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METHODS AND COMPOSITIONS FOR TREATING ADDICTIONS

CROSS-REVERENCETORELATED APPLICATIONS

This application claims priority to U.S. Application No. 62/535,899, filed July 23, 2017, which is

hereby incorporated by reference in its entirety for all purposes
FIELD
Dhsclosed herein are methods and compositions comprising adherent stromal cells.

BACKGROUND

Craving and relapse 1s a major problem in treatment of addiction to cocane and other
substances. In humans, craving and relapse can be triggered by acute exposure to the drug, drug-
associated cues, or stress. Cue~-induced craving does not decay, but progressively intensifies, or
“incubates’, over the first few weeks of withdrawal, and persists over extended periods of time. As
a result, addicts are prone to relapse even after long durations of abstinence. Recent evidence
humans has shown time-dependent increases in cue-induced nicotine, alcohol, and
methamphetamine craving during abstinence. An analogous phenomenon of incubation of cocaine

craving has been identified in rats.

Currently, there are no FDA-approved medications for safe and effective treatment of
cocaing addiction, and existing treatments do not show great efficacy m longitudinal studies where
long-term abstinence is the primary outcome of interest. Several phase I clinical tnials are
currently examming the efficacy of drugs that modulate dopamine, serotonin, noradrenaling,
GABA, or glutamate signaling. However, abusers’ tendency not to complete treatment programs,
and their propensity for relapse, further complicates treatment efficacy. Methods and compositions

for treating addiction are urgently needed in the art.

SUMMARY

In one embodiment, there is provided a method of treating an addiction in a subject in need
thereof, comprising the step of admimstering to the subject a pharmaceutical composition

comprising adherent stromal cells (ASC}, thereby treating an addiction. In certain embodiments,
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the ASC are derived from a placenta. In other embodiments, the ASC are not derived from

placental tissue, and may be e.g. derived from adipose tissue, or from bone marrow (BM).

In another embodiment, there is provided a pharmaceutical composition for treating an
addiction, comprising a therapeutically effective amount of ASC. In certain embodiments, the ASC
are derived from a placenta. In other embodiments, the cells are from adipose tissue, or BM. In

other embodiments, the ASC are derived from another tissue source.

In another embodiment, there is provided use of ASC in the preparation of a medicament
for treating addiction. In certain embodiments, the ASC are derived from a placenta. In other

embodiments, the cells are derived from adipose tissue, or BM, or from another tissue.

In certain embodiments, the ASC described herein have been cultured on 2-dimensional
(2D} substrate, a 3-dimensional (3D substrate, or a combivation thereof. Non-limiting examples

of 2D and 3D culture conditions are provided in the Detailed Description and in the Examples.

Reference herem to “growth” of a population of cells 1s intended to be synonymous with

expansion of a cell population.
Except where otherwise indicated, all ranges mentioned heremn are inclusive.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this mvention
belongs. Although methods and materials sinular or equivalent to those described herein can be
used in the practice or testing of the invention, suttable methods and materials are described below.
In case of conflict, the patent specification, including definitions, will control. In addition, the

materials, methods, and examples are illustrative only and not mtended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s herein described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the drawings in detail, it 15 stressed that
the particulars shown are by way of example and for purposes of illustrative discussion of the
embodiments of the invention only, and are presented in the cause of providing what 1s believed
to be the most useful and readily understood description of the principles and conceptual aspects

of the invention. In this regard, no attempt 13 made to show structural details of the invention n
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more detail than is necessary for a fundamental understanding of the invention, the description
taken with the drawings making apparent to those skilled in the art how the several forms of the

mvention may be embodied in practice.
In the drawings:
FiG. 115 a diagram of a bioreactor that can be used to prepare the cells.

FiG. 2 contains pictures of bone marrow {(BM}-derived MSC (top row) or placental cells
after adipogenesis assays. (ells were incubated with (left column} or without (right column)
differentiation medium. Placental ASC were expanded in SRM (middle 3 rows depict 3 different

batches} or in full DMEM (bottom row}.

FiG., 3 contains pictures of BM-derived MSC (top row) or placental cells after
osteogenesis assays. Cells were mncubated with (left column) or without (right column)
differentiation medium. Placental ASC were expanded in SRM (middle 3 rows depict 3 different

batches) or in full DMEM (bottom row).

FiG. 4 15 a table showing various combinations and concentrations of factors tested for

their effects on BDNF secretion, and the test results.

FiG. 5 1s a plot showing BDNF concentration in CM collected from cells following
ncubation under various conditions, after seeding at 0.4, 0.8, or 2.9 x 106 cells and growth for 5
days (left, middle, and right set of bars, respectively). For the left and middle sets, the left, middle
and right bar within each set depicts incubation with no induction agents, or with induction agents
for the last 24 hr. or the last 72 hr., respectively. For the right set of bars, the left bar depicts no
mnduction agents, and right bar depicts a 72-hr mncubation with induction agents. Cells seeded at
0.4 and 0.8 x 1070 cells/flask were grown for the whole period in DMEM + 20% FBS, whereas
cells seeded at 2.9x10°6 cells/flask were grown in basal DMEM supplemented with glutamine and

antibiotics for the last 72 hr. Vertical axis: BDNT concentration in pg per 10° cells.

FiGs. 6A-D are plots showing BDNF concentration in CM collected from cells, after
seeding {as described for Fig, 8} at 0.4, 0.8, or 2.9 x 1076 cells (A, B, and C, respectively), grown
with or without serum supplementation which were or were not mduced for 24 or 72 hours,
following which the cells were cryopreserved, thawed and seeded equally in 6-well plates for 72

hours {0.5%10° cells/well), and medium was sampled after 24, 48, and 72 (left, middie, and right
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bar, respectively, in each series). Cells seeded at 0.4 and 0.8 x 106 cells/flask were grown for the
whole period in DMEM + 20% FBS, whereas cells seeded at 2.9x10"6 cells/flask were grown in
basal DMEM supplemented with glutamine and antibiotics for the last 72 hr. Different sets of bars
depict different induction conditions {before cryopreservation}. Namely, for A-B, the left, middle,
and right sets of bars depict incubation with no induction agents, or with induction agents for the
last 24 hr. or the last 72 hr., respectively. For €, the left and right sets of bars depict incubation
with no induction agents or with induction agents for the last 72 hr., respectively. D depicts BDNF
data from the 72-hr. imepoint of the experiment described above, but normalized to the number
of cells that were harvested 72hr after cell thawing, Vertical axis: BDNF concentration m pg/ml

(A-C) or pg per 10° cells (D).

FiGs, 7A-C are plots showing concentrations of very highly-, highly-, and medium-
expressed cytokines (A, B, and C, respectively) in CM collected from ASC that were either
mduced for 24h or not. Following induction {or not) cells were cryopreserved. After thawing, cells
were seeded 0.5%1076 cells m 6 well plates in DMEM with 10% FBS, Glutamme and antibiotics.
After 24 hours, cells were washed and resuspended i DMEM w/o FBS for an additional 24h.
Horizontal axis indicates the measured cytokines in the medium collected after the last incubation,
for each set of bars. For the each set of bars, the left and right bars mmdicate ncubation with no
mduction agents or 24-hr mcubation with mnduction agents, respectively. Vertical axis: cytokine

concentration in pg/10°6 cells.

FIG. 8A contains microscopy 1mages depicting stainmng of undifferentiated neurons
{negative control, uapper left panel), or neurons differentiated with 1 oM cAMP {(upper middie
panel}, 10 mcM butyric acid (upper right panel), or CM from ASC incubated without induction
agents (lower panels) Cells are stained for human PlH-tubulin {red} and human tyrosine
hydroxylase (green). Nuclei are stained with DAPI (seen in blue}. B depicis the relative percentage
of differentiated neurons {(vertical axis) in SH-SYSY cells untreated or exposed to butyric acid,
cAMP, or ASC-derived UM, respectively (bars ordered left to right). The depicted percentages are
the averages of 4 different batches. C 15 a plot of viability of differentiated SH-SYSY cells. Cells
were pretreated with either control medium (white circles), or CM from placental ASC subjected
to etther bioreactor expansion (black circles, solid line) or incubation with bBFGF, N-2 supplement,
heparin and cAMP {(black circles, dotted line} Two hours later, HoO2 (200uM) was added to each

medium. Luminescence {vertical axis} was recorded every 15 minutes for 8 hours and is expressed
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as percent of control, which 1s the cells exposed to same medium without H2O»; horizontal axis
shows time (hours) after the addition of H20». B. Column chart at the 6. 5-hour timepoint for the
experiment described for €. Black, white, and gray bars show control medium, bioreactor-
expanded, and induction agent groups, respectively. E. Plot showing level of reactive oxygen
species (ROS) 1n differentiated SH-SYSY cells, after treatment with H202 (200uM) m either
control medium (gray cucles), or CM from placental ASC subjected to either bioreactor expansion
{black circles, solid line) or incubation with bFGEF and cAMP (black cucles, dotted hine).
Fluorescence (vertical axis) was recorded every 15 minutes for 6 hours and 15 expressed as fold
change relative to control, which 15 the cells exposed to same medium without H2Oo; horizontal

axts shows time (hours) after the addition of H2O2.

Fig. QA 15 a chart of liver (black bars) and lung (white bars) distribution of GNP-stained
placental ASC n rats after 1.v. (left) or 1n (right) admmistration. N = 2. Standard error of the
mean {SEM} 15 <5%. Abbreviations: # (number of MSCs); IN {(intranasal};, IV (intravenous); L1
{(liver); Lu (lung). B-C are CT mmages of GNP-stained placental ASC in rat brains. Gold nano-
particle {(GNP)-stained ASCs are seen as green dots. Depicted are CT images inclading the brain
area of intranasally myected rats (B} and TV-myected rats (C). Coronal (left) and sagittal (right)
views are shown for (B}); coronal view 13 shown for {C}. B 1s a graph showing ASC concentration
{by FAAS analysis) o prefrontal cortex (PFC), nucleus accumbens (NAc), striatum (8T), dentate
eyrus (DG}, central amygdala, ventral tegmental area (VTA), ventricles, cerebellum, and bram
stem, detected 28 days after i.n. or t.cv. administration of GNP-stained placental ASC {first and

second bar in each series, respectively).

Fig. 10A 1s a graph showing distribution of rat BM-MSC in rats given MSC intranasally.
Other abbreviations: #/W (number of MSCs per dry weight {mg} of tissue}; C {cerebelium); BS
{(brain stem);, R (rest of brain}. B-C are fluorescent images of DG showing MSCs labeled by
fluorescent dye [{1,1'-dioctadecyl-3,3,3',3 tetramethylindocarbocyanine perchlorate [Dil];, from
Sigma) (red) and DAPI (Blue)] (B) and hippocampal neuronal proliferation (magnification = 200,
) 1 month after injection mto the left ventricle. At 1 month after MSC administration, frozen
sections of the DG area of the hippocampus (HC) were analyzed for MSC engrafiment (using Dil
labeling) and neurogenesis. Proliferating cells were detected by immunofluorescent labeling of
proliferating cell nuclear antigen (PCNA) In €, PCNA-positive cells in the ipsilateral

hippocampus {left) and contralateral hippocampus (right) are indicated by arrows.
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Fig. 114 1s a graph of number of active (cocamne-supplying) lever presses per hour by rats
subjected to cocaine self-administration training sessions for one hour each day (1.5 mg/kg, 10
days);, followed by admmmstration of wvehicle (circles; n=3) or GNP-stained ASC
mtracerebroventricularly (1.c.v.) {triangles; n=7} or intranasally (i.n} (squares; n=7} (n=3) on day
10, followed by extinction sessions {days 11-19) in which the rats are placed back in a cage where
the active level no longer supplies cocaine. B-C are graphs of the number of active lever presses
after cocaine~-primed reinstaternent (10mg/kg cocaine, 1.p.) 2 weeks (B) or four weeks (C) after
cell adnuristration, in rats given vehicle (left bar) or ASC 1cv. (muddle bar) or 1n (right bar).
Values are presented as mean + SEM. Horizontal axis indicates study day numbers, which were

assigned only on days when animals received fraining sessions.

Figs. 12A-B are graphs showing presses of active {cocaine-supplying) and nactive levers
{per hour; vertical axis) in rats addicted to cocaine and administered maternal (A) or fetal (B) ASC
at the begimning of the extinction period. N=6, 9, and 8 i placebo, maternal, and fetal groups.
Horizontal axis indicates study day numbers, which were assigned only on days when animals
received training sessions. Values are presented as mean + SEM. C-D are bar graphs showing
active lever presses during the first day of extinction {C) and induction of relapse (B) . For C, bars
from left show addicted/untreated, fetal-treated, maternal-treated, and sham groups. For B, bars

from left show addicted/untreated, maternal-treated, fetal-treated, and sham groups.

FIG. 13 15 a graph showing BDNF mRNA expression levels relative to control {vertical

axis) in the DG in ASC-treated rats.

Figs. 14A-B are graphs showing relative expression levels (vertical axis) of miR484 (A)
and muR124 (B) in DG in placental ASC-treated rats, after removal of bramns from animals
{performed after the relapse session -12 days after ASC administration) € shows correlation of
miR484 levels in DG with craving levels (P=0.0119; r=0.7230). B shows correlation of miR484
in the DG and miR124 levels in the NAc in maternal ASC-treated rats {(P= 0.0050, r = 0.9419).

Figs. 15A-B are graphs showing relative expression levels {vertical axis) of miR484 (A)
and muR124 (B) in NAc in placental ASC-treated rats after the relapse session. C-B show
correlation of miR484 (C) and nuR124 (B} levels in the NAc with craving levels. For C, P=

0.0006, and r = -0.9592 For b, P=0.0171, and r = -0.8434
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Fi(s, 16 shows miRNA (miR) expression in VTA of addicted rats (“treated rats”} compared
to sham-operated (“untreated”) rats. A 1s a scatter plot depicting the expression profile of 423
miRNAs obtained by Nanostring nCounter analysis system. Fach dot represents the fold-change
m the expression of a certain miRINA in treated vs. untreated rats. B shows 12 nuRNAs out of the
423 miRNA presented in A, which showed a statistically significant change (p<0.05) in expression
levels in treated vs. untreated rats (n=6). In A-B, positive and negative values represent an increase
or decrease (respectively) in the expression level in treated vs. untreated rats. Abbreviations: FC
{(fold-change); 484 (rno-miR-484); 71 (rno-let-71); 3583 (rno-muR-3583-3p}); 30a (rno-miR-~30a);
490 (rno-miR-490); 451 (mo-nuR-451); 139 (rmo-miR-139-3p); 103 (rno-miR-103); 378 (mo-
miR-378); 16 (mo-nuR-16); 21 (rmo-rmiR-~16); 325 (rno-ouR-325-5p).

DETAILED DESCRIPTION

Before explaining at least one embodiment of the invention 1n detail, 1t 15 to be understood
that the mvention i1s not limited in its application to the details set forth i the following description
or exemplified by the Examples. The invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, 1t 1s 1o be understood that the phraseology and
terminology emploved herem 15 for the purpose of description and should not be regarded as

fimiting,

Aspects of the mvention relate to methods and compositions that comprise adherent
stromal cells {ASC). In some embodiments, the ASC are derived from placenta. In other
embodiments, the ASC are derived from non-placental tissue, which may be e.g. adipose tissue,
bone marrow {BM), or other tissues. Alternatively or in addition, the ASC may be human ASC, or

in other embodiments animal ASC.

In some embodiments, there 15 provided a method of treating an addiction m a subject in
need thereof, comprising the step of administering to the subject a pharmaceutical composition
comprising ASC, thereby treating an addiction.

In other embodiments, there 15 provided a method of imhibiting relapse of an addiction in a
subject in need thereof, comprising the step of administering to the subject a pharmaceutical

composition comprising ASC, thereby mhibiting relapse of an addiction.
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In other embodiments, there 1s provided a method of treating a substance addiction in a
subject in need thereof, comprising the step of administering to the subject a pharmaceutical

composition comprising ASC, thereby treating substance addiction.

In other embodiments, there is provided a method of reducing a substance craving 1n a
subject in need thereof, comprising the step of administering to the subject a pharmaceutical

composition comprising ASC, thereby reducing substance craving.

Also provided herein is a method of treating an addiction m a subject in need thereof,
comprising: adnunistering to the subject a pharmaceutical composition, comprising placental
ASC, thereby treating an addiction. In various embodiments, the ASC may be maternal, fetal, ora

mixture thereof

Provided herein, in other embodiments, 1s a method of treating an addiction in a subject in
need thereof, comprising: administerimg to the subject a pharmaceutical composition, comprising
ASC not derived from placental tissue, thereby treating an addiction. In various embodiments, the

ASC may be derived from adipose tissue, BM, or another tissue, e.g a tissue mentioned herein.

Also provided herein are placental ASCs for use in a method of treating addiction, said
method comprising adnunistering a pharmaceutical composition, comprising placental ASC. In

various embodiments, the ASC may be maternal, fetal, or a mixture thereof

Also provided herein are non-placental ASCs for use in a method of treating addiction, said
method comprising administering a pharmaceutical composition, comprising non-placental ASC.
In various embodiments, the ASC may be derived from adipose tissue, BM, or another tissue, e.g.

a tissue mentioned herein,

Also provided herein are allogeneic placental ASCs for use in a method of treating
addiction, said method comprising the steps of (a) admnisterng a first pharmaceutical
composttion, comprising allogeneic placental ASC from a first donor; and subsequently (b)
admunistering a second pharmaceutical composition comprising allogeneic placental ASC from a
second donor, wherein the second donor differs from the first donor in at least one allele group of
HLA-A or HLA-B; wherein the administrations are separated in time from each other by at least
7 days; and wherein the ASC secrete 3 neurotrophic and/or neuroprotective factor. In various

embodiments, the ASC may be maternal, fetal, or a mixture thereof.
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Also provided herein are allogeneic non-placental ASCs for use in a method of treating
addiction, said method comprising the steps oft (a) admunistering a first pharmaceutical
composttion, comprising allogeneic ASC from a first donor; and subsequently (b} administering a
second pharmaceutical composition comprising allogeneic ASC from a second donor, wherein the
second donor differs from the first donor in at least one allele group of HLA-A or HLA-B; wherein
the administrations are separated in time from each other by at least 7 days; and wherein the ASC
secrete a neurotrophic and/or neuroprotective factor. In various embodiments, the ASC may be

derived from adipose tissue, BM, or another tissue, e.g. a tissue mentioned herein.

In certain embodiments, the described first ASC population and second ASC population
are derived from the same tissue, which may be, in some embodiments, adipose tissue, or, in other

embodiments, bone marrow. In still other embodiments, the tissue is another source of ASC.

Allogeneic, as used herein {except where indicated otherwise), refers to a biological
material {e.g. ASC) not derived from, and not syngeneic with, the subject being treated. Typically,

allogeneic ASC are neither syngeneic nor haploidentical with the subject.

In certain embodiments, the described allogeneic ASC from the furst donor and the second
donor (also referred to herein as “fust ASC population” and “second ASC population”,
respectively) are derived from the same tissue, which may be, in some embodiments, placenta. In
other embodiments, the tissue 1s adipose, or 1s bone marrow. In still other embodiments, the tissue

i5 another source of ASC.

Alternatively or i addition, the first ASC population and second ASC population extubit
common characteristics. In some embodiments, the common characteristics relate to the cells’
therapeutic potential. Certain embodiments of sach common characteristics are described herem.
In other embodiments, the common characteristic is selected from population doubling time (PBL;
this parameter may be derived from population doubling level) and glucose consumption rate
{GCR), or in other embodiments ts a combination thereof. In certain embodiments, the PDL and/or
GCR are measured in bioreactor culture in 3D fibrous carriers, e.g. as described herein in Example
4, following cell expansion as described in Example 1, or in other embodiments, m Examples 2-3.
In certain embodiments, the 2 populations are within 2 fold of each other for GCR on day S of

bioreactor culture. In other embodiments, the GCR s measured on day 3, day 4, or day 6.
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Alternatively or in addition, the 2 populations are within 1.5 fold, within 3 fold, or within 5 fold

of each other for the specified parameter.

