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(57) Abrege/Abstract:

The disclosure provided herein relates generally to mesenchymal -like stem cells "hES-T-MISC" or "T-MSC" and the method of
producing the stem cells. The method comprises culturing embryonic stem cells under conditions that the embryonic stem ceIIs
develop through an intermediate differentiation of trophoblasts, and culturing the differentiated trophoblasts to hES-T-MSC or T-
MSC, T-MSC derived cells and cell lineages "T-MSC-DL" are also described. Disclosed also herelin are solutions and
pharmaceutica! compositions comprising the T-MSC and/or T-MSC-DL, methods of making the T-MSC and T-MSC-DL, anad
methods of using the T-MSC and T-MSC-DL for treatment and prevention of diseases, specifically, T-MSC and T-MSC-DL are
used as Immunosuppressive agents to treat multiple sclerosis and autoimmune diseases.
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(57) Abstract: The disclosure provided herein relates gener-
ally to mesenchymal -like stem cells "hES-T-MiSC" or "T-
MSC" and the method of producing the stem cells. The
method comprises culturing embryonic stem cells under con-
ditions that the embryonic stem cells develop through an in-
termediate differentiation of trophoblasts, and culturing the
differentiated trophoblasts to hES-T-MSC or T-MSC, T-
MSC derived cells and cell lineages "T-MSC-DL" are also
described. Disclosed also herein are solutions and pharma-
ceutical compositions comprising the T-MSC and/or T-
MSC-DL, methods of making the T-MSC and T-MSC-DL,
and methods of using the T-MSC and T-MSC-DL {for treat-
ment and prevention of diseases, specifically, T-MSC and T-
MSC-DL are used as mmmunosuppressive agents to treat
multiple sclerosis and autormmune diseases.
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MESENCHYMAL-LIKE STEM CELLS DERIVED FROM HUMAN EMBRYONIC STEM CELLS,
METHODS AND USES THEREOF

RELATED APPLICATIONS
The present application claims pronty t© UGS, Provisional Application Senal No.
61/670,192, filed July 11, 2012 and U.5. Provisional Application Serial No. 61/684,509, filed

August 17, 2012, which are hereby incorporated by reference in their entireties.

1. INTRODUCTION

The disclosure provided herein relates generally to mesenchymal-iike stem cells "hES-~1-
MSCT or “T-MSCT and the method of producing the stem cells. The method comprises culfuring
embryonic siem cells under condiions that the smbryonic stem cells develop through an
intermediate differentiation of trophoblasts, and differentiating trophobiasts inte hES-T-MSC or 1-
MSC. Disclosed herein are the T-MSC, solutions and pharmaceutical composiions comprising
the T-MSC, methods of making the T-MSC, methods of using the T-MSC for treatment and
prevention of diseases, specifically, T-MSC are used as an immunosuppressive agent {o treat
multiple sclerosis and other autoimmune diseases, for tissue regenerationfrepair uses, and
methods of using the T-MRC for the delivery of agents across the blood brain barrier and the
biood spinal cord barrer. Also disclosed herein are methods of using T-MSCs o moduiate the
manune system, mhibit immune response 0 an mdividual's self-antigen and repair damaged
central nervous systems. Compositions comprising T-MSCs for use in immunomoduiation are
disclosed herein, as are methods of providing modified T-MSC  with  improved
nnnunosuppressive function through modified gene expression.

2. BACKGROUND

Muman messnchymatl stenvstromal cells (VMSLs) have been widely ussed for invmune
systern regulation and tissue repalr. Human smbryonic stem cells (hESCs) can be used as a
differentiale hESCs o MSCs. However, current methods are not able to conduct such
differentiation in an efficient manner o produce a high yield of high purity MSCs.

Mesenchymal stem celis (M5Cs) derived from adult mouse or human lissues such as
pone marrow, umbihical cord and fat tissue are muitipotent, 1.e., capable of generaling a vanety of
mature cell lineages including adipocytes, chondrocytes, osteoblast cells, neural ineage celis,
myoblast, stromal cells and fibroblast, etc. These technologies have been well characterized and
patented. For example, see Caplan et al., U.S. Pat. No. 5,486,358 (human mesenchymal stem

celis}.
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However, the currently available adull tissue-derived MSCs have several pitfalis. First,
the limited sources and varying quatity of the donor tissues such as the bone marrow resinct the

product for iarge-scaie chinical use. Second, the MSGs obtained from the adult tissues are highily
mixed populations of cells, i which only a small portion of the celis have sirong
immunosuppressive effect. 1o obtain enough cell numbers for clinical yse, m vifro expansion is
necessary, which can decrease the immunosuppressive and homing abilities of M3Cs {Javazon
et al., 2004). Thirq, there are safely issues regarding to the use of adult-denved M5Us including
malignant transformation (Wong, 2011} and potential transmission of mfectious pathogens from
donors.

To overcome these pitfalls, scientists have attempted 1o denve MSOs from HESCs via
various methods. These methods involve ejther co-culture with the mouse OP8 cell iing or
handpicking plus the use of mulliple cytokines and chemicals {Barben et al., 2005; Chen et al,,
2012; Liv et al,, 2012, Sanchez et al., 2011). Recently, a TGFB signaling inhibitor SB431542 has
been used {o differentiate hESCs into MSCs, which simiphifies the procedures and improves the
efficiency {(Chen et al., 2012), but the yield and purity are quite low (see the below-described
comparison tests.). in 2010, the mventors and Advanced Cell Technology deveioped another
method 1o derive MSC from hemangiobiast, which involved the use of many expensive cytokines
and methyiceliuiose medium, but the dervation efficiency is also low using this method.

Currently known methods for differentigtion of hibSCs into M&Cs are each characterized
hoCs co-cultured with the OPY siromal celis has the disadvantages of being time consuming,
producing cells of low yield, low punty, and using anmimal feeder celis and undefined culture
conditions {Barbern et al., 2008). Differentiation from cutgrowing cells around replated embryoid
podies formed by hiES0Os has the disadvantages of being ime consuming, producing cetls in low
vield, using undehined culture condition, and being an expeansive method {(Glivier et al., 2006}
Differentiation from hESCs cultursd on coliagen-coated plates has the disadvantages of very low
with hESCs treated with inhibifors of TGHRE signaling has the disadvaniages including low purnily
of celis (per our tests), low cell vield, time consuming method, and low immunosupprassive affact
of the celis that are produced (Chen el al., 201; Sanchez et al., 2011). Thus, there is a need for
an unhimited, safe, highly stable, efficient and consisient source of MSCs 0 use as a treatment
and prophylactic for varicus diseases.

Multiple sclerosis {MS) s a chronic auloimmune disease caused by infiltration of
perpheral immune celis nto the central nervous system (CNS) through damaged blood-brain

barner (BBB) or blood-spinal cord barrier (BSCB), which causes inflammation of the myelin

sheaths around neuronal axons, and causes demyelination and scarning of the axons (Mckarland
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and Martin (2007)). According 1o the National Multiple Sclevosis Society of United States, there
are more than 70 FDA-approved medications for the treatment of MS, mcluding Avonex {IFNB-
1a), Betaseron (IFNB-1b), Gllenva {a sphingosine 1- phosphate receptor modulator), Glaliramer
acetate (or Copolymer 1}, and Tysabr (humanized anti-a~-mitegrin antibody). However, these offer
only pathialive relief and are associated with serious adverse effects inciuding increased infection,
heart attack, stroke, progressive multifocal leukcencephalopathy, arrhythmia, pain, depression,
fatigue, macula edema, and erectile dysfunction (Johnston and Sg (2012}, Weber ef al. {2012)).
Transplantation of mesenchymal stromai/stem ceils (MSCs) has emerged as a polentially
attractive therapy due 1o ther immunomoduiatory and neuroregenerative effects {(Auletla ef al,,
{2012}, Pittenger ef al. (1999)) and potential abiiity o repair the blood-brain barer (Chao et a/
(2009} Menge ef al. (2012)). MSCs are multipotent meaning they can generate a variety of cel
ineages including adipocyte, chondrocyte, osteoblast celis and newons. They can be denved
from fetal, neonatal, and adull tissues such as the amniotic membrane, umbilical cord, bone
marrow, and adipose. MoSOs have several unique advaniages over current pharmacotherapies,
as these cells can serve as camers of mulliple and polentially synergistic therapeutic factors, and
can migrate to injured lissues {o exert local effects through secretion of mediators and celi-cell
cortact (Uccellh and Mrockop {2010a)). importantly, MSCs have been found eficacious in the
reatment of mice with expenmental autoimmune encephalomyelitis {EAE}, a weli-recognized
animal modei of MS (Gordon et af., 2008a; Gordon ef al. (2010}, Morando ef al. {(2012); Peron ef
al, (2012}, Zappa el al. {2009}, Lhang &f af (2008)), as well as MS patients in chnical trials
{Connick ef gl (2012}, Karussis ef al. (2010}, Mohyeddin Bonab ef af. (2007), Yamoul et al
(2010}, Xenogeneily does not appear problematic as both mouse and human bone marrow-
derived MSC {BM-M&L ) can attenuate disease progression of EAE mice {Gordon ef af. (2008a);
Gordon et af. (2010); Morando et &/, (2012}, Peron ef ai. (Z012); Zappia et &/, (2005}, Zhang et al.
(2003)). However, varying effects werg reported on EAE mice traated with BMWMSC in different
reports (Gordon ef g/l {2008a); Payne ef g/, {(2012); Zappia ef g/, {20058}, Zhang ef a/. {2005)}.
The sfiicacy of BM-MSC on treatment of the diseass is questionabls,
source of MSC to use as a treaiment and prophyiactic for these diseases as well as others.
Lisciosad herein are hES-T-MoUs denved from hESUs through a highly efficient differentiation
method that meets these needs. Also disclosed herein are a microarray analysis and other
analysis, where several key factors are identified that are differentially expressed m hES-T-MSC
compared 1o BM-MSC and other hES-MSC differentiated through other methods.

