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REGULATION OF MESODERMAL SPECIFICATION

GOVERNMENT GRANT SUPPORT

This invention was made with goverament support pnder UOTHL100407
and ROTARU64195 awarded by the National Institutes of Health. The
government has certain rights in the invention.

CLAIM OF PRIORITY

This application claims the benefit of priority of U.5. Provisional Patent
Application No. 62/199,044, filed 30 Joly 2015, the benefit of priority of which
is claimed hereby, and which application is incorporated by reference herein in
its entirety.

BACKGROUND OF THE INVENTION

During embryogenesis mesodermal progenitors give rise to muliiple
lineages including hemato-endothelial and cardiac lincages. Precise control of
the specification of these Hneages are necessary for proper development and
ermbryogenesis, although the transcriptional regulators and signaling pathways
that govern mesodermal progenitors are incompletely defined (Kattman et al.,
2006; Loebel et al., 2003).

Genetic stadies have demonstrated the emergence of hematopoietic
lineages, both independently, as well as from the hemogenic endothelinm (Haber
et al., 2004; Ueno and Weisman, 2006). Studies have established a hierarchy of
trapscriptional regulators, including Mesp i, Vegf/Flkl and Etv2 as modulators
of hemato-endothelial development (Shalaby et al., 1995; Saga et al., 1999;
Ferdous et al., 2009). Genetic ablation of Etv2 resalis in embryonic lethality by
E9.5 with complete absence of the hemato-endothelial lineages (Ferdous et al..
2009). Etv2 activates downstrear targets including Tie2 and Lmo? and interacts
with Gata2 and FoxC2 to regulate the hemato-endothelial program (De Val et
al., 2008; Rasmussen et al, 2011; Koyano-Nakagawa et al., 2012).
SUMMARY OF THE INVENTION

Described herein is a novel BtvZ-miR-130a-Pdgfra network that directs
stem cells, such as hemato-endothelial progenitors, towards the endothelial fate
without affecting the hematopoietic lineage. This is the first report that defines a
factor that directs endothelial development without affecting the hematopoictic
lincage (directs cell fate to endothelium without effecting blood).

i
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One embodiment provides a method to differentiate cells comprising
coptacting (in vitro and/or in vivo) stem, progenitor or precursor celis with miR-
1304, or nucleic acid, such as, RNA having at least 95% identity thereto, so as o
vield cells of endothelial lineage. In one embodiment, the stem, progenitor or
precursor cells are embryonic stem cells, adalt stem cells, induce pluripotent
stemn cells, and/or multipotent stem cells, sach as multipotent mesodermal
precursors. In another embodiment, the stem, progenitor or precursor cells are
mammalian cells. In one embodiment, the progenitor celis are hemato-
endothelial progenitors. In another embodiment, the precursor cells are
mesodermal precursor cells expressing FikU'/Pdgtra”

Crne embodiment provides for admixing the endothelial lineage cells
produced by the methods described herein with a pharmaceutically acceptable
carrier.

One embodiment provides a method treat cardiovascular disease, a
wonnd, and/or repopulate vasculature in a subject in need thereof comprising
administering an effective amount of the endothelial lincage cells produced by
the methods described herein so as to treat cardiovascular disease, a wound,
and/or repopulate vasculature in said subject. In one embodiment, the
administered cells are avtologous or allogeneic.

One embodiment provides a composition consisting essentially of miR-
130a and stem, progenitor and/or precursor cells. In one embodiment, the cells
are manumalian.

One embodiment provides a composition comprising the endothelhial
lineage cells obtained by the methods described herein and a cell culture media
or a pharmaceutically acceptable carrier.

One embodiment provides a method to differentiate stem, progenitor
and/or precursor cells comprising contacting said stem, progenitor and/or
precursor cells with Etv2, 50 as to increase expression of Flki and decrease
expression of Pdgfra relative to the initial cell population and contacting said
cells with increased expression Flki and decreased expression of Pdgfra with
miR-130a so to generate cells predominately of endothelial lineages, while not
generating a significant population of cells of the hematopoietic lineage.

Another embodiment provides a method to differentiate cells comprising
contacting slem, progenitor and/or precursor cells with BEtv2 and miR-130a so as

2z
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to vield cells predominantly of endothelial lineages, while not yielding a
significant population of cells of the hematopoietic lineage.

Another embodiment provides a method to differentiate cells comprising
contacting slem, progenitor and/or precursor cells with miR-130a so as to yield

5  cells predominantly of endothelial lincages, while not yielding a significant
population of cells of the hematopoietic lineage.

In one embodiment, the stem, progenitor or precursor cells are embryonic
stem cells, adult stem cells, induced pluripotent stemn cells, and/or multipotent
stem cells {such as multipotent mesodermal precursors). In one embodirent, the

10 stem, progenitor or precursor cells are mammalian cells.

Crne embodiment provides for the admixing of the endothelial lineage
cells described/prepared herein with a pharmaceutically acceptable carrier.

In one embodiment, the endothelial lineage cells described/prepared
herein are administered to a subject.

15 Crne embodiment provides a composition of miR-130a and sterm,
progenitor and/or precursor cells. In one embodiment, the cells are mammalian.

Another ernbodiment provides a composition comprising the endothelial
lineage cells obtained by the methods described herein and a cell culture media
or a pharmaceutically acceptable carrier.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figores 1A-L demonstrate that Etv2 modulates miR-130a expression in
endothelial progenitors. (A-F) FACS profile (A, D) and quantification (B, C, E,
F) of mesodermal populations in Etv2-EYFPEwv25: Dicer™ embryos at £7.5
from EYFPY and EYFP compartments. (G) gPCR analysis of miR-130a in

25 CD317 cells sorted from Dicer™ and Etv25%* Dicer™™ embryos at £9.5. (H)
Evolutionary conservation of the 5.0 kb upstream fragment of the miR-130a
gene. (1) Top: Schematic of the 2.8 kb upstream region of the miR-130a
promoter. Bottorm: ChiP analysis of d4 Dox-indacible HA-Etv2 EBs using an
HA antibody. ChiP assay for the Gapdh promoter (Control) and a non-specific

30 locus (miR-130a 3° UTR region: 37 Flank) are shown as controls. (I} EMSA
showing Etv2 bound to the Ets binding site in the miK-130a promoter region.
(K} Luciferase reporter constracts vsing the miR-130a promoter (-1.0 kb}
harboring wild-type (wt; open box) or mutant (mut; crossed box) Etv2 binding
sites. (L) gPCR analysis of miR-130a using BEYPP' sorted cells from Eiv2 wild-

3
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type and mutant embryos at E7.5. Error bars indicate SEM (n = 4; *p<0.05; ¥*p
< (1005} (see also Figure 5).

Figures 2A-L show miR-130a promotes the endothelial lineage. {A) Left

panels: phase contrast images of wild-type E14 (ES cells) and Dox-inducible

5  miR-130a ES cell (miR-130a 1ES) colonies. Right panel: gPCR analysis of miR-
130a in the absence (-Dox) and presence of Dox (+Dox). (B} gPCR analyses for
endothelial and hematopoietic markers using -Dox and +Dox EBs at d6 of
differentiation (ratio shown as +Dox/-Dox). (C-F) FACS profiles (C, E) and
quantification (D, F) of endothelial (Tie2 and CD31 {C, D)); and hematopoictic

10 (CD41 and CD45 (E, F)) markers in -Dox and +Dox conditions. (G} Schematic
representation of the puR-130a knockdown approach in the ES/EB system. (H}
gPCR analysis of Meox2 using RNA isolated from control and miR-130a
antagomir transfected cells. (I-L) FACS profiles (1, K and guantification {J, L)
of endothelial (TieZ and CD31 (1, J)) and hematopoietic {CD41 and CD45 (K,

15 L)) markers in control and antagonir-treated EBs. Error bars indicate SEM (n =
4; *p < (0.05). Scale bar: 200 pm (sec also Figure 6).

Figores 3A-0 show puR-13{a targets Pdgfra and nuR-130a-Pdgfra
pathway modulates mesodermal progenitors. (A) ClustalW multiple sequence
alignment of Pdgfra 3° UTR and miR-130a. (B) Luciferase activity of Luc-

20 Pdgira-3"-UTR reporter constracts in the presence of miR-130a mimic and miR-
130a inhibitor. (T} Whole-mount in site hybridization images of control and
mik-130a morphants using Pdgfra probes at 48 hpf. (D) gPCR analysis of
Pdgfra transcripts using 0il-EYFP? sorted cells from control and miR-1304
morphants at 48 hpt. (E-G) qPCR analysis of CD31, Tie? and CD4S5 transcripts

25  from control and Pdgfra neutralizing antibody-treated EBs at d6 of
differentiation. (H-K) FACS profile (H, I) and quantification (3, K) of
endothelial lineages (Tie2 and CD31 (H, 1)) and hematopoietic lineages (CD41
and CD45 (J, K)) in control and Pdgfra neutralizing antibody-treated EBs at d6
of differentiation. (L-0) FACS profile (L, N} and guantification (M, O) of

30 eodothelial Iineages (Tie2 and CD31 (L, M}) and hermatopoietic Hneages (CD41
and CP45 (N, O}) using d6 EB in control and Pdgfra over-expression conditions.
Error bars indicate SEM {n = 4; ¥p <{0.05). Scale bar: 200 pm.

Figures 4 A-F show miR-130a targets Pdgfra in vive and promotes lateral
plate mesodermal fineage. (A-C) FACS profile (A) and quantification (B, C) of

4
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mesodermal populations in miR-130a iES/EB differentiation in -Dox and +Dox
copditions. (D) gPCR analysis of Pdgfra in -Dox and +Dox coaditions using d4
EBs. (E) FACS profile of endothelial (Fik1 and CD31) markers during miR-
130a1ES/ER differentiation in -Dox and +Dox conditions. (F) Schematic of the

5  experiment to determine the ability of miR-130a to re-specify mesoderm. (GG, H)
FACS profiles () and guantification (H} of endothelial (Fiki and CD31)
markers at d6. (I, J) Hematopoietic colony forming assay from Flkt Y/Pdgfra (I)
and Flk%/Pdgfra® (J) sorted cells using d3.5 miR-130a iES/EB system. Error bars
indicate SEM (n= 3; ¥p < (1.05). (see also Figure 7).

10 Figures SA-E are related to Figure 1; miR-130a s highly enriched in
endothelial progenitors. (A) gRT-PCR analysis for Mespl, Fiki and Etv2
transcripts using RNA isolated from differentiating EBs. Expression was
normalized to Gapdh levels. (B) gRTPCR for Dicer using primers directed to the
RNase [I domain. Mespl and Flki expressing cells were sorted using ROK2

15 (Drokker et al., 2012) and Flki antibodies, respectively. Etv2 expressing cells
were sorted using EYFP fluorescence obtained from Etv2™™* Dicer™ and Etv2-
EYFP;Dicer™ crosses at E8.5. (C) Whole mount images of Flk19% Dices™/*
and Etv2*: Dicer™™ mutant embryos demonstrated edema, hemorrhage
(arrowheads) and were lethal by E12.5. (D) gPCR of mature miR-130a using

20 RNA isolated from FACS sorted FIki™ and Fik1™ cells from EBs at day4 of
differentiation. (E) ¢PCR of mature miR-130a using RNA isolated from FACS
sorted CD317, CD417, CPC (Nkx2.5-GFP) and negative cell populations at E9.5.
Error bars indicate SEM {n=3; ¥*p < 0.05). Scale bar: 2 mm.