Reference to ASC “from” or “derived from” a donor is intended to encompass cells
removed from or otherwise obtained from the donor, followed by optional steps of ex-vivo cell
culture, expansion, and/or other freatments to improve the therapeutic efficacy of the cells; and/or
combination with pharmaceutical excipients. Those skilled in the art will appreciate that the
aforementioned optional steps will not alter the HLA genotype of the ASC, absent intentional
modification of the HLA genotype (eg. using CRISPR-mediating editing or the hke). Cell
populations with an intentionally moditied HLA genotype are not intended to be encompassed.
ASC populations that contain a mixture cells from more than one donor are also not intended to

be encompassed.

As will be appreciated by those skilled in the art, the HLA system or complex is a gene
complex encoding the major histocompatibility complex (MHC) proteins in humans. These cell-
surface proteins are mmvolved in regulation of the immune system in humans. The HLA gene
complex resides on a 3-Mbp stretch within chromosome 6p21. HL A genes are highly polymorphic.
HIL As encoding MHC class 1 proteins (“class T HLLA’S™) present peptides from mnside the cell,

while class IT HLA’s present external peptides.

There are 3 major MHC class T genes, HLA-A, HLA-B, and HLA-C; and 3 minor class 1
genes, HLA-E, HLA-F and HLA-G. B2-microglobulin binds with major and minor gene subunits

to produce a heterodimer.

There are 3 major {DP, DQ and DR} and 2 munor (BM and DO} MHC class 1T proteins
encoded by the HLA. The class I MHC proteins combine to form heterodimeric (aff) protein

receptors that are typically expressed on the surface of antigen-presenting cells.

HILA alleles are often named according to a multi-partite system, where the letter prefix
{e.g. “HLA-A") denotes the locus, followed by an asterisk, followed by the “allele group”™ number,
followed by the specific HLA protein number, followed by a number used to denote silent DNA
mutations i a coding region, followed by, lastly, a number used to denote DNA mutations i a
non-coding region (Robinson J et al). Typically, the allele group corresponds to the encoded
serological antigen, while specific HLA proteins within an allele group exhibit relatively minor

antigenic differences. For example, in the hypothetical aliele “HLA-A*02:07.01.03”, the allele
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group number 1s 02; 07 15 the specific HLA protein number; 01 describes a pattern of silent DNA
mutations in the coding regions; and 03 describes a pattern of DNA mutations in non-coding
regions. “Mutations” in this regard refers to variations relative to the founder (initially identified)

allele in the allele group.

HLA typing at each locus, may be, in some embodiments, low resolution, or “first-level
field” typing, by reference to the two digits preceding the first separator, or antigen level typing,
e.g. A*02 m the above example. In various other embodiments, the typing s at “intermediate-
level” resolution, 1e. second-level field, e.g. HLA-A*02:07, or in other embodiments, third-level
field, e.g. HLA~-A*02:07:01. In other embodiments, the typing s “allele level typing”, using all

digits 10 the first, second, third and fourth fields, e g. HLA-A*02:07:01:03.

Allele groups are clustered into “supertypes” which have similar peptide binding
reperioires. Examples of HLA-A supertypes are 1, 2, 3, and 24, and examples of HLA-B
supertypes are 7, 27, 44, 58, and 62.

Reference to a second donor “differ/differs/differing” from a first donor m at least one
allele group of HLLA-A or HLA-B denotes that the DNA of the second donor comprises at least
one HLA-A or HLA-B allele belonging to an allele group not represented in the alleles of the first
donor. {Typically [except in the case of a homozygous first donor], the DNA of the first donor will
also comprise at least one HLA-A or HLA-B allele belonging to an allele group not represented in
the alleles of the second donor). Similarly, a second donor “differs from™ a first donor n at least
one allele supertype if the DNA of the second donor comprises at least one HLA-A or HLA-B
allele belonging to a supertype not represented m the alleles of the first donor. These terms are

mtended to be used analogously in various contexts herein, except where indicated otherwise.

In other embodiments, the second donor in the described therapeutic methods and
composttions differs from the first donor in at least one allele group of HLA-A. In suill other

embodiments, the second donor differs from the first donor in at least one aliele group of HLA-B.

In vet other embodiments, the second donor differs from the first donor 1 at least two
HLA-A allele groups of or, 1n other embodiments, in at least 2 HLA-B allele groups; or, in other

embodiments, at least one allele group of each of HLA-A and HLA-B.
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In other embodiments, the second donor differs from the first donor in at least one HLA-A

allele supertype or, in other embodiments, at least one HLA-B allele supertype.

In stll other embodiments, the second donor differs from the first donor in at least two
allele supertypes of HLA-A or HLA-B, which may be, in more specific embodiments, an HLA-A

allele supertype, an HLA-B allele supertype, or a combination thereof

Alternatively or in addition, the second donor differs from the first donor in at least one

allele group of HLA-DR, or in other embodiments, in 2 HLA-DR allele groups.

Step b} of the described method (administering a second pharmaceutical composition
comprising allogeneic ASC from a second donor) 1s, in various embodiments, performed between
2-52 weeks. In other embodiments, step b) is performed between 3-32, 4-26, 5-26, 6-20, 6-18, 6-

15, 6-10, 3-20, 3-15, 3-10, 4-12, 4-20, 5-18, 6-16, 8-16, 10-16, or 8-12 weeks after step a).

Alternatively or in addition, step b} of the described methods is followed by an additional
step, comprising the step of administering to the subject, at least 7 days after step b), a third
pharmaceutical composition comprising allogeneic ASC derived from a third donor, wherein the
third donor differs from both the first donor and the second donor 1n at least one allele group of
HLA-A or HLA-B (1.e has an allele group not represented i either the first or second donor),
which 18, 1 various embodiments, an allele of HLA-A or HLA-B. In other embodiments, the thurd
donor differs from both the first donor and the second donor in at least two allele groups of HLA-
A or HLA-B, which are, in various embodiments, an allele of HLA-A, HLA-B, or a combination

thereof.

The aforementioned addiction, 1s, in some embodiments, an addiction to a psychostimulant.
In certain embodiments, the psychostinmilant 1s a sympathomimetic, 1.e. a substance that stimuldates
the sympathetic branch of the autonomic nervous system. In other embodiments, the
psychostimulant is a Dopamine Reuptake Inhibitor (BRI), non-limiting embodiments of which
mclude cocaine, methamphetamine, amphetamine, and methylphenidate. In still other
embodiments, the psychostimulant 135 selected from the group consisting  of
methylenedioxymethamphetamine {“ecstasy”), N-methylamphetamine, crystal N-
methylamphetamine, phenvlethylamine, dexamphetamine, phentermine,

paramethoxyamphetamine, cocaing, and crack cocaine.
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In other embodiments, the addiction is to a depressant. Non-limiting examples of
depressants are opiates, opioids, alcohol, barbiturates, tranquilizers and benzodiazepines. In other
embodiments, the depressant is selected from cannabis, GHB, heroin, morphine, codeine,

methadone, buprenorphine, pethidine, dilaudid, and kapanol.

In still other embodiments, the addiction is to a hallucinogen. In other embodiments, the
addiction 1s to a psychedelic compound, non-limiting examples of which are dimethyltryptamine
(DMT), Ayvahuasca, Psilocybin, Mescaline, and D-lysergic acid diethylanude (LSD). In still other
embodiments, the addiction 15 to a dissociative compound, non-limiting examples of which are
ketamine, methoxetamine (MXE), phencyclidine (PCP), and dextromethorphan (DXM). In yet
other embodiments, the addiction is to a delirtant compound, non-linuting examples of which are
[Atropa belladonna {(deadly mightshade), Brugmansia species {Angel's Trumpet), Datura
stramonium (Jimson weed), Hyoscyamus niger (henbane), Mandragora officinarum {mandrake},
and Myristica fragrans {nutmeg). In other embodiments, the hallucinogen s selected from LSD,

psilocybin, PCP (phencyclidine), ketamine, and mescaline,

Methods for assessing addiction are known in the art and are described herem (Examples),
Additional non-limiting methods are described, for example, in Waters RP1 er of. Such methods
utthize, in some embodiments, laboratory anumals (e.g. rats) to model cocaine addiction by
examining criteria of addiction-like behaviors, such as persistent seeking m the absence of drug,
high motivation for drug, and/or resistance to punishment during drug seeking, to detect subjects
that possess an addiction phenotype. Other methods may utilize using cerebral metabolic rate of
oxygen (CMRO) as a surrogate marker of aggregated neural activity, e.g. in human subjects (L
P et af). Still sther methods comprising measuring micro-RNA’s (miRNA’s) involved 1n addiction.
Non-himiting examples of such miRNA’s are miRNA-124 and muRNA-451, miRNA4S8S. In still
other embodiments, miRNA levels are measured in the brain, for example n neural regions of

interest, e.g. the dentate gyrus (D) and/or the Nucleus Accumbens.

Methods for measuring neuro-inflammation are known to those skilled 1n the art, and
mclude, for example, staining of microgha (Das M ef af) and various other methods described mn

Xiong Y et af, Nizamutdinov D et of, Hartl R er @, and the references cited therein.

In various embodiments, the ASC are administered to the subject within 1 hour, within 2

hours, within 3 hours, within 4 hours, within 6 hours, within 8 hours, within 10 hours, within 12
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hours, within 15 hours, within 18 hours, within 24 hours, within 30 hours, within 36 hours, within
48 hours, within 3 days, within 4 days, within S days, within 6 days, within 8 days, within 10 days,
within 12 days, or within 20 days of the last exposure to the addicting substance. In more specific
embodiments, the described compositions are administered 1-24, 2-24, 3-24, 4-24, 5-24, 6-24, §-
24,1024, 12-48, 1-48, 2-48, 3-48, 4-48, 5-48, 6-48, 8-48, 10-48, 12-48, 18-48, 24-48, 1-72, 2-72,
3-72, 4-72, 5-72, 6-72, §-72, 10-72, 12-72, 18-72, 24-72. or 36-72 hours after the last exposure to
the addicting substance In still other embodiments, the described compositions are administered

3-48, 4-48, 5-48, or 6-48 hours after the last exposure to the addicting substance.

In various embodiments, the described cells are able to exert the described therapeutic
effects, each of which is considered a separate embodiment, with or without the cells themselves
engrafting in the host. For example, the cells may, in various embodiments, be able to exert a
therapeutic effect, without themselves surviving for more than 3 days, more than 4 days, more than
5 days, more than ¢ days, more than 7 days, more than 8 days, more than 9 days, more than 10
days, more than 14 days, more than 20 days, more than 30 days, more than 40 days, more than 50

days, or more than 60 days after admuustration.

Those skilled n the art will appreciate that cocaine mncreases neuroinflammation n the
nucleus accurnbens (NAc) and the ventral tegmental area (VTA}, (Vallender EJ er &f). In certan
embodiments, treatment with the described ASC results in reduced neuromnflammation levels
the NAc, or m other embodiments i the VTA, or in other embodiments in both regions, m rats
subjected to cocame addiction and cocame-primed remnstatement as described in Example 11, In
certain embodiments, the neuroinflammation levels are reduced such that they are not significantly
different from levels observed in control rats not subjected to cocamne-primed remstatement. In
various embodiments, the aforementioned inflammation levels are obiained 1 week, 2 weeks, 3
weeks, 4 weeks, 6 weeks, 8 weeks, 12 weeks, 18 weeks, 24 weeks, 48 weeks, or 72 weeks after

treatment with the ASC.

Further, cocaine increases exiracellular levels of glutamate in vartous bramn regions,
mcluding the NAc (Berghind W er af), the VTA {Licata SC et af), and the hippocampus
{(Pomierny-Chamiolo L ef af). According to some embodiments, treatment with the described ASC
results in glutamate levels in the NAg, or in other embodiments in the VTA, or in other

embodiments in both regions, or in other embodiments in the dorsal and/or ventral hippocampus,
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prefrontal cortex, striatum, dentate gyrus, or central amigdala, that are 50%, within 40%, within
30%, within 20%, or within 10% of normal levels, in rats subjected to cocaine addiction and
cocaine-primed reinstatement as described i Example 11. Each brain region, each level of
modulation, and each combination thereof represents a separate embodiment. In various
embodiments, the aforementioned glutamate levels are obtained 1 week, 2 weeks, 3 weeks, 4
weeks, 6 weeks, 8 weeks, 12 weeks, 18 weeks, 24 weeks, 48 weeks, or 72 weeks after treatment

with the ASC.

ASC and sources thereof

In certain embodiments, the described ASC are mesenchymal stromal cells (MSC). These
cells may, in some embodiments, be isolated from bone marrow. In further embodiments, the cells
are human MSC as defined by The Mesenchymal and Tissue Stem Cell Committee of the
International Society for Cellular Therapy (Dominici et al, 2006), based on the following 3 critenia:
1. Plastic-adherence when maintained in standard culture conditions (o minimal essential medium
plus 20% fetal bovine serum (FBS)). 2. Expression of the surface molecules CD105, CD73 and
CD90, and lack of expression of CD45, CD34, CD14 or CD1b, CD7% or CD19 and HLA-DR.

3. Ability to differentiate mto ostesblasts, adipocytes and chondroblasts in virre.

In certamn embodiments, the described MSCs are multipotent stromal cells that can
differentiate into a variety of cell types, including: osteoblasts, chondrocytes, myocytes, adipocytes
and neuronal-like cells. In vifro differentiation into different types of cells can be achieved by
culturing the stem cells with specific growth factors and medium supplements known to induce
the desired phenotype. In other embodiments, MSCs are characterized by their potential to mmduce
cell proliferation and tissue development. For example, MSCs possess neurogenic potential
through the secretion of growth factors that induce the formation of neurospheres. According to a
specific embodiment, the differentiated mesenchymal stem cells (MSCs) are neuronal-

differentiated mesenchymal stem cells {nMSCs).

In other embodiments, the described ASC are placenta-derived. Except where indicated
otherwise herein, the terms “placenta”, “placental tissue”, and the like refer to any portion of the
placenta. Placenta-derived adherent cells may be obtained, 1 various embodiments, from erther
fetal or, in other embodiments, maternal regions of the placenta, or in other embodiments, from

both regions. More specific embodiments of maternal sources are the decidua basalis and the
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decidua parietalis. More specific embodiments of fetal sources are the amnion, the chorion, and
the villi. In certain embodiments, tissue specimens are washed in a physiological buffer [e g,
phosphate-buffered saline (PBS) or Hank’s buffer] In certain embodiments, the placental tissue
from which cells are harvested includes at least one of the chorionic and decidua regions of the
placenta, or, n still other embodiments, both the chorionic and decidua regions of the placenta.
More specific embodiments of chorionic regions are chorionic mesenchymal and chorionic
trophoblastic tissue. More specific embodiments of decidua are decidua basalis, decidua

capsularis, and decidua panetalis.

Single-~cell suspensions can be made, in other embodiments, by treating the tissue with a
digestive enzyme (see below) or/and physical disruption, a non-hmiting example of which is
nuncing and flushing the tissue parts through a nylon filter or by gentle pipetting (e.g. Falcon,
Becton, Dickinson, San Jose, CA) with washing medium. In some embodiments, the tissue

treatment includes use of a DNAse, a non-limiting example of which 15 Benzonase from Merck.

Placental cells may be obtained, in various embodiments, from a full-term or pre-term
placenta. In some embodiments, the placental tissue 1s optionally minced, followed by enzymatic
digestion. Optionally, restdual blood 15 removed from the placenta before cell harvest. This may
be done by a variety of methods known to those skilled 1n the art, for example by perfusion. The
term “perfuse” or “perfusion” as used herein refers to the act of pouring or passaging a fluid over
or through an organ or tissue. In certain embodiments, the placental tissue may be from any
mammal, while mn other embodiments, the placental tissue 15 human. A convenient source of
placental tissue 1s a post-partum placenta {e.g., less than 10 hours after birth), however, a variety
of sources of placental tissue or cells may be contemplated by the skilled person. In other
embodiments, the placenta is used within 8 hours, within 6 hours, within 5 hours, within 4 hours,
within 3 hours, within 2 hours, or within 1 hour of birth. In certain embodiments, the placenta 1s
kept chilled prior to harvest of the cells. In other embodiments, prepartum placental tissue is used.
Such tissue may be obtained, for example, from a chorionic villus sampling or by other methods
known 1n the art. Once placental cells are obtained, they are, in certain embodiments, allowed to
adhere to an adherent material (e.g., configured as a surface} to thereby isolate adherent cells. In
some embodiments, the donor 1s 35 years old or younger, while in other embodiments, the donor

may be any woman of childbearing age.
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Placenta-derived celis can be propagated, in some embodiments, by using a combination
of 2D and 3D culturing conditions. Conditions for propagating adherent cells in 2D and 3D culture

are further described hereinbelow and in the Examples section which follows.

Those skilled in the art will appreciate in light of the present disclosure that cells may be,
in some embodiments, extracted from a tissue {(e.g. placenta, BM, or adipose), for example using
physical and/or enzymatic tissue disruption, followed by marker-based cell sorting, and then may

be subjected to the culturing methods described herein.

In still other embodiments, the cells are a placental cell population that 15 a mixture of fetal-
derived placental ASC (also referred to herein as “fetal ASC” or “fetal cells”) and maternal-derived
placental ASC (also referred to herein as “maternal ASC” or “maternal cells”) and contains
predominantly maternal cells. In more specific embodiments, the mixture contains at least 80%, at
feast 81%, at least 82%, at least 83%, at least R4%, at least §5%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least ©1%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%4, at least 99%, at least 99.1%, at least 99.2%, at least 99.3%,
at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, at least
99.92%, at least 99.95%, at least 99.96%, at Jeast 99.97%., at least 99.98%, or at least 99.99%
maternal cells, or contams between 90-99%, 91-99%, 92-99%, 93-99%, 94-99%, 95-99%, 96-
99%, 97-99%, 98-99%, 90-99.5%, 91-99.5%, 92-99.5%, 93-99.5%, 94-99.5%, 95-99.5%, 96-
99.5%, 97-99.5%, 98-99 5%, 90-99.9%, 91-99.9%, 92-99.9%, 93-99.9%, 94-99.9%, 85-99.9%,
96-99.9%, 97-99.9%, 98-99.9%, 99-99.9%, 99.2-99.9%, 99.5-89.9%;, 99.6-99.9%, 99.7-99.9%, or

99 8-99 9% maternal cells.

Predomunantly or completely maternal cell preparations may be obtained by methods
known to those skilled in the art, including the protocol detailed in Example T and the protocols
detatled in PCT Publ. Nos. WO 2007/108003, WG 2009/037690, WO 2009/144720, WO
2010/026575, WQ 2011/064669, and WO 2011/132087. The contents of each of these publications
are incorporated herein by reference. Predomunantly or completely fetal cell preparations may be
obtained by methods known to those skilled in the art, including selecting fetal cells via thewr

markers (e.g. a Y chromosome in the case of a male fetus).

In other embodiments, the cells are a placental cell population that does not contain a

detectable amount of maternal cells and is thus entirely fetal cells. A detectable amount refers to
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an amount of cells detectable by FACS, using markers or combinations of markers present on
maternal cells but not fetal cells, as described herein. In certain embodiments, “a detectable
amount” may refer to at least 0.1%, at least 0.2%, at least 0.3%, at least 0.4%, at least 0.5%, at

least 0.6%, at least 0.7%, at least 0.8%, at least 0.9%, or at least 1%.

In still other embodiments, the preparation is a placental cell population that i1s a mixture
of fetal and maternal cells and s enriched for fetal cells. In more specific embodiments, the mixture
contains at least 70% fetal cells. In more specific embodiments, at least about 30%, 35%, 40%,
45%, 50%, 35%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% of the
cells are fetal cells. Expression of C13200, as measured by flow cytometry, using an isotype control
to define negative expression, can be used as a marker of fetal cells under some conditions. In yet
other embodiments, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 92%, at least 95%, at least 96%, at least 97%, at least 98%%, at least 99%,

at Jeast 99.5%, at least 99.7%, or at least 99.9% of the described cells are fetal cells.