3. SUMMARY
Disclosed herein 18 a method to derive mesenchymal-like stem cells from hESCs through
an intermediate step of trophoblast induction. The MSUTs derived via this method are called
3
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HES-T-MSC” or "T-MS8C”. The T-MSC may be differentiated into cells or cell lineages including,
put not hmited 1o, adipocytes, myoblast cells, neuron cells, osteobiast celis, fibroblast,
ineages” of "T~MBC~DL

Disclosed herein are compositions, including compositions comprising T-MSC and/or T-
MSC-DL, having iromunocsuppressive properties. Described herein are populations of T-MSC
andior T-MSC-DL selected on the basis of their ability to modulate an immune response, and
compositions having immunomodulatory properties. As disclosed herein, 1-MSC and/or T-MSC-

Disclosed herein is a method to efficiently produce T-MSC in high purity and high yield.
The method has the features of relatively few steps and fewer required differentiation factors
than previously reported.

Disclosed herein are methods of using human embryonic stem cells (hESCs) to derive
mesenchymai-iike stem cells through an intermediate differentiation of trophoblasts. The MSCs
derived from trophobiasis are called hES-T-MSC or T-MSC. The T-MSC can be used {o
modulate the immune sysiem. For example, they are effective in freating multiple sclerosis by
preventing immune celi-caused damage in the centrat nervous systems.

Disclosed herein are human embryonic-denved mesenchymal stem cells produced by
the methods disclosed herein.

Disclosed herein are methods o induce differentiation of T-MSC into T-MSC-IAL.

Also disclosed herein is the application of the T-MSC and/ior T-MSC-DL to freat multiple
sclerosis and other autoimmune diseases i mammals and especially in human subjects.

it 18 a turther object of the disciosed invention to provide a cell product 1-MSC for use in
mmunomoeduiation, for example, for prevention or inhibition of immunorejection dunng tissue or
organ transpiantation. In another spacific embodiment of the method of reducing or suppressing
an iImmuneg response, g mmune response is gratt-versus-host disease. in another specific
gmbodiment, the immune response s an autoimmune disegse, &.9., diabetes, lupus
erythematosus, or rheumatoid arthritis.

itis a further object of the disclosed invention 10 provide a cell product T-MSC-DL for use
in treatment of neural diseases.

The method can employ as many stem cells provided herein as are required to effect a
detectable suppression of an immune response. For exampie, the plurality of stem cells provided
herein used to contact the plurality of immune cells can comprise 1 x 10° T-MSC. 1 x 10° T-MSC,
1x 107 T-MSC, 1 x 18° T-MSC or more.

in one embodiment, the method described herein 15 a novel process for denving {also

referred to herein as producing; MSCs from hESCs. The method comprising the steps of!

4
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a. Culturing a cell culture comprising human embryonic stem cells in serum-
free medium in the present of at least one growth factor in an amount sufficient {o induce
gmbodiment, the time penod of the diferentiation nto trophoblasts s about 2-5 days; in
an embodiment, the medium comprises BMP4, with or without the presence of g TGHS
inhibitor {ie., SB431542, A83-01 or ALKS inhibitor, elc.) ¢ increase the differentiation
efficiency;

o Adding at least one growth factor to the culfure comprising the
trophoblasts and continuing fo culture in serum-free medium, wherein the growth factor is
1 an amount sufficient {0 expand the trophoblasts, in an embodiment, the medium
comprises BMP4 (this step is optional);

C. isofating the trophoblasts and re-piating the wophoblasts onto geiatin,
laminin, fibronectin, vitronectin, coliagen or Matngelcoated plates and cultured in a
serum-containing or serum-free media in an amount sufficient to differentiate the
trophoblasts into T-MSC through pre-T-MSC, i an embodiment, the isolaled
trophoblasts are cultured for 4-10 days 1o produce the T-MSC, wherein at least about
90%, 0%, 96%, 97 %, 98%, 89Y% of the resulting T-MSU express cell surface markers for
adult MSCs, in an embodiment, the medium comprises LiF, bFGF, or PDGF 10 increase

expansion efficiency.

in a specific embodiment, the trophoblasts derived from hESC express Trop-2, but not
CDT3.

in a specific embodimeant, the pre-T-M&U exprass Trop-2 andior CDO7 S,

I a specific embodiment, the T-MSC express CD73°CD105'CDS0”. It is an object of the
cisclosed method (o differentiate hESUs into MBUs of high punty. in a preferred embodiment,
CD73'CD105°CDA0" T-MSC are produced with greater than 90%, 95%, 96%, 97%, 98%, 88%
OUrity .

A large number of T-MSC with high purity is demonstrated by the observation that high
percantages of the MSCs express cell-surface markers for adult MSCs. The M5Cs have higher
inmmunosuppressive effect both in vilro and in vivo than MSCs obtained via other methods. The
M&Us derived via this currently disclosed method are named hkS-trophoblast-derived MS3Cs and
are more briefly referred {o herein as T-MS0.

in certain embodiments, the serum-containing medium contamns fetal calf serum or
human AB serum, L-glutamine and the serum-free medium contains knockout serum
replacement (KOOSR} or bovine serum atbumin (BSA)L

it certain embodiments, there 18 an additional step of irradiating the resulting T-MSC with

gamma radiation ranging from 1gy to 200gy.
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in a further embodiment of the current invention, the method for generating and
expanding T-MSU results in at least 10,000 T-MSC, at least 50,000 T-MSC, at least 100,000 1-
MSC, at least 500,000 T-MSC, at least 1 x 10° T-MSC, at least 5 x 10° T-MSC, atleast 1 x 10" T-
MSC, at least 5 x 10’ T-MSC, at least 1 x 10° T-MSC, at least 5 x 10° T-MSC, at least 1 x 107 T-
MSC, at feast 5 x 10° T-MSC, or at feast 1 x 10" T-MSC. These methods result in celf solutions
that may comprise between 10,000 and 10 thon T-MSC. In certain embaodiments, at least about
S90%, B1%, 82%, 93%, 94%, B8%, 96%, 97%, 98%, or 99% of the resulting human embryonic-
mesenchymat stem cells express one or more hES-MSC differential markers. in certain
embodiments, the marker is CD73, CLB0 and CD105.

in one embodiment, the T-MSCs remarkably aftenuate the disease score of the EAE
mice, accompanied by decreased demyelination, T cell infiltration, and microghal responses. in
addifion, the T-MSCs have much stronger immunosuppressive achvily i vivo and in vitro when
compared ¢ bone mamrow derived MSCs (BM-MSC) Also provided herein are key
protems/molecuies that are differentially expressed betwsen T-MSC and B8M-M&Us. Provided
herein are methods of identifying T-MSCs with improved immunosuppressive aclivity by
measunng the expression level of the prolein/molecular markers. Also disclosed are methods of
genshc modification 1o improve immunosuppressive activity of T-MSCs.

A further embodiment of the present invention is @ solution comprising T-MSC comprising
at least 10,000 T-MSC, at jeast 56,000 T-MSC, at least 100,000 T-MSC, at least 500,000 1-
MSC, at least 1 x 10° T-MSC, at least 5 x 10° T-MSC, at feast 1 x 10’ T-MSC, at least 5 x 10" T-
MSC, at feast 1 x 10° T-MSC, at least 5 x 10° T-MSC, at least 1 x 10° T-MSC, at least 5 x 10° T-
MSC, or atleast 1 x 10" T-MSC.

in cartain embodiments, the culture volume 15 from 2l for at least 10,000 cells, 10mi for
at ieast 100,000 cells, 100mi for at least 1,000,060 cells, 1800 mi for at least 16,000,000 cells,
and up to 4000 mi of media for 5 x 10° celis.

These solulions can be injecied into a subject. These solutions can be frozen. These
solutions can be used for the manufacture of a medicament for a disease that can be treated by
the administration of T-MSC.

This invention aiso provides a method for producing a solution of T-MSC suitable for
injection o a patient comprising the steps of isolating the solution of cells described in the
preceding paragraph and piacing the cells mto solution suitable for injection into a patient. This
nvention also provides a method of producing a solutton of T-MSC suitable for freezing
comprising the steps of isolating the cells described in the preceding paragraph and placing into
a solution suitable for freezing.

Yet another embodiment of the present invention 8 a T-MSU expressing one of more of
cell marker proteins including CD73, CDSG, CD105, CD13, CD28, CDH, CD44, CD146, CD166

or a combination thereof. In a further embodiment, the human embryonic-mesenchymal stem cell

6
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does not express or expresses low levels of one or more cell marker proteins including CD34,
CR31, CD45 or a combination thereof. In a further embodiment, the human embryonic-
mesenchymal stem cell does nol express or expresses low levels of one or more pro-
nftammatory protems includmg MMP2, RAGE, IFNyRT, IFNyRZ, IL-14, TNFg, -6, VCAM1 or a
combmation thereof. in certain embodiments, the human embryonic-mesenchymal stem cell
exprassed at least half of the level of the above markers as compared 16 hone mamow derived
MSC.