Figures 6A-H are related to Figure 2; miR-130a induces the endothelial

2%  program and suppresses the cardiogenic program without impacting
hermnatopoiesis. (A} gPCR analyses of mature miR-130a duning ES/EB
differentiation. (B, C) FACS profile (B) and guantification (C) of endothelial
hineages {(VE-Cadherin and CD31) markers in the presence of Dox (+Dox} as
compared to no Dox (-Dox). (D) Hematopoietic colony forming cell (CFC)

30 assays from induced (+Dox) and uninduced (-Dox) miR-130a 1E5/EBs. (E)
Fepresentative sections of —Dox and +Dox miR-130a iES/EBs immunostained
with ¢TnT {(green), CD31 {red) and counterstained with DAPI (blue) at 410 of
EB differentiation. (F) Quantitative analysis of ¢ToT* EBs in 142 induced
{(+Dox) and 123 smnduced (~Dox) EBs. (G) Contractility assay from 130

5
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induced (+Dox) and 136 uninduced (—Dox) EBs. (H) gPCR analyses of a cardiac
marker (¢ToT) from induced (+Dox) and uninduced (-Dox) miR-130a iES/EBs.
Error bars indicate SEM (n = 4; *p < 0.05). Scale bar: 200 um.

Figures 7A-E are related to Figure 4; miR-130a modulates the
endothelial program via Pdgfra signaling. (A) Images of differentiating EBs
obtamed from miR-130a+Pdglra; IRES-GFP inducible ES cell lines in the
absence (-Dox) and presence of Dox (+Dox). (B-E). FACS profiles (B, D) and
quantification (C, E) of endothelial lineages (Tie2 and CD31 (B8, C)) and
hematopoietic lineages (CD41 and CD45 (D, E)) daring d6 of miR-130a+Pdgfea
iES/EB differentiation. Error bars indicate SEM (n=3; *p < 0.05).

Figure 8 depicts Etv2-miR-130a-Pdgfra network regulates endothelial
development. A model summarizing the involvement of Etv2-miR-130a network
in the regulation of hemato-endothelial development. Flki and Pdgfra are highly
expressed in early multipotent mesodermal precursors (anpatterned mesoderm).
Ftv2 serves as a key mediator in the derivation of bemato-endothelial
progenitors (Flk1Y/Pdglralow) from mesodermal precursors by down-regulating
Pdgfra. Among the Flki*/Pdgfralow hematoendothelial progenitor cells, those
that express mik-130a will further down-regulate Pdgfra and have an endothelial
fate. It is believed that this mechanism mediates the segregation of the
endothelial lineage from the hemato-endothelial progenitors.

Figore 9 provides a graphical presentation of the Etv2-miR-130a
network.

PETAILED DESCRIPTION OF THE INVENTION

MicroRNAs {small non-coding RNAs) are known 1o regulate
developmental stages during embryogenesis. MicroRNAs (miRNAs) govern the
molecular switch by suppressing gene expression, thereby modulating and fine-
taning cell fate decisions (Ivey and Srivastava, 2010). Although global deletion
as wel as hypomorphic mutants of Dicer (miRNA processing enzyme) resulis in
embryonic lethality (Bernstein et al., 2003; Yang et al., 2005), it is unclear
whether miRNAs play any role in the hemato-endothelial segregation and
vascular development.

Herein is disclosed a novel EtvZ-miR-130a cascade that regulates
mesodermal specification and determiination. Ablation of Dicer in the Etv2-
expressing precarsors resulted in altered mesodermal boeages and embryonic

6



WO 2017/020009 PCT/US2016/044859

10

20

lethality by E12.5. miR-130a was identified as a direct target of EtvZ and
demonstrated its role in the segregation of bipotent hemato-endothelial
progenitors towards the endothelial lineage. Loss- and gain-of-function
experiments demonstrated that miR-130a 1s a regalator of the endothelial
program at the expense of cardiac program without impacting the hematopoietic
hineages. Mechanistically, muR-130a directly suppresses expression level of
Pdgfra and promotes the endothelial program by blocking Pdgfra signaling.
Inhibition or activation of Pdgfra signaling phenocopied the miR-130a over-
expression and knockdown, respectively. This is the first report of a miRNA that
specifically promotes the divergence of the common hemato-endothelial
progenitor to the endothelial lincage (miRNA mediated regulation of
mesodermal precursors).

Definitions

The terminology used herein 18 for the purpose of describing particular
embodiments ondy and is not intended to be limiting of the invention.

As used herein, the indefinite articles “a”, “an” and “the” should be
vaderstond o include plural reference unless the context clearly indicates
otherwise.

The phrase “and/or,” as used herein, should be understood 10 mean
“ecither or both” of the elements so conjoined, e.g., elements that are
conjunctively present in some cases and disjunctively present in other cases.

As used herein, “or” should be understood to have the same meaning as
“and/or” as defined above. For example, when separating a listing of #tems,
“and/or” or “or” shall be interpreted as being inclusive, e.g., the inclusion of at
least one, but also including more than one, of a number of items, and,
aptionally, additional unlisted iterns. Only terms clearly indicated to the
contrary, such as “only one of” or “exactly one of,” or, when used in the claims,
“consisting of,” will refer to the inchision of exactly one element of a nomber or
list of elements. In general, the term “or” as used herein shall only be interpreted

EENS

as indicating exclasive alternatives {i.e., “one or the other but not both”} when

preceded by terms of exclusivity, such as “either.” “one of,” “only one of,” or

“exactly one of.”
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As used herein, the terms “including”, “includes”™, “having”. “has”,
“with”, or varianis thereof, are intended to be inclusive similar to the ferm
“comprising.”

As used herein, the term “about” means plus or minus 10% of the
indicated valae. For example, about 100 means from 90 10 110,

The term “isolated” refers to a cell or cells which are not associated with
one or more cells or one or more cellular components that are associated with the
cell or cells in vivo.

A “sabject” is a vertebrate, such as a manmumal, including a human.
Mammals include. but are not limited to, humans, farm animals, sport animals

13

and companion animals. Included in the term “animal” is dog, cat, fish, gerbil,
guinea pig, hamster, horse, rabbit, swine, mouse, monkey {e.g., ape, gorilia,
chiropanzec, and orangutan) rat, sheep, goat, cow and bird. Subjects that can
benefit from the cells and methods of the invention mclude, but are not himited
to, thase suffering from a loss of function of endodermal cells, including, but not
limited to, liver or pancreatic cells, as a resulf of physical or disease related
damage.

Totipotent (a.k.a. ommipotent) stem cells can differentiate into embryonic
and extracmbryonic cell types. Such cells can construct a complete, viable
organism. These cells are produced from the fusion of an egg and sperm cell.
Cells produced by the {first few divisions of the fertilized egg are also totipotent.
Plaripotent stem cells are the descendants of totipotent cells and can differentiate
nto neardy all cells, i.e. cells derived from any of the three germ layers.
Maultipotent stem cells can differentiate into a number of cell types, but oanly
those of a closely related family of cells. Oligopotent stem cells can differentiate
into only a few cell types, such as lymphoid or myeloid stem cells. Unipotent
cells can produce only one cell type, their own,[4] but have the property of self-
renewal, which distinguishes them from non-stem cells {e.g. progenitor cells,
muscle stem cells).

“Expansion” refers to the propagation of cells without differentiation.

“Progenitor cells” are cells produced during differentiation of a stem cell
that have some, but not all, of the characteristics of their terminally-
differentiated progeny. Defined progenitor cells are committed to a lineage, but
not to a specific or terminally-differentiated cell type. The phrase “endothelial

8
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cells” encompasses not only terminally-differentiated cells types, but also cells
that are committed to an endothelial lineage, but are not terminally-
differentiated.

“Differentiation factors” refer to cellnlar factors, preferably growth
factors or angiogenic factors that induce lineage commitment.

“Self-repewal” refers to the ability to produce replicate daughter cells
having differentiation potential that is identical to those from which they arose.
A similar term used in this context is “proliferation.”

An “effective amount” generally means an amount which provides the
desired local or systemic effect and/or performance, particalarly for treating a
condition of interest.

"on

The terms "comprises,” "comprising.” and the like can have the meaning
ascribed fo them in U8, Patend Law and can mean "includes,” "including” and
the like. Asused herein, "including” or "includes” or the like means including,
without imitation.

StenyPrecursor/Progentor Cells

Stem/Precursor/Progenitor cells are undifferentiated biclogical cells that
can differentiate into specialized cells and can divide (through mitosis) to
produce more stem cells. They are found in sulticellular organisms. In adult
organisms, stem cells and progenitor cells act as a repair system tor the body,
replenishing adolt tissues. In a developing embryo, stem cells can differentiate
into all the specialized cells-ectoderm, endoderm and mesoderm (see induced
pluripotent stem cells)-bat also maintain the normal turnover of regenerative
organs, such as blood, skin, or intestinal tissues.

Autologous adult stem cells can be obtained trom many sources in
humans, such as bone marrow {(which requires extraction by harvesting that is,
drilling into bone {(typically the femur or iliac crest): adipose tissue (lipid cells;
which requires extraction, such as by liposuction); and/or blood (which regaires
extraction through apheresis, wherein blood is drawn from the donor (similar to
2 blood donation), and passed through a machine that extracts the stem cells and
returns other portions of the blood to the donor). Heterologous and xenogeneic

cells can also be used in methods of the invention.
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Stem cells can also be taken from umbilical cord blood just after birth.
By definition, autologous cells are obtained from one's own body, just as one
may bank his or her own blood for elective surgical procedures.
in one embodiment, the precursor cells are multipotent mesodermal
5  precursor cells expressing Fik1*/Pdgtra®.
Methods of isolating various stem and/or progenitor and/or precursor
cells are available to an art worker. Stem and/or progenitor and/or precursor
cells can also be isolated in the presence of various factors such as LiF {e.g., at a
concentration of about 5,000 U/mi to about 50,000 Uiml, such as about 10,600
10 U/ml), EGF (e.g., at a concentration of about 5 ng/ml to about 50 ng/ml, such as
about 10 ng/ml}, basic FGF (e.g., at a concentration of about 5 ng/ml to about 50
ng/ml. such as about 10 ng/mi) or PDGF (e.g.. at a concentration of about 5
ng/mi to about 50 ng/ml, such as about 10 ag/ml).
During and after isolation, stem and/or progenitor and/or precursor cells
15 can be caltured in culture medino that is well established in the art and
commercially available from the American Type Culture Collection (ATCC).
Such media inchude, but are not limited to, Dulbecco’s Modified Eagle's
Medium (DMEM), DMEM F12 mediom, Eagle’s Minimum Essential Medium,
F-12K medium, Iscove’s Modified Dulbecco’s Medium, or RPMI-1640
20 medivm. It is within the skill of one in the art to modify or modulate
copcentrations of media and/or media supplements as needed for the cells used.
It will also be apparent that many media arc available as low-glacose
formulations, with or without sodivm pyruvate.
Also contemplated is supplementation of cell culivre medum with
2%  mammalian sera. Sera often contain cellular factors and components that are
necessary for viability and expansion. Examples of sera include fetal bovine
serum {(FBS), bovine serum (BS), calf serum (CS), fetal calf serum (FCS),
newborn calf serum (NCS), goat serum {(GS), horse serom (HS}, human serum,
chicken serum, porcine serum, sheep serum, rabbit serum, rat serum (RS), seram
30 replacements, and bovine embryonic fluid. It is understood that sera can be
heat-inactivated at 55-65uC if deemed necessary to inactivate components of the
complement cascade. Modulation of serom concentrations, or withdrawal of
serum from the culture medium can also be used o promote sarvival of one or

more desired cell types. In one embodiment, the endodermal progenitor cells are

10
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cultured in the presence of FBS /or serum specific for the species cell type. For
example, endodermal progenitor celis can be isolated and/or expanded with total
serum {(e.g., FBS) concentrations of about 0.5% to about 5% or greater including
about 5% to about 15%. Concentrations of serum can be determined
crapirically.