In more specific embodiments, the mixture contains 20-80% fetal cells; 30-80% fetal cells;
40-80% fetal cells; 50-80% fetal cells; 60-80% fetal cells; 20-90% fetal cells; 30-90% fetal cells;
40-90% fetal cells; 50-90% fetal cells; 60-90% fetal cells; 20-80% maternal cells; 30-80%
maternal cells; 40-B0% maternal cells; 50-80% maternal cells; 60-80% maternal cells; 20-90%
maternal cells; 30-90% maternal cells; 40-90% maternal cells; 50-90% maternal cells; or 60-90%

maternal cells,

As used herein, the phrase “adipose tissue” refers to a connective tissue which comprises
fat cells (adipocytes). Those skilled in the art will appreciate that adipose tissue-derived ASC may
be extracted, 1n vanous embodiments, by a variety of methods known to those skilled in the art,
for example those described in 1S, Pat. No. 6,153,432, which 1s incorporated herein by reference.
The adipose fissue may be derived, n other embodiments, from omental/visceral, mammary,
gonadal, or other adipose tissue sites. In some embodiments, the adipose can be isolated by
liposuction. In other embodiments, ASC may be derived from adipose tissue by treating the tissue
with a digestive enzyme {(non-limiting examples of which are collagenase, trypsin, dispase,
hyaluronidase or DBNAse); and ethylenediaminetetra-acetic acid (EDTA). The cells may be, in
some embodiments, subjected to physical disruption, for example using a nylon or cheesecloth

mesh filter. In other embodiments, the cells are subjected to differential centrifugation directly in
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media or over a Ficoll or Percoll or other particulate gradient (see U.S8. Pat. No. 7,078,230, which
1s incorporated herein by reference). As provided herein, neuronal differentiation of adipose cells
can be achieved. Those skilled in the art will appreciate that neuronal differentiation can be assaved
e.g. by treatment for 3 weeks with a solution containing DMEM/Opti-MEM supplemented with
F12 and B27 (5%, basic fibroblast growth factor (FGFb, 50 ng/ml}, sonic hedgehog (SHH, 250

ng/ml}) and epidermal growth factor (EGF, 50 ng/ml)}.

In still other embodiments, the ASC are derived from BM. Those skilled in the art will
appreciate that BM-ASC can be obtained by Ficoli® extraction to remove red blood cells. During
this process, fresh BM 1s diluted 5:14 n isolation butfer (PBS+2% FBS+2 mM EDTA) and spun
down at 300 x g for 30 nunutes. The interface layer containing the mononuclear cells 1s then
removed and resuspended 1in 40 ml cold 1solation buffer, which is then centrifuged again at 300 x
¢ for 10 minutes. The resulting cells are then optionally resuspended in expansion medium and
plated on a tissue culture apparatus. As provided herein, factors secreted by BM-MSC are able to
support neurgssphere development i a rat neonatal cortical cell culture. Those skilled in the art
will appreciate that support of neurosphere development can be assaved e.g. by production of
MSC-CM {e.g. 10 serum-free high glucose DMEM) for 24 hours, and use of the filtered CM
supplemented with 1% B27 supplement (Invitrogen, Carisbad, CA, USA) to stimulate

hippocampal neurogenesis

In yet other embodiments, the ASC are denved from peripheral blood; embilical cord
blood; synovial fluid; synovial membranes; spleen; thymus; mucosa (for example nasal mucosa},
limbal stroma; ligaments, for example the periodontal ligament; scalp; haw follicles, testicles;
embryonic yolk sac; and amniotic fluid. In some embodiments, the ASC are human ASC, while in

other embodiments, they may be animal ASC.

In a further aspect of the present ivention, the placental ASC, or 1n other embodiments
MSC, are loaded with gold nanoparticles (GNPs), which allow, in some embodiments, non-
mvasive, real-time tracking of the cells in the brain. According to one embodiment, the GNPs carry
at least one therapeutic compound. In more specific embodiments, the compound is locally
released n a controlled release manner, e.g. in specific regions of the bramn, e.g. any of the regions

mentioned herein.
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In another embodiment, the described cell population has been produced by expanding a
population of ASC in a medium that contains less than 5% animal serum. In certain embodiments,
the aforementioned medium contains less than 4% animal serum; less than 3% animal serum; less
than 2% animal serumy; less than 1% animal serum; less than 0.5% animal serum; less than 0.3%
antmal serum; less than $.2% amumal serumy or less than 0.1% ammal serum. In other
embodiments, the medium does not contain anumal serum. In other embodiments, the mediumisa
defined medium to which no serum has been added. Low-serum and serum-free media are

collectively referred to as “serum-deficient medium/media”.

Those skilled in the art will appreciate that reference herein to arumal serum includes serum
from a variety of species, provided that the serum stimulates expansion of the ASC population. In
certain embodiments, the serum 15 mamumalian serum, non-lhimiting examples of which are human
serum, bovine serum {e.g. fetal bovine serum and calf bovine serum), equine serum, goat serum,

and porcine serum.

In certain embodiments, the serum-deficient medium 15 supplemented with factors
intended to stimulate cell expansion in the absence of serum. Such medium 15 referred to herein as
serum-replacement medium or SRM, and its use, for example o cell culture and expansion, 1s

known n the art, and 1s described, for example, in Kinzebach ef af.

In other embodiments, the serum-deficient medium contams one or more growth factors.
In certain embodiments, the growth factors, mndividually or, m other embodiments collectively,
mduce cell expansion m culture. In other embodiments, the growth factors, individually or, in other

embodiments collectively, mduce cell expansion in culture without differentiation.

In more specific embodiments, the factor(s) contained 1n the SRM 15 selected from a FGF,
TGF-beta {(Uniprot accession no. POLI37}, transferrin {e.g serotransferrin or lactotransferring
Uniprot accession nos. P02787 and P02788), wsulin (Umprot accession no. PO1308), EGF
{epidermal growth factor; Uniprot accession no. P01133), and/or PDGF {platelet-derived growth
factor, including any combination of subunits A and B; Uniprot accession nos. P04085 and
P0O1127}, each of which represents a separate embodiment. A non-limiting example of PDGF 15

PDGF-BB.

Except where indicated otherwise, reference herein to a protein mcludes all its isoforms

functional fragments thereof, and mimetics thereof. Such reference also includes homologues from
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a variety of species, provided that the protein acts on the target cells in a similar fashion to the
homologue from the same species as the target cells. For example, if human cells are being
expanded, reference to bFGF would also include any non-human bFGF that stimulates
proliferation of human cells. Those skilled in the art will appreciate that, even in the case of human
cells, the aforementioned proteins need not be human proteins, since many non-human (e.g.
animal) proteins are active on human cells. Similarly, the use of moditied proteins that have similar

activity to the native forms falls within the scope of the described methods and compositions.

The FGF (fibroblast growth factor) farnly includes a number of proteins that are described
in Imamura. A non-limiting example 15 bFGF (Uniprot accession no. PO9038; accessed on May

22, 2017).

In other embodiments, the SRM comprises an FGF and TGF-beta. In still other
embodiments, the medium comprises an FGF, TGF-beta, and PDGF. In more specific
embodiments, the medium further comprises transferrin, msulin, or both transferrin and msulin,

Alternatively or in addition, the medium further comprises oleic acid.

In still other embodiments, the SRM comprises an FGF and EGF. In still other

embodiments, the medium further comprises transferrin, insulin, or both transferrin and insulin.

SRM formulations include MSC Nutristem® XF (Biological Industries); Stempro® SFM
and Stempro® SFM-XF (Thermo Fisher Scientific); PPRF-rosc6; D-hESF10; TheraPEAK™
MSCGM-CDTM (Lonza, cat. no. 190632}, and MesenCult-XF (Stem Cell Technologies, cat. no.
5429). The StemPro® media contain PDGF-BB, bFGF, and TGF-B, and wsulin {Chase ez af). The
composition of PPRF-msc6 1s described in US 2010/0015710, which is mncorporated herein by
reference. D-hESF10 contains msulin (10 micrograms per mulliliter {also referred to as meg/mli});
transferrin (5 meg/ml}; oleic acid conjugated with bovine albunun (9.4 mceg/mly;, FGF-2 (also
referred to as bFGF basic fibroblast growth factor) (10 ng/mi}; and TGF-B1 {5 ng/ml), as well as

heparin (I mg/ml) and standard medium components (Mimura et al).

As provided herein, ASC were expanded in Stempro® SFM-XF. MSC Nutristem® XF was
also tested and vielded similar results. Additionally, an n-house medium was produced and tested,
containing DMEM/F-12 supplemented with 50 ng/ml PDGF-BB, 15 ng/ml bFGF, and 2 ng/ml
TGF-B. Thus medium yielded similar results to Stempro® SFM-XF. DMEM/F-12 15 a known basal

medium, avatlable commercially from Thermo Fisher Scientific {cat. no. 10565018).
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Another SRM formulation s described in Rajaraman G ef af and contains FGF-2 (10
ng/ml); epidermal growth factor (EGF) (10 ng/ml); 0.5% BSA; Insulin (10 meg/ml); transferrin
(5.5 meg/mly; 6.7 ng/mL sodium selenite, sodium pyruvate {11 meg/mli); heparin (0.1 mg/ml); 10

nM linolenic acid.

In certain embodiments, the described SRM comprises FGF-2, TGF-B (TGF-B, including
all i1sotypes, for example TGFB1, TGFP2, and TGFR3), or a combmation thereof In other
embodiments, the SRM comprises bFGF, TGF-8, and PDGF. In still other emnbodiments, the SRM
comprises bFGF and TGF-B, and lacks PDGF-BB. Alternatively or in addition, insulin 1s also
present. In still other embodiments, an additional component selected from ascorbic acid,
hydrocortisone and fetuin 15 present; 2 components selected from ascorbic acid, hydrocortisone

and fetuin are present; or ascorbic acid, hydrocortisone and fetuin are all present.

In other embodiments, the described SRM comprises bFGF, TGF-B, and msulin. In
additional embodiments, a component selected from transferrin {5 meg/ml) and oleic acid are
present; or both transferrin and oleic acid are present. Oleic acid can be, in some embodiments,
conjugated with a protein, a non-limiting example of which 15 albumin. In some embodiments, the
SRM comprises 5-20 ng/ml bFGF, 2-10 ng/mi TGF-P, and 5-20 ng/ml msulin, or, in other
embodiments, 7-15 ng/ml bFGF, 3-8 ng/ml TGF-B, and 7-15 ng/ml msulin. In more specific
embodiments, a component selected from 2-10 meg/ml transferrin and 5-20 meg/ml oleic acid, or
in other embodiments, a component selected from 3-8 moeg/ml transferrin and 6-15 meg/ml oleic
acid, or in other embodiments the aforementioned amounts of both components (transferrin and

oleic acid) 1s/are also present.

In yet other embodiments, the described SRM comprises bFGF and EGF. In more specific
embodiments, the bFGF and EGF are present at concentrations independently selected from 5-40,
5.30, 5-25, 6-40, 6-30, 6-25, 7-40, 7-30, 7-25. 7-20. 8-, 817, 815, 8-13, 9-20, 9-17, 9-15, 10-15,
5-20, 5-10, 7-13, 8-12, 9-11, or 10 ng/ml. In certain embodiments, isulin; and/or transferrn is
also present. In more specific embodiments, the insulin and transferrin are present at respective
concentrations of 5-20 and 2-10; 6-18 and 3-8; or 8-15 and 4-7 mcg/ml. Alternatively or in
addition, the SRM further comprises an additional component selected from BSA, selenite {(e.g.
sodium selentte), pyruvate {e.g. sodium pyruvate), heparin, and linolenic acid In other

embodiments 2 or more, or in other embodiments 3 or more, in other embodiments 4 or more, or
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in other embodiments all 5 of BSA, selenite, pyruvate, heparin, and linolenic acid are present. In
more specific embodiments, the BSA selenite, pyruvate, heparin, and linolenic acid are present at
respective concentrations of 0.1-5%, 2-30 ng/mL, 5-25 meg/mli, 0.05-0.2 mg/mi, and 5-20 nM; or
in other embodiments at respective concentrations of 0.2-2%, 4-10 ng/mL, 7-17 mecg/ml, 0.07-0.15
mg/ml, and 7-15 oM; or 1 other embodiments the aforementioned amounts or 2 or more, or in
other embodunents 3 or more, i other embodiments 4 or more, or in other embodiments all § of

BSA, selenite, pyruvate, heparin, and linolenic acid are present.

In other embodiments, bFGF, where present, is present at a concentration of 1-40, 1-30, -
20, 2-40, 2-30, 2-20, 3-40, 3-30, 3-20, 3-15, 4-30, 4-20, 4-15, 5-30, 5-20, 5-15, 6-14, 7-14, 8-13,

8-12, 9-11, 9-12, about 10, or 10 nanograms per milliliter {(ng/ml}.

In other embodiments, EGF, where present, 15 present at a concentration of 1-40, 1-30, 1-
20, 2-40, 2-30, 2-20, 3-40, 3-30, 3-20, 3-15, 4-30, 4-20, 4-15, 5-30, 5-20, 5-15, 6-14, 7-14, 7-25,
7-22,8-25, 8-22,9-21, 10-20, 8-13, 8-12, 9-11, 9-12, about 10, or 10 ng/ml.

In other embodiments, TGF-B, where present, 15 present at a concentration of 1-25, 2-25,
325, 4-25, 5-25, 1-20, 1-15, 1-10, 1-8, 1-7, 1-6, 1-5, 2-20, 2-15, 2-10, 3-20, 3-15, 3-10, 3-8, 3-7,
4-8, 4-7, 4-6, 4.5-5.5, about 5, or 5 ng/ml.

In other embodiments, PDGF, where present, 15 present at a concentration of 1-50, 1-40,
1-30, 1-20, 1-15, 1-10, 1-8, 1-7, 1-6, 1-5, 1-4, 1-3, 1-2, 2-50, 2-40, 2-30, 2-20, 2-15, 2-10, 2-8, 2-
7,2-6, 2-5, 2-4, 3-50, 3-40, 3-30, 3-20, 3-15, 3-10, 3-8, 3-7, 3-6, 3-5, 3-4, 4-40, 4-30, 4-20, 5-40,
5-30, 5-20, 5-15, 5-12, 5-10, 10-20, 10-18, 10-16, or 10-185, 2-20, about 2, about 3, about 5, about
10, about 15, about 20, 2, 3, §, 10, 15, or 20 ng/mL.

In still other embodiments, the ASC are expanded m a multi-step process, mcluding the
steps of {a} mncubating a population of ASC 10 a serum-deficient medium, thereby obtaining a first
expanded cell population; and (b) mcubating the first expanded cell population v a second

medium, wheremn the second medium contains at least 10% animal serum.

The aforementioned second mediumn, i some embodiments, contains an amimal serum
content of 5-25%, 6-25%, 7-25%, 8-25%, 9-25%, 10-25%, 11-25%, 12-23%, 13-25%, 14-25%
15-25%, 10-24%, 10-23%, 10-22%, 10-21%, 10-20%, 11-19%, 12-18%, 13-17%, 16-24%, 17-

~

23%, or 18-22%. In other embodiments, the second medium contamns at least 11%, 12%, 13%,



WO 2019/021158 PCT/IB2018/055473
24

14%6, 15%, 16%, 17%, 18%, 19%, or 20% animal serum. In certain embodimenis, the second
medium does not contain added growth factors, other than those present in the animal serum added

thereto.

In still other embodiments, the described methods are preceded by an earlier step wherein
cells are cultured 1n serum-containing medium, prior to culturing in a serum-deficient medium.
The serum-containing medium can be, in certain embodiments, any standard growth medium.
Non-hmiting examples, for exemplary purposes only, are DMEM + 10% FBS and DMEM + 5%
human serum. A non-himiting example of these embodiments 1s use of standard growth medwum
to incubate and expand cells, for a limited number of passages {e.g. 1-3 passages, or in other
embodiments 2-10 doublings) following thewr extraction from the source tissue, followed by
expansion in serum-deficient medium, which is, in some emboduments, in turn followed by further
expansion in serum-containing medium. As provided herein, the mitial use of serum-containing
medium, for example after extraction, facilitates, mn some scenarios, mifial attachment and
expansion of cells after their extraction. In certain embodiments, the earlier step 1s performed on a

21 substrate.

In some embodiments, the step of incubating an ASC population 1 serum-~deficient
medium 1s performed on a 2D substrate; and at least a portion of the subsequent step (incubating
the expanded cell population 1 a serum-containing medium} 1s performed on a 3D substrate. In
certain embodiments, the 3D substrate is i a bioreactor. Alternatively or i addition, the 3D
substrate 1s a synthetic adherent material. These emnbodiments of methods may be freely combined
with any of the described embodiments of bioreactors, adberent materials, and/or 3D carriers and
substrates. In still other embodiments, the aforementioned subsequent step s mitiated on a 2D
substrate for a duration of at least 2, at least 3, at least 4, at least 5, at least 6, 2-10, 3-10, 4-10, 5-
10, 2-8, 3-8, 4-8, or 5-8 cell doublings, before performing additional expansion in a serum-
containing medium on a 3D substrate. The 2D substrate on which the subsequent step s initiated
may be the same or different from the 2D substrate on which the described earlier step was

performed, where applicable.

Use of induced ASC

In certain embodiments, the described ASC have been treated to make them suitable for

treating a neurological disease, for example a neurcdegenerative disease. Such treatment is
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referred to herein as “induction”, and the cells so treated as “induced” cells. As described herein,
induction can comprise, in various embodiments, expansion on a 3D substrate, incubation in
medium comprising induction agents, or a combination thereof In certain embodiments, the
induction results in secretion of increased amounts of neurotrophic and/or neuroprotective growth

factors.

Embodiments of induced ASC are described in PCT/IB2018/052806 (to Niva Shraga

Heled and Rachel Ofir), which is mcorporated herein 1 iis entirety.

As provided herein, ASC can be induced by incubation with medium comprising agents
that cause them to secrete neurotrophic and/or neuroprotective factors. Such additives may be
referred to herein as mduction agents, or simply “agents”. Examples of secreted factors are BDNF
{(brain derived neurotrophic factor; Uniprot Accession No. P23560), GDNF (ghal cell line derived
neurotrophic factor; Uniprot Accession No. P39905), bFGF (basic fibroblast growth factor;
Umiprot accession no. PO%038), NGF (nerve growth factor; Uniprot Accession No. POT138),
VEGF (vascular endothehal growth factor; Uniprot Accession No. P156), HGF (hepatocyte
growth factor; Uniprot Accession No. PO8581), and LIF (Leukenua iohibitory factor; Uniprot
Accession No. P15018). In certaimn embodiments, the secreted factors comprise one or more of
BDNF, GDNF, bFGF, NGF, VEGF, and HGF. Non-limiting examples of mnduction agents are
cocktails described herein, for example cocktaills contaiming heparin and cAMP. Uniprot
Accession Numbers n this paragraph were accessed on May 22, 2017

It 15 also provided herem that ASC can be activated by expansion on a 3D substrate, a non-
hmiting example of which 15 a carrier comprising a fibrous matrix. The expansion medium may
be any of the media described herein, each of which represents a separate embodiment of the

present invention,

Induction agenis

As a non-himiting example, ASC can be mduced by imcubation 1n a medium comprising
heparin and ¢cAMP or an analogue thereof. In certain embodiments, a cCAMP analogue described
herein 1s a cell-permeable cAMP analog, non-limiting examples of which are dibutyryl cyclic
AMP (dbcAMP), 6-Bnz-cAMP (e g. provided as a sodium salt} (Tocris Bioscience {Bristol, UK)],
cat. no. 5255}, cAMPS-8p, (e.g. provided as a triethylammonium salt) {Tocris, cat. no. 1333}, and

8-Bromo-cAMP, (e.g. provided as a sodium salt) (Tocris, cat. no. 1140). In some embodiments,
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the medium 1s serum-free. In other embodiments, the medium contains serum, which may be, in

more specific embodiments, at any of the concentrations mentioned herein.

In more specific embodiments, the concentration of heparin in the medium s 10-200, 10-
180, 10-160, 10-140, 10-120, 10-110, 10-100, 15-200, 15-180, 15-160, 15-140, 15-120, 15-110,
15-100, 20-200, 20-180, 20-160, 20-140, 20-120, 20-110, 20-100, 30-200, 30-180, 30-160, 30-
140, 30-120, 30-110, 30-100, 40-200, 40-180, 40-160, 40-140, 40-120, 40-110, 40-100, 50-200,
50-180, 50-160, 30-140, 50-120, 50-110, 50-100, 10-50, 15-30, 20-50, 25-50, 3G-50, 40-50, 20-
80, 25-75, 30-70, 35-75, 40-60, 45-55, 47-53, 48-52, 49-51, about 30, or 50 mcg/ml {micrograms

per mi}.