A further embodiment of the present invention is a cell culture comprising T-MSC

4

expressing one or more of cell marker proteins including CD73, CD80, CD105, CD13, CD29,
CD54, Cid4, C 146 and CD44. In a further embodiment, the T-MSC i the cell culture do not
express or express low levels of one or more cell marker proteins including CR34, CO31 and
CR45. in g further embodiment, the T-MSC in the cell cullure do not express or express ow
tevels of one or mare pro-inflammatory proteins including MMP2Z, RAGE, IFNyR1, IFNyR2Z, 1L-12,
TNFug, IL-6, and VCAM1.

in cerfain embodiments, the cell culture compnses at least 1 x 10° T-MSC, at least 1 x
107 T-MSC at feast 1 x 10° T-MSC, at least 1 x 10° T-MSC, or atleast 1 x 10 T-MSC.

in further embodiments, at least about 80% of the T-MSC in the cell culture express the
CLD73 protein, at least more than 80% of the T-MSC express the CD73 protein, at least about
08% T-MSC express the CLY3 protein, or more than 85% T-MSU express the CLY/ 3 protein. In
further embodiments, at least about B6% of the T-MSC in the cell culture express the CD73
protein, at least more than 87% of the T-MEBC express the CD73 protein, at least about 88% T-
MSC express the CD73 protemn, or more than 89% T-MSC express the CL73 protein.

in further embodiments, at lsast about 75%, 0%, 80%, 80%, 85%, 88% of the T-MSC in
the cell cullure express at least one cell marker protemy selected from the group consisting of
CDY0, CD105, Ch44, and CD29.

it further embodiments, at least about 80%, B5%, 80%, 95%, 99% of the T-MSC in the
cell culture do not exprass or sxprass iow levels of at least one call marker including CLS34,
CD31, and CD45.

in further embodiments, at least about 75%, 80%, 85%, B0%, 85%, 88% of the T-M&C in
the cell culture do not express o express low levels of at least one pro~inflammatory protein
mcluding MMP2, RAGE, IFNyR1, IFNyR2, {L-12, TNFq, IL-B, and VCAM1. In certan
embodiments, the T-MSC express high levels of CD24, TGFBZ or both.

in certain embodiments of the T-MSC or cell cuitures described herein, the celis are
irradiated using gamma radiation.

Further embodiments of the present invenion are phamaceutical preparalions
comprising any one of the T-MSC or cell cultures described herein and pharmaceutically

acceptable carrers.
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Yet further embodiments of the present invention are cryopreserved preparations of any
of the T-MSC or cell cultures descnbed herein,
Frovided herein are methods of treating or preventing a T cell related autoimmune

cdisease m a subject n need thereof, comprising the steps of administenng a therapeutically

described in the preceding paragraphs, (o the subject n need thereof. The T cell related
autoimmune diseases inciude but are not Iimited to Crohn's disease, inflammatory bowel
disease, graft versus host disease, systemic iupus erythematosus, and rheumatoid arthnitis, T
mellitus, MS, RA, Hashimotio's thyroiditis, Crohn's, contact dermatitis, Scleroderma, efg.

in certain embodiments, the subject is preferably a mammal o avian, and most
preferably human. In cerain embodiments, the solution, cell culture or pharmaceutical
preparation comprises irradiated or non-irradiated T-MSC.

in certain embodiments, the method for tealing or preventing disease includes
disease.

in other certain embodiments, the present invenhion provides methods for trealing or
preventing mudtiple sclerosis disease in a subject in need thereof, compnsing the sleps of
administering a therapeutically effective amount of solution, cell culture or pharmaceutical
preparation comprising T-MSC as described in the preceding paragraphs, o the subject in need

mutliple sclerosis, prmary mudtiple sclerosis, or secondary mulliple sclerosis. The subject 15
preferably a mammal, and most preferably human. The solution, cell culture or pharmaceutical
preparation can comprise wradiated or non-rradiated T-MSC.

The method can further comprise the admimistration of addiional therapeutic agenis ©
the subject, inciuding but not bimited 1o, fingolimod, adrenocoriicotropic hormong {ACTH},
meathvipradnisoione, dexamethasone, FNP-1a, {FN-1b, ghiatnamer acetate, cyclophosphamide,
another embodiment, one or more of these therapeutic agenis can be attached o the T-M5Cs in
order to cross the blood-brain and/or blood-spinal cord barner, for delivery of the therapeutic
agent to the central nervous system.

Proviged herem is a method of deliverning an agent through the blood-brain barer andfor
the blaod-spinal cord barrier, the method comprising the steps of attaching or conjugating the
agent to a8 T-MSC 10 form a complex; and administering the human embryonic-mesenchymal
stermn celi-agent complex o a8 subject in need thersof, wherein the T-MSC is capable of crossing

the biood-brain barrier and/or the blood-spinal cord batrier and the agent is for the treatment,

8
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form of a single cell, a cell culture, a solution or a pharmaceutical preparation. Agenis would
mnciude, but are not imited 1o, drugs, proteins, DNA, RNA, and smaill molecules.

A further embodiment 18 a delivery system comprising a 1-MSC and a conjugated o
attached agent, for crossing the biood-brain barner ang/or the bloodwsspmal cord bamer.

The method described herein has a number of advantages. i is an object of the
disclosed method to differentiate hESCs vig an intermediate stage of trophoblasts, which is
different from all the existing methods and ieads to the following advantages.

Frovided herein 15 a method of selecting chnical grade T-MSC {or the treatment of
autoimmune diseases, the T-MSC having the following characteristics: {i) contain >858% of cells
expressing group-1 markers; (i} contamn >80% of cells expressing group 2 markers; {ii) contain
<3% of cells expressing group-3 markers; {iv) express IL-10 and TGFR; (v) contain <2% of celis
expressing iL-6, {L-12 and TNF {vi} express high jevel of CXCRY, CXCLZ, CXCL1Z but 3 low
tevel of HOXBZ, HOXB3, HOXBS, HOXBY, HOXEBES, HOXAS, HOXAS and other HOX family
genas {vii} contain <U.001% of celis co-expressing ait group-4 markers, whereimn group-1 markers
are CD73, CDYQ, CD1G5, CD146, CD166, and CTD44, group-2 markers are CD13, CL29, CD54,
CD48E, group-3 markers are CD45, CD34, CL31 and SSEA4, and group-4 markers are OCT4,
NANOG, TRA-1-60 and SSEA4.

Provided herein is @ method of modifying T-MSC {o produce a population of modified
MSC having the following characteristics: {i) contain >85% of cells esxpregsiﬂggmupd markers;
(it} contain >80% of cells expraessing group 2 markers; (iii) contain <8% of cells expressing group-
3 markers {iv) expressing IL-10 and TGFR; {v) contain <2% of cells expressing IL-6, {L-12 and
TNFa,; and {vi) contains <Q.001% of cells co-expressing all group-4 markers, wherein group-1
markers are CLR/73, CDSQ, CL105, CLI46, CD16E, and CD44, group-2 markers are TD13,
D29, Cho4, CD4BE, group-3 markers are D45, CDS34, CD31 and SSEA4, and group-4
markers are QGT4, NANQG, TRA-1-60 and S5EAL.

Provided heram are conditioned meadium, concenirate of conditioned medium, cell lysate
or gther derivalives thereof that comprises one or more hiomolecules secreted by the T-MSU as
described,

FProvided herem is a method of using T-MSC as descrnibed herein as feeder cells for bone
marrow  hematopoietic stem celt expansion and umbilicai-cord hematopoielic stem  ceil
expansion. in certain embodiments, the T-MSC suitable for the disclosed method express Strod.
In certain embodimeants, T-MSL 18 co-cultured with bone marrow hematopoietic stem celis and/or
umbilical-cord hematopaietic stem cells. in cerfain embodiments, the T-MSC are mesenchymai
stromal celis. Provided herein is a co-culture of T-MSC as described herain and bone mamow
hematopoistic stem celis. Provided herem 18 a co-culture of T-MSU as described herem and

umbilical-cord hematopoietic stem celis.
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Also disclosed are kits comprising T-MSC described herein. In certain embodiments, the
Kits comprise 1~-MSC and a cell delivery carrier.

in one aspect, provided herein 18 & method of suppressing or reducing an immune
response comprising contacting a plurality of immune celis with a plurality of 1-MSC for a time
sufficient for the T-MSC 1o detectably suppress an immune response, wherein the T-MSC
detectably suppress T cell profiferation and/or differentiation in a mixed lymphocyte reaction
{MLR)} assay. in another specific embodiment, the contacting 1s performed i vilro. in another
spectfic embodiment, the contacting s performed i1 vivo. In a more specific embodiment, the in
vivo contacting 1s performed in & mammalian subject, e.g., & human subject. in another more
specific embodiment, the contacting comprises administering the T-MSC intravenously,
ntramuscutarly, or into an organ in the subject {(e.g., a pancreas).

