empty and LV-SIRT/H363Y (Fig. 2). Expression of EC
markers, such as CD31, were also significantly elevated in the LV-SIR7/group (61.8 + 3.6%
CD31+) relative to controls (31.1 £ 4.5 % CD31+ for LV-empty and 39.8 = 15.4% CD3 1+ for
LV-SIRTIH363Y) at the end of passage 5 (Fig. 2G-I). Moreover, as iPSC-ECs overexpressing
SIRT1 continued to proliferate, the percentage of CD31+ cells increased from ~60% at end of
passage 5 to ~90% at end of passage 7 to over 95% by end of passage 9 (Fig. 5).

Effect of SIRTI overexpression on EC function

Overexpression of SIRT/ led to a significant reduction of cells entering senescence when
compared to control groups (B-gal+ LV-SIRT1: 3.4+ 2.7 %, LV-Empty: 38.6 £3.3 % and LV-
SIRTIH363Y:35.7+ 4.9 %) (Fig. 3A-C). Blocking SIRT1 with the inhibitor Ex-527 led to a
higher percentage of senescent cells in all groups, suggesting a contribution of endogenous
SIRT1. (B-gal+ LV-SIRT: 49.6 + 10.0 %, LV-empty: 56.0 + 6.2 %, and LV-SIRTTH363Y:
50.9 + 6.8 %) (Fig. 3D-F). Tube formation assay showed significantly denser and more
organized vascular network formation for cells with SIRT/ overexpression (mesh area LV-
SIRTI: 44.4 £ 2.3 %, LV-empty: 30.9 + 5.0 %, and LV-SIRT1%°*Y: 36.8 + 3.5 %) (Fig. 6),
indicating improved angiogenesis potential.

Cell HDAC activity was significantly higher in cells with LV-SIR7'/ compared to the
endogenous SIRT1 HDAC activity in cells with no viral control, LV-Empty and LV-
SIRTIH363Y (Fig. 4A). The rate of cell proliferation was significantly increased at two passages

following viral transduction with LV-S/R77 and these cells continued to proliferate throughout
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passage 10 (Fig. 4B). In contrast, cells from the control groups including LV-S/IRTI/H363Y
remained static after passage 5. VEGF stimulation led to increased mitogenicity in iPSC-ECs
overexpressing SIRT! (Fig. 4C) and these cells also showed significantly higher NO production
compared to controls (Fig. 4D).

All publications and patents mentioned above and/or listed below are herein incorporated
by reference. Various modifications and variations of the described method and system of the
invention will be apparent to those skilled in the art without departing from the scope and spirit
of the invention. Although the invention has been described in connection with specific
embodiments, it should be understood that the invention as claimed should not be unduly limited
to such specific embodiments. Indeed, various modifications of the described modes for carrying
out the invention that are obvious to those skilled in the relevant fields are intended to be within

the scope of the present invention.
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SEQUENCES
SEQ ID NO: 1 - SIRT1, Homo Sapiens

MIGTDPRTILKDLLPETIPPPELDDMTLWQIVINILSEPPKRKKRKDINTIEDAVKLLQECK
KIIVLTGAGVSVSCGIPDFRSRDGIYARLAVDFPDLPDPQAMFDIEYFRKDPRPFFKFAKEI
YPGQFQPSLCHKFIALSDKEGKLLRNYTQNIDTLEQVAGIQRIIQCHGSFATASCLICKYK
VDCEAVRGALFSQVVPRCPRCPADEPLAIMKPEIVFFGENLPEQFHRAMKYDKDEVDLL
IVIGSSLKVRPVALIPSSIPHEVPQILINREPLPHLHFDVELLGDCDVIINELCHRLGGEY AK
LCCNPVKLSEITEKPPRTQKELAYLSELPPTPLHVSEDSSSPERTSPPDSSVIVTLLDQAAK
SNDDLDVSESKGCMEEKPQEVQTSRNVESIAEQMENPDLKNVGSSTGEKNERTSVAGT
VRKCWPNRVAKEQISRRLDGNQYLFLPPNRYIFHGAEVYSDSEDDVLSSSSCGSNSDSG
TCQSPSLEEPMEDESEIEEFYNGLEDEPDVPERAGGAGFGTDGDDQEAINEAISVKQEVT
DMNYPSNKS