In other embodiments, the concentration of the described cAMP or analogue thereof in the
medium 1s S00-2500 meM {micromolar). In various other embodiments, it 1s 200-5000, 200-4000,
200-3000, 200-2500, 200-2000, 200-1500, 200-1200, 200-1000, 300-5000, 300-4000, 300-3000,
300-2300, 300-2000, 300-1500, 300-1200, 300-1000, 400-5000, 400-4000, 400-30G00, 400-2500,
400-2000, 400-1300, 400-1200, 400-1000, 500-5000, 500-40060, 500-3000, 500-2000, 500-1500,
500-1200, 500-1000, 600-3000, 600-4000, 600-3000, 600-2500, 600-2000, 600-1500, 600-1200,
600-1000, §00-3000, 300-4000, 800-3000, B00-2500, 800-2000, 800-13500, 800-1200, 800-1000,
1000-3000, 1000-4000, 1600-3000, 1000-2500, 1000-2000, 1600-1300, 1000~1200, 250-1000,
300-1600, 350-1000, 400-1000, 500-1000, 600-1000, 700-1000, 800-1000, 900-1000, 500-1300,
300-1800, 600-1400, 600-1800, 700-1300, 700-1400, 700-1500, 800-1200, 900-1100, 950-1050,
about 1000, or 1000 meM.

In still other embodiments, the medium comprises CAMP, or an analogue thereof, for
example dbcAMP, at a concentration of 500-2500 meM and heparin at a concentration of 10-200
meg/ml. In other embodiments, the respective concentrations of cAMP or an analogue thereof and
heparin are 600-2000 mceM and 20-150 meg/ml;, 700-1800 mcM and 25-140 meg/ml; 800-1600
mcM and 30-120 meg/mi; 800-1400 meM and 35-100 meg/mi; 866-1200 mceM and 35-80 meg/ml;
or 800-1200 mcM and 35-70 meg/ml.

In certain embodiments, the medium further comprises (in addition to heparin and cAMP
or an analogue thereof) one or more induction agents selected from basic fibroblast growth factor
{b-FGF, Uniprot Accession No. P0S038), PDGF (platelet-derived growth factor; Uniprot

Accession Nos. PO4085 [subunit A; exemplified heremn} and PO1127 {subunit BY); and Newrggulin
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{e.g. Neuregulin 1, non-himiting examples of which are the isoforms HRG-alpha, HRG-beta, HRG-
beta2, and HRG-gamma, and the sequences set forth in Uniprot Accession Nos. B7Z168 {or
Q7RTVE), Q7TRTW4, Q7TRTW3, ACA0240QY88, Q7RTWS, and BO9EKS1). (The Uniprot entries
m this paragraph were accessed on November 10, 2015). Alternatively or in addition, the medium
further comprises a component selected from (a) progesterone; and (b} a polyamine. In other
emboduments, the medium comprises both of aforementioned components {(a) and (b). In further
embodiments, the mediwum further comprises an additional component selected from (c)
transferrin, non-limiting examples of which are apo-transferrin and holo-transterrin; (d) msulin,
non-limiting examples of which are full chain 1osulin and truncated msulin; and (e) selenite. Non-
hmuting examples of polyamines are putrescine, spernudine, and spermine. In other embodiments,
the medium further comprises (in addition to 1 or, in ancther embodiment, both of components
{a}-{b}), 2 or more of aforementioned components {c}-(e). In still other emnbodiments, the mediom
further compnises all 3 or more of components (c)-(e}. In yet other embodiments, the medium
further comprises 2 or more of aforementioned components {a}-{e). In still other embodiments, the
medium further comprises 3 or more of components {a}-(e). In yet other embodiments, the medium
further coraprises 4 or more of components (a)-{¢). In further embodiments, the medium further

comprises all 5 of components {(a}-(e}.

Those skilled in the art will appreciate that the precise sequences of b-FGF, PDGF,
Neuregulin, and the other induction agents mentioned herein are not typically critical for carrying
out the described methods. Alternative isoforms, functional fragments thereof, mimetics thereof,
and proteins from non-human species are often suitable, provided that they exhibit biological

effects analogous to the active versions.

In more specific embodiments, the concentration of b-FGF 1n the medium s 5-100 ng/ml
(nanograms per milliliter). In various other embodiments, it is 2-100, 3-100, 7-100, 10-100, 15-
100, 20-100, 2-80, 3-80, 5-80, 7-80, 10-80, 15-80, 20-80, 2-50, 3-50, 5-50, 7-50, 10-50, 15-50, 20-
50, 2-35, 3-35, 5-35, 7-35, 10-35, 15-35, 20-35, 2-20, 3-20, 5-20, 7-20, 10-20, 15-20, 20-80, 20-
50, 20-40, 20-30, 10-30, 10-25, 15-30, 15-35, 15-25, 16-24, 17-23, 18-22, 19-21, about 20, or 20

ng/mi.

In still other embodiments, the medium comprises cAMP, or an analogue thereof, for

example dbcAMP, at a concentration of 500-2500 mcM; heparin at a concentration of 10-200
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meg/ml; and b-FGF at a concentration of 5-100 ng/ml In other embodiments, the respective
concentrations of cAMP or an analogue thereof, heparin, and b-FGF are 600-2000 meM, 20-150
mcg/ml, and 6-80 ng/ml; 700-1800 mcM, 25-140 mcg/ml, and 8-60 ng/ml; 800-1600 mcM, 30-
120 meg/mi, and 10-40 ng/ml; 800-1400 meM, 35-100 mcg/mi, and 12-35 ng/ml; 800-1200 mcM,

35-80 mcg/ml, and 14-30 ng/ml; or 800-1200 mcM, 35-70 meg/ml, and 16-25 ng/ml.

In more specific embodiments, the concentration of PDGF 15 1-20, 1-18, 1-16, 1-14, 1-12,
1-11, 1-10, 1.5-20, 1.5-18, 1 5-16, 1.5-14, 1.5-12, 1.5-11, 1.5-10, 2-20, 2-18, 2-16, 2-14, 2-12, 2-
11, 2-10, 3-20, 3-18, 3-16, 3-14, 3-12, 3-11, 3-10, 4-20, 4-18, 4-16, 4-14, 4-12, 4-11, 4-10, 5-20,
5.18, 5-16, 5-14, 5-12, 5-11, 5-10, 1-5, 1.5-5, 2-3, 2.5-5, 3-5, 4-5, 2-8, 2.5-7.5, 3-7, 3.5-7.5, 4-6,
4.5-55,47-53,4.8-52,49-5.1, about 5, or 5 ng/ml

In more specific embodiments, the concentration of Neuregulin 1s 10-200, 10-180, 10-160,
10-140, 10-120, 10-110, 10-100, 15-200, 15-180, 15-160, 15-140, 15-120, 15-110, 15-100, 20-
200, 20-180, 20160, 20-140, 20-120, 20-110, 20-100, 30-200, 30-180, 30-160, 30-140, 30-120,
30-110, 30-100, 40-200, 40-180, 40-160, 40-140, 40-120, 40-110, 40-100, 50-200, 50-180, 50-
160, 50-140, 50-120, 50-110, 50-100, 10-50, 15-50, 20-50, 25-50, 30-50, 40-50, 20-80, 25-75, 30-
70, 35-75, 40-60, 45-35, 47-53, 48-52, 49-51, about 50, or 50 ng/ml.

In still other emboduments, the medium further comprises (in addition to heparin and cAMP
or an analogue thereof) both (1} an induction agent selected from b-FGF, PDGF, and Newregulin
{each of which represents a separate embodiment); and (11} an additional component selected from:
{(a) progesterone; and (b} a polvamme. In other embodiments, the medium comprises both of
aforementioned components {a) and (b). In yet other embodiments, the medium further comprises
an additional component selected from (¢) transferrin, non-limiting examples of which are apo-
transferrin and holo transfernin; (d) insubin, non-himiting examples of which are full chain msulin
and truncated msulin, and {e} selenute. Non-hmuting examples of polyamines are putrescine,
spermiding, and spermine. In other embodiments, the medium forther comprises—in addition to a
component selected from b-FGF, PDGF, and Neuregulin; and 1 or, in another embodiment, both
of components (a)-{b}—2 or more of aforementioned components {c)-{e}). In still other
embodiments, the medium further comprises all 3 or more of components {c}-(e}. Non-limiting

examples of PDGF are PDGF-AA (exemplified herein), PDGF-BB, and PDGF-AB. In some
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embodiments, the medium is serum-free. In other embodiments, the medium contains serum,

which may be, in more specific embodiments, at any of the concentrations mentioned herein.

In yet other embodiments, the medium further comprises both (i) b-FGF, PDGF, or
Neuregulin; and (11} 2 or more of aforementioned components {a}-(e). In yet other embodiments,
the medium further comprises both b-FGF, PDGF, or Neuregulin; and 3 or more of components
{a)-(e}. In vet other embodiments, the medium further comprises both b-FGF, PDGF, or
Neuregulin; and 4 or more of components (a)-(e). In yet other embodiments, the medium further

comprises both b-FGF, PDGF, or Neuregulin; and all 5 of components {(a)-(e).

In certain embodiments, the concentration of additional component {a) 1s 2-50, 3-50, 4-50,
5-50, 8-50, 10-50, 2-40, 3-40, 4-40, 5-40, 8-40, 10-40, 2-30, 3-30, 4-30, 5-30, §-30, 10-30, 2-20,
3-20, 4-20, $-20, 820, 10-20, 2-10, 3-10, 4-10, 5-10, 7-10, §-10, 9-10, 5-15, 6-14, 7-13, 812, 9-
11, 7-15, 8-20, about 10, or 10 oM (nanomolar).

Alternatively or in addition, the concentration of additional component (b} 15 1-20, 1-18,
1-16, 1-14, 1-12, 1-11, 1-10, 1.5-20, 1.5-18, 1.5-16, 1.5-14, 1.5-12, 1.5-11, 1.5-10, 2-20, 2-18, 2-
16, 2-14, 2-12, 2-11, 2-10, 3-20, 3-18, 3-16, 3-14, 3-12, 3-11, 3-10, 4-20, 4-18, 4-16, 4-14, 4-12,
4-11, 4-10, 5-20, 5-18, 5-16, 5-14, 5-12, 5-11, $-10, 1-5, 1.5-5, 2-5, 2.5-5, 3-5, 4-5, 2-8, 2.5-7.5,

3-7,3.5-7.5,4-6,45-55,4.7-53,48-52,49-51, about 5, or 5 mg/L. (milligrams per liter).

Alternatively or in addition, the concentration of additional component (¢} 15 1-20, 1-18, -
16, 1-14, 1-12, 1-11, 1-10, 1.5-20, 1.5-18, 1.5-16, 1.5-14, 1.5-12, 1.5-11, 1.5-10, 2-20, 2-18, 2-16,
214, 2-12, 2-11, 2-10, 3-20, 3-18, 3-16, 3-14, 3-12, 3-11, 3-10, 4-20, 4-18, 4-16, 4-14, 4-12, 4-11,
4-10, 3-20, 5-18, 5-16, 5-14, 5-12, 5-11, 5-10, 6-20, 6-18, 6-16, 6-14, 6-12, 6-11, 6-10, 1-0, 1.5-6,
2.6, 2.5-6, 3-6, 4-6, 2-8, 3-7.5. 3-8, 4-8, 4-7, 5-7, 5.5-6.5, about 6, or 6 ng/L.

Alternatively or in addition, the concentration of additional component {(d) 15 20-500, 20-
400, 20-300, 20-250, 20-200, 20-150, 20-120, 20-100, 30-500, 30-400, 30-300, 30-250, 30-200,
30-150, 30-120, 30-100, 40-500, 40-400, 40-300, 40-250, 40-200, 40-150, 40-120, 40-100, 50-
500, 50-400, 50-300, 30-250, 50-200, 50-150, 50-120, 50-100, 60-300, 60-400, 60-300, 60-230,
60-200, 60-150, 60-120, 60-100, 80-500, 80-400, 80-300, 80-250, 80-200, 80-150, 80-120, 80-
100, 100-500, 100-400, 100-300, 100-250, 100-200, 100-150, 100-120, 25-100, 30-100, 35-100,
40-100, 50-100, 60-100, 70-100, 80-100, 90-100, 50-150, 50-180, 60-140, 60-180, 70-130, 70-
140, 70-150, 80-120, 90-110, 95-105, about 100, or 100 nM.
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Alternatively or in addition, the concentration of additional component (e} 15 100-2000,
100-1800, 100-1600, 100-1400, 100-1200, 100-1100, 100-1000, 1.500-2000, 1 500-1800, 1.500-
1600, 1.500-1400, 1.500-1200, 1.500-110G0, 1.500-1000, 200-2000, 200-1800, 200-1600, 200-
1400, 200-1200, 200-1100, 200-1000, 300-2000, 300-1800, 300-1600, 3G0-1400, 300-1200, 300-
1100, 300-1000, 400-2000, 400-1800, 400-1600, 400-1400, 400-1200, 4G0-1100, 400-10600, 500-
2000, 500-1800, 500-1600, 500-1400, 500-1200, 500-1100, 500-1000, 100-300, 1 .500-500, 200-
500, 2.500-500, 300-300, 400-500, 200-800, 2.500-7.500, 300-700, 3.500-7 500, 400-600, 4.500-
5.500, 4.700-5.300, 4.800-5.200, 4.900-5.100, about 500, or 500 ng/L.

In still other embodiments, N-2 1s present in the medium at between 0.2-5, 0.2-4, 6.2-3,
0.2-2,02-1.5,02-12,02-1,03-5,03-4,03-3,03-2,03-15,03-1.2,03-1,05-5,0.5-4, 0.5-3,
0.5-2,05-1.5,05-12,05-1,06-14,06-15,07-13,07-14, 0812 08-1.5 08-14,09-1.1,
about 1, or 1X concentration, where 1X concentration 1s the usual recommended concentration.
N-2 amimal-free cell culture supplement 15 commercially available from ThermoFisher Scientific,
Cat. # 1752048, 100x N-2 contains | mM human transferrin {holo), 500 mg/L (milligrams per
liter} Insulin Recombinant Full Chain, 0.63 mg/L progesterone, 10 mM putrescine, and 0.52 mg/L
selenite. 1X N-2 contams 10 mucromolar {(mcM} transferrin, 5 mwg/l. Insulin, 63 meg/lL
progesterone, 100 mceM putrescine, and 5.2 meg/L selenite. In some embodiments, the medium i3
serum-free. In other embodiments, the medium contains serum, which may be, 1 more specific

embodiments, at any of the concentrations mentioned herein,

In still other embodiments, the medivm comprises cAMP, or an analogue thereof, for
example dbcAMP, at a concentration of 500-2500 mcM; heparin at a concentration of 10-200
meg/ml; b-FGF at a concentration of 5-100 ng/ml; and one or more of (a) progesterone at a
concentration of 2-20 mcg/L; and (b} a polyamine {e.g. putrescine} at a concentration of 30-300
mcM. In other embodiments, the respective concentrations of cAMP or an analogue thereof,
heparin, b-FGF, progesterone, and polyamine are 600-2000 mcM, 20-150 meg/mi, 6-80 ng/ml, 3-
15 meg/mL and 50-200 mcM, 700-1800 mcM, 25-140 mcg/mi, 8-60 ng/ml, 4-12 meg/mL and 60-
180 mcM; 800-1600 meM, 30-120 meg/ml, 10-40 ng/ml, 4-10 meg/mL and 70-160 meM; 800-
1400 meM, 35-100 meg/mi, 12-35 ng/mi, 4-10 meg/mL and 70-140 meM; 800-1200 mcM, 35-80
mcg/ml, 14-30 ng/mi, 4-10 meg/mL and 70-140 meM; or 800-1200 mcM, 35-70 meg/ml, 16-25
ng/mi, 5-8 mcg/mL and 80-120 mcM. In certain embodiments, both progesterone and a polyamine

are present. In some embodiments, the medium is serum-free. In other embodiments, the medium
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contains serum, which may be, in more specific embodiments, at any of the concentrations

mentioned herein.

In certain embodiments, the induction of ASC s performed on a 2D substrate. In other
embodiments, the induction s performed on a 3D substrate. Unless indicated otherwise, a 3D
substrate culture apparatus used for induction may be any apparatus mentioned herein, each of

which represents a separate embodiment.

In some embodiments, the ASC are expanded ex vivo prior to the step of inducing. For
example, the cells may be incubated in a medium lacking one or more induction agents. In more
specific embodiments, the ASC are expanded on a 2D substrate, and then mduced on a 3D
substrate. In some embodiments, the 2D substrate 15 used for expansion, and the 3D substrate is
subsequently used, exclusively for the mmduction stage. In other embodiments, the 2D substrate 15
used for expansion, and the 3D substrate is subsequently used for additional cell expansion,

followed by cell induction in the 3D substrate,

In other embodiments, the ASC are induced to secrete a neurotrophic or neuroprotective
growth factor by mcubation i a bioreactor, optionally while adhered to a 3D growth substrate
and/or n the presence of serum. The medium may be any of the media described herein, each of

which represents a separate embodiment.

In other embodiments, the ASC are mduced to secrete a neurotrophic or neuroprotective
growth factor by mcubation in a medium comprising heparin and cAMP or an analogue thereof.
In other embodiments, the medium comprises basic FGF and ¢cAMP or an analogue thereof. In
certain embodiments, a cAMP analogue described herein 15 a cell-permeable cAMP analog, as
described herein. In some embodimments, the medium s serum-free. In other embodiments, the
medium contains serum, which may be, i more specific embodiments, at any of the concentrations
mentioned heremn, each of which represents a separate embodiment. In certain embodiments,
icubation with heparin and cAMP s performed on a 2D substrate. In other embodiments, the
mcubation 1s performed on a 3D substrate. Unless indicated otherwise, a 3D substrate used for
mduction may be anv culture apparatus mentioned herein, each of which represents a separate

embodiment.

In other embodiments, the cells are initially expanded in a medium lacking heparin and

cAMP, and the medium is exchanged for a medium comprising heparin and cAMP for an
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additional period of time. In certain embodiments, the cells are incubated in the heparin-and-
cAMP-containing induction cocktail for 12-72 hours, in other embodiments, 18-72 hours, 18-60
hours, 18-48 hours, 18-36 hours, 20-36 hours, 20-30 hours, or 20-28 hours. The heparin-containing
mduction cocktail may be any cocktail described herein, each of which represents a separate
embodiment. Incubation in the heparin-containing cocktail may be, in various embodiments, on a

2D~ or 3D-substrate.

In certain embodiments, ASC are induced by the described methods to secrete mncreased

levels of neurotrophic and/or neuroprotective growth factors.

In other embodiments, the step of incubating ASC in a bioreactor is preceded by mcubation
in serum-free medium (SFM), or, in more specific embodiments, serum replacement medium
(SRM; defined herein). In yet other embodiments, the step of incubating ASC with heparin and
cAMP 15 preceded by incubation in SRM, on in other embodiments SFM. In certain embodiments,
the incubation in SRM or SFM begins from the stage of extraction from the placenta. In other
embodiments, serum-containing medium is mitially used, and then culturing in SRM or SFM s
commmenced withun 5 days after extraction, or in other embodiments 1 passage after extraction, or
in other embodiments prior to the first passage after extraction. In certain embodiments, the initial
serum-containing medium does not comprise added heparin or cAMP. In certain embodiments,
the mcubation in SRM or SFM continues m a tissue culture apparatus for at least 3 passages, at

least 4 passages, at least 5 passages, or at least 6 passages.

As mentioned, in some embodiments, an induction medium {comprising an induction
cocktail} 15 added following the mcubation in SRM, and the cells are incubated for an additional
pertod of time. In certain embodiments, the induction cocktail contains heparin and/or CAMP or
an analogue thereof. Alternatively or in addition, the cells are incubated 1 the induction cocktail
for 12-72 howrs, in other emboduments, 18-72 hours, 13-60 hours, 18-48 hours, 18-36 hours, 20-
36 hours, 20-30 hours, or 20-28 hours. The induction cocktail may be any cocktail described herein
each of which represents a separate embodiment. Incubation i the cocktail may be, i various
embodiments, on a 21X or 3D-substrate. In certain embodimenis, ASC are incubated 1n a serum-

containing medium between the SRM and the induction medium.

In other embodiments, serum-containing medium 1s used for the mitial 2-5 population

doublings, on in other embodiments 2-20, 2-15, 2-10, 2-8, or 2-6 population doublings after the
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first passage. Those skilled in the art will appreciate that it may be difficult to determine an exact
population doubling level (PDL) between extraction of cells from tissue and the first passage. In
such case, if necessary the population doublings at this first stage may be estimated. Typical
population doubling values prior to the first passage are below 5, often ranging from 2-5. In certain

embodiments, the mitial serum-containing medium does not comprise added heparin or cCAMP.