Provided herein are methods of producing cell popuiations comprising T-MSC selecied
on the basis of their abilily o modulate (e.¢., suppress) an mmune response. in one
embodiment, for example, the invention provides a method of selecting a T-MSC population
comprising (&) assaying a plurality of T-MSC in a mixed lymphocyle reaction (MLR) assay, and
(b} selecting the plurality of T-MSC if the plurality of T-MSC detectably suppresses CD4" or CD8’
1 cell probiferation n an MLR {mixed lymphocyte reaction), wherain the T-MSC express CL/ 3,
CRD80, CD105, CDA3, CD28, CD4, CD 44, In one embodiment, the T-MSC do not express or
express at low level CD34, CD31 and CD45. In one embodiment, the T-MSC do not express or
exprass al low level MMP2Z, RAGE, IFNGRZ, IL-12A, IL-6 and VCAMH1.
ciuding, but not imited {0, adipocytes, myoblast celis, neural lineage cells, ostecbiast celis,
fibroblast, chondrocyles, and stromait celis.

Frovided berein are methods for using 1-MSC and its differentiated celiular products for
tissue regeneration and/or tissue repair comprising administering T-MSC and/or T-MSCO denved
other cell lingages, I an amount sufficient © promote tissue regeneration including. but not
Hmited o, joird regeneration, tendon regeneration, commective tissue regenearation, neurat lineags
cells regeneration, fat lissue regeneralion, bone regenerafion, skin regeneration, muscle
regeneration, cartiiage regenaration, smooth muscle regeneration, cardiac musclie regeneration,
epithelia lissue regensration, igament regenearation, etc.

it specific embodiments, the T celis and the T-MSC are present in the MLR at a ratio of,
e.g., about 20:1, 15:1, 101, &:1, 22, 111, 1:2, 1.5, 1110 or 1:20, preferably 10:1.

it is a further object of the disclosed method to efficiently generate large numbers of
MSCs via a high vield process. The disclosed method can generate about 10-fold higher
numbers of MoCOs compared 1o the starting number of hieSC0s. Thers s very little cell loss when

heSCs are differentiated through the trophoblast stage, whereas, other methods usually have

i
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over 80% loss of the starling cells during the initial differentiation step, resulting in much lower
cell yields than the method disciosed herem.

it is an object of the disclosed method {0 provide a method that can produce MSCs in a
relatively short ime. The entire process disciosed herein can be compieted in no more than ©-14
days, depending on the starting hkS ines.

it 15 an object of the disclosed method o provide a method that is low in cost. The
differentiation method described herein only requires a very small amount of culture medium, and
the method only requires one cytokine - BMP4, which is used in the disciosed method at a low
dose.

it is an object of the disclosed method 1o provide a method that 18 low in cost. The
differentiation method described heremn only requires a very small amount of culture medium, and
the method only requires one cytoking - BMP4 and/or a TGRE inhubitor {re., SB431542, AB3-01
of ALKS inhibitor eic.).

it i1s an object of the disclosed method to provide a method that is high i yield. The
1X10° of hESC, whereas other method can only produce up fo 1 x 10° MSC cells within 30 days.

it s a further object of the disciosed method {o provide MSCs hawving high
mmunosuppressive efficacy. The T-MSC have higher immunosuppressive potency than MSCs
derved from bone marrow (BM) or other sources, the T-MSU have higher immunosuppressive
potency than MSCs derived from hizS50s via other methods.
east 00%, 70%, 80%, or 85% in an MLR compared t0 an amount of T cell profiferation n the
MLR in the absence of the T-MSC.

in another specific embodiment, any of the foregomg compositions comprises a malnix. in
a more specific embodiment, the matnix s a three-dimensional scaffoid. In another more specific
embodiment, the mainx comprises coliagen, gelatin, laminm, hbronectin, pectin, omithine, or
vitronectin, in another more specific embodiment, the matnix 8 a biomatenal. in another more
specific embodiment, the matrix comprises an exfraceliular membrane protein. in another more
specific embodiment, the matnx comprises a synthelic compound,  in another more spegific
embodiment, the mattix comprises a bioactive compound. in another more specific embodiment,
the bioactive compound is a growth factor, cytokine, antibody, or organic molecule of iess than
2,000 daltons.

The invention further provides cryopreserved stem cell populations, e.g., a ceil population
comprising T-MSC, wherein the cell population is immunomoduiatory, which are described
herem. For example, the invention provides a population of T-MSU that have been dentihied as

detectably suppressing T cell proliferation and/or differentiation in a mixed lymphocyte reaction
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(MLR) assay, wherein the cells have been cryopreserved, and wherein the population is
contained within a container.

i a specific embodiment of any of the foregomng cryopreserved populations, the
container is a bag. in vanous specific embodiments, the popuiation comprises about, at least, or
at most 1 x 10° the stem cells, 5 x 10° the stem cells, 1 x 107 the stem cells, 5 x 10’ the stem
celis. 1 x 10° the stem cells, 5 x 10% the stem cells, 1 x 10° the stem cells, 5 x1 0° the stem cells,
or 1 x 10°° the stem cells. In other specific embodiments of any of the foregoing cryopreserved
populations, the stem cells have been passaged about, at ieast, or no more than 5 timses, no
embodiment of any of the foregoing cryopreserved populations, the stem celis have been
expanded within the container.

4. BRIEF DESCRIPTION OF FIGURES

FIGS 1 (A-B). {A) Flow chart of the protocol for hESC differentiation into T-MSCs via a
frophobiast and pre-T-MSC stage. Key bio-markers that are associated with each differentiation
stage are mdicated. (B) Comparison of various MSC generation protocols for MSC vield and
quaiily: hESCs were gifferentiated m three protoceis. 1) T-MSC: 3 days i the trophobiast
differentiation medium followed by 8-10 days in a MG growth medium. 2} SB-MSC: 3-10 days in
SB431542-supplemented differentiation medium foliowed by 12 days in the MSC growth medium.
3y HEB-MSC, hkESC are differentiated into MSC through a hemangiobiast intermediale siage,
hST were differentiated info hemangioblast in serum-free medium for 10-13 days followed by
12 days in the MSC growth medium. The fotal number of MSCs (millions of celis) m different
cultures at day 10, 20 and 30 following the mihiation of the differentiation procedures are shown.
MSC punty was determined by FACS analysis of CL/7 3+ cel ratio. .

FIGE 2 { A-C). Morphological changes observed at various time points in cultures of
NS Cs which gre in the process of differantiating 1o 1-MS5Cs. {(A) Day £ trophoblasts; {(8) Day 5.
pre-MSCs (mesodermal celis); and {C) Day 9 M&Ls.

FIGS 3 {(A-C). Analysis of the ratio of celis expressing the trophoblast marker Trop-2
{Trp-2) and MSC marker CD73 at various time points during the differentiation of hieS5C info T-
MSC. (A) Day £ trophoblasis; (B) Day 5 pre-MSCs (mesodarmal cells), and {C) Day 8. MSCs.

FIGS 4 {A-H). Surface marker expression profile of T-M&U after 11 days of differentiation.
(A} Trpd is a marker for trophoblasts, (B) CD31 is a marker for endothelial celis, and (C) CD34 is
a marker for hematopoietic stem cells. {B-H} CL73, CLR80, CL 105, CR44, CD2ZY9 are markers for
MSCs.

FIGS S {(A-R). The in witro immunosuppressive function of T-MSCs. BM-MSCs {(G-L)or T-
MSUs (M-R) were mixed with CFSE-iabeled mouse fymphocytes at 181 ratio. The cells were
stimulated with anti-CD3 antibody at 0.3 or 1 ug/ml together with 1 ug/mi of anti-CDZ8 antibody.

12
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Cell proliferation was indicated by CFSE dilution via FACS analysis. (A-F) T celis cultured without
BM-MSC or T-MSC (labeled controt) are shown.

FIG 6 . T-MSC attenuate the disease score of an EAE mouse model: EAE was induced in
Ca/7BL/G mice with MOG3E5-55 plus an adiuvant and pertussis oxin. T-MSC, BM-MSC or MSCs
derved from hiESCs using the SBE431542 method (hES-MSC{SE)) were intraperifonscusly
injected nto the mice, 6 days after the EAR induction. Disease scare {(from 0 being the no
disease {0 4 being the severe disease} was recorded for 27 days after the MSC injection.

FIGS 7 (A-C). Delermination of the multipotency of T-MSC to differentiate into: {A)
osteocytes, (B) chondrocytes, and {C) adipocytes.

FIG 8. Bene expression analysis of comparing hES-HB-MSC {(hES hemagioblast derived
MSC) with T-MSC (hi& S trophobiast derived MSC) and BM-MSC (adult bone marrow detived
MSC ). Gene expression was normalized and is shown as arbirary expression units.

2. DETAILED DESCRIPTION
5.1 DEFINITIONS

within the context of this invention and the specific context where each ferm 18 used. Certan
lerms are discussed below, or eisewhere in the specification, 1o provide additional guidance to
the practiioner in describing the methods of the invention and how 10 use them. Moregver, it will
e appreciated that the same thing can pe the in more than one way. Conseguently, alternative
language and synonyms may be used for any one or more of the {erms discussead hergin, nor is
any special significance (o be placed upon whether or not a term is elaborated or discussed
herem. Synonyms for cerdain terms are provided. A recital of one or more synonyms does not
exciude the use of the other synonyms. The use of examples anywhere in the specification,
nciuding exampies of any terms discussed herein, is fiustrative only, and in no way linuis the
scope and meaning of the invention oF any exemplified term. Likewise, the mvention s not imited
0 its preferred embodiments.