Additional supplements can also be used to supply the cells with trace
clements for optimal growth and expansion. Such supplements include insulin,
transferrin, sodium selenivm, and combinations thereof. These components can
be included 1 a salt solution such as, but not limited to, Hanks’ Balanced Salt
Solution (HBSS), Earle’s Salt Solution, antioxidant supplements, MCDB-201
supplements, phosphate buffered saline (PBS), N-2-hydroxyethylpiperazine-N'-
ethanesulfonic acid (HEPES), nicotinamide, ascorbic acid and/or ascorbic acid-
2-phosphate, as well as additional amino acids. Many cell culture media already
contain amino acids; however some require supplementation prior to culturing
cells. Such amino acids include, but are not limited to, L-alanine, L-arginine, L-
aspartic acid, L-asparagine, L-cysteine, L-cystine, L-ghatamic acid, L-glutamine,
L-glycine, L-histidine, L-inosiiol, L-isoleucine, L-leucine, L-lysine, L-
methionine, L-phenylalanine, L-profine, L-serine, L-threonine, L-tryptophan, L-
tyrosine, and L-valine.

Antibiotics are also tvpically used in cell culture to mitigate bacterial,
mycoplasmal, and fungal contamination. Typically, antibiotics or anti-mycotic
compounds used arc mixtures of penicillin/streptomycin, but can also include,
but are not lmited to, amphotericin (Fungizone), ampicillin, gentamicin,
bleomyein, hygromycin, kanamycis, mitomycin, mycophenalic acid, nalidixic
acid, neomycin, nystatin, paromomycin, polymyxin, puromycin, rifampicin,
spectinomycin, tetracycline, tylosin, and zeocin.

Hormones can also be advantageously used in cell culture and inclade,
but are not Hnuted to, D-aldosterone, dicthylstitbestrol {DES), dexamethasone,
f-estradiol, hydrocortisone, insulin, prolactin, progesterone, somatostatin/human
growth hormone (HGH), thyroteopin, thyroxine, and L-thyronine. B-
mercaptoethano! can also be supplemented in cell culture media.

Lipids and Hpid carriers can also be osed to supplement cell cultare
media, depending on the type of cell and the fate of the differentiated cell. Such
lipids and carriers can inclade, but are not hmited to cyclodextrin,, cholesterol,
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linoleic acid conjugated to albumin, linoleic acid and oleic acid conjugated to
alburmin, unconjugated linoleic acid, linoleic-oleic-arachidonic acid conjugated
to albumin, oleic acid unconjugated and conjugated to albumin, among others.
Albumin can sinttlarly be used in fatty-acid free fornmulation.

5 Also contemplated is the use of feeder cell layers. Feeder cells can be
used to support the growth of caltured cells, including, stem and/or progenitor
and/or precursor cells. Feeder cells are normatl cells that have been inactivated
by v -irradiation. In cultore, the feeder layer serves as a basal layer for other
cells and supplies cellular factors without further growth or division of their own

10 (Lim and Bodnar 2002). Examples of feeder layer cells typically used with biver
cell cultures are hepatocytes and embryonic fibroblasts (Suzuki, A. et al. 2000),
but can be any post-mitotic cell that is capable of supplying cellular components
and factors that are advantageous in allowing optimal growth, viability, and
expansion of , stem and/or progenitor and/or precursor cells. In some cases,

15 feeder cell layers are not needed to keep cells in an undifferentiated, proliferative
state, as lenkemia inhibitory factor {LIF) has anti-differentiation properties.
Often, supplementation of a defined concentration of LIF is all that is necessary
to maintain cells in an vadifferentiated state,

Cells in culture can be maintained either in suspension or attached to a

20 solid support, such as extracellular matrix components and synthetic or
biopolymers. Cells often require additional factors that encourage their
attachment to a solid support (e.g., attachment factors) such as type I, type 1,
and type IV collagen, concanavalin A, chondroitin sulfate, fibronectin,
“superfibronectin’ and/or fibronectin-like polymers, gelatin, laminin, poly-D and

2%  poly-L-lysine, Matrigel, thrombospondin, and/or vitronectin.

The maintenance conditions of cells can also contain cellular factors that
allow cells, such as stem and/or progenitor and/or precursor cells, to remain in
an undifferentiated form. It may be advantageous under conditions where the
cell must remain 1n an undifferentiated state of self-renewal for the medium to

30 contain epidermal growth factor (EGF), platelet derived growth factor (PDGFE),
leukemia inhibitory factor (LIF), basic fibroblast growth factor (bFGF) and
combinations thereof. 1t is apparent to those sldlled in the art that supplements
that allow the cell to self-renew {e.g., to produce replicate daughter cells having
differentiation potential that is identical to those from which they arose; a similar

12
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term used in this context is “proliferation™), but not differentiate should be
removed from the culture medium prior to differentiation. It is also apparent that
not all cells will require these factors. In fact, these factors may clicit unwanted
effects, depending on the cell type.

5 Stem and/or progenitor and/or precursor cells can be selected based on
the markers (gene and/or protein) described herein. Accordingly, positive
selection methods can be used, cither alone or together with the methods
described above, to identify and/or isolate the cells of the invention. Methods of
posttive selection can include visual selection, using microscopy and/or other

10 means of detection, including, but not limited to, immunoblotting,
immmaofluorescence, and/or enzyroe-linked immmposorbent assay. Other
methods of positive selection can also include, but are not Hmited to, additional
selective culture techniques {(e.g., variable cell densities or amounts of C(Oh),
flow cytometry, RT-FCR, and/or microchip-based methods of cell separation.

15 Endothelium

The endothelium is the thin layer of siniple squamous cells that fines the
interior surface of blood vessels and lvmphatic vessels, forming an interface
between circulating blood or lymph in the lumen and the rest of the vessel wall.
The cells that form the endothelium are called endothelial cells. Endothelial cells

20 indirect contact with blood are called vascular endothelial cells, whereas those
in direct contact with tymph are known as ymphatic endothelial cells.

Vascular endothelial cells line the entire circulatory system, fron the
heart to the smallest capitlaries. These cells have unigue functions in vascular
biology. These functions inchude floid fiftration, such as in the glomernli of the

2%  kidney, blood vessel tone, hemostasis, neutrophil recruitment, and hormone
trafficking. Endothelium of the interior surfaces of the heart chambers is called
endocardium.

Endothelivm is mesodermal in origin. Both blood and lymphatic
capillaries are composed of a single layer of endothelial cells called a

30 monolayer. In straight sections of a blood vessel, vascular endothelial cells
typically align and elongate in the direction of fluid flow.

The foundational model of anatorny makes a distinction between

endothelial cells and cpithelial cells on the basis of which tissues they develop
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from, and states that the presence of vimentin rather than keratin filaments
separate these from epithelial cells.

Endothelial cells are involved in many aspects of vascular biology,
inchiding: barrier fonction (the endotheliom acts as a semi-selective barrier

5  between the vessel lumen and surrounding tissue, controlling the passage of
materials and the transit of white blood cells into and out of the bloodstream;
Excessive or prolonged increases in permeability of the endothelial monofayer,
as in cases of chronic inflammation, may lead to tissue edema/swelling): blood
clotiing (thrombosis & fibrinolysis; the endothelinm normally provides a non-

10 thrombogenic surface because it contains, for example, heparan sulfate which
acts as a cofactor for activating antithrombig, a protease that inactivates several
factors in the coagulation cascade); inflammation; formation of new blood
vessels (angiogenesisy; vasoconstriction and vasodilation {(and hence the control
of blood pressure); repair of damaged or diseased organs via an injection of

15 blood vessel cells; and angiopoietin-2 works with VEGF to facilitate cell
proliferation and migration of endothelial cells.

Hndothelial dysfunction, or the lass of proper endothelial function, i a
hallmark tor vascular diseases, and is often regarded as a key early event in the
development of atherosclerosis. Impaired endothelial function, causing

20 hypertension and thrombosis, is often seen in patients with coronary artery
disease, diabetes mellitus, hypertension, hypercholesterolemia, as well as in
smokers. Endothelial dysfunction has also been shown 1o be predictive of future
adverse cardiovascolar events, and s also present in inflammatory disease sach
as rheurnatoid actheifis and systernic lupus erythematosus. One of the main

2%  mechanisms of endothelial dysfunction is the diminishing of nitric oxide. often
due to high levels of asymmetric dimethylarginine, which interfere with the
normal L-arginine-stimulated nitric oxide synthesis and so leads to hypertension.
The most prevailing mechanism of endothelial dysfunction is an increase in
reactive oxygen species, which can impair nitric oxide production and activity

30 viaseveral mechanisms. The signaling protein ERKS plays a role in maintaining
normal endothelial cell function. A further consequence of damage to the
endothehium i3 the release of pathological quantities of von Willebrand factor,
which promote platelet aggregation and adhesion to the sub-endothelium, and
thus the formation of thrombi.

14
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Differentiation and Use for Endothelial Cells

Stem, precursor and progenitor cells can be used for the generation of
endothelial cells or endothelia precursors {the term endothelial cells refers to
cells of varying degree of differentiation, some may be fully differentiated down

5  the endothelial pathway, while others are in the ecarly stages and can still be
directed down one or endothelhial lineages). One embodiment provides methods
for providing endothelial cells comprising differentiating stem, precursor and
progenitor cells in the presence of mil-1304 and optionally Etv2 (sequence
information provided in Example 2 below), and isolating the endothelial cells.

10 Ditferentiagtion can occur in vitro, in vivoe of ex vive.

miR-130 microRNA precursor is a small non-coding RNA that regolates
gene expression. This microRNA has been identified in mouse (MI0000156
{(GAGCUCUUUUCACAUUGUGCUACUGUCUAACGUGUACCGAGCAGU
GCAAUGUUAAAAGGGCAUC: SEQ 1D NO:1 ). MIOO00408

15 (GGCUUGUUGGACACUCUUUCCCUGUUGCACUACUGUGGOCCUCUG
GGAAGCAGUGCAAUGAUGAAAGGGCAUCUGUCGGGCC; SEQ ID
N2, and in human (MIO000448
(UGCUGCUGGCCAGAGCUCUUUUCACAVUUGUGCUACUGUCUGCACC
UGUCACUAGCAGUGCAAUGUUAAAAGGGCAUUGGCCGUGUAGUG;

20 SEQ ID NG:3), MID000748
{(GGCCUGCCCCACACUCUUUCCCUGUUGC ACUACUAUAGGCCGCUG
GGAAGCAGUGCAAUGAUGAAAGGGCAUCGGUCAGGUC; SEQ ID
NG:4)). Mentioned below is the seed seqoence for miR-130a. The data is
obtained from the mirbase (http://'www.mirbase.org) >mmu-piR-130a-3p

25 MIMAT0000141 - CAGUGCAAUGUUAAAAGGGCAU (SEQ ID NG:S) (the
seed sequence for miR-13( can be used as a screening tool to search and/or
engineer small molecules that bind/interact with the seed sequence and cause the
effect of, for example, creased endothelium, as with miR-130).