In certain embodiments, the described step of incubating the ASC population in serum-free
medium, or in other embodiments in SRM, 1s performed for at least 12, at least 15, at least 17, at

least 18, 12-30, 12-25, 15-30, 15-25, 16-25, 17-25, or 18-25 doublings.

In other embodiments, the ASC population 1s incubated in SFM, or in other embodiments
in SRM, for a defined number of passages, for example 1-4, 1-3, 1-2, 2-4, or 2-3; or a defined
number of population doublings, for example at least 4, at least 5, at least 6, at least 7, at least 8,
4-10, 4-9, 4-8, 5-10, 5-9, or 5-8. The cells are then cryopreserved, then subjected to additional
culturing m SRM or SFM, prior to mduction. In some embodiments, the additional culturing n
SRM or 8FM 1s performed for at feast 6, at least 7, at least 8, at least 9, at least 10, 6-20, 7-20, 8-
20, 9-20, 10-20, 6-15, 7-15, 8-15, 9-15, or 10-15 population doublings. Alternatively, the
additional culturing in SRM 15 performed for 2-3 passages, or in other embodiments at least 1, at

least 2, at least 3, 1-5, 1-4, 1-3, 2-5, or 2-4 passages.

Each of the described embodiments of colturing ASC in SFM or in SRM may be followed

by mcubation in a bioreactor, in in other embodiments, incubation with heparin and cAMP.

In some embodiments, ASC are incubated in SRM (or in other embodiments SFM),
followed by serum-~containing medium, prior to induction by incubation i a bioreactor, in in other
embodiments, by incubation with heparin and ¢cAMP. In other embodiments, serum-containing
medium 13 mutially used, then ASC are mcubated 1 SRM {or SFM), then once again o serum-
contaming medium, prior to induction by ncubation n a bioreactor, 1 1 other embodiments,
icubation with heparin and cAMP. In other embodiments, the induction 1s performed in serum-

containing medium comprising heparin and cAMP.

In certain embodiments, the ASC are expanded in SRM {or SFM} on a 2D substrate,
followed by induction on a 3D substrate. In other embodiments, the 2D substrate 1s used for
expansion, and the 31D substrate is subsequently used for additional cell expansion, followed by

mnduction in the 3D substrate. In other embodiments, SRM {or SFM} 1s utilized for part of
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incubation on a 2D matrix, after which serum-containing medium is utilized for the remainder of

incubation on a 2D matrix, and also for incubation on a 3D matrix—which occurs, in some
embodiments, in a bioreactor—after which the ASC are induced with heparin and cAMP. In other
embodiments, the incubation in SRM (or SFM) continues uniil seeding of the cells n serum-
containing medium on a 3D matrix—which occurs, 1n some embodiments, in a bioreactor—after
which the ASC are then induced with heparin and cAMP. In other emnbodiments, the induction s

performed in serum-containing medium comprising heparin and cAMP.

The described serum-containing medium, in certain embodiments, contains 5-30% serum
(non-himiting examples of which are fetal bovine serum and fetal calf serum). In more specific
embodiments, the medium contains over 10% serum; 10-30% serum; 12-28% serum; 14-26%
serunt; 16-24% seruny; 17-23% serum; 18-22% serum; 19-21% serum; about 20% serum; or 20%
serum. The serum-containing medium used at the described stages may be varied independently,

and each possibility represents a separate embodiment.

It 1s clarified that the embodiments wherein the serum-containing medium comprises one
or more of the aforementioned induction agents (non-limuting examples of which are bFGF,
dbcAMP, heparin, and N-2 supplement) are not excluded from the present disclosure. In still other
embodiments, the serum-contaiming medium further comprises contams N-2 or at least 2
components thereof (for example progesterone and a polvamine (e.g. putrescine). In more specific
embodiments, the serum-containing medium further comprises at least 3, at least 4, or all S N-2

components.

Alternatively, incubation in SRM (as described) is followed by incubation 10 a subsequent
medium which 1s serum-free and does not contain any of the following: heparin, cAMP or an
analogue thereof, b-FGF, PDGF, or Neuregulin. In certain embodiments, the subsequent medium
comprises added cytokines, not including any of heparin, cAMP or an analogue thereof, b-FGF,
PDGF, or Newregulin, Incubation in SRM 15, in some embodiments, preceded by incubation in
serum-containing medium. In any case, incubation in the described subsequent medium is
followed by induction by incubation in a bioreactor, or in other embodiments, by incubation with

heparin and cAMP, as described herein.
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Surface markers and additional characteristics of ASC

Alternatively or additionally, the described placental ASC may express a marker or a
collection of markers (e.g. surface marker) characteristic of MSC or mesenchymal-like stromal
cells. In some embodiments, the ASC express some or all of the following markers: CD105
(UniProtKB Accession No. P17813), CD29 (UniProtKB Accession No. P0OSS556), CD44
{UniProtKB Accession No. P16070), (D73 (UniProtKB Accession No. P21589), and CD9S0
(UniProtkB Accession No. P04216). In some embodiments, the ASC do not express some or all
fdelta chain], PO7766 [epsilon chain], and P20963 {zeta chain]), CD4 (UniProtKB Accession No.
PO1730), CD1ib (UniProtKB Accession No. P11215), CD14 (UniProtKB Accession No.
PO8BS7L), CD1O (UniProtKB Accession No. P15391), and/or CD34 (UniProtKB Accession No.
P289006). In more specific embodiments, the ASC also lack expression of CD5 (UniProtkB
Accession No. PO6127), CD20 (UnuProtKB Accession No. P11836), CD45 (UniProtKB Accession
No. P08575), CD79-alpha (UniProtkB Accession No. BSQTD1), CD80 (UmProtKB Accession
No. P33681), and/or HLA-DR {e.g. UniProtKB Accession Nos. P04233 [gamma chain], P01903
falpha chain], and PO1911 [beta chain]). The aforementioned, non-bimiting marker expression
patterns were found in certain maternal placental cell populations that were expanded on 3D
substrates. All UnuProtKB entries mentioned in this paragraph were accessed on July 7, 2014,
Those skilled in the art will appreciate that the presence of complex antigens such as CD3 and
HLA-DR may be detected by antibodies recognizing any of their component parts, such as, but

not limited to, those described herein.

In some embodiments, the placental ASC possess a marker phenotype that is distinct from
bone marrow-mesenchymal stem cells (BM-MSC). Alternatively or in addition, the ASC are
positive for expression of CD10 (which occurs, in some embodiments, in both maternal and fetal
AS(Y); are positive for expression of CD49d (which occurs, in some embodiments, at least m
maternal ASC); are postiive for expression of CD54 (which occurs, in some embodiments, in both
maternal and fetal ASC); are bimodal, or in other embodiments positive, for expression of CD56
(which occurs, in some embodiments, in maternal ASC); and/or are negative for expression of
CD106. Except where indicated otherwise, imodal refers to a situation where a significant
percentage {e g. at least 20%) of a population of cells express a marker of interest, and a significant

percentage do not express the marker.
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In certain embodiments, over 90% of the placental ASC are positive for CD29, CD90, and
D54 In other embodiments, over 85% of the described cells are positive for CD29, CD73, CDO0,
and CD105. In vet other embodiments, less than 3% of the described cells are positive for CD 14,
CD19, CD31, CDh34, CD39, CD4SRA (an isotype of CD4S5), HLA-DR, Glycophonn A, and
CD200; less than 6% of the cells are positive for GlvA; and less than 20% of the cells are positive
for SSEA4. In more specific embodiments, over 90% of the described cells are positive for CD29,
CD90, and CD354; and over 85% of the cells are positive for CD73 and CD105. In still other
embodiments, over 90% of the described cells are positive for CD29, CD90, and CD54; over 85%
of the cells are positive for CD73 and CD103; less than 6% of the cells are positive for CD14,
CD19, CD31, CD34, CD39, CD45RA, HLA-DR, GlyA, CD200, and GlvA; and less than 20% of
the cells are positive for SSEA4. The aforementioned, non-limiting marker expression patterns

were found 10 certain maternal placental cell populations that were expanded on 3D substrates.

In other embodiments, each of CD73, CD29, and CD105 15 expressed by more than 90%
of the placental ASC; and over 90% {or in other embodiments, over 95%, or 1n other embodiments,
over 98%} of the cells do not differentiate mto adipocytes, under conditions where mesenchymal
stem cells would differentiate mto adipocytes. In some embodiments, as provided heremn, the
conditions are incubation of adipogenesis induction medium, for example a solution containing 1
meM dexamethasone, 0.5 mM 3-Isobutyl-1-methyixanthine (IBMX}, 10 mcg/ml insulin, and 100
mcM indomethacin, ondays 1, 3, 5,9, 11, 13, 17, 19, and 21, and replacement of the medium with
adipogenesis maintenance medium, namely a solution containing 10 mcg/ml mnsulin, on days 7

13

and 15, for a total of 25 days {(“standard adipogenesis induction conditions™). In yet other
embodiments, each of CD34, CD45, CD19, CD14 and HLA-DR is expressed by less than 3% of
the cells; and the cells do not differentiate into adipocyies, after incubation under the
aforementioned conditions. In other embodiments, each of CD73, CD29, and U105 15 expressed
by more than 90% of the cells, each of CD34, CD435, CD19, CD14 and HLA-DR is expressed by
less than 3% of the cells; and the cells do not differentiate into adipocytes, after incubation under
the aforementioned conditions. In still other embodiments, a modified adipogenesis induction
medium, containing 1 mcM dexamethasone, 0.5 mM IBMX, 10 mcg/ml msulin, and 200 mcM
mdomethacin is used, and the incubation 1s for a total of 26 days (“standard adipogenesis induction
conditions”). The aforementioned solutions will typically contain cell culture medium such as

DMEM + 10% serum or the like, as will be appreciated by those skilled in the art. The
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aforementioned, non-limiting phenotypes and marker expression patterns were found in certain

maternal placental cell populations that were expanded on 3D substrates.

“Positive” expression of a marker indicates a value higher than the range of the main peak
of an isotype control histogram; this term is synonymous herein with characterizing a cell as
“express’/“expressing”’ a marker. “Negative” expression of a marker indicates a value falling
within the range of the main peak of an isotype control histogram; this term 1s synonymous herein

2 /iC
/
/

with characterizing a cell as “not express”/“not expressing” a marker. “High” expression of a
marker, and term “highly expressfes]” indicates an expression level that 1s more than 2 standard
deviations hugher than the expression peak of an isotype control histogram, or a bell-shaped curve

matched to said 1sotype control histogram.

In still other embodiments, the majority, in other embodiments over 60%, over 70%, over
80%, or over 90% of the expanded cells express CD29, CD73, CD9%0, and CD103. In vet other
embodiments, less than 20%, 15%, or 10% of the described cells express CD3, CD4, CD34, CD39,
and CD106. In yet other embodiments, less than 20%, 15%, or 10% of the described cells highly
express CD36. In various embodiments, the cell population may be less than S0%, less than 40%,
fess than 30%, less than 20%, or less than 10%, or less than S% positive for CD200. In other
embodiments, the cell population 1s more than 50%, more than 60%, more than 70%, more than
B0%, more than 90%, more than 95%, more than 97%, more than 98%, more than 99%, or more
than 99.5% positive for CD200. In certain embodiments, more than 50% of the cells express, or in
other embodiments highly express, CD141 (thrombomodulin, UniProt Accesston No. PO7204), or
in other embodiments SSEA4 (stage-specific embryonic antigen 4, an epitope of ganglioside GL-
7 (IV? NeuvAc 2 — 3 GalGB4);, Kannagi R er af), or in other embodiments both markers.
Alternatively or in addition, more than 50% of the cells express HLA-AZ (UnmiProt Accession No.
P01892). The aforementioned, non-limiting marker expression patterns were found in certain
fetally-dertved placental cell populations that were expanded on 3D substrates. The Uniprot

Accession Nos. mentioned in the paragraph were accessed on February 8, 2017,

In other embodiments, each of CD29, CD73, CD90, and CD105 1s expressed by more than
80% of the cells that have been expanded; and over 90% {or in other embodiments, over 95%, or
in other embodiments, over 98%) of the cells do not differentiate into osteocytes, after incubation

for 17 days with a solution containing 0.1 mcM dexamethasone, 0.2 mM ascorbic acid, and 10
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mM glycerol-2Z-phosphate, 1n plates coated with vitronectin and collagen (“standard osteogenesis
induction conditions”). In yet other embodiments, each of CD34, CD3%9, and CD106 1s expressed
by less than 10% of the cells; less than 20% of the cells highly express CD56; and the cells do not
differentiate into osteocytes, after incubation under the aforementioned conditions. In other
embodiments, each of CD29, CD73, CD90, and CD10S 18 expressed by more than 90% of the
cells, each of CD34, CD39, and CD106 1s expressed by less than 5% of the cells; less than 20%,
159, or 10% of the cells highly express CD36, and/or the cells do not differentiate into osteocytes,
after incubation under the aforementioned conditions. In still other embodiments, the conditions
are mcubation for 26 days with a solution contaiung 10 meM dexamethasone, 0.2 mM ascorbic
acid, 10 mM glycerol-2-phosphate, and 10 nM Viamin D, 0 plates coated with vitronectin and
collagen (“modified osteogenesis nduction conditions”}. The aforementioned solutions will
typically contain cell culture medium such as DMEM + 10% serum or the like, as will be
appreciated by those skilled m the art. In yet other embodiments, less than 20%, 15%, or 10% of
the described cells highly express CD56. In vartous embodiments, the cell population may be less
than 50%, less than 40%, less than 30%, less than 20%, or less than 10%, or less than 5% positive
for CD200. In other embodiments, the cell population 15 more than 50%, more than 60%, more
than 70%, more than 80%, more than 0%, more than 95%, more than 97%, more than 98%, more
than 99%, or more than 99.5% positive for CD200. In certain embodiments, greater than 50% of
the cells highly express CD141, or in other embodiments SSEA4, or in other embodiments both
markers. In other embodiments, the cells highly express CD141. Alternatively or in addition,
greater than 50% of the cells express HLA-AZ2. The aforementioned, non-limiting phenotypes and
marker expression patterns were found in certain fetally-derived placental cell populations that

were expanded on 3D substrates.

In other embodiments, each of CDB29, CD73, CD90, and CD105 15 expressed by more than
&0% of the cells that have been expanded; and over 90% (or 1n other embodiments, over 95%, or
in other embodiments, over 98%;) of the cells do not differentiate into adipocytes, after incubation
in adipogenesis induction medium, namely a solution containing 1 mcM dexamethasone, 0.5 mM
IBMX, 10 mcg/ml insulin, and 100 mcM indomethacin, ondays 1,3, 5,9, 11,13, 17,19, and 21;
and replacement of the medium with adipogenesis maintenance medium, namely a solution
containing 10 meg/ml insulin, on days 7 and 15, for a total of 25 days. In vet other embodiments,

each of CD34, CD39, and CD106 1s expressed by less than 10% of the cells; less than 20% of the
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cells highly express CI536; and the cells do not differentiate into adipocytes, after incubation under
the aforementioned conditions. In other embodiments, each of CD29, CD73, CD90, and CD1051s
expressed by more than 90% of the cells, each of CD34, CID339, and CD106 1s expressed by less
than 5% of the cells; less than 20%, 15%, or 10% of the cells highly express CD36; and the cells
do not differentiate into adipocytes, after incubation under the aforementioned conditions. In still
other embodiments, a modified adipogenesis induction medium, containing I mcM
dexamethasone, 0.5 mM IBMX, 10 mcg/ml msulin, and 200 mcM indomethacin 1s used, and the
incubation s for a total of 26 days. In still other embodiments, over 90% of the cells in each
population do not differentiate nto either adipocytes or osteocvtes under the aforementioned
standard conditions. In vet other embodiments, over 90% of the cells in each population do not
differentiate into either adipocytes or osteocytes under the aforementioned modified conditions.
The aforementioned solutions will typically contain cell culture medium sach as DMEM + 10%
serum or the like, as will be appreciated by those skifled in the art. In various embodiments, the
cell population may be less than 50%, less than 40%, less than 30%, less than 20%, or less than
10%, or less than 5% positive for CD200. In other embodiments, the cell population 15 more than
50%, more than 60%, more than 70%, more than 80%, more than 90%, more than 95%, more than
97%, more than 98%, more than 99%, or more than 99.5% positive for CD200. In certain
embodiments, greater than 50% of the cells highly express D141, or in other embodiments
SSEA4, or in other embodiments both markers. In other embodiments, the cells highly express
CD141. Alternatively or i addition, greater than 50% of the cells express HLA-AZ The
aforementioned, non-limiting phenotypes and marker expression patterns were found in certain

fetally-derived placental cell populations that were expanded on 3D substrates.

Additionally or alternatively, the placental ASC secrete or express (as appropriate in each
case) IL-6 (UniProt identifier PO5231), IL-8 (UniProt identifier P10145}, eckaryotic translation
elongation factor 2 (EEEF2), reticulocalbin 3, EF-hand calcium binding domain (RCNy), and/or
calponin 1 basic smooth muscle (CNN1). In more specific embodiments, greater than 50%, n
other embodiments greater than 55%, in other embodiments greater than 60%, in other
embodiments greater than 65%, in other embodiments greater than 70%, in other embodiments
oreater than 75%, in other embodiments greater than 80%, in other embodiments greater than 85%,
in other embodiments greater than 90%, in other embodiments greater than 95%, in other

embodiments greater than 96%, in other embodiments greater than 97%, in other embodiments



WO 2019/021158 PCT/IB2018/055473
40

greater than 98%, in other embodiments greater than 99%, of the cells express or secrete at least
one, i other embodiments at least 2, in other embodiments at least 3, in other embodiments at

least 4, in other embodiments all five of the aforementioned proteins.

RT3

Reference herein to “secrete”/ “secreting”/ “secretion” relates to a detectable secretion of
the indicated factor, above background levels in standard assays. For example, 0.5 x 10° fetal or
maternal ASC can be suspended in 4 ml medium (DMEM + 10% fetal bovine serum (FBS) + 2
mM L-Glutamine), added to each well of a 6 well-plate, and cultured for 24 hrs in a humidified
incubator (3% COq, at 37°C). After 24h, DMEM is removed, and cells are cultured for an
additional 24 hrs in 1 m! RPMI 1640 medium + 2 mM L-Glutaroine + 0.5% HSA. The CM 15

collected from the plate, and cell debris 18 removed by centrifugation.

In certain embodiments, in vitro, the described ASC stimulate endothehal cell proliferation
(ECP), or i another embodiment inhibit T cell proliferation, or in another embodiment perform
both activities. In certain embodiments, as provided herein, when 750 human umbilical cord
endothelial cells (HUVEQ) are incubated for 4 days under normoxic conditions at 37°C on a layer
of the ASC in a tissue culture dish, prohiferation of the HUVEC cells 15 at least 120%, at least
125%, at least 130%, at least 140%, at least 150%, and least 160%, or at least 180% of the level
observed mn the absence of ASC, as provided m International Patent Appl Pub. No

WO2016/098061, which is incorporated herein by reference n its entirety.

In other embodiments, each of CD73, CD29, and CD105 15 expressed by more than 90%
of the described ASC; and the cells stimulate ECP. In yet other embodiments, each of CD34,
CD19, and CD14 15 expressed by less than 3% of the cells; and the cells stimulate ECP. In other
embodiments, each of CD¥73, D29, and CD105 13 expressed by more than 90% of the cells, each

of CD34, CD19, and CD14 15 expressed by less than 3% of the cells; and the cells stimulate ECP.