The term hESC means human embryonic stem cells that encompass pluripotent stem
celis produced from embryo, inner cell mass, blastomere or a cell ing,

The term "hES-MEU” or hES-MSTs” or “human embryonic mesenchymatl stem cells” or
human embryonic stem cell derived mesenchymal stem cells” or "hES-MSU popuiation” as used
heremn means mesenchymal-like stem cells, mesenchymal-like stromal cells, mesanchymai
stem cells or mesanchymal stromal celis, derived from human embryonic stem cells or derived
from nduced plunpotent stem cells (PSCs™) using any methods. hES-MSC as used herein
mctudes mdividual cells, cell ines, batches, fots or popuiations of hkES-MSC.

from human embryonic stem cells (hESC) or induced pluripotent stem cells ((FSC) through a
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frophoblast infermediate siage where celis express Trop-2 with trophoblast-like morphology. The
term "hiES~-T-MSUT refers 10 T-MSC differentiated from hESC. The term “iPS-T-MSC” and 1-
MSC" refer to T-MSC differentiated from iP3C. The term "T-MSC" as used herein does not refer
o & rophobiast. A cell 15 considered a "stem cell” it the cell retains at least one atinibute of &
stermn celi, e.g., the abilily to diferentiate into al least one gther type of cell, or the ke, These
cells can be described based upon numerous structural and functional properlies including but
not imited to, expression or lack of expression of one or more markers. T-M3SCs, including both
hES-T-MSC and 1T-MSC, are muitipotent and capabie of differentiating to give nise to other cell
types and cell ineages.

The termm "hES-HB-MSCT and "HE-MESC" are mesenchymal stem cells that are derived
from human plunpotent stem cells including hESC and IPSCs via hemangioblast or hemangio-
colony forming middle step.

The term “clinical grade T-M3C" as used herein means T-MSC which contains
characteristics that are suilable for use in chimcal use for human, avian or other mammals.
Ciinical grade T-MSC as used herein includes mdividual cells, cell lines, baiches, lots or
populations of M5C.

The term "1-MSC population” as used herem means a population of 1-MSC celis which
containg celis that have characternstics that are suitable for use in treatment and cells that do not
have charactenstics that are suitabie for use in treatment.

The term "T-MSC dernved lingages™ or T-MSC-DL as used herein means calls or cell
neurat lineage cells, osteoblast cells, fibroblasi, chondrocytes, and stromal celis.

The phrase "therapeutically effective amount” 18 used herein {0 mean an amount
sufficient o cause an improvement in a ciinically significant condition in the subject, or delays or
mitimizes or mitigates ong or more sympioms associated with the disease, or resulls n &
desired peneficial change of physiology in the subject.

The terms “treal’, “treatment’, and the like refer to a means (o siow down, relieve,
ameliorate or alleviale at least one of the symploms of the disease, or reverse the disease after
its onset.

The terms "prevent’, “prevention”, and the like refer to acting prior (0 overt disease onset,
{o prevent the disease from developing or minimize the extent of the disease or slow its course of
development,

The term “subject” as used in this application means an animal with an immune system
such as avians and mammais. Mammals include canines, felines, rodents, hovine, eguines,
pOrcings, ovines, and primates. Avians mclude, but are not himited o, fowis, songbirds, and

raptors. Thus, the invention can be used in veterinary medicine, £.g., to treat companion animais,
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farm animals, laboratory animals in zoological parks, and animals in the wild. The invention is
parliculariy deswrable for human medicai applications
nsk of developmg a disease mciuding but not imited to muitiple sclerosis and other T cell related
autoimmune diseases, or diseases reiated o the central nervous system or the biood-brain
barrier or the blood-spinal cord barrier.

A subject in need of treatment would be one that has already developed the disease. A

subject in need of prevention would be one with sk factors of the disease.

producing an effect and would include, but is not imited 1o, chemicals, pharmaceuticals, drugs,
brologics, small molecules, antibodies, nucleic acids, peptides, and proteins,

As used herein, 8 stem cell is "posiive” for a particular marker when that marker is
detectable. For example, a T-MSC is positive for, e.g., CD73 because CDY3 s detectable on 1-
MSC Iin an amount detectably greater than background (in companson {0, €.4., an isotype

control). A cell is also positive for a marker when that marker can be used to distinguish the cell
expressed by the ceil.

As used herein, "immunomodulation” and “immunomaodudatory” mean causing, or having
the capacity to cause, a detectable change in an immunes response, and the ability to cause a
detectable changs in an Fmune response.

As used herein, “mmunosuppression” and TIMMunosuppressive” mean causing, or
having the capacity fo cause, a defectable reduction in an immune response, and the ability to
cause a detectable suppression of an immune response.

The present invention is based on the first discovery that mesenchymal stem celis MSCs
can be differentiated from the hESC derved trophoblasts, and that the trophoblast-denved MSUs
{T-MSL) can be used for tissue repair and immune reguiation. These T-MSC produced from the
disclosed methods all remarkably inhibited T cell profiferation and differentiation in vifro and
gffect al all in wvo, although the BM-MSUC may partially reduce T cell proliferation and
differentiation in vitro. The T-MSC disciosed herein have surprisingly highsr immunosuppressive
activity compared {o BM-MSC. The methods disclosed herein are highly efficient and can
produce high number of T-MSU with jow cost and high purily. The methods disclosed herein are
highly reproducibie with litle batch-do-batch varigtions, and easily adapiable to meet clinical
needs.

Thus, the present mvention gvercomes the problems described above by providing a
method of generating mesenchymal stem cells (M5C) in wiro from human embryonic stem celis.

The ability to generate the hES-T-MSC by the methods disclosed heremn allows the production of
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celis that can be used in a varety of therapeulic applications, including the treatment and
prevention of mulliple sclerosis, and other autoimmune diseases. Additionally, the hES-MSC
produced by the methods described herein have the ability to cross the brain-blood barner {(BBB)
and the blood-spinal cord barmer (BSUB) allowmg them {0 be used for a vanety of therapeutic
applications, ciuding drug delivery. The methods of the mvention provide further utiity in that
they enable the generation of large numbers of hES-T-MSC that can be used on a commercial

soale.

Lisclosed herein is @ method for generating and expanding mesenchymal-like stem cells
(MSCs) from trophoblast derived from embryonic stem cells (hES). These resulting cells are
designated T-MSC. These T-MSC can be isolated and/or puriiied.

MSC-like cells have been derived from human embryonic stem cells by various methods
{Barbiert ef ai. (2008}, Obvigr ef al. {Z0006); Sanchez ef &l (2011}, Brown ef al. (2008)}). Howsver,
all of these methods involve co-culturing and hand-picking procedures that imit yield and purity
and resull in varying quality of cells.

Although hESU express low leveis of MRHC antigens, it has been found that many cell
types differentiated from hESC have increased expression of these antigens (Draper et &/, 2002,
Drukker ef &/, 2006; Drukker ef al., 2002}, thus, causing great concern for immunoregjection of
the differentiated cells if ranspianted into patients. in contrast, MSC express low levels of
costimulatory molecules and major MHC antigens, and have been used in aliogeneic or
xenograft models {0 treat autoinmune diseases {Gordon ef af., 2008b; Grinnemo et al., 2004;
Rafe: ef al. 2008a; Rafel ef a/., 2008b; Tse &t af., 2003). T-MSC, like adult tissue-dernived MSC,
express iow levels of the co-stimulatory molecules and MHC antigens, and do not reqguire iong-
term engraliment 1o exert immunosuppressive effect, thus, there s no concemn for
immunorejection due 10 mismaich of MHC antigens between MSC and the recipisnt. CGne hESC
Hne 1s sufficient {0 generate T-MSC at large scale, it an endless supply, and with easy guality
control, suitable for industrial producton as a potential therapy to treat patients with MS and
other 1 cell-based autoimmune diseases.

Human frophobiast can be genarated from human embryonic stem cells. Such embryonic
stem cells include embryonic stem cells derived from or using, for exampie, blastocysts, plated
[LiVis, one or more blastomeres, or other portions of a pre-implantation-stage embryo or embryo-
ke structure, regardiess of whether produced by ferfilization, somatic cell nuclear transfer
{SUNT), parthenogenesis, androgenesis, or other sexual or asexual means.

Additionally or alternatively, frophobiast can be generated from other embryo-dernived

embryonic stem cell derivation) from or using plated embryos, ICMs, blasiocysts, one or more
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biastomeres, trophoblast stem cells, embryonic germ cells, or other porfions of a pre-
mplantation-stage embryo or embryo-ike structure, regardiess of whether produced by
sexual or asexual means. Simiarly, trophoblast can be generated using celis or cell Iimes partially
cifferentiated from embryo-derived cells. For exampile, if a human embryonic stem cell line 18
used o produce cells that are more developmentally prmitive than trophoblast, in terms of
development potential and plasticity, such embryo-derived cells could then be used {o generale
trophobiast.

Additionally or altemnatively, trophoblast can be generated from other pre-natal or peri-
natal sources including, without imiation, umbilical cord, umbilical cord blood, amniotic Huid,
amniolic stem celis, and placenta.