In one embodiment, the miR-130 is as disclosed herein or 95% identical

30 thereto. IN another embodiment, the mirNA-130 has at least about 85%, 869,
87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%. 38%, 99%. or
39.5% identity to the nocleic acid sequences disclosed herein.

As used herein, percent identity of two nucleic acid sequences (or of two
amino acid sequences) is determined using the algorithm of Karlin and Altschal
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(PNAS USA §7:2264-2268, 1990), modified as in Karlin and Altschul, PNAS
USA 90:5873-5877, 1993). Such an algorithm is incorporated inio the NBLAST
and XBLAST programs of Altschul et al. (J. Mol. Biol. 215:403-410, 1990).
BLAST aucleotide searches are performed with the NBLAST program,

5  score=100, wordlength=12. BLAST protein searches are performed with the
XBLAST program, score=50, wordlength=3. To obtain gapped alignment for
comparison purposes Gapped BLAST is utilized as described in Altschul et al.
{Nucleic Acids Res. 25:3389-3402, 1997). When vtilizing BLAST and
GappedBLAST programs the defanlt parameters of the respective programs

10 (e.g., XBLAST and NBLAST) are used to obtain nucleotide sequences
homologous to a nucleic acid molecule of the wvention.

{dentity or identical means nucleic acid sequence (or amino acid
sequence) sirnilarity and has an art recognized meaning. Sequences with identity
share identical or similar amino acids {or nucleic acids). Sequence identity is the

15 percentage of aming acids identical to those in the antibody's original amino acid
sequence, determined after the sequences are aligned and gaps are appropriately
introduced to maximize the sequence identity as secessary. Thus, a candidate
sequence sharing 85% amino acid sequence identity with a reference sequence
requires that, following alignment of the candidate sequence with the reference

20 sequence, 85% of the amino acids in the candidate sequence are identical to the
corresponding amino acids in the reference segoence, and/or constitute
conservative amino acid changes.

miR-130 appears to be vertebrate-specific miRNA and has now been
predicted or experimentally confirmed in a range of vertebrate species

25 (MIPFO000034). Mature microRNAs are processed from the precursor stem-
loop by the Dicer enzyme. In this case, the mature sequence is excised from the
3"arm of the hairpin. It has been found that miR-130 is upregulated in a type of
cancer called hepatocellular carcinoma.

Methods of identifying and subsequently isolating differentiated celis

30 from their undifferentiated counterparis can be carried out by methods available
to an art worker. Cells that have been induced to differentiate can be identified
by selectively cultaring cells under conditions whereby differentiated cells
outnumber undifferentiated cells. These conditions include, for example,
extending the amount of time that cells are grown in cultore, such that survival
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of a desired cell type is encouraged. Many primary cells achieve senescence,
and fail to divide, or die, after a period of time. Other conditions comprise
modulating the type and concentration of serum, or culturing the cells in the
presence or absence of growth factors and/or cytokines that induce
differentiation to another cell type. Differentiation can also be advantageously
achieved by modulation of serum concentrations, or withdrawal of serum from
the culture. Other methods of inducing differentiation can include, but are not
limited to, modulating the acidity of the culture medium, as well as the oxygen
and carbon dioxide levels during colture.

Similarly, differentiated cells can be identified by morphological changes
and characteristics that are not present on their vndiffercniiated counterparts,
such as cell size, the number of cellular processes (i.e., formation of dendrites
and/or branches), and the complexity of intracellular organelle distribution. Also
contemnplated are methods of identifying differentiated cells by their expression
of specific celi-surface markers such as cellular receptors and transmembrane
proteins. Monoclonal antibodies against these cell-surface markers can be used
to identify differentiated cells. Detection of these cells can be achieved through
fluorescence activated cell sorting (FACS), and/or enzyme-linked
immmaosorbent assay (ELISA). Froot the standpoint of transcriptional
upregulation of specific genes, differentiated cells often display levels of gene
expression that are different from andifferentiated cells. Reverse-transcription
polymerase chain reaction (RT-PCR) can also be used to monitor changes in
gene expression in response to differentiation. In addition, whole genome
analysis using microarray technology can be used 1o identify differentiated cells.

Accordingly. once differentiated cells are identified, they can be
separated from their undifferentiated counterparts, if necessary. The methods of
identification detailed above also provide methods of separation, such as FACS,
preferential cell culture methods, ELISA, magretic beads, and combinations
thereof. One embodiment of the invention envisions the use of FACS to identify
and separate cells based on cell-surface antigen expression.
Administration/Treatment

Endothelial cells of the invention can be used in cell replacement
therapies. Endothelial cells can be administered to a tissue of inferestin a
subject to supplement functioning cells or replace cells, which have lost
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function. Alternatively, methods of providing differentiated cells are also
contemplated, wherein the endothebal cells are differentiated in the presence of
differentiation factors, isolated, and administered into or upon the body of a
subject.

For the purposes described herein, either antologous, allogeneic or
xenogeneic cells can be administered 1o a patient, either in undifferentiated,
terminally differentiated or in a partially ditferentiated form, genetically altered
or unaltered, by direct introduction to a site of interest, e.g., on or around the
surface of an acceptable matrix ,or systemically, in combination with a
pharmaceutically acceptable carrier 8o as to repair, replace or promote the
growth of existing and/or new blood vessels.

Disease states could benefit from endothelial cells and methods of the
invention include, but are not limited to, cardiovascular disease, wound healing,
and/or repopulation or engineering vasculature in vitro and/or in vivo.

Exogenous factors {e.g., cytokines, differentiation factors and other
factors) can be administered prior to, after or concomitantly with the endothelial
cells of the invention. For example, a form of concomitant administration would
comprise combining a factor of interest in the culture media and/or
pharmacentically acceptable carrier prior to administration. Doses for
administrations are variable, may inclide an initial administration followed by
sabsequent administrations; but nonetheless, can be ascertained by the skilled
artisan, from this disclosure, the documents cited herein, and the knowledge in
the art.

Hndothelial cells of the invention or their progeny can be administered
via localized injection, including catheter administration, systemic injection,
localized injection, parenteral administration, or intrauterine injection info an
embryo.

A method to potentially increase cell survival, when introducing the cells
into a subject in need thereof, is to incorporate endothelial cells info a
hiopolymer or synthetic polymer. Depending on the subject’s condition, the site
of injection might prove inhospitable for cell seeding and growth because of
scarring or other impediments. Examples of biopolymer inclade, but are not
limited to, cells mixed with fibronectin, fibrin, fibrinogen, thrombin, collagen,
and proteoglycans. This could be constructed with or without included
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cytokines, growth factors, differentiation factors or nucleic acid expression
constructs.  Additionally, these could be in suspension, but residence time at
sites subijected to flow would be nominal. Another alternative is a three-
dimensional gel with cells entrapped within the interstices of the cell biopolymer

5 admixture. Again, differentiation factors, growth factors or cyvtokines could be
incloded within the cells. These could be deployed by injection via varicus
routes described herein.

A parameter involved in the therapeutic use of endothelial cells is the
quantity of cells necessary to achieve an optimal effect. In current human

10 studies of autologous mononuciear bone marrow cells, empirical doses ranging
fron 1 to 4 x 107 cells have been used with encouraging results. However,
different scenarios may require optimization of the amount of cells injected into
a tissue of interest. Thus, the guantity of cells to be administered witl vary for
the subject being treated. In one embodiment, between 10* to 10%, more

15 preferably 107 1o 107, and most preferably 3 x 107 progenitor cells and
optionally, 50 o 500 pg/kg per day of a cvtokine can be administered to a
hurnan sebject. However, the precise determination of what would be
considered an effective dose may be based on factors individual to each patient,
inchiding their size, age, size tissue damage, and amount of time since the

20 damage occurred. Therefore, dosages can be readily ascertained by those skilled
in the art from this disclosure and the knowledge in the art.

Another parameter involved in the use of endothelial cells is the purity of
the population. Those skilled in the art can readily determine the percentage of
endothelial cells in a population using various well-known methods, sach as

25  fluorescence activated cell sorting (FACS). Preferable ranges of purity in
populations comprising endothelial cells are about 1 to about 5%, about 5 to
about 10%, about 10 to about 15%, about 15 to about 20%, about 20 to about
25%, about 25 to about 30%, about 30 to about 35%, about 33 o about 40%,
about 40 to about 45%, about 45 to about 50%, about 50 to about 55%, about 55

30 to about 60%, about 60 to about 65%, about 63 10 about 70%, about 70 to about
75%, about 75 to about 80%, about 80 to about 85%, about 83 to about 90%,
about 90% to about 95% or sbout 95 to abowt 100%. Purity of the cells can be

determined according to the cell surface marker profile within a population.
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Dosages can be readily adjusted by those skilled in the art (e.g.. a decrease in
purity may require an increase in dosage).

The skilled artisan can readily determine the amount of cells and optional
additives, vehicles, and/or carrier in compositions to be administered in methods

5  of the invention. Typically, any additives (in addition to the active cell(s) and/or
cytokine(s)) are present in an amaount of §.001 to 30 % (weight} solution in
phosphate buftered saline, and the active ingredient s present in the order of
micrograms to milligrams, such as about 0.0001 to about 5 wt %, preferably
about (1.0GOL to about 1 wt %, most preferably about ¢.0001 to about 0.05 wi %

10 orabout 0.001 to about 20 wt %, preferably about .01 to about 10 wt %, and
most preferably about .85 to about 5 wt %. Of course, for any composition (o
be administered to an animal or human, and for any particular method of
administration, it is preferred to determing the toxicity, such as by determining
the fethal dose (LD) and LS50 in a suitable animal model e.g., rodent sach as

15 mouse; and, the dosage of the composition(s}, concentration of components
therein and timing of administering the composition{s), which elicit a suitable
response. Such determinations do not require undue experimentation from the
knowledge of the skilled artisan, this disclosure and the documents cited herein.
And, the time for sequential administrations can be ascertained without undue

20 experimentation.

When administering a therapeutic composition of the present mvention, it
will generally be formulated in a unit dosage injectable form (solution,
suspension, emulsion) However, the cells can be administered to a subject by a
variety of methods available to the art, including but not limited to localized

2%  injection, catheter administration, systemic injection, intraperitoneal injection,
pareanteral administration, oral administration, infracranial injection, intra-arterial
injection, intravenous injection, intraventricular infusion, intraplacental
injection, infrauterine injection, surgical intramyocardial injection,
transendocardial injection, transvascular injection, intracoronary injection,

30 transvascular injection, intrarnuscular injection, sargical injection info a tissae of
interest or via direct application to tissue surfaces (e.g., during surgery or on a
wound). The pharmaceatical formulations soilable {or injection include sterile
aqueous solutions and dispersions. The carrier can be a solvent or dispersing
medinm containing, for example, water, saline, phosphate buffered saline, polyol
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(for example, giveerol, propylene glycol, liquid polyethylene glycol, and the
Iike) and suitable mixtures thereof,

Additionally, various additives which enhance the stability, sterility, and
sotonicity of the compositions, inchiding antimicrobial preservatives,
antioxidants, chelating agents, and buffers, can be added. Prevention of the
action of microorganisms can be ensured by varions antibacterial and antifongal
agents, for example, parabens, chlorobutanol, phenol, sorhic acid, and the like.
In many cases, it will be desirable to include isotonic agents, for example,
sugars, sodium chloride, and the hike. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaying
absorption, for example, aluminam monostearate and gelatin. According to the
present invention, however, any vehicle, dilaent, or additive used would have to
be compatible with the cells.