Alternatively or wn addition, the ASC secrete a factor(s) that promotes angiogenesis. In
certain embodiments, the ASC secrete a factor selected from VEGF (vascular endothelial growth
factor}, angiogenin, Angiopotetin 1, MCP-1, [L-8, Serpin El, and GCPZ/CXCL6. In other
embodiments, the ASC secrete VEGF, Angiogenin, Angiopoietin 1, MUCP-1, 1L-8, and Serpin E1,
which were found to be secreted by maternal cells. In still other embodiments, the ASC secrete
VEGF, Angiogenin, Angiopotetin 1, MCP-1, IL-8, Serpin El, and GUP2/CXCLS6, which were

found to be secreted by fetal cells.
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In still other embodiments, the ASC secrete Flit-3 ligand {(Fms-related tyrosine kinase 3
figand; Uniprot Accession No. P49772), stem cell factor (SCF; Uniprot Accession No. P21583),
IL-6 (Interleukin-6; UniProt identifier POSZ31), or combinations thereof, each of which represents
a separate embodiment. In certain embodiments, the ASC secrete levels of Flt-3 ligand, SCF, IL-
6, or in other embodiments combinations thereof, that are at least 2-, 3-, 4, 5-, 6- 8- 10- 12- 15,
or 20-fold tugher than that expressed or secreted by ASC of placenta tissue grown on a 2D
substrate. ASC grown on a 3D substrate secrete higher levels of Flt-3 ligand, SCF, and IL-6 than
ASC grown on a 2D substrate, as provided in PCT Application Publ. No. W0/2007/108003, which
18 fully incorporated herein by reference in its entirety. In certain embodiments, the described ASC
are placental ASC. Uniprot entries in this and the following 2 paragraphs were accessed on

February 26, 2017,

According to some embodiments, the described ASC are capable of suppressing an

mmune reaction 1n the subject.

Methods of determining the yomunosuppressive capability of a cell population are known
to those skilled in the art, and exemplary methods are described in Example 3 of PCT Publication
No. W 2009/144720, which 13 imcorporated herein by reference in its entirety. For example, a
mixed lymphocyte reaction (MLR) may be performed. In an exemplary, non-limiting MLR assay,
irradiated cord blood ((CB) cells, for example human cells or cells from another species, are
mcubated with peripheral blood-derived monocytes (PBMC; for exarmple human PBMC or PBMC
from another species), in the presence or absence of a cell population to be tested. PBMC cell
replication, which correlates with the intensity of the immune response, can be measured by a
variety of methods known in the art, for example by “H-thymidine uptake. Reduction of the PBMC
cell replication when co-incubated with test cells indicates an mimmunosuppressive capability.
Alternatively or in addition, secretion of pro-inflammatory and anti-inflammatory cytokines by
blood cell populations (such as monocytes or PBM() can be measured when stimulated (for
example by incubation with non-matched cells, or with a non-spectfic stimulant such as PHA}, in
the presence or absence of the ASC. In certain embodiments, for example in the case of human
ASC, as provided in WO 2009/144720, which is incorporated herein by reference, when 200,000
PBMC are co-incubated for 48 hours with 4,000 allogeneic ASC, followed by a 5-hour stimulation

with 1.5 mcg/ml of LPS, the amount of I1L-10 secretion by the PBMC is at least 120%, at least
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130%, at least 150%%, at least 170%, at least 200%, or at least 300% of the amount observed with

1 BS stimulation in the absence of ASC.

In other embodiments, each of CD73, CD29, and CD105 15 expressed by more than 90%
of the described placental ASC; and the cells inhibit T cell proliferation. In yet other embodiments,
each of CD34, CD19, and D14 15 expressed by less than 3% of the cells; and the cells inhubit T
cell proliferation. In other embodiments, each of CD73, CD29, and CID105 1s expressed by more
than 90% of the cells, each of CD34, CD19, and CD14 1s expressed by less than 3% of the cells;

and the cells inhibit T cell proliferation.

In still other embodiments, the placental ASC secrete immunoregulatory factor(s). In
certain embodiments, the ASC secrete Leukenua inhibitory factor (LIF; UniProt wdentifier
P15018). In other embodiments, the ASC secrete a factor selected from MCP-1 {(CCL2Z),
Osteoprotegerin, MIF (Macrophage migration inhibitory factor; Uniprot Accession No. P14174),
GDF-15, SDF-1 alpha, GROa (Growth-regulated alpha protein; Uniprot Accession No. P09341),
betaZ-Microglobulin, IL-6, IL-8 (UniProt identifier P10145), ENAT8/CXCLS, eotaxan/CCL11
{Uniprot Accession No. PS1671), and MCP-3 (CCL7). Iu certain embodirnents, the ASC secrete
MCP-1, Osteoprotegerin, MIF, GDF-15, SDF-1 alpha, GROa, beta2-Microglobulin, 11-6, TL-§,
and MCP-3, which were found to be secreted by maternal cells. In other embodiments, the ASC
secrete MCP-1, Osteoprotegenin, MIF, GDF-15, SDF-1 alpha, beta2-Microglobuhn, IL-6, T1L-8,
ENATS, eotaxm, and MCP-3, which were found to be secreted by fetal cells. All Swissprot and

UniProt entries in this paragraph were accessed on March 23, 2017

In other embodiments, the described placental ASC, or in other embodiments the MSC,
secrete a factor{s) that promotes neurogenests. In certain embodiments, the ASC secrete BDNF.
In more specific embodiments, the ASC secrete over 200 pg/ml BDNF, when 2 x 1075 cells
{(following mduction and optionally cryopreservation) are seeded in 6-well plates, in 2 mi DMEM
+ 10% FBS medium, followed by incubation in serum-free DMEM for 72 hours and measurement
of BDNF in the CM. In other embodiments, under the same conditions, the ASC secrete over 250
pe/ml BDNF, over 3060 pg/ml BDNF; over 400 pg/mi BDNF; over 500 pg/ml BDNF; over 600
peg/ml BDNF; over 800 pg/ml BDNF; over 1000 pg/ml BDNF; over 1200 pg/mi BDNF; over 1500
pe/ml BDNF; or over 1800 pg/ml BDNF . In other embodiments, the ASC secrete over 2000 pg/ml
BDNF,; over 2500 pg/ml BDNF; over 3000 pg/mi BDNF; over 4000 pg/ml BDNF, over 5000
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pz/mi BDNF; over 6000 pg/mi BDNF; or over 7000 pg/ml BDNF, when the CM 1s produced in
DMEM + 20% FBS (Example 7). In other embodiments, the ASC secrete over 1000; over 1200;
over 1500; over 2000; over 2500; over 3000; or over 3500 pg BDNF per 1076 cells into the
induction medium itself {Example 7). In other embodiments, the aforementioned amounts of
BDNF are secreted i the furst, the second, or the third 24-hour period of mcubation 10 serum-free
DMEM. In still other embodiments, the ASC secrete elevated amounts of a factor selected from
LIF, BDNF, GDNF, VEGF, G-CSF, IL-6, HGF, and IL-8. In still other embodiments, the ASC
secrete a cytokine selected from any of the other factors shown in Fig., 7A-C, after directly
ncubating cryopreserved celis for 24 hr. i DMEM + 20% FBS (Example 7). Each factor

represents a separate embodiment of the present invention.

In still other embodiments, the placental ASC secrete a tactor selected trom BDNF (brain
derived neurotrophic factor; Uniprot Accession No. P23560), GDNF, bFGF (basic fibroblast
growth factor}, NGF (beta-nerve growth factor; Uniprot Accession No. P01138), VEGF (vascular
endothehal growth factor; Uniprot Accession No. P15692), HGF (hepatocyte growth factor;
Uniprot Accession No. P08381), and LIF (Leukemua mhibitory factor; Uniprot Accession No.
P15018). In certain embodiments, the secreted factors comprise one or more of BDNF, GDNF,
bFGF, NGF, VEGF, and HGF. Uniprot Accession Numbers in this paragraph were accessed on

May 22, 2017

In other embodiments, the described placental ASC exhibit a spindle shape when cultured

under 2D conditions.

According to some embodiments, the placental ASC express CD200, while in other
embodiments, the ASC lack expression of CD200. In still other embodiments, less than 30%, 25%,
20%, 15%, 10%, 8%, 6%, 5%, 4%, 3%, or 2%, 1%, or 0.5% of the adherent cells express CD200.
In yet other embodiments, greater than 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%, 96%, 97%,

98%, 99%, or 99.5% of the adherent cells express CD200.

In still other embodiments, the cells may be allogeneic, or in other embodiments, the cells
may be autologous. In other embodiments, the cells may be fresh or, in other embodiments, frozen

{(for example, cryo-preserved).

Additional method characteristics for preparation of ASC
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In certain embodiments, the described ASC have been subject to a 3D incubation, as
described further herein. In more specific embodiments, the ASC have been incubated in a 2D
adherent-cell culture apparatus, prior to the step of 3D cultuning In some embodiments, cells
{which have been exiracted, in some embodiments, from placenta, or in other embodiments, from
BM, from adipose tissue, etc ) are then subjected to prior step of incubation m a 2D adherent-cell

culture apparatus, followed by the described 3D culturing steps.

The terms “two-dimnensional culture” and “2D culture” refer to a culture in which the cells
are exposed to conditions that are compatible with cell growth and allow the cells to grow in a
monolayer, which 1s referred to as a “2D culture apparatus”. Such apparatuses will typically have
flat growth surfaces (also referred to as a “two-dimensional substrate(s)” or “2D substrate(s)”}, in
some embodiments comprising an adherent material, which may be flat or curved. Non-limiting
examples of apparatuses for 2D culture are cell culture dishes and plates. Included in thas definition
are multi-layer trays, such as Cell Factory™, manufactured by Nunc™, provided that each layer
supports monolayer culture. It will be appreciated that even mn 2D apparatuses, cells can grow over
one another when allowed to become over-confluent. This does not affect the classification of the

apparatus as “two-dimensional”.

The terms “three-dimensional culture” and “3D culture” refer to a colture in which the cells
are exposed to conditions that are compatible with cell growth and allow the cells to grow i a 3D
orientation relative to one another. The term “three-dimensional [or 3D culture apparatus”™ refers
to an apparatus for culturing cells under conditions that are compatible with cell growth and allow
the cells to grow m a 3D orientation relative to one another. Such apparatuses will typically have
a 3D growth surface {also referred to as a “three-dimensional substrate” or “3D substrate”), in
some embodiments comprising an adherent material, which is present in the 3D culture apparatus,
e.g. the bioreactor. Certain, non-limiting embodiments of 3D colturing conditions suitable for
expansion of adherent stromal cells are described in PC'T Application Publ. No. W0/2007/108003,

which is fully incorporated herein by reference in #s entirety.

In various embodiments, “an adherent material” refers to a material that 18 synthetic, or in
other embodiments naturally occurring, or in other embodiments a combination thereof. In certain
embodiments, the material 1s non-cytotoxic (or, in other embodiments, is biologically compatible).

Alternatively or in addition, the matenal is fibrous, which may be, in more specific embodiments,
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a woven fibrous matrix, a non-woven fibrous matrix, or any type of fibrous matrix. In still other
embodiments, the material exhibits a chemical structure such as charged surface exposed groups,
which allows cell adhesion. Non-lmmiting examples of adherent materials which may be used in
accordance with this aspect include a polyester, a polypropylene, a polyalkylene, a
polyfluorochloroethylene, a polyvinyi chloride, a polystyrene, a polysulfone, a cellulose acetate, a
glass fiber, a ceranuc particle, a poly-L-lactic acid, and an inert metal fiber. Other embodiments
mnclude Matrigel™, an extra-cellular matrix component {(e.g, Fibronectin, Chondronectin,
Lamuinin), and a collagen. In more particular embodiments, the material may be selected from a
polyester and a polypropyvlene. Non-limuting examples of synthetic adherent materials include
polyesters, polypropylenes, polvalkylenes, polyfluorochloroethylenes, polyvinyl chlondes,
polystyrenes, polysulfones, cellulose acetates, and poly-L-lactic acids, glass fibers, ceramic
particles, and an wnert metal fiber, or, in more specific embodiments, polyesters, polypropylenes,
polyalkylenes, polyfluorochioroethylenes, polyvinyl chiondes, polystyrenes, polysulfones,

cellulose acetates, and poly-L-lactic acids.

In other embodiments, the length of 3D culturing 15 at least 4 days; between 4-12 days; n
other embodiments between 4-11 days; i other embodiments between 4-10 days; n other
embodiments between 4-9 days; i other embodiments between 5-9 days; 0 other embodiments
between 5-8 days; in other embodiments between 6-8 days; or in other embodiments between 5-7
days. In other embodiments, the 3D culturing is performed for 5-15 cell doublings, in other
embodiments 5-14 doublings, in other embodiments 5-13 doublings, in other embodiments 5-12
doublings, i other embodiments 5-11 doublings, in other embodiments 5-10 doublings, in other
embodiments 6-15 cell doublings, in other embodiments 6-14 doublings, in other embodiments 6-
13 doublings, or in other embodiments 6-12 doubhings, in other embodiments 6-11 doublings, or

in other embodiments 6-10 doublings.

In certam embodiments, 3D culturing can be performed in a 3D bigreactor. In some
embodiments, the 3D bioreactor comprises a container for holding medivm and a 3D attachment
substrate disposed therein, and a control apparatus, for controlling pH, temperature, and oxygen
levels and optionally other parameters. The terms attachment substrate and growth substrate are
mterchangeable. In certain embodiments, the attachment substrate is in the form of carriers, which
comprise, i more specific embodiments, a surface comprising a synthetic adherent material.

Alternatively or in addition, the bioreactor contains ports for the inflow and outflow of fresh
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medium and gases. Except where indicated otherwise, the term “bioreactor” excludes

decellularized organs and tissues derived from a living being.

Examples of bioreactors include, but are not limited to, a continuous stirred tank bioreactor,
a CelliGen Plus® bioreactor system (New Brunswick Scientific (NBS) and a BIOFLO 310

bioreactor system {New Brunswick Scientific (NBS}.

As provided herein, a 3D bioreactor is capable, in certain embodiments, of 3D} expansion
of ASC under controlled conditions {e.g. pH, temperature and oxygen levels) and with growth
medium perfusion, which in some embodiments 13 constant perfusion and 1n other embodiments
18 adjusted in order to maintain target levels of glucose or other components. Furthermore, the cell
cultures can be directly monitored for concentrations of glucose, lactate, glutamine, glutamate and
ammontum. The glucose consumption rate and the lactate formation rate of the adherent cells
enable, 1n some embodiments, measurement of cell growth rate and determmation of the harvest

time.

In some embodiments, a continyous stirred tank bioreactor is used, where a culture medium
is continuously fed into the bioreactor and a product 18 continuously drawn out, to maintain a time-
constant steady state within the reactor. A stirred tank bioreactor with a fibrous bed basket is
available for example from New Brunswick Scientific Co., Edison, NJ). Additional bioreactors
that may be used, in some embodiments, are stationary-bed bioreactors; and awr-lift bioreactors,
where air 13 typically fed into the bottom of a central draught tube flowing up while forming
bubbles, and disengaging exhaust gas at the top of the column. Additional possibilities are cell-
seeding perfusion bioreactors with polvactive foams [as described in Wendt, D. et al, Biotechnol
Bioeng 84 205-214, (2003)] and radial-flow perfusion bioreactors containing tubular poly-L-
lactic acid (PLLA) porous scaffolds [as described in Kitagawa et al, Biotechnology and
Bioengineering 93(5}: 947-954 (2006}. Other bioreactors which can be used are descrnibed in UK,
Pat Nos. 6.277,151; 6,197,575; 6,139,578; 6,132.463; 5.902,741; and 5,629,186, which are
mcorporated herein by reference. A “stationary-bed bioreactor” refers to a bioreactor in which the
ceflolar growth substrate is not ordinarily hifted from the bottom of the incubation vessel in the
presence of growth mediim. For example, the substrate may have sufficient density to prevent
being hifted and/or 1t may be packed by mechanical pressure to present it from being lifted. The

substrate may be either a single body or multiple bodies. Typically, the substrate remains
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substantially in place during the standard perfusion rate of the bioreactor. In certain embodiments,

the substrate may be lifted at unusually fast perfusion rates, for example greater than 200 rpm.

Another exemplary, non-limiting bioreactor, the Celligen 310 Bioreactor, is depicted in
Fig, 1. A Fibrous-Bed Basket (16) 1s loaded with polyester disks (10}. In some embodiments, the
vessel 1s filled with deionized water or isotonic buffer via an external port (1 [this port may also
be used, in other embodiments, for cell harvesting]) and then optionally autoclaved. In other
embodiments, following sterilization, the hiquid 1s replaced with growth medium, which saturates
the disk bed as depicted in (9). In still further embodiments, temperature, pH, dissolved oxvgen
concentration, etc., are set prior to inoculation. In vet further embodiments, a slow stirring 1nitial
rate 18 used to promote cell attachment, then agitation i3 increased. Alternatively or addition,
perfusion 1s initiated by adding fresh medium via an external port (2). If desired, metabolic
products may be harvested from the cell-free medium above the basket (8). In some embodiments,
rotation of the impeller creates negative pressure in the draft-tube (18), which pulls cell-free
efftuent from a reservoir {135} through the draft tube, then through an 1mpeller port (19}, thus
causing mediom to curculate (12} uvniformly mn a continuous loop. In still further embodiments,
adjustment of a tube {6) controls the hiquid level; an external opening (4} of this tube 15 used n
some embodiments for harvesting. In other embodiments, a ring sparger {(not visible), 1s located
mside the mmpeller aeration chamber {11}, for oxygenating the medium flowing through the
impeller, via gases added from an external port (3} , which may be kept inside a housing (5), and
a sparger line (7). Alternatively or in addition, sparged gas confined to the remote chamber is
absorbed by the nutrient medium, which washes over the immobilized cells. In still other
embodiments, a water jacket (17) is present, with ports for moving the jacket water in (13} and out

(14).

In certain embodiments, a perfused bioreactor is used, whergin the perfusion chamber
contains carriers. The carriers may be, in more specific embodiments, selected from macrocarriers,
microcarriers, or both together. Non-limiting examples of microcarriers that are available
commercially include alginate-based {GEM, Global Cell Solutions), dextran-based (Cytodex, GE
Healthcare), collagen-based {(Cultispher, Percell}, and polystyrene-based (SoloHill Engineering)

microcarriers. In certain embodiments, the microcarriers are packed inside the perfused bioreactor.
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In some embodiments, the carriers in the perfused bioreactor are packed, for example
forming a packed bed, which is submerged in a nutrient medium. Alternatively or in addition, the
carriers may comprise an adherent material. In other embodiments, the surface of the carriers
comprises an adherent material, or the surface of the carriers s adherent. In still other
embodiments, the material exhibits a chemucal structure such as charged surface exposed groups,
which allows cell adhesion. Non-liniting examples of adherent materials which may be used n
accordance with this aspect include a polyvester, a polypropylene, a polyalkylene, a
polyfluorochloroethylene, a polyvinyi chloride, a polystyrene, a polysulfone, a cellulose acetate, a
glass fiber, a ceranic particle, a poly-L-lactic acid, and an inert metal fiber. In more particular
embodiments, the material may be selected from a polyester and a polypropvlene. In various
embodiments, an “adherent material” refers to a matenial that 1s synthetic, or in other embodiments
naturally occurring, or in other embodiments a combination thereof. In certamn embodiments, the
material 1s non-cytotoxic {or, in other embodiments, 1s biologically compatible). Non-limiting
examples of synthetic adherent materials nclude polyesters, polypropylenes, polvalkylenes,
polyfluorochioroethylenes, polyvinyl chlorides, polystyrenes, polysulfones, cellulose acetates, and
poly-L-lactic acids, glass fibers, ceramic particles, and an nert metal fiber, or, in more specific
embodiments, polyesters, polypropylenes, polyalkylenes, polyfluorochloroethylenes, polyvinyl
chlorides, polystyrenes, polysulfones, cellulose acetates, and poly-L-lactic acids. Other
embodiments include Matrigel™, an extra-cellular matrix component {e.g., Fibronectin,

Chondronectin, Laminin), and a collagen.
] Ao )

In other embodiments, cells are produced using a packed-bed spmner flask. In more
spectfic embodiments, the packed bed may comprise a spmner flask and a magnetic stirrer. The
spinner flask may be fitted, in some embodiments, with a packed bed apparatus, which may be, in
more specific embodiments, a fibrous matrix; or in more specific embodiments, a non-woven
fibrous matrix. In other embodiments, the fibrous matrix comprises polyester, or comprises at least
about 50% polyester. In still other embodiments, the non-woven fibrous matrix comprises

polyester, or comprises at least about 50% polyester.