The human embryome stemn cells may be the starting material of this methoed. The
embryonic stem celis may be cultured in any way known in the art, such as in the presence of
absence of feeder cealls.

in the examples set forth heremn, eight hSC cell ines were used, HY {(derived from
WiCell Research Institute} (Thomson ef al. (1898}, CT2 (derived from University of Connecticut
Stem Cell Core {Lin et &/ (2010)); and ESO3-Envy {(Envy, a GHP-jabeled Iine, dernved at ES
international) {Costa et af. (2000}}, ESIO1Y, £S1083, ESI-040, ESI035, and ESI-061.

ity the first step of this method to obtain T-MSC, buman embryonic stem celis are grown
i small clumps or single cells in serum-free media without bFGEF. The cells are then re-plated
and cuitured with BMP4 (1-200 ng/mi ) as the only cytokine for a short time {2-5 days) {o obtain a
highly homogencus population of trophobiasis as they express the typical trophoblast marker
Trop2fTACSTDZ {Trp2). A TGFD mhibitor {(5B431542 {1-20uM)}, A83-01{0.2-5 uM) or ALKS
mitipitor {1-20 uM), efc.) can be used {0 increase the trophoblast forming efficiency. The cells will
expand and differentiate mto trophobilast celis in 2-5 days with trophobiast-ike morphology, in
certain embodiments, more than 80% of cslls express Trop-ZiTACSTDZ (Trp-2) (Xu et al,, 2002).
Trophoblasts may be isolated by size or purifisd with antibody, such as by immunoatfinity column
chromatography.

in one embodiment, trophoblast cells are digested {o form single cells with TryplE,
frypsin of collagenase B, The single cells are re-suspended iy a2 medium optimized for
mesenchymai stem celi growth such as alpha-MEM containhing 2-20% of fetal bovine serum
{(FBS) or human AB serum {(ABHS), DMEM-high glucose containing 2-20% of FBS or ABHS, the
FBS can be replaced with 5-20% of knock-aut serum replacement (KOOSR} or hovine serum
albumin (BSA), or any other commercial available serum free MSC culture mediums. in certain
embodiments, Serum, KOSRKR or BSA 18 added 1 a concantration of from about 5-20%. in certain
embodiments, fetal bovine serum is preferred. In cerfain embodiments, cells are cultured at a

density of about 10-1000 cellsiom®. In certain embodiments, the cells are culfured in an
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environment that mimics the extraceliular enwvironment of tissues, such as gelatlin, vitronectin,
aminin, fibronectin, collagen 1. in certain embodiments, the MSC cullure medium comprises LiF

After approximately 24 howrs, a number of celis (50-80%) attached 1o the culture plate
and approxunately 2-3 days later, pre-T-MSC begin to differentiate from the trophoblasts, celis
were elongated and form clear cefl border. in certain embadiments, the pre-T-MSC express both
CO73 and Trop-2. After 6-10 days, more than 80-80% cells frophoblasts are differentiated info
mesenchymati-iike small celt with spindle-iikke morphology, so calied T-MSU here. 1-MSC can
also be identified by the expression of certain markers, such as CL73, CDYG, CO105, CD13,
D22, Ch54, CD44, CD146 and CD166 and by the absence or low expression of certan
markers such as CD31, CD34, and CR45. in certain embodiments, T-MSC do not express HOX
and HLA-G. In certain embodiments, T-MSC express high level of CXCRY, CXCLZ, CXCL12 but
tow level of HOXBZ2, HOXB3, HOXBS, HOXEY, HOXBS, HOXAS, HOXAS and other HOX family
gengs. T-MSC are also charactenized as multipolent and able {o differentiate o adipocyles,

Provided herein 8 an solated cell population comprising a plurality  of
mmunosuppressive 1-MSC that expresses at least one of the following markers: CD/3, COY0
angd CD106.

i a turther embodiment of the present invention, an additonal step of wradiating the 1-
MSCs 1s performed. This iradiation can be accomplished with the use of any method known m
the art that emits radiation including but not fimied to gamma irradiation e.g., Cesium-137
gamma irradiation, or photon radigtion using X-ray. The preferred amount of radiation o be
adminisiered is about between 5 and 20000 gy, more preferably about between 50 and 100 gy,
and most preferably 80 gy.

in one embodiment, the method described herein is & novel process for gaenving (3iso
referrad {0 herein as producing} T-MSC from hESCs. The method comprises the steps of;

3. Culturing a cell culture comprising human smbryonic stem cells in sarum-
free medium in the present of at least one growth factor in an amount sufficient {o induce
the differentiation of the embryonic stem cells o differentiate info trophoblast, in an
gmbodiment, the time penod of the differentiation into trophoblast is about 2-5 days; in an
embodiment, the medium comprises BMP4, with or without the presence of an TGHb
inhibifor {Le., SB431542, A83-01 or ALKS inhibitor efc.} to increase the differentiation
efficiency;

ty. Adding at least one growth factor o the cullure comprising the
trophoblasts and continuing to culture in serum-free medium, wherein the growth factor is
N an amount sufficient {o expand the trophoblasts, in an embodiment, the medium

comprises BMP4, (this step is optional);
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C. isolating the trophoblasts and re-plating the trophoblasts onio gelatin,

lammin, fibronectin, vitronectin, coliagen or Malngel-coated plates and cultured in a

serum-containing or serum-free media M an amount sufficient to differentiate the

trophoblast into T-MSC through pre-1-MGC, in an embodiment, the isoiated rophobiast

is cultured for 6-10 days to produce the T-MSC, wherein at least about 80%, 95%, 86%,

7%, 88%, 89% of the resulting T-MSC express cell surface markers for adullt MSCs, in

ann embodiment, the medium comprises LiF, bFGF, PDGHF {0 increase expansion

efficiency,
wheregin at least about 90%, 895%, 96%, 97%, 8%, 99% of the resulting T-MSC express cell
surface markers for adult M5SCs,

As shown in Figs. 1 & 2, the disclosed method starts with dispersal of HESC colonies into
smali clumps or single cells. The celis are then re-plated and cuitured with BMP4 as the only
cytokine, and a TGFR nhibitor for 8 short time {2-5 days) {0 obtain a highly homogenous
population of trophoblasts as they express the typical trophoblast marker frop-2ITACSTLZ {(Trp-
2} {(Xu et al., 2002}, The trophobiasis are then dissociated and re-plated onto a gelatin, laminin,
fibronectin, vitronectin, collagen or matnigel-coated plate and cultured in a MSC growth medium
for 4-10 days 10 generate spindie-like celis simiar to the morphology of typical MSCs.

The method disclosed herein, unlike the other methods, does not reguire feeder cells,
sorting or hand-picking of the celis. The miial trophoblast differentiation step 1s in a defined,
serume-free medium without bFGEF. The entire protocol only requires two steps of differentiation in
differentiabion protocol ever reported for MSC denvation from hiESC. The yield and purity of the
T-MEC are very high compared to those achieved using previously reported methods. Within 30
days, I-MSC at 5 x 10° fold the number of the onigmal hESCs can be oblained and with a high
percantage of G/ 3+ ceils, a typical marker for MSUs, whereas the other methods can only yield
less than 100 fold the original hESC number with g low pesrcentage of CL73+ c¢ells. The
derivation of the T-MSC includes an intermediate stage of CLY3MT -2 double positive cells,
hereafler named pre-T-MS3C. After 2-3 days of the BMP4 plus a TGFB inhibitor treatment, the
celis first express 11p-2 at a high percentage and demonsirate a homogenous morghology of
trophobiasts (Figs. 2 & 3). After 5-0 days, the cells express both Trp-2 and CD73; after 6-14 days,
the cells no longer express TrpZd bul express the typical MSU surface markers at high
percentages including CD73 (>88%), CDS80 {>95%), CD105 {>00%), CD44 (>05%), CDZS
{»80%}; and the celis are negative for the endothelial marker CDR31 and hematopoiesis markers
CD34 and CD45 (Figs. 3 & 4).

T-MSC produced by the method disclosed herein are capabie of differentiating o
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are phenotypically and functionally similar to MSCs derived from the bone marrow (BM) and
other sources.

3.3 Human Embryonic Stem Cell-Derived Mesenchymat Stem Cells

Bone marrow-derived MSCs (BM-MSCs) have long been used {o treat autoimmune
disease i many animal models and clinical trials, however the efficacy of Immunosuppression Is
not consistent with some reports showing BM-MSCs are unable to efficiently treat certain
autoimmune diseases (Tyndall, 2011). Dala 18 provided herein comparnng the ability of BM-MSCs
and T-MSC for their inhibition of T cell proliferation folliowing T cell receptor stimulation. As
shown in Fig. 7, BMBMSCs can inhibit proliferation of both CR4 and CRE T cells induced by anti~
CL3 antibody at a low dose {0.3 ug/ml), which is comparable to T-MSC. However, when the anii-
CR3 antibody concentration increased to tug /mil, BM-MSCs have less polency in suppressing
proliferation of both CD4 and CD8 T cells than T-MSC. CFSE dilution assay was used here {0
evaiuate the T cell proliferation: an increased percentage of 1 cells with decreased CFSE signal
indicates an accelerated proliferation. As shown in Fig. 5, when anti-CD3 antibody increased to 1
ug/mi, there were 59% of CD4 and 46% of CL8 T cells detected with decreased CFSE signal. 1-
MSC significantly decreased both the CD4 and CDB T celis to 16%, whereas BM-MSCs only
decreased CD4 and CD8 T cells 10 32% and 36%, respectively.