Sterile injectable solutions can be prepared by incorporating the cells
utiized in practicing the present invention in the required amount of the
appropriate solvent with various amounts of the other ingredients, as desired.
Examples of compositions comprising progentior cells of the invention inclade
liquid preparations for administration, including suspensions; and, preparations
for intramuscular or intravenous administration (e.g., injeciable administration),
such as sterile suspensions or enulsions. Such compositions may be in
admixture with a suitable carrier, diloent, or excipient soch as sterile water,
physiological saline, glucose, dextrose, or the like. The compositions can also
be lyophilized. The compositions can contain aoxibiary substances such as
wetting or emulsifving agents, pH buffering agents, gelling or viscosity
enhancing additives, preservatives, flavoring agents, colors, and the like,
depending upon the route of administration and the preparation desired.
Standard texts, such as "REMINGTON'S PHARMACEUTICAL SCIENCE",
17th edition, 1985, which 1s incorporated herein by reference, may be consulted
to prepare suitable preparations, without undue experimentation.

Compositions of the invention are conventently provided as liguid
preparations, e.g., 18ofonic aqueous solutions, suspensions, enmlisions or viscous
compositions, which may be buffered to a selected pH. Liguid preparations are
normally easier to prepare than gels, other viscous compositions, and solid
compaositions. Additionally, hquud compositions are somewhat more convenient
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to administer, especially by injection. Viscous compositions, on the other hand,
can be formulated within the appropriate viscosity range to provide longer
contact periods with specific tissues.

The choice of suitable carriers and other additives will depend on the
exact route of administration and the nature of the particular dosage form, e.g.,
hiquid dosage form {e.g., whether the composition is to be formulated into a
solution, a suspension, gel or another liguid form, such as a time release formor
liguid-filled form).

Sohtions, suspensions and gels normally contain a major amount of
water (e.g., purified, sterilized water) in addition to the cells. Minor amounts of
ather ingredients such as pH adjusters (e.g., a base such as NaOH), eraunlsifiers
or dispersing agents, buffering agents, preservatives, wetting agents and jelling
agents {e.g., methylcelulose), may also be present. The compositions can be
isotonic, L.e., they can have the same osmotic pressure as blood and lacrimal
fluid,

The desired isotonicity of the compositions of this invention may be
accomplished using sodiom chloride, or other pharmaceuntically acceptable
agents such as dextrose, boric acid, sodium tartrate, propyvlene glycol or other
norganic or organic solutes.

Viscosity of the compositions, if desired, can be maintained at the
selected fevel using a pharmaceutically acceptable thickening agent.
Methvicelulose is readily and economically available and is easy to work with.
Other sottable thickening agents include, for example, xanthan gom,
carboxymethyl cellulase, hydroxypropyl cellnlose, carbomer, and the like. The
concentration of the thickener will depend upon the agent selected. The point is
to use an amount, which will achieve the selected viscosity. Viscous
compositions are normally prepared from solations by the addition of such
thickening agents.

A pharmaceutically acceptable preservative or cell stabilizer can be
employed to increase the Hfe of the compositions. If preservatives are used, it is
well within the purview of the skilled artisan to select compositions that will not
affect the viability or efficacy of the endodermal progenitor cells as described

herein.
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Those skilled in the art will recognize that the components of the
compositions should be selected to be chemically inert. This will present no
problem to those skilled in chemical and pharmaceutical principles. or problems
can be readily avoided by reference to standard texts or by simple experiments
(not involving undue experimentation), from this disclosure and the documents
cited herein.

Compositions can be administered in dosages and by techniques well
known to those skilled in the medical and veterinary arts taking into
copsideration such factors as the age, sex, weight, and condition of the particolar
patient, and the composition form used for administration (e.g.. solid vs. liguid).
Dosages for humans or other marmmals can be determined without undue
experimentation by the skilled artisan, from this disclosure, the documents cited
herein, and the knowledge in the art.

Suitable regimes for initial administration and farther doses or for
sequential administrations also are variable and may include an initial
administration followed by subsequent administrations; but nonetheless, can be
ascertained by the skilled artisan, from this disclosure, the documents cited
herein, and the knowledge in the art.

Endothelial cells of the invention can be used for many diverse clinical
and pre-clinical applications, which can include, but are not limited fo, use in
toxicological or genomic screening methods, determination of levels of enzymes
and coagulation factors, as well as treatment of the discases disclosed herein.
Endothelial cells of the invention can provide a variety of differentiated cuoltured
cell types for high-throughput toxicological or genomic screening. The cells can
be cultured in, for example, 96-well or other multi-well culture plates to provide
a system for high-throughput screening of, for example, target cytokines,
chemokines, growth factors, or pharmaceutical compositions in
pharmacogenormics or pharmacogenetics.

The invention also envisions a tissug-engineered organ, or portion, or
specific section thereof, a tissue engineered device comprising a tissae of inferest
and optionally, cytokines, growth factors, or differentiation factors that induace
differentiation into a desired cell type, wherein the endothehiad cells are vsed to

generate tissue/vascalature.

23



WO 2017/020009 PCT/US2016/044859

The following examples are provided in order to demonstrate and farther
ifhustrate certain emnbodiments and aspects of the present invention and 1s not to
be construed as imiting the scope thereof.

EXAMPLES
5  Materials and Methods

Generation of Dicer conditional null mice and morphelogical analysis
Dicer™ mice (strain: B6.Cg-Dicer™ /) (Harfe et al., 2005) were
intercrossed with Mesp1-Cre (Saga et al., 1999), Fik1-Cre (Shalaby et al., 1995)
and Btv2-Cre (Rasmussen et al., 2011) mice to generate Mesp | ™ Dicer™,
10 Fik1":Dicer™* and Etv2™™ Dicer™ mice and subsequently crossed with
Dicer™ mice to generate conditional Dcer knockouts.
Generation of doxycycline-inducible miR-130a mouse ESC line, inducible
Pdgfra ESC lines, ES/EB culture conditions and FACS analysis
ESC culture conditions, ES/EB differentiation and the generation of the
15 Dox-inducible miR-130a ESCs were performed as previously reported (Tacoving
etal, 2011}
ESC culture and ES/EB differentiation
The wild-type mouse E14 ES cell line was maintained in Knockout
Medium (Invitrogen) supplemented with 15% FBS (Benchmark), 1000 U/od LIF
20 (Millipore), glutamine (Hyclone), 0.1 mM non-essential amino acids (NEAA)
and 0.1 mM B-mercaptoethanol (Sigma) in gelatin-coated tissne-culinre plates.
The ES cells were differentiated into embryoid bodies (EBs) by the hanging drop
method using mesodermal differentiation media containing IMDM (Invitrogen),
15% FBS, peracillin/streptomycin, 2 mM GlutaMAX, 50 mg/ml Fe-saturated
25  transferrin (R & D Systems), 0.1 mM monothioglycerol (Sigma), and 50 mg/mi
ascorbic acid (Sigma). Cryosectioning and immuvachistochemical analyses were
performed using a standard protocol with anti-TnT (1:200, Sigma) and anti-
D31 (1200, BD Pharmingen) sera.
Flow cytometry analysis and sorting
30 FACS analysis was pecformed using a BD FACSAriall {(BD Biosciences,
San Diego, CA, USA). Stage specific embryos were separated from yolk sacs,
and digested with 0.25% trypsin (Hyclone) fo obtain a single cell sespension.
Cells were incubated with antibody cocktails for 30 minutes at 4°C, washed, and
resuspended in PBS with 2% FBS. Cocktails of antibodies including Fikl-APC
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{eBiosciences 17-5821), Pdgfra-PE (eBiosciences 12-1401), CD31-APC
{eBiosciences 25-0311), CD41-PECY7 (eBiosciences 25-0411), CDM45-PE (BD
Pharmingen 553081), CD31-PE (BD Pharmigen), VE-cadherin (BD Pharmigen)
were used in this study. For the FACS analysis of EYFP+ cells, embryos were
5  digested and cells were sorted based on EYFP fluorescence. For EBs, single-celi
saspensions were incobated with the desired antibody combinations, washed and
resuspended in FACS buffer (PBS/1%FBS). Cells were analyzed or sorted using
FACSAria (BD Biosciences). FACS data were quantified using data obtained
from four independent experiments.
10 RNA isolation and guantiiative gene expression analysis
Total RNA was isolated from embryos and EBs at various time-periods
using miRVANA RNA isolation kit { Ambion), and cDNA was synthesized
using superscript cDNA synthesis kit (davitrogen). Quantitative RT-PCR was
performed using ABI Tagman probe sets. Probes used in these studies inchide
15 the following: VIC-labeled GAPDH:4352339E, FAM-labeled U6 snRNA:
001973; bsa-miR-130a: 000454 Fikl0omf0440099_mt, PECAM:
mm01246167_mi, Tie2: mo012356892 mi, Toat2:mum00441922 o, o-kit:
mm0445212_m1i, Lmo2: mm00493153_mi, CD41:mm{0439741_mi, and
Dicer: Mm00521722_m1.
20 Electrophoretic Mobility Shift Assay (EMBA)
Experimental details for performing EMSA were previously described
(Koyano-
Nakagawa et al., 2012). The oligonscleotides harboring the Etv2 binding motif
in the miR-~130a promoter region were; sense steand: 57-
25 GAATATAGGCAGGAAATTGACCAGAT-3" (5EQ ID NO:6): and antisense
steand: 5 -ATCTGGTCAATTTCCTGCCTATATIC-3°(SEQ 1D NO:7).
Cell transfection and luciferase assays
COS7 cells were transfected using Lipofectaniine 2000 (Invitrogen)
according to the manuafacturer’s protocols. For the Juciferase transactivation
30 assay, 0.5x10° cells were cultured in 24-well plates and transfected at 90%
confiuency with 0.25 pg/well of reporter construct together with increasing
amounts of Btv2 constracts. pRL-TK (50 ng) was used as a control for
transfection efficiency. Cells were analyzed at 24 hr postiransfection. Activities
of firefly and Renilla luciferases were measored sequentially asing the Dual-
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Luciferase Reporter Assay system (Promega) and a luminometer (Berthold
Detection Systems, Sirius). For the miR-130a target assay, COS7 cells were
transfected using Lipofectamine 2000 {(Invitrogen) with 150 nM/well of miR-
130a mimics/antagomir and 8.2 pg/well of Pdgfra constructs, pREU-TK (20 ng)
5  was used as a control for transfection efficiency. Transfected cells were
harvested after 48 hr using the Dual-Luciferase Reporter Assay systent
(Promega). Luciferase activities were expressed in refative light units that were
normalized to the transfection efficiency using the Renilla luciferase activity.
CFC Assay vsing miR-130a IESCs
10 For the CFC assays, miR-130a iESCs were differentiated in the
mesoderm-inducing condition and treated from Days 2-6 with doxyeycline. For
the lineage committed CFC assay, FIK'/Pdgire (hemato-endothelial mesoderm)
and Fik*/Pdgfra” (anpaticrned mesoderm and prospective cardiac mesoderm)
were sorted at day 3.5 of EB differentiation without Dox. Sorted cells were
15 reaggregated for an additional two days in the presence or absence of Dox.
50,000 dissociated cells from whole EBs or FACS sorted EBs were plated on a
35 mm culture dish with 1.5 mid of MethoCult (M3434, Stern Cell Technologies)
according to the manufacturer’s instructions. Hematopoietic colonics were
identified and quantified after 10 days of incubation. These assays were
20 performed in friplicate and independently repeated three times.
Heaggregation assay
Reaggregation of the sorted cells was performed as described (Kouskoff
et al., 2005). Briefly, 4x10° FACS-sorted cells were plated in a low attachment
24-well plate (Costar) containing EB differentiation media in the absence or the
25 presence of Dox. Reaggregated EBs were FACS analyzed at day 6 as previously
described (Rasmussen et al., 2011). These assays were repeated at least theee
times and statistical analysis was performed using Student’s t-test.
ChiP assay
The DINA-protein complex was immaunoprecipitated with anti-HA serum
30 (Santa Cruz, sc-805) from cell tysates using inducible HA-Etv2 EBs at day 3 of
differentiation. gPCR was performed to detect the target region using the
indicated primers; Pwd: 5-GCTTITGGGTCGAGGCTAAAACG-3' (3EQ ID
NO:8); Rev: 5-CAGAAGCCCTGTTCCCAGATG-3' (SEQ 1D NO:9).
miR-138a antagomir transfection
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Transfection of miR-130a antagomirs were performed as previously
described (Zhang et al., 2014) with minor modifications. Briefly, ES cell
suspensions were treated with 150 nM of control or miR-130a antagomirs
together with RNAImax reagent (Invitrogen) in low-attachment 6-well plates