SEQ ID NO: 2 — SIRT1, Mus musculus

MAAAAAAAAIGYRGPYTFVQQHLMIGTDPRTILKDLLPETIPPPELDDMTLWQIVINILSE
PPKRKKRKDINTIEDAVKLLQECKKIIVLTGAGVSVSCGIPDFRSRDGIYARLAVDFPDLP
DPQAMFDIEYFRKDPRPFFKFAKEIYPGQFQPSLCHKFIALSDKEGKLLRNYTQNIDTLEQ
VAGIQRILQCHGSFATASCLICKYKVDCEAVRGDIFNQVVPRCPRCPADEPLAIMKPEIVF
FGENLPEQFHRAMKYDKDEVDLLIVIGSSLKVRPVALIPSSIPHEVPQILINREPLPHLHFD
VELLGDCDVIINELCHRLGGEYAKLCCNPVKLSEITEKPPRPQKELVHLSELPPTPLHISED
SSSPERTVPQDSSVIATLVDQATNNNVNDLEVSESSCVEEKPQEVQTSRNVENINVENPD
FKAVGSSTADKNERTSVAETVRKCWPNRLAKEQISKRLEGNQYLFVPPNRYIFHGAEVY
SDSEDDVLSSSSCGSNSDSGTCQSPSLEEPLEDESEIEEFYNGLEDDTERPECAGGSGFGA
DGGDQEVVNEAIATRQELTDVNYPSDKS

SEQ ID NO: 3 - SIRT1 plasmid DNA (Addgene plasmid 1791)

AGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATC
GACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGGC
CGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGT
CCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCC
GAAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAGGCGCCAGCAA
CCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCCGGCGTAGAGGATCCAG
ACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAA
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AAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCT
GCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGG
AGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAGATGTGATATGGCTGATT
ATGATCATTACTTATCTAGGTATAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGC
GGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTA
AGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGA
ATTGTAATACGACTCACTATAGGGCGAATTGAATTTAGCGGCCGCGAATTCGCCCTT
GTCTAGAGTGGAACAATTCCTGTACCTGCACAATTATTACACTATGATTTGTTTGATG
GATAGTTCATGTCTGTTACTTCCTGTTTCACAGATATAGCTTCATTAATTGCCTCTTG
ATCATCTCCATCAGTCCCAAATCCAGCTCCTCCAGCTCTCTCTGGAACATCAGGCTC
ATCTTCTAAGCCATTGTAGAATTCTTCAATTTCACTTTCATCCTCCATGGGTTCTTCTA
AACTTGGACTCTGGCATGTCCCACTATCACTGTTACTGCCACAAGAACTAGAGGATA
AGACGTCATCTTCAGAGTCTGAATATACCTCAGCGCCATGGAAAATGTAACGATTTG
GTGGCAAAAACAGATACTGATTACCATCAAGCCGCCTACTAATCTGCTCCTTTGCCA
CTCTATTAGGCCAGCATTTTCTCACTGTTCCAGCCACTGAAGTTCTTTCATTTTTCTCC
CCAGTACTAGAACCAACATTCTTCAAATCCGGATTTTCCATCTGTTCAGCAATACTTT
CAACATTCCTAGAAGTTTGTACTTCCTGTGGTTTTTCTTCCATACAACCTTTTGATTC
AGACACATCTAAATCATCATTACTCTTAGCTGCTTGGTCTAAAAGTGTGACAATCAC
TGAAGAATCTGGTGGTGAAGTTCTTTCTGGTGAACTTGAGTCTTCTGAAACATGAAG
AGGTGTGGGTGGCAACTCTGACAAATAAGCCAATTCTTTTTGTGTTCGTGGAGGTTT
TTCAGTAATTTCTGAAAGCTTTACAGGGTTACAGCAAAGTTTGGCATATTCACCACC
TAACCTATGACACAATTCATTAATTATGACATCACAGTCTCCAAGAAGCTCTACATC
AAAATGCAGATGAGGCAAAGGTTCTCTATTAATTAATATCTGAGGCACTTCATGGGG
TATGGAACTTGGAATTAGTGCTACTGGTCTTACTTTGAGGGAAGACCCAATAACAAT
GAGGAGGTCAACTTCATCTTTGTCATACTTCATGGCTCTATGAAACTGTTCTGGTAA
ATTTTCACCAAAAAACACAATCTCTGGTTTCATGATAGCAAGCGGTTCATCAGCTGG
GCACCTAGGACATCGAGGAACTACCTGATTAAAAATATCTCCTCGTACAGCTTCACA
GTCAACTTTGTATTTACAAATCAGGCAAGATGCTGTTGCAAAGGAACCATGACACTG
AATTATCCTTTGGATTCCCGCAACCTGTTCCAGCGTGTCTATGTTCTGGGTATAGTTG
CGAAGTAGTTTTCCTTCCTTATCTGACAAGGCTATGAATTTGTGACAGAGAGATGGC
TGGAATTGTCCAGGATATATTTCCTTTGCAAACTTGAAGAATGGTCTTGGATCTTTTC
TGAAATATTCAATATCAAACATCGCTTGAGGATCTGGAAGATCTGGGAAGTCTACAG
CAAGGCGAGCATAAATACCATCCCTTGACCTGAAGTCAGGTATTCCACATGAAACA
GACACCCCAGCTCCAGTTAGAACTATAATTTTTTTGCACTCTTGCAGTAATTTCACAG
CATCTTCAATTGTATTAATATCTTTTCTTTTTTTCCTTTTTGGTGGTTCTGAAAGGATA
TTAATAACAATCTGCCACAGTGTCATATCATCCAACTCAGGTGGAGGTATTGTTTCC
GGCAATAAATCTTTAAGAATTGTTCGAGGATCTGTGCCAATCATAAGATGTTGCTGA
ACAAAAGTATATGGACCTATCCGTGGCCTTGGAGTCCAGTCACTAGAGCTTGCATGT
GAGGCTCTATCCTCCTCATCACTTTCACAGGAATGAAAACCATTAGTGATAATTTCA
TCACCGAACAGAAGGTTATCTCGGTACCCAATCGCCGCCGCCGCCGCCTCTTCCTCC
TCCTCGCCCTCGTCGTCGTCGTCTTCGTCGTACAAGTTGTCGGCCAGCGGTGGCTCCC
GAGATGGGCCCTGCAGGCCCGGCCCATTGTCTCCTTCCCCAGCCGCCGCAGTCGCCT
GGGCCTCTTGCTCCCCGCCTGCCGCCGCCGCCTCTGCCTCCGCCTCCCGCCACAGCG
CCGCCGCCGCCGCACCCGGGCAGCCCCTGGCCGCCGCCGGCACCTCACGCTCTGGG
GCCGCCCCACCGGGCTCGCCCGGGCTCCGCTCGAGGCCGGGACCATCTCTCCGCGGC
CTCTTGCGGAGCGGCTCCCCGGCGGGGGACGACGCGGCCTCCCTGTCGGCCCCCGCC
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GCCGAGGGGGAGCCGCCGGGCTGAAGGGCGAGGGCCGCCTCGTCCGCCGAATTCCC
GGGTTTATCGTCATCGTCCTTGTAGTCCATCCTGAGGATCCGAGCTCGGTACCAAGC
TTAGATCTCCTCCAAAAAAGCCTCTTCACTACTTCTGGAATAGCTCAGAGGCCGAGG
CGGCCTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGCGGAGAATGG
GCGGAACTGGGCGGAGTTAGGGGCGGGATGGGCGGAGTTAGGGGCGGGACTATGG
TTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGG
ACTTTCCTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGC
CTGGGGACTTTCCACACCCTAACTGACACACATTCCACAGCTGGTTCTTTCCGCCTC
AGAAGGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTT
TTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTT
CAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATT
CCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAG
TAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTC
AACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGC
ACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTGTTGACGCCGGGCAAGAG
CAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTC
ACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCAT
AACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGA
AGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTT
GGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCT
GCAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCT
TCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCT
GCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCG
TGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGT
AGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCG
CTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCAT
ATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGAT
CCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCG
TCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTA
ATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGAT
CAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCA
AATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCA
CCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGAT
AAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCG
GTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACA
CCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGG
AGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGA
GGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAA
ACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACAT
GTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGA
GCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGA
AGCGGAAG
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CLAIMS

1. A composition comprising induced pluripotent stem cell (iPSC)-derived endothelial cells

(ECs) that overexpress Sirtuinl (SIRTT).

2. The composition of claim 1, wherein the iPSC-derived ECs comprise exogenous nucleic

acid encoding SIRTT.

3. The composition of claim 2, wherin the exogenous nucleic acid encodes a polypeptide
having at least 70% sequence identity with all or a portion of wild-type human SIRT1 (SEQ ID
NO: 1).

4. The composition of claim 2, wherin the exogenous nucleic acid encoding SIRT1 is within

an expression vector.

5. The composition of claim 4, wherin the expression vector is a lentiviral vector.

6. A method of maintaining endothelial cell (EC) phenotype, improving EC function,
enhancing proliferative capacity, and/or overcoming early senescence in induced pluripotent
stem cell (iPSC)-derived ECs, comprising overexpressing Sirtuinl (SIRT1) in said iPSC-derived
ECs.