Consistent with the in wiro immunosuppressive activity of the T-MSC, T-MSC produced
by the method disclosed heremn were shown 10 be effective o treal experimental amioimmune
were injected © days post the BAEL induction, the disease score of the EAR mice significantly
dechned, comparad {o vehicie injection contrais.

in a further feature of cells produced by the disclosed methods, T-MSC aiso
demonstrated much stronger immunaosuppressive effect than BM-MSCs and hES-MBUs denved
through SB431542 treatiment (Chen et al., 2012} (Fig. 6). in severgl repaated experimeants, BM-
MECs consistently failed to attenuate the dissase scorg of EAR mice, Thus, the replacement of
BM-MSCs with T-MSC produced by the disclosed method for use in clinical applications would
remove the need for risky, invasive procedures for bone marrow aspiration, reduce the time for
waiting for BM donations, reduce the cost, and reduce batch {0 baich variations for preparing
BM-MSCs on a per-patient basis.

in summary, disciosed herein 1 a highly efficient method to generate mesenchymal-like
celis or MSCs from hESCs through an intermediate trophobiast stage, and the use of the T-MSC
10 treat autoimmune disease. Microarray analysis suggested that the T-MSC had a gene
expression profile not identical o that of BM-MSCs (data not shown), afthough both can

stronger immunosuppressive ability both in vifre and in vivo than BM-MSCs.
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The available data suggest that T-MSC produced by the disclosed method are different
from traditional, adult-denved MSUs. Due 1o their strong inhibition of T cell proliteration, T-MSC
may be used {o treat mulliple sclerosis with much higher efficacy than BM-MSCs. To address
potentiai satety concems, T-MSC were injecied into immunodeficient SCHD-Deige mice. No tumor
or feratoma formabion was cbserved mn the mice,

The T-MSC of the present mvention are umque and have a variety of therapeutic and
other uses. Thus, the present invention includes various preparations, including pharmaceutical

preparations, and compositions comprising T-M&C.

The term “T-MSC” refers to MSC or mesenchymal stem/stromal celis that are derived
from human embryonic stem cells (hESCH or induced pluripotent stem cells ((PSC) through a
trophoblast intermediate stage where cells express Trop-2 with trophoblast-iike morphology. The
term "hES-T-MSCT refers to T-MSC differentiated from hizSC. The term "PS-T-MSC” and -
MSC” refer to T-MSC differentiated from PSC. The term "T-MSC" as uysed herein does not refer
o g trophobiast. A celt 1s considered a "stem cell” i the cell retains at least one atinbute of a
stem cell, e.g., the ability to differentiate into at least one other type of cell, or the like. These
celis can be described based upon numerous structural and functional properties including but
not imited to, exprassion or {ack of expression of one of more markers, Specifically, T-MSC are
characterized by small cell bodies with a fibroblast morphology. T-M2Cs, including both hES-1-
MSC and 1T-M&C, are muitipolent and capable of differentiating o give rise 1o other cell types
and cell ineages. The term "T-MSC-DL” refers 10 all the cell typas and cell ineages differentiated
from T-MSC.

The differentiation method described heramn can achieve the differentiation of MSC from
MG cells within 6-14 days, the shortest ime ever reported. Thus, these 1T-MSC can be used for
patient specific iPS based therapy under emergency conditions which requires the generation of
MSC i very short ime, such as acute heart infarction, acule heart faiure, acule spinal cord
HuUry, acute radiation/burming treatments, ete.

T-MESC can be identified or charactenzed by the expression or lack of expression as
assessed on the level of DNA, RNA or protemn, of one or more cell markers. T-MSC can be
dentified as expressing cell surface marker CD73, or expressing at ieast one or more of the
following cell surface markers: CDRO, CLI0L, CL13, CD29, CL54, Ld4d, CD146 or COI66 or
not expressing or expressing at a low level at least one of the following cell sutface markers:
CD34, CH31, or CD45.

Alternatively or additionally, T-MSC can be identified or charactenized hased upan they
tow level of expression of one or more pro-inflammatory proteins, MMPZ, RAGE, IFNGR2Z, TNFq,
H-12A, 1L-6, and VCAM1. This profile of gene expression is n contrast {o bone marrow derived

mesenchymal stem cells. in parlicular, IL-6 was expressed much higher in BM-MSCs than in 1-
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MSC. IL-8 is a pleiotropic cyickine involved in crosstalk belween hematopoietic 7 immune cells
and stromal celis, inciuding the onset and resolution of nflammation.

The T-MSU can also be characterized in their ability to inhibid T cell profiferation after
stimulation mn wifro. This charactenstic 15 1y contrast {o BM-MSUs which do not inhibit T cedl
proliferation after stimulation m viho.

Thus, the T-MSC described herein have at least one of the following characteristics: {1}
differentiate info adipocytes, chondrocytes, osteoblast cells, neurons, myoblasts, stromal celis
and fibroblasts; {£) have a hbroblastiike morphology,; (3} express CD/73, CLY0, CDI0L, CL13,
CDZY, CDL4, CD44, CL146 andior CD168; (4) express at low levels or do not express CD34,
CD31, and /Jor CD453; (5} express at low levels or do not express MMPZ, RAGE, IFNyR1,
IFNyR2Z, 1L-12, TNFq, 1L-6, and/or VCAM1, particularly IL-8; {8) express MHC antigen HLA-G
andior HLA-ABC and express at low levels or do not express HLA-DR andior CDBO; and {7)
nhibit T cell proliferation after stimulation in vitro. In certaimn embodiments, the T-MSCs have at
ieast two, at least three, at least four, at least five, at least six, or all seven characlenistics.

it cerfain embodiments, T-M3C is distinguishable with previously reported HB-MSC, T-
MSC express at least one fold higher level of CXCRY, CXCL2 and/or CXCLAZ than HB-MSC, but
at least half of the level of HOXB2, HOXB3, ROXBS, HOXB7, ROXBS, HOXASL, HOXAS and
other HOX family genes compared to HB-MGSC.

Additionally, the T-MSC have the unigue ability to cross the blood-brain barner (BBB) and
the plood-spinat cord bamer (BSOE ), making them uniquely suited for therapeytic and diagnostic
vessels of the spinal cord, across the BSCH, to fulfill funchions i the CNS, including but not
rited to the delivery of therapeautic and diagnostc agents. This s m contrast o BM-MSUs which
do not have this ahility.

Another embodiment of the present invention 15 a T-MSC that s wradiated. This
embodimsent would mciude T-MSC with at ieast ong of the following charactanstics listed above,
having at least two, at least three, at least four, at least five, at least six, or all ssven

in another embodiment, the cell culture comprises T-MSC. in centain sembodiments, the
1-M&C differentiate into adipocyies, chondrocytes, osteobiast cells, neurons, myobiasts, stromail
celis and fibrobiasts. In certain embodiments, the T-MSC cells express CD73, ChH80, CD105,
CD13, CDR29, CDb54, CD44, CD146, andior CD166. In certain embodiments, the cells express at
iow levels or do not express C34, CD31, andior CL45. in certain other embaodiments, the celis
express at fow levels or do not express MMPZ, RAGE, IFNyR1, IFNyRZ, {.-12, TNFq, L6,
and/or VOCAM1, especially iL-6. in certain other embodiments, the cells express MHC antigen
HLA-G and/or HLA-ABC and express at low levels or do not express HLA-DR and/or CTO8Q. in

certain other embodiments, the cells inhibit T cell profiferation afler stimulation in vitro. in cerlain
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embodiments, the cells can cross the blood-brain barrier and the blood-spinal cord barier. In
certain embodiments, the ceills have been irradiated.

certain embodiments, the T-M3U can differentiate into adipocytes, chondrocytes, osteobiast
celis, neurons, myoblasts, stromal cells and fibrobiasis. in cerain embodiments, the ceils
exprass CDR7Y3, CLY0, CD1G5, CD13, CD28, CLBE4, CL4d, C46 andfor CD66. In certain
embodiments, the cells express at fow levels or do not express CD34, CO31, andfor CL45. In
certain other embodiments, the cells express at jow levels or do not express MMPZ, KAGE,
IFNyR1, IFNyRZ, TNRg, L-12, L8, andlor VCAM1, especially HL-6. in certain other
embodiments, the cells express MHC antigen BLA-Q and/or HLAABC and express at low levels
or do not express HLA-DR andior C80. in cerfain other embodiments, the cells inhibit T cell
proliferation after stimuiation in vifro. In cerfain embodiments, the cells can ¢ross the blood-brain
barrier and the blood-spinal cord barrer. In gertain embadiments, the celis have been iradiated.
The phamaceutical preparation can be prepared using any pharmmaceutically acceptabie carer
of excipient.

in certain embodiments, the compaosition or pharmaceutical preparation comprises at
ieast at least 10,000 T-MSC, at least 50,000 T-MSC, at legst 100,000 T-MSC, at least 500,000
T-MSC, atleast 1 x 10° T-MSC, at feast 5 x 10° T-MSC, at least 1 x 10" T-MSC, at least 5 x 107
T-MSC, at least 1 x 10° T-MSC, at least 5 x 10° T-MSC, at least 1 x 10° T-MSC, at least 5 x 10°
T-MSC, or atleast 1 x 10" T-MSC.