5 (Costar). EBs were incubated with these oligonucleotides in a shaking culture
and FACS assay was performed on d6 of ER differentiation.
Generation of inducible Pdgfra ES cell lines

Lentiviruses expressing full-length of Pdgfra (JmageClone 5704645,
Open Biosysterns) were generated and infected into A2lox as well as miR-130a

10 iES clones. Viral infected cells were FACS sorted for EGFP' fluorescence after
addition of Dox. Sorted GFP' cells were amplified and experiments were
performed as described in the results section.

Zebrafish morpholine and ixn sitne hybridization experiments

The following antisense MO oligonucleotides were designed by and

15 obtained from the Gene Tools LLC. miR-130a-MO: 5°-
CAATGCCCTTTTAACATTGCACTGC -3 (SEQ ID NO:10) miR-130a mis-
MO 57-CAATaCCaTTTTAAaATTaCACTal -37(SEQ ID NGO:11) (Jower case
represents mismatch bases).

Wild-type and transgenic zebrafish lines, Tg(flila:GFP) (Motoike et al.,

20 2003) were maintained according to the TACUC, UMN approved protocols.
Zebrafish embryos at the one-two cell stage were injected with 23 ng mismatch
control or miR-130a morpholinos following a standard procedure (Akiyama et
al., 2014). The following antisense MO oligonucleotides were designed by and
obtained from the Gene Tools LLC. miR-130a-MO: 5°-

25 CAATGCCCTTTTAACATTGCACTGC -37 (SEQ 1D NO:12) miR-130a mis-
MO: 57- CAATaCCaTTTTAAaATTaCACTal -3 (SEQ ID NG:13) (Jower case
represents mismatch bases). Whole mount in situ hybridization for Pdgfra was
done using standard procedures as described previcusly {(Ng et al., 2002). For the
zebrafish in situ hybridization experiments, 25-30 embryos were examined for

30 each set.

Morphological analysis

For morphological analysis, embryos from time-mated females were
harvested at specified stages. Embryos were fixed in 4% PFA overnight at 4°C
and imaged using the Zeiss Axio Observer 21 inverted microscope.
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Statistical Analysis

Al experiments were repeated at Jeast three times and the data represent
the mean & SEM. Statistical significance was determined using the Student’s t-
test and a p-value < .05 was considered as a significant change.
Results
Etv2-Cre-mediated Dicer deletion resuiis in altered mesodermal Hneages

and embryonic lethality

Analysis of mesodermal transcripts during embryonic stem cell/embryoid
body (ES/EB) differentiation indicated that Mespl was transiently, but robustly
expressed at day (d) 3, with subsequent expression of both Fiki and Etv2 at d4,
marking the appearance of the mesodermal lineages (Figure 5A). To examine the
requirement for miRNAs in the mesodermal progenitors, floxed-Dicer was
conditionally deleted in Mespi, Flkl and Etv2-expressing precursors using Cre
recombinase under the control of either Mespl, Fiki and Etv2 promoter
elements. gPCR analysis revealed efficient deletion of the Dicer allele from the
FACS-sorted cells (Figure 5B). Whole mount analysis revealed embryonic
lethality in Mesp 15, Dicer™™ embryos by E10.5; and the Fik19™*Dicer™ and
the Etv2°¥" Dicer™™ embryos were lethal by E12.5 due to vascular defects

(Figure SC, Table 1),

Table 1 (related to Figure 1} Dicer functions are needed in mesodermat
progenitors. Table showing embryonic lethality at distinct developmental stages

of conditional knockout ernbryos obtained from Mespl-Cre, FIk1-Cre and Btv2-

Cre mediated Dicer deletions.
Stages Mespl- Total Fiki- Total Etv2- Total
Cre/Dicert/L Cre/Dicert/L Cre/Dicerb/L
{obs/exp) {obs/exp) {obs/exp)

E8.5 6/6 22 514 16 12442 47
E9.5 6/7 30 373 12 16/17 70
Ef2.5 1/ 36 216 25 10725 a8
Pl 0/12 4% 0/17 6% 0/16 64
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These results indicated a need for miRNAs in the endothelial lineage. Previous
studies analyzing Tie2"™ " Dicer or VE-Cad®™;Dicer™™ conditional mutants
revealed viable animals with no obvious vascular defects (Saurez et al., 2007).
Based on the findings and these reports, it is believed that miRNAs induced
during Flki and Etv2 expression are needed for endothelial development.

Hiv2 marks the earliest hemato-endothelial progemitors (Koyano-
Makagawa et al., 2012). Previous studies have demoustrated that Etv2-mutants
have altered mesodermal populations (Rasmussen et al., 2011}, To evaluate
whether mesodermal derivatives were affected in Etv25: Dicer™ mutants,
Etv25 Dicer”" and Btv2-EYFP:Dicer™" lines were crossed and FACS analysis
performed at E7.5. Etv2-EYFP reporter has been shown to label the hemato-
endothelial lineages during embryogenesis (Rasmussen et al., 2011). The
analysis showed a significant increase in the number of the Flki-/Pdgfra+ cells
in the Dicer conditional mutants (Figures 1A-C). In contrast, in the EYFP-
fractions, no changes tn the Flki/Pdgfra® or Flk1'/Pdgfra’ populations were
observed (Figures 1D-F). These resulis indicated that miRNAsS that are
expressed in the Etv2* progenitors are needed for segregation of the mesodermal
lineages.

To identify a specific miRNA that regulates the hemato-endothelial
lincages, Flk1* cells from d4 EBs were FACS sorted and a robust envichment of
milk-130a in Flk1* cells was observed relative to Fikt cells (Figure 5D). To
cvalnate the enriched expression of miR-130a in the endothelial lineages in vivo,
CD317%, CD41, and cardiac progenitor cells (CPCs) from E9.5 embryos were
sorted and miR-130a expression analysis was performed. A robust expression of
miR-130a in CD317 cells was detected relative to other ineages (Figure 5E).
These results indicated that miR-130a is enviched in the endothelial progesitars.
FACS-sorted CD317 cells from the Btv2“" Dicer™ embryos demonstrated
reduced expression of mature miR-130a, indicating that Dicer is required for
mik-130a biogenesis in the Etv2” lineage (Figure 1G). To define the regulatory
network for miR-130a, the 5.0kb upstream region of the miR-130a locus was
analyzed and three highly conserved binding motifs for Etv2 (Figare 1H) were
identtified. Doxycycline (Dox} indacible HA-Etv2 ES cell line (Koyano-
MNakagawa et al., 2012) was utilized to examine the hinding of Etv2 to the miR-
130a promaoter in vivo. ChiP assay using Dox-induced cell lysates showed a 15-

2
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fold enrichment of Etv2 at the cis-regulatory region of the miR-130a promoter.
but not in the son-specific region of the miR-130a locus (Figure 11). Gel-shift
assays further confirmed that Etv2 could bind to the miR-130a promoter
containing the Btv2 recognition sequence (Figure 11} Transcriptional assays
5  wsing the 1.0kb miR-130a promoter-reporter construct revealed that EfvZ

potently transactivated the miR-130a promoter in a dose-dependent fashion.
Mutagenesis of the Eiv2 binding motifs resulted in abolishment of the
transcriptional activity (Figure 1K). To monitor whether Etv2 could regulate
miR-130a expression in vive, the Etv2-EYFP* cells from the Etv2-wildtype

10 (Etv2™) and null (Etv2 ") embryos at E7.5 were FACS sorted. gPCR analysis
for miR-130a showed reduced expression of miR-130a in Etv2™ embryos
compared to controls (Figure 1L). These results indicated that miK-130a was
expressed in early endothelial progenitors and that Etv2 is a direct upstream
regulator of miR-130a.

15 miR-138a modulates the endothelial lineage during embryogenesis

gPCR analysis using ES/EBs revealed that mature miR-130a transcripts

were induced by d4 (hemato-endothelial specification stage) and remained high
at d8 (endothelial matuaration stage) of EB differentiation (Figure 6A). To define
the role miR-130a in endothelial progenitors, inducible ESC line was generated

20 which over-expresses miR-130a in response to Dox (miR-130a iES). Stable
integration of the miR-130a constract did not alter colony morphology (Figare
2A, left panel), and addition of Dox resulied in a significant increase (~7 fold) of
the miR-130a transcript (Figure 2 A, right panel). Dox-mediated induction of
miR-130a from d2-d6 resulted inincreased expression of endothelial transeripts

25 including: CD31, Tie2, and Flkl with no effect in the key hematopoietic
trapscripts including CD41, ¢-kit and Lmo?2 (Figure 2B). Similar to the gPCR
results, FACS analysis revealed that the over-expression of mil-130a resulted in
an increase of the endothelial program (CD31%/Tie2” and CD3 1Y/ VE-cadherin
populations) by 2.5-fold and 2-fold, respectively (Figares 2C and 2D; Figares

30 6B and 6C) without any significant changes in the hernatopotetic lineage
(CD417/CD45" population) at d6 of EB differentiation {Figures 2E and 2F).
Colony forming (CFC) assays revealed that the definilive hematopoietic colonies
(Ery-D, GEMM, GM and Mac) were not significantly changed between
uninduced and Dox-induced ES/EBs (Figure 603). These data demonstrated that
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miR-130a promoted the endothelial lineage with no effect on hematopoiesis. To
examine the differential effect of miR-130a, miR-130a antagormie-mediated
knockdown assays were performed using ES/EBs (Figure 2G). Kanockdown of
miR-130a resulted 0 a robust increase in Meox2 (a known target of miR-130a
(Chen and Gorski, 2008)) expression (Figure 2H). FACS analysis revealed that
functional inhibition of muR-130a resalted in a significant reduction of the
endothelial lineage (Figures 21 and 21), whereas the hematopoietic lineages were
unaffected (Figures 2K and 2L). These results confirmed the preferential effect
of nuiR-130a on endothelial development.