7. The method of claim 6, wherein overexpressing SIRT1 in said iPSC-derived ECs
comprises tranducing, transfecting, or transforming a SIRT1-encoding vector into the iPSC-

derived ECs.

8. The method of claim 7, wherein the SIRT1-encoding vector is tranduced, transfected, or

transformed into the iPSC-derived ECs after passage 4.

9. A composition comprising transplantable cells, tissue, or organ comprising the iPSC-

derived ECs of claim 1.
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10. A method of treating a subject comprising administering the composition of claim 9.
11. A method of testing an agent comprising administering the agent to a composition of
claim 1.

12. The method of claim 11, wherein the agent is testing for therapeutic efficacy.

13. The method of claim 11, wherein the agent is testing for toxicity.

14. A method comprising:

(a) inducing theformation of pluripotent stem cells (iPSCs) from non-pluripotent
somatic cells;

(b) differentiating the iPSCs into iPSC-derived endothelial cells (ECs); and

(©) overexpressing Sirtuinl (SIRT1) in said iPSC-derived ECs.
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC(8) - A61K 48/00; AOTN 63/00; C12N 5/07; C12N 5/02; C12N 15/00 (2016.01) - see keyword below
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1
US 2012/0225864 A1 (Gan) 06 September 2012 (06.09
NO: 9

[0007], [0065]), [0067], [0069), and [0070]

MOURA et al., Induced pluripotent stem (iPS) cells and

Abstract; and pg 37, Fig 1

derived vascularendothelial cells. Athcrosclerosis. 2010

X,P

YP

US 2014/0349398 A1 (CELLULAR DYNAMICS INTERNATIONAL, INC) 27 November 2014
(27.11.2014), Abstract, para [0007], [0015], [0020], [0021], [0039), [0094], [0144], [0150], [0239],

LEE et al., Sirtuin 1 Facilitates Generation of Induced Pluripotent Stem Cells from Mouse
Embryonic Fibroblasts through the miR-34a and p53 Pathways. PLoS One. 2012, Vol.
7(9):e45633. PDF File: pg 1-13. Abstract; pg 2, col 1, last para; pg 7, Fig 4, and pg 8, col 1, para

US 2015/0017674 A1 (HOFFMANN-LA ROCHE INC) 15 January 2015 (15.01.2015), para

good idea! Atherosclerosis. 2010, Vol. 212(1), p. 36-9. Entire documentation, especially

HOMMA et al., Sirt1 plays an important role in mediating greater functionality of human ES/iPS-
documentation, especially Abstract; pg 45, col 1, last para; and pg 46, col 2

JIANG et al., SIRT1 Overexpression Maintains Cell Phenotype and Function of Endothelial
Cells Derived from Induced Pluripotent Stem Cells. Stem Cells Dev. 2015 Dec , Vol. 24(23), p.
2740-5. Epub 2015 Oct 28. Entire documentation, especially Abstract; pg 2741, col 2, and Fig
1; pg 2742, col 1, middle para; pg 2744, col 1, para 1 and last para

1-5,9

1-5,9

.2012), para {0050}, [0211], and SEQ ID
1-5,9
1-5,9
endothelial cell generation: SIRT-ainly a
1-5,9
, Vol. 212(1), p. 42-7. Enlire
1-2,4-5,9

D Further documents are listed in the continuation of Box C.
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* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y"” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
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Name and mailing address of the ISA/US
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. l:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Group |, Claims 1-5, 9, directed to a composition.

Group I, claims 6-8, 14, directed to a method of maintaining endothelial cell (EC) phenotype; or a method of inducing the formation of
pluripotent stem cells (iPSCs), and differentiating the iPSCs into iPSC-derived endothelial cells (ECs).

Group Ill, claim 10, directed to a method of treating a subject.

Group IV, claims 11-13, directed to a method of testing an agent.

HHarknbeataestraaseret Continued in the extra sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }Av{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continuation of:
Box No 1ll (unity of invention is lacking)

The inventions listed as Groups I-IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Feature
Groups I-1V are related as a product (Group 1) and a method of making or maintaining the product (Group Il); or methods of using the
product (Groups lll and IV).

Group Il includes the special technical feature of maintaining endothelial cell (EC) phenotype, or differentiating the iPSCs into iPSC-
derived endothelial cells (ECs), not required by Groups ! and lII-{V.

Group Il includes the special technical feature of treating a subject, not required by Groups I-Il and IV.