Provided herein are pluralities of T-MSC that comprise T-MSC obtained and isolated
directly from a human embryonic stem cell ing that have been cuitired and passaged at least 1,
2.3 .4 5,6, 7.8, 8 10, 12, 14, 16, 18, 20, 25, 30 or more times, or a combination thersof.

in certain embodiments, provided herein s a cryopreserved preparation of T-MSC o
celis partially or terminaily differentiated therefrom.

i cerfain embpodiments, provided herein is a therapeutic use of 1-MSL, or compositions
or preparations of T-MSC, including iradiated 1-MSC. Such cells and preparations can be used
int the treatment of any of the conditions or diseases as described, as well as in a delivery system
for agents across the blood-brain bamer and the blood-spinal cord bamer.

in cerfain embodiments, the mvention provides a cryopreserved preparation of
trophobiasts, pre-T-MSC, or T-MSC celis partially or terminaily differentiated therefrom.

in certain embodiments, the invention provides the therapeulic use of T-M3Us, or
compositions or preparations of T-MSCs, including mradiated T-MSCs. Such celis and
preparations can be used in the treatment of any of the conditions or diseases detalled
throughout the spegification, as well as in a delivery system for agents across the blood-brain

barrier and the blood-spinal cord barrier.
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5.4 Selecting and Producing T-MSC Populations

Provided herein {8 a method of dentifying highly immunosuppressive 1-M&C by
identifying a biomarker profile of the highly immunosuppressive T-MSC that are clinical grade for
use i therapy. In certam embogiments, the chinical grade 1T-MSC have the following
characteristics: {i) contain >850% of cells expressing group-1 markers; {i) confain >80% of celis
eXPressing group 2 markers; (i) contain <6% of cells expressing group-3 markers {iv) express
iL-10 and TGRE; (v} contain <2% of cells expressing IL-6, IL-12 and TNFa; and {vi} contains
<{3.001% of cells co-expressing all group-4 markers, wherein group-1 markers are CD7 3, CDYB0,
CD105, CD146, CD166, and CD44, group-2 markers are CD13, CD29, TOH4, CD4SE, group-3
markers are CD4S, CD34, CD31 and 58EA4, and group-4 markers are OCT4, NANOQG, TRA-1~
60 and SSEA4.

in certain embodiments, the method comprises measuring the differential expression of
markers thatl encode anti-inflammatory factors {“"AlF" and pro-inflammatory factors ("PiF). in
certain embodiments, the AlF s IL-10, TGRBZ. in cerfaim embodiments, the Pik 18 up regulated.
In certain embodiments, T-MSC express at least 1.5 fold of the above markers as compared {0
BM-MSC. in certam embodiments, the PiF is IL-6, 1L-12, TNFa, CCL2, VCAM1, BRAGE, MMP2.
In certain embodiments, the PiF 15 down regulated. in certain embodiments, T-MBC express at
east half of the above markers as compared to BM-MSC in another embodiment, highly
immunosuppressive T-MSC has a lower ratio of IL-6" cells as compared {o BM-MSC. in certain
embodiments, highly immunosuppressive T-M3C have less than 5%, 4%, 3%, 2%, or 1% of iL-6
other PiF. in certain embodiments, T-MSC may express high levels of TGHEZ and iL-10. In
certain embodiments, the exprassion of markers s compared (o axpression m BM-M&L.

Provided herainy is a qualification procedure for clinical grade T-MSC popuiation.
Expression of specific markers 15 measured in a population of T-MSU 1o determime whether they
gre suilgble for therapeulic use. The markers inciude, for example, (1) MSU-specific markers {sst
1. CD73, CDB8EG, CD105, CD166, and CD44, (2) MSC-specific markers (set 23 CD13, CD29,
CLS4, CD49E, SCA-1, and STRO-1, {3) hematopoietic stem/progenitor markers: CD45 and
CE34, and endothelial cell marker CD31, {(4) ynmunogenic markers: HLA-ABC, HLA-G, CDE0,
and CLB6, (4} cytokines: L-10, TGHE, -8, and lL-12, and (8} pluripotency markers: OUT4,
NANQOG, TRA-1-60, and SSEA4. In certain embodiments, T-MSC population contains more than
embadiments, T-MSC population contains more than 80%, 85%, 90%, 95%, or 99% of celis that
express at least one group 2 markers. in certam embodiments, T-MSC population contains less
than 0.1%, 0.08%, 0.05%, 0.03%, 0.02%, or 0.01% of cells that express at least one group 3
marker. in cenain embodiments, T-MSC popuialion contamns more than 80%, 85%, 80%, 85%,

or 99% of cells that express IL-10 and/for TGFB. In certain embodiments, T-MSC population
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contains less than 5%, 4%, 3%, 2%, 1% of cells that express {L-6 andior IL-12. In certain
embodiments, T-MSC population contains less 0.001% of cells that express at least one group 6
marker. The clinical-grade T-MSC is compared with the preclinical-grade T-MG&C as a positive
control. In cerfain embodiments, the T-MBU 8 charactenzed through multi-color flow evtometry
analyses and/or immunofluorescence. in certain embodiments, T-MSC population express
CCL2, CCL3, CCL4, CCLS, HL-1, iL-2, 1L-4, IL-6, iL-8, {L-10, IL-17, TNFaq, TGFB, IFNy, GM-CSF,
G-CSF, bFGF, CXCLS, VEGEF, TPO or a combination thereof. In certam embodimeants, the 1-
and residual eytokines/growth factors, andfor (2} genomic abnormalities {via karyotyping and
whoie-genome sequencing).

Frovided herein is another qualification procedure for clinical grade T-MSC population. T~
MSC with beller regeneration potential and immunosuppressive funclion may express a lower
level of CDY, where CDY expression ievel of Passage 1-2 T-MSC will be recorded as basal level,
if after certain passages and procedures, the CDY exprassion level increases by 2 foid, the celis
will be siopped for passaging.

Methods for determining the expression profie of the T-MSC arg Knhown in the ari,
nciuding but nol imited to, flow cytometry, multiplex microarray, RT-PCT, Northern blot and
Western biol. In certain embodiments, the expression profile of the MSU are determined by
cytomatnc bead array based muitiplex cylokine analysis, luminex system based muitiplex
cytokine analysis, microamray RNA-seq, quantitative R1-POR, Elispot Elisa, Elisa cyloking array,
fiow oytometry luciferase reporter system, fluorescence reporter system, hisiolagy staining, and
immunofiuorescence staining.

5.4.1 Methods of Detecting Nucleic Acid Biomarkers

bromarkers and corresponding features of the biomarker profile may be generated, for example,
by detecting the expression product {e.g., a polynucleotide or polypeptide) of one or more
markers. In a specific embodiment, the piomarkers and corresponding features i a omarker
profile are obtained by detecting and/or analyzing one or more nucleic acids expressed from 3
marker disclosed herem using any method well known 1o those skilled it the art including, but not
imited to, hybridization, microarray analysis, RT-PCR, nuclease protection assays and Northem
biot analysis.

in cerain embodiments, nucleic acids detected and/or analyzed by the methods and
compositions of the invention include RNA moilecules such as, for example, expressed RNA
molecules which include messenger RNA (ImMRNA) molecules, mRNA spliced variants as well as
reguiatory RNA, cRNA molecules {e.g., RNA moleciuies prepared from cDONA molecules that are
transcribed i vitro) and discriminating fragments thereof.
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in specific embodiments, the nucleic acids are prepared in vitro from nucleic acids
presant in, or isolated or partially isoiated from a celi cuiture, which are well known in the art, and
otd ed., Cold Spring Barbor Laboratory Fress (Cold Spring Harbor, NUY.), which is hereby
ncorporated by reference in s entirely.

5.4.1.1 Nucleic Acid Arrays

iy certain embodiments, nucleic acid arrays are empioyed (o generate features of
biomarkers in & biomarker profile by detecting the expression of any one or more of the markers
described herein. in one embaoadiment of the invention, a micrearray such as a cDNA microarray
is used o determine feature values of biomarkers in a biomarker profile. Exemplary methods for
cDNA microarray analysis are described below, and in the examples.

in certain embodiments, the feature values for biomarkers in a biomarker profile are
obiained by hybridizing fo the array detectably iabeled nucleic acids representing or

Of more probe spots.

Nucleic acid arrays, for example, microamays, can be made in a number of ways, of
which several are described herein below. Preferably, the arrays are reproducible, alfowing
muttiple copies of a given aray 10 be produced and results from the microarrays compared with
each other. Preferably, the arrays are made from materials that are siable under binding {(8.¢.,
nucleic acid hybridization) conditions. Those skilled in the art will know of suilable supports,
substrates or camers for hybndizing test probes o probe spols on an array, or will be able {o
ascertain the same by use of rouline experimentation.

Arrays, for exampie, microarrays, used can mciude one or more test probes. in some
embodiments, egch such test probe comprises g nucieic acid sequence that s complamentary 1o
a subsequence of BRNA or DNA 10 be detected. Each probe typically has a differant nuclesic acid
can be determined. Arrays usefid in accordance with the invention can mciude, for exampie,
ochgonuciaotide microarrays, cDNA Dased amrays, SNP arrays, sphiced varnant arrays and any
exprassion of a marker described herein. Some types of microarrays are addressable arrays.
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