In still other embodiments, the matrix is similar to the Celligen™ Plug Flow bioreactor
which 1s, in certain embodiments, packed with Fibra-cel® carriers {or, in other embodiments, other
carriers). The spinner is, in certain embodiments, batch fed {or in other alternative embodiments

fed by perfusion), fitted with one or more stertlizing filters, and placed in a tissue culture incubator.
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In further embodiments, cells are seeded onto the scaffold by suspending them in medium and
mtroducing the medium to the apparatus. In still further embodiments, the agitation speed is
gradually increased, for example by starting at 40 RPM for 4 hours, then gradually increasing the
speed to 120 RPM. In certain embodiments, the ghicose level of the medium may be tested
periodically (e daily), and the perfusion speed adjusted maintain an acceptable glucose
concentration, which 15, in certain embodiments, between 400-700 mghliter, between 450-650
mgh\liter, between 4735-625 mg\liter, between 500-600 mg\liter, or between 5253-375 mg\iter. In
vet other embodiments, at the end of the culture process, carriers are removed from the packed
bed, washed with isotonic bufter, and processed or removed from the carriers by agitation and/or
enzymatic digestion.

In certain embodiments, the bioreactor 1s seeded at a concentration of between 10,000 —
2,000,000 cells / ml of medium, in other embodiments 20,000-2,000,000 cells / ml, m other
embodiments 30,000-1,500,000 cells / mi, in other embodiments 40,000-1,400,000 cells / mi, in
other embodiments 50,000-1,300,000 cells / ml, in other embodiments 60,000-1,200,000 cells /
mi, in other embodiments 70,060-1,100,000 cells / ml, in other embodiments &0,060-1,000,000
cells / ml, in other embodiments 80,000-900,000 cells / mi, in other embodiments 80,006-860,000
cells / mil, in other embodiments 80,000-700,000 cells / ml, in other embodiments 30,000-600,000
cells / ml, in other embodiments 80,000-500,000 cells / mi, in other embodiments &0,006-460,000
cells / ml, in other embodiments 90,000-300,000 cells / ml, in other embodimenis 90,000-250,000
cells / ml, in other embodiments 90 000-200,000 cells / mi, in other embodiments 100,000-200,000
cells / ml, in other embodiments 110,000-1,900,000 cells / ml, in other embodiments 120,000-
1,800 000 cells / ml, in other embodiments 130,600-1,700,000 cells / mi, in other embodiments

140,000-1,600,000 cells / ml.

In still other embodiments, between 1-20 x 10° cells per gram (gr) of carrier {substrate) are
seeded, or in other embodiments 1.5-20 x 10° cells / gr carrier, or in other embodiments 1.5-18 x
10° or in other embodiments 1.8-18 x 10° or in other embodiments 2-18 x 10° or in other
embodiments 3-18 x 10° or in other embodiments 2.5-15 x 10°, or in other embodiments 3-15 x
10° or in other embodiments 3-14 x 10° or in other embodiments 3-12 x 10° or in other
embodiments 3.5-12 x 10° or in other embodiments 3-10 x 10°, or in other embodiments 3-9 x
10°, or in other embodiments 4-9 x 10°, or in other embodiments 4-8 x 10°, or in other embodiments

4-7 x 10° or in other embodiments 4.5-6.5 x 10° cells / gr carrier.
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In certain embodiments, the harvest from the bioreactor 1s performed when at least about
10%, in other embodiments at least 12%, in other embodiments at least 14%, in other embodiments
at least 16%, in other embodiments at least 18%, in other embodimenis at least 20%, in other
embodiments at least 22%, in other embodiments at least 24%, in other embodiments at least 26%,
in other embodiments at least 28%, or in other embodiments at least 30% of the cells are in the §
and G2/M phases (collectively), as can be assayed by various methods known in the art, for
example FACS detection. Typically, in the case of FACS, the percentage of cells in S and G2/M
phase 13 expressed as the percentage of the hive cells, after gating for hive cells, for example using
a forward scatter/side scatter gate. Those skilled in the art will appreciate that the percentage of
cells in these phases correlates with the percentage of proliferating cells. In some cases, allowing
the cells to remain in the bioreactor significantly past their logarithmic growth phase causes a

reduction n the number of cells that are proliferating.

In other embodiments, over S x 10°, over 7 x 10°, over 8 x 107, over 9x 10°, over 10°, over
1.5 x 10° over 2 x 10°, over 3 x 10° over 4 x 10% or over 5 x 10° viable cells are removed per
milliliter of the growth medium in the bioreactor. In still other embodiments over between 5 x 10°
~1.5x% 107, between 7 x 10° — 1.5 x 107, between 8 x 10° — 1.5x 107, between 1 x 10° - 1.5 x 107,
between § x 107 - 1 x 107, between 7 x 10° - 1 x 107, between 8 x 10° - 1 x 107, between 1 x 10° -
1 x 107, between 1.2 x 10° - 1 x 107, or between 2 x 10° - 1 x 107viable cells are removed per

milliliter of the growth medium in the bisreactor.

In other embodiments, mcubation of ASC may comprise miucrocarriers, which may, in
certain embodiments, be inside a bloreactor. Microcarriers are known to those skilled in the art,
and are described, for example in US Patent Nos. 8,828,720, 7,531,334, 5,006,467, which are
mcorporated herein by reference. Microcarriers are also commercially available, for example as
Cytodex™ (available from Pharmacia Fine Chemicals, Inc.}, Superbeads (commercially available
from Flow Labs, Inc }, and DE-52 and DE-53 (commercially available from Whatman, Inc ). In
certain embodiments, the ASC may be incubated in a 2D apparatus, for example tissue culture
plates or dishes, prior to incubation in microcarriers. In other embodiments, the ASC are not
incubated in a 2D apparatus prior to incubation in microcarriers. In certain embodiments, the

microcarriers are packed inside a bioreactor.
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In some embodiments, as described in W{(/2014/037862, published on March 13, 2014,
which 1s incorporated herein by reference in its entirety, grooved carriers are used for proliferation
and/or incubation of ASC. In various embodiments, the carriers may be used following a 2D
mcubation (eg. on culture plates or dishes), or without a prior 2D incubation. In other
embodiments, incubation on the carriers may be followed by incubation on a 3D substrate 1 a
bioreactor, which may be, for example, a packed-bed substrate or microcarriers; or incubation on
the carrers may not be followed by incubation on a 3D substrate. Carriers can include multiple
two-dimensional (2D) surfaces 12 extending from an exterior of carrier towards an interior of
carrier. In certain embodiments, the surfaces are formed by a group of ribs that are spaced apart to
form openings, which may be sized to allow flow of cells and culture medium during use. Carriers
can also include multiple 2D surfaces extending from a central carrier axas of the carner and
extending generally perpendicular to ribs that are spaced apart to form openings, creating multiple
2D surfaces. In some embodiuments, carriers are “3D bodies” as described in W(/2014/037862;

the contents of which relating to 3D bodies are incorporated herein by reference.

In certain embodiments, the descnibed carriers (eg. grooved carners) are used in a
bioreactor. In some, the carriers are in a packed conformation.

In still other embodiments, the material forming the multiple 2D surfaces comprises at least
one polymer. Suitable coatings may, m some embodiments, be selected to control cell attachment

or parameters of cell biology.

Additional preparation steps

In certam embodiments, further steps of punfication or ennichment for ASC may be
performed. Such methods include, but are not limited to, cell sorting using markers for ASC and/or,

i various embodiments, mesenchymal stromal cells or mesenchymal-ike ASC.

Cell sorting, in this context, refers to any procedure, whether manual, automated, etc., that
selects cells on the basis of their expression of one or more markers, their lack of expression of
one or more markers, or a combmnation thereof. Those skilled n the art will appreciate that data

from one or more markers can be used mdividually or 1n combination n the sorting process.

In more particular embodiments, cells may be removed from a 3D matrix while the matrix

remains within the bioreactor. In certain embodiments, at least about 10%, at least 12%, at least
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14%%6, at least 16%, at least 18%, at least 20%, at least 22%, at least 24%, at least 26%, at least 28%,
or at least 30% of the cells are in the 8 and G2/M phases (collectively), at the time of harvest from
the bioreactor. Cell cycle phases can be assayed by various methods known in the art, for example
FACS detection. Typically, in the case of FACS, the percentage of cells in S and G2/M phase is
expressed as the percentage of the live cells, after gating for hive cells, for example using a forward
scatter/side scatter gate. Those skilled in the art will appreciate that the percentage of cells in these
phases correlates with the percentage of proliferating cells. In some cases, allowing the cells to
remain in the bioreactor significantly past their logarithmic growth phase causes a reduction in the

number of cells that are proliferating.

In certain embodiments, the harvesting process comprises agitation. In certain
embodiments, the agitation 1s vibration, for example as described in PCT International Application
Publ. No. WO 2012/140519, which s incorporated herein by reference. In certain embodiments,
during harvesting, the cells are agitated at 0.7-6 Hertz, or n other embodiments 1-3 Hertz, during,
or m other embodiments during and after, treatment with a protease, optionally also comprising a
calcium chelator. In certain embodiments, the carriers contaiming the cells are agitated at 0.7-6
Hertz, or in other embodiments 1-3 Hertz, while submerged in a solution or mediom comprising a
protease, optionally also comprising a calcium chelator. Non-hmiting examples of a protease plus
a calcium chelator are trypsin, or another enzyme with stmular activity, optionally in combination
with another enzyme, non-limiting examples of which are Collagenase Types [, II, Iif, and 1V,
with EDTA.

Those skilled i the art will appreciate that a variety of 1sotonic buffers may be used for
washing cells and similar uses. Hank’s Balanced Salt Solution (HBSS; Life Technologies) is only

one of many buffers that may be used.

Non-limiting examples of base media useful in 2D and 3D culturing include Minimum
Essential Mediuim Eagle, ADC-1, LPM (Bovine Serum Albumin-free), F10(HAM), F12 (HAM),
DCOMIE, DCCM2, RPMIE 1640, BGJ Medium {with and without Fitton-Jackson Modification),
Basal Medium Hagle (BME-with the addition of Earle’s salt base), Dulbecco’s Moditied Eagle
Medium (DMEM), Yamane, IMEM-20, Glasgow Modification Eagle Medium (GMEM),
Letbovitz L-15 Medium, McCov’s SA Medium, Medium M199 (M199E-with Earle’s sale base},
Medium M199 (M199H-with Hank’s salt base), Minimum Essential Medium Eagle (MEM-E-with
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Earle’s salt base), Mmimum Essential Medium Eagle (MEM-H-with Hank’s salt base} and
Mimimum Essential Medium Eagle (MEM-NAA with non-essential amino acids), among
numerous others, including medium 199, CMRL 1415, CMRL 1969, CMRL 1066, NCTC 135,
MB 75261, MAB 8713, DM 145, Williams® G, Neuman & Tytell, Higuchi, MCDB 301, MCDB
202, MCDB 501, MCDB 401, MCDB 411, MDBC 153, In certain embodiments, DMEM 15 used.
These and other useful media are available from GIBCO, Grand Island, N.Y , USA and Biological

Industries, Bet HaEmek, Israel, among others.

In some embodiments, the medium may be supplemented with additional substances. Non-
Iimiting examples of such substances are serum, which is, in some embodiments, fetal serum of
cows or other species, which 15, in some embodiments, 5-15% of the medium volume. In certaim
embodiments, the medium contains 1-5%, 2-5%, 3-5%, 1-10%, 2-10%, 3-10%, 4-15%, 5-14%, G-
14%, 6-13%, 7-13%, 8-12%, 8-13%, 9-12%, 9-11%, or 9.5%-10.5% serum, which may be fetal
bovine serum, or in other embodiments another animal serum. In still other embodiments, the

medium 15 serum-free.

Alternatively or in addition, the medium may be supplemented by growth factors, vitamins
{e.g. ascorbic acid), cytokines, salts (e.g. B-glycerophosphate), steroids {e.g. dexamethasone) and
hormones e.g., growth hormone, erythropoietin, thrombopoietin, mterleukin 3, interleskin 7,
macrophage colony stimulating factor, ¢-kit ligand/stem cell factor, osteoprotegerin higand,
msulin, nsulin-like growth factor, epidermal growth factor, fibroblast growth factor, nerve growth

factor, ciliary neurotrophic factor, platelet-derived growth factor, and bone morphogenetic protein.

It will be appreciated that additional components may be added to the culture medium.
Such components may be antibiotics, antimycotics, albumin, amino acids, and other components

known to the art for the culture of cells.

The various media described herem, 1e. the 2D growth medium and the 3D growth
medium, may be independently selected from each of the described embodiments relating to
medium composition. In various embodiments, any medium suitable for growth of cells in a

standard tissue apparatus and/or a bioreactor may be used.

It will also be appreciated that m certain embodiments, when the described ASC are
mtended for administration to a human subject, the cells and the colture mediom (e.g., with the

above-described medium additives) are substantially xeno-free, e, devoid of any animal
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contaminants e g., mycoplasma. For example, the culture medium can be supplemented with a

serum-replacement, human serum and/or synthetic or recombinantly produced factors.

In other embodiments, conditioned medium (CM) derived from the described ASC 15
utihized in the described methods, for example post-incubation medium from the described tissue
culture incubation or bioreactor incubation. In yet other embodiments, there is provided a
pharmaceutical composition comprising the CM, which may be, in some embodiments, indicated
for the described therapeutic indications. Those skilled in the art will appreciate that, in certam
embodiments, various bioreactors may be used to prepare CM, including but not himited to plug-
flow bioreactors, and stationary-bed bioreactors (Kompier R et al. Use of a stationary bed reactor
and serum-free medium for the production of recombinant proteins in insect cells. Enzyme Microb
Technol. 1991, 13(10):822-7.) For example, CM 1s produced as a by-product of the described
methods for cell expansion. The CM in the bioreactor can be removed from the bioreactor or
otherwise 1solated. In other embodiments, the described expanded cells are removed from the
bioreactor and mcubated 1n another apparatus (a non-limiting example of which 1s a tissue culture

apparatus), and CM from the cells 1s collected.

In vet other embodiments, extracellular vesicles, e.g. exosomes, secreted by the described
ASC are used in the described methods and compositions. Methods of 1solating exosomes are
known 1n the art, and include, for example, immuno-magnetic 1solation, for example as described
m Clayton A et al, 2001, Mathias RA et al, 2009; and Crescitelli R et al, 2013

In some embodiments, the exosomes or other extraceliular vesicles are harvested from a
3D bioreactor mn which the ASC have been incubated. Alternatively or m addition, the cells are
cryopreserved, and then are thawed, after which the exosomes are 1solated. In some embodiments,

after thawing, the cells are cultured in 2D culture, from which the exosomes are harvested.

Pharmaceutical compositions

The described ASC, or UM denived therefrom, can be admunistered as a part of a
pharmaceutical composition, e.g., that further comprises one or more pharmaceutically acceptable
carriers. Heremafter, the term “pharmaceutically acceptable carrier” refers to a carrier or a diluent.
In some embodiments, a pharmaceutically acceptable carrier does not cause significant irritation
to a subject. In some embodiments, a pharmaceutically acceptable carner does not abrogate the

biological activity and properties of administered cells. Examples, without limitations, of carriers
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are propylene glycol, saline, emulsions and nuxtures of organic solvents with water. In some

embodiments, the pharmaceutical carrier is an aqueous solution of saline.

In other embodiments, compostitons are provided herein that comprise ASC or M in
combination with an excipient, e.g., a pharmacologically acceptable excipient In further
embodiments, the excipient is an osmoprotectant or cryoprotectant, an agent that protects cells
from the damaging effect of freezing and ice formation, which may in some embodiments be a
permeating compound, non-himiting examples of which are dimethyl sulfoxide (DMSO), glycerol,
ethvlene glycol, formamide, propanediol, poly-ethylene glycol, acetanude, propylene glycol, and
adonitol; or may in other embodiments be a non-permeating compound, non-limiting examples of
which are lactose, raffinose, sucrose, trehalose, and d-mannutol. In other embodiments, both a
permeating cryoprotectant and a non-permeating cryoprotectant are present. In  other
embodiments, the exciptent is a carrier protein, a non-limiting example of which 15 albumin. In
still other embodiments, both an osmoprotectant and a carrier protein are present; in certamn
embodiments, the osmoprotectant and carrier protein may be the same compound. Alternatively
or m addition, the composition 1s frozen. The cells may be any embodiment of ASC mentioned

herein, each of which 1s considered a separate embodiment.

Provided 1 addition are pharmaceutical compositions, comprising the described placental

ASC, in the absence of non-placental cell types.

Also provided are pharmaceutical compositions, comprising the described placental ASC-

dertved CM, 1n the absence of UM derived from other cell types.

In other embodiments, there are provided pharmaceutical compositions, comprising the

described exosomes.

Since non-autologous cells may in some cases induce an immune reaction when
administered to a subject, several approaches may be utilized according to the methods provided
herein to reduce the hikelihood of rejection of non-autologous cells. In some embodiments, these
approaches mnclude either suppressing the recipient immune system or encapsulating the non-
autologous cells m immune-isolating, semipermeable membranes before transplantation. In some
embodiments, this may be done regardless of whether the ASC themselves engraft in the host. For
example, the majority of the cells may, in various embodiments, not survive after engrattment for

more than 3 days, more than 4 days, more than 5 days, more than 6 days, more than 7 days, more
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than 8 days, more than 9 days, more than 10 days, or more than 14 days. In other embodiments,

an immunosuppressive agent i1s present in the pharmaceutical composition.

One may, in various embodiments, adnunister the pharmaceutical composition in a
systemic manner {as detatled hereinabove). Alternatively, one may adnminister the pharmaceutical
composition locally, for example, via injection of the pharmaceutical composition directly into an
exposed or affected tissue region of a patient. In other embodiments, the cells are administered
mtravenously (IV), subcutaneously (8C), by the intracsseous route (e g. by intraosseous infusion),
or ntraperitoneally (IP), each of which s considered a separate embodiment. In other
embodiments, the ASC or composition s administered intramuscularly; whie in other
embodiments, the ASC or composition 15 admimstered svystemucally. In this regard,

3

“intramuscular” admunistration refers to adnunistration mto the muscle tissue of a subject;
subcutaneous” admunistration refers o admunistration just below the skin, "intravenous
admunistration refers to admunistration into a vein of a subject; “intraosseous” admunisiration refers
to adminustration directly into bone marrow; and “intraperitoneal” admumistration refers to
administration mto the peritoneum of a subject. In other embodiments, the cells are admunustered
mtracerebroventricularly. In certain embodiments, lung-targeting routes of administration may

utilize cells encapsulated in hiposomes or other barriers to reduce entrapment within the lungs.

In still other embodiments, the cells are adounistered intranasally. Intranasal delivery
devices are known m the art In certain embodiments, the device 15 Sipnose, or in other
embodiments, s another device described m US Patent Appl. Publ. No. 2017/0128678 (Danzel

Shahaf e al ), which 15 incorporated herein by reference in its entirety.

In other embodiments, for mjection, the described cells may be formulated in aqueous
solutions, e.g. in physiologically compatible buffers such as Hank’s solution, Ringer’s solution, or
physiological salt buffer, optionally m combination with medium containing cryopreservation

agents.

For any preparation used in the described methods, the therapeutically effective amount or
dose can be estimated nitially from in vitro and cell culture assays. Often, a dose 1s formulated in
an animal model to achieve a desired concentration or titer. Such information can be used to more

accurately determine useful doses in humans.
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Toxicity and therapeutic efficacy of the active ingredients described herein can be
determined by standard pharmaceutical procedures in vifre, in cell cultures or experimental

antmals.

A typical systemic dosage of the described ASC for a human subject ranges, in some
embodiments, from 10-500 nullion cells per administration. For example, the dosage can be, in
some embodiments, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 225, 250, 275, 300,
325, 350, 375, 400, 425, 450, 475, or 500 million cells or any amount in between these numbers.
A typical intracramal dose for a human subject ranges, in some embodiments, from 10-200 million,
10-150 sullion, 20-200 mullion, 20-150 nullion, 10-100 million, 10-80 miullion, 20-100 nullion,
20-80 oullion, 30-100 mullion, or 30-80 million cells per adnunistration. A typical intranasal dose
for a buman subject ranges, in some embodiments, from 10-300 million, 10-200 nullion, 10-150
million, 20-300 mullion, 20-200 million, 20-150 million, 10-100 million, 10-80 million, 20-100
mitlion, 20-80 nullion, 30-100 mullion, or 30-80 nullion cells per admimistration. ASC,
compositions comprising ASC, and/or medicaments manufactured using ASC can be
administered, in various embodiments, inaserigs of 1,2, 3,4,5,6,7, 8,9, 10, 11,12, 13, 14, 15,
1-10, 1-15, 1-20, 2-10, 2-15, 2-20, 3-20, 4-20, 5-20, 5-25, 5-30, 5-40, or 5-50 injections. In still
other embodiments, the ASC are admmistered periodically, e.g. weekly or monthly, until drug

cravings subside.