To examine whether miR-130a induction affects other mesodermal-
dertved Baeages, immunohistochemical analyses was performed for cardiac and
endothelial markers in differentiating mil-130a iE5/EBs. Dox-induction of
miR-130a from d2-d6 resulted in a significant reduction of cardiac Troponin
{cTnT) expression in d10 EBs with a corresponding increase of CD31
expression (Figure 6E). Quantitative assessment of the number of ¢TnTY ERs
and beating EBs following miR-130a overexpression revealed a significant
decrease in the cardiogenic program compared to controls (-Dox) (Figures 6F
and 6(). Furthermore, gPCR analysis revealed decreased expression of ¢TaT,
concurrent with reduced cardiac contractility in the Dox-induced EBs (Figure
6H). These data suggested that miR-130a promoted the endothelial lineage at the
expense of the cardiac program.
miR-138a targets Pdgira expression and modulates mesodermal lineage

development

To explore the mechanism by which miR-130a modulates endothehial
fineage development, three miRNA target prediction tools including TargetScan
6.2, PicTar and miRANDA were employed to mine conmumon predicted fargets.
Among the multiple targets, Pdgfra was identified as a highly conserved target
of miR-130a with a high percentile score using TargetScan 6.2 in both mouse
and zebrafish genomes (data not shown). Multiple sequence alignment revealed
a2 highly conserved miR-130a seed-sequence in the Pdgfra-3"-UTR region
(Figure 3A). To examine whether miR-130a targets Pdgira mRNA, laciferase
assays using a PGK promoter-driven huciferase reporter (PGK-Luc-Pdglra-3°-
UTR) construct were performed. Co-transtection of the PGK-Luc-Pdgtra-37-
UTR reporter with a miR-130a mimic resulted in a statistically significant
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reduction (~40%) of the luciferase activity; whereas, co-transfection with miR-
130a inhibitor resulied in enhancement of the luciferase activity, indicating that
endogenous mil-130a could target the Pdgfra mRNA (Figure 3B). To assess
whether miR-130a could target Pdglra transcripis in vivo, mopholinos against

5  miR-130a (miR-130a-MO} were injected at the one-two cell stage into fertilized
zebrafish eggs and performed in sifu hybridization for Pdgfra mRNA. The data
demonstrated increased expression of Pdgfra in the miR-130a morphants,
indicating that miR-130a could suppress Pdgfra expression in vive (Figure 3C).
To further examine its effect on the endothelial lineage, endothelial specific

10 transgenic reporter {Tg(flil-EGFP)] line was utilized and injected control MO or
mik-138a MO into the fertilized eggs. gPCR analysis from FACS sorted flil-
EGEFP+ cells revealed enrichment of Pdgfra transcripts in the miR-130a
meorphants relative to the control (Figure 3D). These resulis indicated that miR-
1303 could target Pdgira transcripts both in vitro and in vive.

15 Next, it was examined whether down regulation of Pdgfra regulation is
the mechanism by which ouiR-130a regulates endothelial lineages. Antibody-
mediated mbibition of Pdgfra signaling resulted in a significant induction of
CD31 and Tie2 transcripts, but had no effect on CPB45 transeript levels (Figures
3E-G). Similarly, FACS analysis showed that blocking Pdgfra signaling led to a

20 significant increase in the endothelial lincage (Tie2/CD3 1 cell population from
13.5%+2.0% to 26.1%+3.0%} with no effect on the hemalopoietic lineage
(Figures 3H-K). To validate these findings, a Dox-inducible lentiviral vector
expressing Pdgfra was generated. In contrast to the inhibition stodies, lentiviral-
mediated Dox-inducible overexpression of Pdgira repressed the endothelial

25 program (Tie2*/CD31 *eell population decreased from 3.13%+0.25% to
{(1.93%+0.50%) without affecting the heraatopoietic lincage (Figures 3L-0).
These results demonstrated that modulation of Pdgfra signaling had a profound
effect on the endothelial lineage, but not on the hematopoietic lincage during
development.

30 miR-130a modulates Flk17Pdgfra* mesodermal progenitors towards lateral
plate mesodermal lineage

Previous studies have shown that Flk17/Pdgfra* (paraxial mesoderm) and
Flkl*/Pdgfra (Jateral plate mesoderm) cells arise from the Fiki1*/Pdgfra* cell
population by modulating Pdgfra levels at early stages of ES/EB differentiation
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(Kataoka et al., 2011: Sakurai et al., 2006). Therefore, a shorter pulse {48h) was
performed and # was examined whether miR-130a promoted the endothelial
lineage from mesodermal progenitors by suppressing Pdgfra expression. A 48h
Dox pulse between d2-d4 using miR-130a (B5/EBs resulted in a markedly
reduced percentage (54%+4% to 35%=+2%) of the Flk1/Pdgfra®, but not
Fik1*/Pdgfra* populations (Figures 4 A-C). Congruent with the huciferase activity
and the FACS data, gPCR analyses showed reduced levels of Pdgtra transcripts
in Dox-pulsed miR-130a EBs, indicating that miR-130a targets Pdgira mRNA
{(Figure 413). Also observed was a small but non-significant increase in
Fik1*/Pdgfra populations {data not shown). Notably, similar to a long pulse (d2-
&) of miR-130a (Figure 2), a shorter pulse {d2-4) resulted in an eqoivalent
promotion of the endothelial lincage (Figure 4E). To further investigate the
correlation between miR-130a and Pdgfra signaling, an inducible Pdgfra mouse
ES cell line was engineered using miR-130a iES cells, which over-expresses
both miR-1302 and Pdgfra in response to doxycycline (miR-130a*Pdgfra iES)
(Figure 74). As expected, induction of miR-130a alone resulted i an induction
of the endathelial lineage. Forced overexpression of miR-130a and Pdgfra
resulted in a significant reduction of Tie2/CD31* cells (2.45% = 0.80% to
(1.74% = 0.20%) with no effect on the hematopoietic populations {Figures 7B-E).
These data further supported the hypothesis that miR-130a regulates the
endothelhial lincage via down-regulation of Pdgfra signaling.
Aggregation-reaggregation assays were performed to test the ability of
mik-130a to modulate mesodermal precursors. Uninduced FACS sorted
Fik1*/Pdgfra and Flk1*/Pdgfra* cells from miR-130a (E5/EBs (d3.5) were
reaggregated for an additional 48h in the absence or presence of Dox and were
analyzed for mesodermal-derivatives at d6 using cell surface markers (Figure
4F). No significant differences were detected in the number of endothelial cells
derived from the Fik1*/Pdgfra” population, demonstrating that over-expression of
mik-130a did not influence the fate of lineage-committed endothelial
populations (data pot shown). FACS analyses of Flki */Pdgira® reaggregates
revealed an emergence of the endothelial lineages (Figure 4G), supporting the
existence of early uapatterned mesodermal cells within this popalation (Sakarai
et al., 2006). A Dox-pulse (d4-6) in the double-positive reaggregates resulied in
a significant increase (12% = 3% to 22% £ 2%) of endothelial cells (Figures 4G
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and 4H}. In contrast, the blood colony forming activity from either Fik1¥/Pdgfra
or Flki*/Pdgira® cell populations did not show significant changes (Figores 41
and 41}, demonstrating that the effect of miR-130a is specific to the promotion of
the endothelial lineage. These data indicated that miR-130a directed the

5 mesodermal lineage towards lateral plate mesoderm by suppression of Pdgfra
expression.
Discussion

Defined herein is the role of the Etv2Z-miR-130a-Pdgfra network in the

divergence of hemato-endothelial progenitors. Mechanistically, miR-130a

10 promotes endothelial lineage development by modulating Pdgfra signaling. This
is the first report of a miRNA that specifically promotes the endothelial lincage
without affecting the hematopoietic lineage.

miRNAs are regulators of transcript expression, however, only a Bmited
number of miRINAs have specific developmental roles. For example, the miR-

15 430/427/302 family controls mesendodermal fate specification and miR-1/nuR-
133 (muscle-specific miRINAs) can promote mesodermal formation during
crabryogenesis (Ivey et al., 2008; Rosa et al., 2009). The data herein reporis a
novel functional role for miR-130a that specifically promotes differentiation of
the endothelial lineage.

20 Previous reports suggest that Etv2 plays a major role for the progression
of Fik1*/Pdgfra* progenitors (primitive mesoderm) o the FIk1*/Pdgfra (vascolar
mesodern) state (Kataoka et al., 2011). Based on the data, it is believed that the
Etv2-miR-130a cascade dowrrregulates Pdglra expression and promotes the
transition of Fik1*/Pdgfra® to the Fik17/Pdgfra. It is further believed that miR-

25  130a facilitates the segregation of bipotent progenitors towards the endothelial
lineage without affecting the hematopoietic lineage. However, the involvement
of functionally redundant miRNAs cannot be ruled out.

Sirce mutation of Etv2 affects both hematopoietic and endothelial
fineages (Koyano-Nakagawa et al.. 2012), it was unexpected to discover that

30 miR-130a targets Pdgfra and promotes only the endothelial ineage. However,
these results are supported by the finding that fetal liver hematopoiesis was not
affected in the Pdgfra conditional knockout embryos (Ding et al., 2013). The
data herein together with others (Ding et al., 2013} support the notion that the
endothelial, but not the hematopoietic lineage is sensitive to the level of Pdgfra.
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It is beleived that as Flk1"/Pdgfra* common mesodermal progenitors progress to
the Flk1*/Pdgfra” bemato-endothelial progenitors, piR-130a further down-
regulates Pdgfra expression to direct cells towards the endothelial lineage
(Figure 8). This 1s in agreerent with a previous report highlighting that newly-
5  generated Flki single positive cells are still plastic in natare and could switch

between the Pdgfra single positive stale (and vice versa) before lineage
commitment {Sakurai et al., 2006). It is belicved that the Etv2-miR-130a-Pdgfra
pathway may function to stabilize this plastic intermediate state towards an
endothelial fate by suppressing the flactuating levels of Pdgfra. Early

10 developmental events are regulated by multiple signaling pathways including
FGF and Waot signaling in a context-dependent manner. For example, inhibition
of FGF-Erk1/2 signaling results in loss of Pdgfra® cells (Kunath et al., 2007),
whereas a Wnt signaling wave regulates cardiogenesis and hematopoiesis in a
temnporally distinct fashion (Naito et al., 2006). The data herein, together with

15 others, illastrate the role of signaling pathways, transcription factors and
miRNAs in the regulation of cell fate decisions, therebhy forming an integral part
of the regulatory netwaork in the emergence of mesodermal lineages.

In sammary, a novel role for mil-1304 has been discovered in the

modulation of early endothelial progenitors. While several factors including

20 HoxA3, Runxl and miR-142-3p have been shown to have a role in
hematopoietic lineage segregation and hemangioblast specification (lacovine et
al., 2011; Nimmo et al., 2013}, endothelial specific regulators have not been
described. miR-130a is the first reported regulator of endothelial development
from the hemato-endothelial progenitors (Figore 8).