Group IV includes the special technical feature of testing an agent, not required by Groups I-lIl.

Common Technical Features
The inventions of Groups I-1V share the technical feature of a composition comprising induced pluripotent stem cell (iPSC)-derived
endothelial cells (ECs) that overexpress Sirtuin! (SIRT1) (claim 1).

However, this shared technical feature does not represent a contribution over prior art as being obvious over US 2015/0017674 A1 to
HOFFMANN-LA ROCHE INC (hereinafter ' HOFFMANN?), in view of an article entitled 'Sirtuin 1 Facilitates Generation of Induced
Pluripotent Stem Cells from Mouse Embryonic Fibroblasts through the miR-34a and p53 Pathways' by LEE et al. (hereinafter ‘Lee’;
PLoS One, 2012, Vol. 7(9):245633. PDF File: pg 1-13) as follows:

HOFFMANN discloses a composition cormnprising Induced pluripotent stem cell (iPSC)-derived endothelial cells (ECs) (para [0069] -
'therapeutic composition comprising endothelial cells...patient specific induced pluripotent stem cells are then differentiated to
endothelial cells'; para [0007] - 'patient specific induced plurlpotent stem cells (iPSCs) are a potential source for the production of
endothelial cells’). HOFFMANN further discloses wherein said endothelial cells are derived from patient specific pluripotent stem cells
(iPSCs) (para [0065] - 'human induced pluripotent stem cells (iPSCs) obtained from a patient or healthy individual are used... patient
specific induced pluripotent stem cells are then differentiated to patient specific or healthy individual specific endothelial cells').

HOFFMANN does not specifically teach wherein the iPSC-derived endothelial cells overexpress Sirtuin1(SIRT1). Lee discloses a
method for inducing pluripotent stem cells (iPSC) by overexpressing SIRT1, wherein SIRT1 stimulates iPSC formation (pg 8, co! 1, para
1 - 'SIRT1 Over-expression Stimulates iPSC Formation...specificity of SIRT1 effect on reprogramming, 2uF/1B MEF was transfected
with ... SIRT1 plasmid during reprogramming. SIRT1 overexpression was confirmed ...SIRT1 over-expression increased colony
formation'; pg 7, Fig 4; pg 2, col 1, last para - 'mouse embryonic fibroblasts (2uf/1B MEF)’; Abstract - 'reprogram somatic cells into
induced pluripotent stem cells (iPSC)"). Although Lee does not specifically teach wherein the iPSC-derived endothelial cells over-
expressing SIRT1, this limitation is determined by the inherent property of endothelial cells derived from iPSC over-expressing SIRT1
(Specification: pg 1, In 25-28 - ‘compositions comprising endulhelial cells differentiated from induced pluripotent stem cells that
overexpress Sirtuinl (SIRT1).... compositions comprising induced pluripotent stem cell (iPSC)-derived endothelial cells (ECs) that
overexpress Sirtuinl (SIRT1)"), especially it was well known long before the invention was made that iPSC-derived endothelial cells with
high expression of SIRT1 can improve cell function and reduce cell senescence (Please see an article entitled 'Induced pluripotent stem
(iPS) cells and endothelial cell generation: SIRT-ainly a good idea! by MOURA et al.; Atherosclerosis. 2010, Vol. 212(1), p. 36-9: pg 37,
Fig 1, Legend - 'high expression of Sirt1 ensures improved endothelial cell function and reduced senescence’; Fig 1).

It would have been obvious to one of ordinary skill in the art at the time the invention was made to combine the teachings of
HOFFMANN and Lee, to obtain a composition comprising induced pluripotent stem cell (iPSC)-derived endothelial cells (ECs), as taught
by HOFFMANN, and further wherein the iPSC-derived endothelial cells overexpress Sirtuin 1(SIRT1), based on the combination of Lee
and HOFFMANN as well as the inherent property of endothelial cells derived from iPSC over-expressing SIRT1, in order to combine the
methods available in the art for facilitating obtaining iPSC-derived endothelial cells with desired function and viability with an expected
success and without undue experimentation.

Without a shared special technical feature, the inventions lack unity with one another.
Groups I-IV therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Note:

) Claims 3-5 are objected as containing typo "wherin" in each claim. For the purposes of this ISR, the "wherin” in each of claims 3-5 is
rewritten as "wherein".

I1) Claim 14 is objected as lacking a space between two words in the “theformation” limitation. For the purposes of this ISR,
"theformation” in claim 14 is rewritten as "the formation".

Form PCT/ISA/210 (extra sheet) (January 2015)
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