25  Example 2
Maus musculus ets variant 2 (Btv2) sequence information
NCBI Reference Sequence for mEtvZ gene: NM_0079359.2
LOCUS:NM_007959 1050 bp mRBRNA  lnear ROD 15-FEB-2015
DEFINITION :Muos musculus ets variant 2 (Etv2), mRNA.

30 ACCESSION:NM_007959 XM _909688
VERSION:NM_007959.2 GL119964691

SOURCE:Muas musculus (house mouse)
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Ensembl information for mEtv2 gene: Btv2Z ENSMUSGO0000006311
Description; ets variant 2 [Source:MGT Symbol; Ace:MGL99253]
3,616-30,635,852 reverse strand.

INSDC coordinates;
5  chromosome:GRCm3Z.CMO01000.2:30633616:30635852:1

Name: Etv2 (MGI Svmbol)
CCDS: This gene is a member of the Mouse CCDS set: CCDS39888.1
UniProtKB: Uniprot identifiers: P41163
RefSeq: RefSeq Gene 1D 14008
10
mRNA sequence of mEtvZ
gene="Ev2"
gene synonyn="Etsrp71”
standard_name="BE102623"

15 _xref="UmSTS: 2442907

1 agaaccegtca gaacaageat ccatggacct gtgoaactgyg gatgaggegt

20

181 gttcecagag ctggactgga accocegetth acctcacgaa cacgtacctt

25 241 gecegbiget caccecchbte cgtiggicgecy agactggaca gacctgggat

301 ggaccegtygg agetgtgett cacagacgcece aggecctgoc cctectggea

481 cecocagtgge gecacctact gaagcgeaty
aggactataa
35 541 aatgtcatgy guegogtcty cegygticgga ctacaccace acgtggaata

ctgggetgea
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601 ggactgcage
cchecaaatc
661 gaacaagcag

accgaggtee

MNVEGCWKCEFPELDWNPALPHEDVEFQAEP

PGPAPPGTSPSPEVGFEGAT

DNGLGCEAHEDYKMSWGG

Human ets variant 2 (E{v2) sequence
NCBI information from Gene 1D 2116

Official symbol: ETVZ

Official Full Name: ets variant 2

Primary source: HOGNC:HGNC:3491

See related; EnsemblENSGQO0000105672; HPRD: 16871
Vega:OTTHUMGO0000150545

Organisra; Homo sapiens

Also known as; ER71; ETSRP71
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Location: Chromosome 19: 35,641,745-35,644 871 forward strand.

INSDC coardinates: chromosome:GRCh3IB:CMO00681.2:35641745:35644871:1
About this gene: This gene has 8 transcripts (splice variants). 30 orthologues, 12
paralogues, is a member of 2 Ensembl protein families and 1s associated with 23

5 phenotypes.

mRNA sequence of human ets variant 2 {ETV?2), transcript variant 1

LOCUS: NM_01420¢9 1510 bp

DEFINITION: Homo sapiens ets vartant 2 (ETV2), transcript variand 1, mRNA.
10 ACCESSION: NM_014209 XM_290831

VERSION: NM_(14209.3 GL665821253

1 ttectgttge agataagece agehtagoce agetgaccecee agaccoctete
ectecactes

i5 61 ccccatgtcg caggatccag accctgagge agacagccecg ttcaccaage
cecaocegecee

121 gcecoccecatca coccgtasac ttcotoccagoe ctecegecctg cecteacces

181 cecccaagecet cgcetcecaage ccacgecace cctgeageag ggeageoeca

20 gaggocagea

301 getgegacce ctgcetcetgac gteteggaaa atbocecchlt goccaggecs

25 361 gggtgcatgg tatgasatgg ggctgagace cecggetgyge ggcagaggas
cecegecagag

421 aacatbcaga aggecticat cgecatceccabtyg gacctgtygga actgggatga
ggeatccecca
481 caggaagtgce ctccagggaa caagcetgoca gggettgaag gagcecaaatt

30 a

[te]

gettetgt

o~

541 tteectgate tggeacteca aggggacacy cogacagega cagoagagac

atgcotggaaa

601 ggtacaagcet catccctgge aagettecca cagetggact ggggctocge

[e8)
(%3}
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C
841 tgcgtcceceg tggecgggaga ggecacchbceyg tggtaegeges

5 901 accagetggg actgttcetgh ggggcoccgac gygcgatacch actggggeag
Lggecctggyge
SH1 qgggagecyge cacaogacbyg taccatttco Logaocgaqae oogod sfelele)
b Jggqagceyge gcacggacllyg Laccatt g Lgggocygyqge ceygcgggece

gt ggcaccacct ctttgasgag

10

cegtitgete

ctaaccaccg aggteccatt cagetgtgge

20

25 1501 aaaaaaazaa (SEQ ID NO:18)

Protein sequence of human eis variant 2 (ETVY2), transcript variant |
product="ETS translocation variant 2 isoform 1"
protein_id="NP_{55024.2"
30 db_xref="GL:153791178"
db_xref="CCDS:CCDS32995.2"
db_xref="Genell}:2116"
db_xref="HONCHGNC:3491"
db_xref="MIM:609358"

DEW
DEW

SNTSWDCEVEP

SAAGONCVEVAGEATS

DEDTYWGSGLGGERPRIDCTT WCTTSWNPGLH

40 EPSPQSDRASLARCPRKINHRGP IQLWQFLLELLADGARS
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All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each
individual publication, patent, or patent application was specifically and
ndividually indicated to be incorporated by reference. In the event that the

5  definition of a term incorporated by reference conflicts with a term defined

herein, this specification shall control.

41
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WHAT IS CLAIMED §S:

1. A method to differentiate cells comprising contacting stem, progenitor or
precursor cells with miR-130ga, or nucleic acid, such as an RNA. having at least
5% identity thereto, so as to yield cells of endothelial lineage.

2. The method of claim 1, wherein the stem, progenitor or precuarsor cells
are embryonic stem cells, adult stem cells, induce pluripotent stem cells, and/or

muktipotent stem cells, such as multipotent mesodermal precursors.

3. The method of claim 1, wherein the stem, progenitor or precarsor cells

are mapunalian cells.

4. The method of claim 1, wherein the progenitor cells are hemato-

endothelhial progenitors.

5. The method of claim 1, wherein the precursor cells are mesodermal

precursor cells expressing FIkI™/Pdgfra®.

6. The method of claim 1, further comprising admixing the endothelial

lineage cells with a pharmaceutically acceptable carrier.

7

7. The method of claim 1, comprising administering the endothelial lineage
cells to a subject to a subject in need thereof so as to treat cardiovascular disease,

wound healing, and/or repopulation of vasculature.

8. The method of claim 7, wherein cells administered to the subject are

autologous or allogeneic.

9. A composition consisting essentially of miR-130a and stem, progenitor

and/or precursor cells.

10. The composition of claim 9, whercin the cells are mammahian.

42
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11 A composition corprising the endothelial lineage cells obtained by the
methods of claim 1 and a cell culture media or a pharmaceutically acceptable

carrier.
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Box No. I 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. D 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. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, 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 otder for all inventions to be examined, the appropnate additional examination fees must be paid.

Group |, Claims 1-6 and 11, directed to a method to differentiate cells to yield cells of endothelial lineage, and a product comprising the
cells of endothelial lineage. ‘

Group [l claims 7-8, directed to a method to treat cardiovascular disease, etc.

Group I, claims 9-10, directed to a composition.
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Continuation of:
Box No |If (unity of invention is lacking)

The inventions listed as Groups -1l 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 -1l are related as a product (Group 1), a method of using the product to produce a second product (Group 1), and a method of
using the second product (Group Il). :

Group | includes the special technical feature of differentiating cells, not required by Groups II-ili.

Group Il includes the special technical feature of administering the endothelial lineage cells (of Group 1) to a subject in need thereof so
as to treat cardiovascular diseass, etc., not required by Groups | and IIl. ’

Common Technical Features

The inventions of Groups | and Il share the technical feature of miR-130a and stem, progenitor and/or precursor cells;

Groups | and Il share the technical feature of endothelial lineage cells; and

Groups | and i further share the technical feature of cells of endothelial lineage produced by a method to differentiate cells comprising
contacting stem, progenitor or precursor cells with miR-130a, or nucleic acid, such as an RNA, having at least 95% identity thereto, so
as to yield cells of endothelial lineage (claim 1).

However, these shared technical features do not represent a contribution over prior art as being anticipated by an article entitled
‘Downregulation of MicroRNA-130a Contributes to Endothelial Progenitor Cell Dysfunction in Diabetic Patients via Its Target Runx3' by
MENG et al. (hereinafter 'Meng'; PLoS One. 2013, Vol. 8(7):68611. PDF File: pg 1-10) as follows:

Meng discloses a method to differentiate cells (pg 3, col 1, para 1 - ‘differentiation of EPCs were measured"; Abstract - 'endothelial
progenitor cells (EPCs)') .

--comprising contacting stem, progenitor or precursor celis with miR-130a, or nucleic acid, such as an RNA (pg 6, Fig 4, Legend - 'EPC
differentiation. ... (C, D) cells were transfected with lentiviral miR-130', wherein ‘EPC' is 'endothelial progenitor cell’', and wherein 'miR-
130" is 'miR-130a", Fig 4, C-D, Lenti-130a; Abstract - ‘endothelial progenitor cells (EPCs)')

--s0 as to yield cells of endothelial lineage (pg 6, Fig 4, wherein 'vWF positive cells' increase in Lenti-130a transfected endothelial
progenitor cells (EPCs) are resulting from endothelial progenitor cells (EPCs) expressing miR-130a differentiated to ‘cells of endothelial
lineage', because increased 'vWF' level in cells indicating the ‘cells of endothelial lineage’, see the quotations that follow; pg 5, col 1,
para 1 - ‘when EPCs differentiate into endothelium cells, VWF expression increases'; pg 3, col 1, para 1 - 'differentiation of EPCs were
measured ...FITC-conjugated anti-von Willebrand factor (vWF, BD Biosciences) to measure EPC differentiation; pg 9, col 2, last para -
'EPCs have been shown to proliferate, differentiate into Ecs', wherein 'ECs' is the abbreviation for * endothelial cells'; Please see an
article entitied 'G protein-dependent basal and evoked endothelial cell VWF secretion’ by RUSU et al.; Blood. 2014 Jan, Vol. 123(3), p.
442-50: Abstract - 'von Willebrand factor (vWF) secretion by endothelial cells (ECs)').

Although Meng does not expressively teach wherein the miR-130a is an RNA, having at least 95% identity thereto, this limitation is
encompassed by the disclosure of Meng, because without specifying ‘at least 95% identity thereto’ indicating wherein miR-130s is 100%
identical to miR-130a, which is a miR-130a is an RNA, having at least 95% identity thereto, especially miR-130a sequence was known
long before the invention was made (Please see US 2009/0176723 A1 to BROWN et al.: Table 1 - 'hsa-mir-130a SEQ 1D NO: 91', which
is 100% identical to the SEQ ID NO: 3 of the application; Table 2 - 'mmu-mir-130a SEQ ID NO: 281", which is 100% identical to the SEQ
1D NO: 1 of the application; Specification: pg 15, In 9-20 - 'miR-130 micmRNA precursor ... microRNA has been identified in mouse...
SEQ ID NO: I... and in human ... SEQ ID NO:3).

Without a shared special technical feature, the inventions lack unity with one another.

Groups I-Ill therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

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