Depending on the severity and responsiveness of the condition to be treated, dosing can be
of a single or, in other embodiments, a plurality of administrations, with a course of treatment
lasting from several days to several weeks or, in other embodiments, until alleviation of the disease

state 1s achieved.

In certain embodiments, following adminstration, the majority of the cells, m other
embodiments more than 60%, more than 70%, more than 80%, more than 90%, more than 95%,
more than 96%, more than 97%, more than 98%, or more than 99% of the cells are no longer

detectable within the subject 1 month after admunistration.
Compositions including the described preparations formulated in a compatible
pharmaceutical carrier may also be prepared, placed in an appropriate container, and labeled for

treatment of an indicated condition.
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The described compositions may, if desired, be packaged in a container that is accompanied
by instructions for administration. The container may also be accommodated by a notice associated
with the container in a form prescribed by a governmental agency regulating the manufacture, use
or sale of pharmaceuticals, which notice is reflective of approval by the agency of the form of the
compositions or human or veterinary adminstration. Such notice, for example, may be of labeling
approved by the U.S. Food and Drug Adminstration for prescription drugs or of an approved

product insert.

In other embodiments, the described ASC are suitably formulated as a pharmaceutical
composition which can be suitably packaged as an article of manufacture. Such an article of
manufacture comprises a packaging material which comprises a label describing a use in treating
a disease or disorder or therapeutic indication that s mentioned herein. In other embodiments, a
pharmaceutical agent 15 contained within the packaging material, wherein the pharmaceutical
agent 1s effective for the treatment of a disorder or therapeutic indication that 13 mentioned herein.

In some embodiments, the pharmaceutical composition is frozen.

It is clarified that each embodiment of the described ASC may be freely combined with

each embodiment relating to a therapeutic method or pharmaceutical composition.

Furthermore, each embodiment of the described exosomes may be freely combined with

each embodiment relating to a therapeutic method or pharmaceutical composition.

In still other embodiments, the described CM 1s used i any of the described therapeutic
methods. Each embodiment of CM may be freely combined with each embodiment relating to a

therapeutic method or pharmaceutical composttion.

Subjects
In certain embodiments, the subject treated by the described methods and compositions is
a human. In some embodiments, the subject 1s addicted to a drug, e.g. a psychostimulant, or another

drug mentioned herem.

Also disclosed herem are kits and articles of manufacture that are drawn to reagents that
can be used i practicing the methods disclosed heremn. The kits and articles of manufacture can
mclude any reagent or combination of reagent discussed herein or that would be understood to be

required or beneficial in the practice of the disclosed methods, including ASC. In another aspect,



WO 2019/021158 PCT/IB2018/055473
59

the kits and articles of manufacture may comprise a label, nstructions, and packaging material,

for example for treating a disorder or therapeutic indication mentioned herein.

Additional objects, advantages, and novel features of the mvention will become apparent
to one ordinarily skilled in the art upon examination of the following examples, which are not
mntended to be limiting. Additionally, each of the various embodiments and aspects of the invention
as delineated hereinabove and as claimed in the claims section below finds experimental support

in the following examples.

EXAMPLES

Reference is now made to the following examples, which together with the above

descriptions illustrate certain embodiments in a non-linuting fashion,

EXAMPLE I: CULTURING AND PRODUCTION OF ADHERENT PIACENTAL CELLS

Placenta~-derived cell populations containing over 90% maternally-derived cells were
cultured 1in 2D culture, followed by bioreactor culture on fibrous carriers, as described in Example
1 of International Patent Application WO 2016/098061, in the name of Esther Lukasiewicz Hagai

et al, published on June 23, 2016, which i3 mcorporated herein by reference in its entirety.

To detach the cells from the carriers, carriers were incubated with trypsin solution for 4
minutes, with oscillating muxing at S Hz, as described in PCT International Application Publ. No.
WO 2012/140519. The medwwm was drained mto a harvest bag, contaiming FBS (final
concentration 10%), and the carriers were washed with sotonic solution, with oscillating mixing
at 5-Hz frequency, and the cell suspension was dramed mnto the harvest bag. Cells were then
suspended and washed in suspension solution (5% w/v human serums albumin [HSA] m tsotonic
solution), then adjusted to 10-20 x 10° cells/ml, m isotonic solution with 10% DMSO v/v and 5%

HSA w/v. The vials were gradually chilled and stored n a gas-phase hiquid nutrogen freezer.

EXAMPLE 2. CELL STOCK PRODUCTION IN SERUM-FREE MEDIUM

METHODS
The procedure included periodic testing of the medium for sterility and contamination.

Step -1 — Extraction and Plating of Adherent Stromal Cells (ASC’s)
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Placentas were obtained from donors up to 35 years old, who were pre-screened and
determined to be negative for hepatitis B, hepatitis C, HIV-1 and HIV-2, HTLV-1 and HTLV-2,

and syphilis. The donor placenta was maintained sterile and cooled.

Within 36 hours of the delivery, the placenta {(apart from the amnion and chorion) was
placed with the maternal side facing upwards and minced. Pieces were washed with isotonic bufter
+ gentamicin, then incubated for 1-3 hours with collagenase and DNAse in 1sotonic buffer. DMEM
with 10% filtered FBS, L-Glutamine, and gentamicin was added, and cells were filtered through a
sterile stainless steel sieve and centrifuged. The cells were suspended in culture medium, seeded

in flasks, and incubated at 37°C in a humidified tissue culture incubator with 5% CO.

After 2 days, cells were washed with PBS, and CellStart™ cell attachment solution and
SteraPro® MSC SFM XenoFree medum (serum-~free and xeno-free culture medium [SFM-XT])
{ThermoFsher Scientific, catalog no. A10675-01; heremafter “StemPro® medium”) were added.
Step §-2 ~Initial Culturing

Cells were cultured for 2 additional passages (typically 4-10 population doublings after the
first passage) in StemPro® mediurnt+ CellStart™, When reaching 60-90% confluence, cells were
detached using trypsin, centrifuged, and seeded at 3.16+ 0.5 x 10° cells/cn® i tissue culture flasks.
Step £-3 - Cell Concentration, Washing, Formulation, Filling and Cryopreservation

The cell suspension from the final passage was centrifuged and suspended n culture
medium at 20-40 x 10° cells/milliliter (mL), then adjusted to 10% DMSO, 40% FBS, and 50%
DMEM, the temperature was reduced 1o a controlled rate freezer, and cells were stored in a hiquid

nitrogen freezer to produce the Intermediate Cell Stock (“ICS”).
RESULTS
Cell characteristics of several batches were assessed {(Table 1)

Table 1. Charactenistics of placental cells expanded in SF medium. PDL refers to

population doubling level—in this case, the number of doublings since passage 1.

BATCH GROUP | Passage | 'Total growth (days) cell size {(um) | PDL

PD2001 145FM A 1 8 203 NA
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BATCH GROUP | Passage Total growth (days) cefl size {pm) PDL
2 14 20.9 34
3 20 19.7 7
1 8 19.5 NA
B 2 15 215 34
3 20 18.9 6.9
1 7 16.2 NA
A 2 14 20.8 7
3 20 19.4 6.4
PD240214SFM
1 7 22 NA
B 2 14 18.2 2.1
3 20 19.2 6.1
1 7 NA NA
PD2304148FM NA 2 14 NA 2.3
3 19 16.2 57
1 7 NA NA
PDO40S148FM NA 2 14 NA 2.7
3 18 15.6 6.5
1 7 NA NA
PD2605148FM NA 2 13 NA 2.9
3 17 15.8 6.6
1 6 NA NA
PD180814SFM NA 2 10 NA 2.1
3 16 16.7 53
1 8 NA NA
unfiltered 2 14 NA 2.1
PD2209145FM
3 20 17 5.6
filtered 1 8 NA NA
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BATCH GROUP | Passage Total growth (days) cefl size {pm) PDL
2 14 NA 2
3 20 17.8 5.1

1 9 NA NA
PD2710148FM | filtered 2 15 NA 2.1
3 21 17 51

Average P 3 19.1 17.55 612
WCVP3 & 9 11

EXAMPLE 3: ADDITIONAL CULTURING STEPS
Step 2-1: Additional Two-Dimensional (2D) Cell Culturing.

The ICS was thawed, diuted with and cultured i StemPro® medium until 6090%
confluence (typically 4-7 days after seeding}, and cultured for 2 additional passages (referred to as
passages 3/1 and 3/2 respectively; again passaging when reaching 60°90% confluence}, then were

harvested for seeding i the bioreactor.
Step 2.2: Three Dimensional (3D) Cell Growth in Bioreactor/s

Fach bioreactor contained Fibra-cel® carriers (New Brumswick Scientific) made of
polyester and polypropylene, and StemPro® mediom. The culture mediom m the bioreactor/s was
kept at the following conditions: temp: 37+1°C, Dissolved Oxygen (DO): 70420% and pH 7 4:0.4.
Filtered gases (Air, COz, Nz and O2) were supplied a3 determined by the control system in order

to maintain the target DO and pH values. After seeding, the medium was stirred with stepwise

mcreases in the speed, up to 150-200 RPM by 24 hours. Perfusion was mitiated several hours after
seeding and was adjusted on a daily basis in order to keep the glucose concentration constant at
approximately 550mgi\liter. Cells were typically harvested after 5-6 days by washing the cells,

adding trypsin, and subjecting them to agitation.
Step 2-3: Downstream Steps: Concentration, Washing, Formulation, and Cryopreservation

Cells were suspended and washed in suspension solution (5% w/v human serum albumin

[HSA] in isotonic solution), then adjusted to 10-20 x 10° cells/ml, in isotonic solution with 10%
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DMSO v/v and 5% HSA w/v. The vials were gradually chilled and stored in a gas-phase liquid

nitrogen freezer.
EXAMPLE 4: OSTEQCYTE AND ADIPOCYTE DIFFERENTIATION ASSAYS

ASC were prepared as described in Example 1. BM adherent cells were obtained as
described in WO 2016/098001 to Hsther Lukasiewicz Hagai and Rachel Ofir, which is
mcorporated herein by reference in its entirety. Osteogenesis and adipogenesis assays were

performed as described in WO 2016/098061.

Osteocyte induction. Incubation of BM-derived adherent cells in osteogenic induction
medium resulted in differentiation of over 50% of the BM cells, as demonstrated by positive
alizarin red staining. On the contrary, none of the placental-derived cells exhibited signs of

osteogenic differentiation.

Next, a modified osteogenic medium comprising Vitamin D and higher concentrations of
dexamethasone was used. Over 530% of the BM cells underwent differentiation into osteocytes,

while none of the placental-derived cells exhibited signs of osteogenic differentiation.

Adipocyite induction. Adipocyte differentiation of placenta- or BM-derived adherent cells
in adipocyte induction medium resulted in differentiation of over 50% of the BM-derived cells, as
demonstrated by positive oil red staining and by typical morphological changes {e.g. accumulation
of oil droplets in the cytoplasm). Tn contrast, none of the placental-derived cells differentiated into

adipocytes.

Next, a modified medium containing a higher indomethacin concentration was used. Over
50% of the BM-derived cells underwent differentiation into adipocytes. In contrast, none of the

placental-derived cells exiubited morphological changes typical of adipocyies.
EXAMPLE 5: FVURTHER OSTEOUYTE AND ADIPOCYTE DIFFERENTIATION ASSAYS

ASC were prepared as described in Example 2. Adipogenesis and Osteogenesis were
assessed using the STEMPRO® Adipogenesis Differentiation Kit (GIBCO, Cat# A1007001) and
the STEMPRO® Osteogenesis Differentiation Kut (GIBCO, Cat# A1007201), respectively.

RESULTS
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Adipogenesis and Osteogenesis of placental cells grown in SRM or in full DMEM were

tested. Groups are shown in Table 2.

Table 2: experimental groups

Group | Product Batch

Al BM derived MSC (positive control} BM-122

Bl ASC grown in SRM PD2209145FMS3 R0O01 B1.2
1 ASC grown in SRM RO50115 ROt

D1 ASC grown in SRM R280115 RO

El ASC grown in full DMEM PTO41011R36

In adipogenests assays, BM-MSCs treated with differentiation medium stained positively
with 01l Red O (Fig. 2. By contrast, 2/3 of the SRM baiches exhibited negligible staming, and
the other SRM batch, as well as the full DMEM-grown cells, did not exhibit any staining at all,

showing that they lacked adipogenic potential.

In osteogenesis assays, BM-MSCs treated with differentiation medium stained positively
with Alizarin Red S {(Fig. 3). By contrast, none of the placental celis batches grown in SRM or full

DMEM exhibited staining, showing that they lacked osteogenic potential.

EXAMPLE 6: INDUCTION OF ASCTO SECRETE NEUROTROPHIC FACTORS AND
IMMUNOMODULATORY CYTOKINES

Methods

At passage 3/3 (the third passage after thawing and plating the 1CS [Step 2-11), 2 x 1075
placenta-derived cells, primanily of fetal origin, were diluted in DMEM + 10% FBS, centrifuged,
and suspended and seeded in 6-well plates, in 2 ml DMEM + 10% FBS medium per well. After 1
day, the medium was aspirated, the cells were washed in PBS; and incubated in serum-free DMEM
supplemented with various combinations of erythropotetin, dibutyrvi cyclic AMP (dbcAMP),
basic fibroblast growth factor {(bFGF), heparin, 3-Isobutyl-1-methylxanthine (IBMX), PDGF-AA
{platelet-dertved growth factor), neuregulin-1 beta (HRG-beta 1) (Uniprot Accession. No.
Q7RTW4), epidermal growth factor (EGF), and 1X N-2 animal-free cell culture supplement

{ThermoFisher Scientific, Cat. # 1752048} was added. 100x N-2 contains 1 mM human transferrin
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{holo}, 500 mg/L {(mulligrams per liter) Insulin Recombinant Full Cham, .63 mg/L progesterone,
10 mM putrescine, and 0.52 mg/L selenite. The cells were incubated in the supplemented DMEM
for 72 hours, after which the conditioned medium (CM) from the cells was collected. The cells

were then trypsinized and collected separately.

Analysis of BDNF concentration was performed using etther an ELISA kit or a Luminex®

kit
Results

ASC were incubated in DMEM without serum supplemented with various combinations
of erythropoietin, dbcAMP, bFGF, heparin, IBMX, PDGF, HRG-beta 1, EGF, and 1X N-2
supplement, in order to define the additives needed for mnduction. The CM was collected and
analyzed for BDNF concentration (Fig. 4). Medium containing dbcAMP, heparin and N-2
supplement achieved induction after an mncubation of only 3 days. Inclusion of bFGF further

enhanced BDNF secretion and cell viability.
EXAMPLE 7: ADDITIONAL ASC INDUCTION PROTOCOLS

As described 1o the previous Example, thawed cells were seeded in plates, in full DMEM
medium, then the next day were washed, and incubated in DMEM supplemented with 1 mM
(mullimolar) dbcAMP, 20 ng/ml (nanograms per wmulliliter) bFGF, 50 mcg/ml
{microgram/mulliliter) heparin, and N-2 supplement to 1X concentration. To determine the best
conditions for induction, ASC were thawed at p3/3 and were seeded in 175 em” flasks and grown
for 5 days in DMEM + 20% FBS, in some cases in the presence of induction agents for the last 24
or 72 hours (induction agents were added etther in the presence of DMEM + 20% FBS or DMEM
without FBS). Induction was similar to Example 6, but with various parameters altered. The initial
seeding density was varied, and CM was collected after no induction or 24~ or 72-hr. of induction

{(see Table 3) and tested for BDNF concentration.

Additionally, aliquots of cells were cryopreserved at the conclusion of the induction and
were subsequently thawed, seeded n 6~well plates at 0.7 x 1076 cells/well, and incubated for 72
hr. in DMEM + 20% FBS, withdrawing a sample of CM every 24 hirs, which was tested for BDNF

concentration. At 72 hours, cells were removed from the plates and counted for normalization.
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Table 3. Induction Conditions for Samples.

Group | Cellno/cm™2 at | Induction time (hr) | Agents present? Medium
time of seeding
1 {none) -
2300
2 24
=4 x 10" cells
3 72 + DMEM + 20%
4 (none) - FBS
4600
5 24 +
= 0.8 x 1076 cells
6 72
7 17,000 {none) -
=29x 1076 cells
. _ , Basal DMEM
8 {previous 72 ™
conditions)

Measurement of BDNF concentration in CM at the conclusion of the induction showed
that seeding density did not affect BDNF secretion, and neither did induction agents, unless serum-
free conditions were used {Fig. 5; rightmost 2 bars depict serum-free conditions in the absence of
presence of induction agents}. Aliquots of cells were also cryopreserved after induction, and BDNF
secretion was measured after thawing, which 1s shown for the low-, medium-, and high density
eroups (Figs. 6A-C, respectively). BDNF secretion appeared lower after 72-hr. induction in the
high-density/serum free group compared to 24 hr. induction in the medium-density group when
looking at absolute numbers {compare Fig. 6C, rightmost 3 bars to Fig. 6B, middle set of 3 bars).
However, when numbers were normalized to the number of cells, BDNF levels in the high-
density/serum free group were simuilar to the low and medium density groups (Fig. 6B; compare
the 1% and 4" bars from the right). This was due to the low cell viability in this group. This showed
that use of serum-containing medium for induction enabled cells to better recuperate from
cryopreservation and thus the number of viable cells secreting BDNF is higher, hence the higher

absolute concentrations observed.
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In further experiments, 0.8 x 106 cells per 175cm’ flask were seeded and induced with
bFGF and cAMP for 24 hr. m DMEM + 20% FBS. Post-cryopreservation and thawing, CM was
collected after incubating cells for 24 hr. in DMEM w/o FBS (Figs. 7TA-C).

Conditions of 4600 cells/cm™2 and 24-hr. induction time were used for further experiments.

EXAMPILE 8 NEURONAL DIFFERENTIATION BY CM DERIVED FROM ASC
BIOREACTOR EXPANDED OR INCUBATED WITH INDUCING AGENTS; INDUCED
ASCREDUCE ROS PRODUCTION AND RESULTANT CELL MORTALITY

METHODS

Placental ASC were expanded as described in Example 2 until passage 3/3. ASC were then
mcubated for 5 days in DMEM + 20% FBS, followed by an incubation in DMEM + 20% FBS for
24 hr. in the presence of no induction agents or regular concentrations of induction agents,
followed by cell cryopreservation and CM collection after cell thawing as described above, but in
SH-SYSY growth medwm (MEM/F12) with 10% FBS for the last 24 hr. (CM collected from
induced ASC m the absence of serum vielded sioular although less pronounced neuronal

differentiation).

CM was collected from crvopreserved/thawed bioreactor-expanded ASC as described in
the previous Example. SH-SYSY cells were imcubated with regular SH-SY3Y growth medium
{composed of 530% MEM medium supplemented with non-essential amino acids; 50% F-12; 10%
FBS; 1% glutamine; 0.5% sodium pyruvate and SOug/mi gentamycin), CM from induced ASC
{prepared in SH-SYSY growth medium), or regular SH-SY3Y growth medium supplemented with

butyric acid or cAMP, to elicit differentiation for 6 days. Medium was replaced after 3 days.

THC siaining. Cells were then fixed, permeabilized, and stained with antibodies against
human BiI-tubulin and human tyrosine hyvdroxylase {Abcam), followed by fluorescent labeled
secondary antibodies (etther Alexa Fluor®488 for tyrosine hydroxylase or CF™S543 for BHI
tubulin}, Nucler were stained with DAPL Samples were viewed with an Olympus BXS3
fluorescent microscope and the CellSens program was used to take pictures, and analyze neurite

length.
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RESULTS

CM from induced ASC and bioreactor-expanded ASC, subsequently incubated either with
or without induction agents, was incubated with SH-SYS3Y cells to determine its ability to induce
neuronal differentiation. Certain batches of bioreactor-expanded ASC induced neuronal
differentiation indicated by upregulation of beta-Ill-tubulin expression, a mature neuronal marker,
and neurite elongation. High TH and ChAT expression were mduced, indicating differentiation of

neuronal precursor cells into dopaminergic and cholinergic or noradrenergic neurons,

Additionally, CM from certain batches of ASC, whether or not incubated with induction
agents, caused neuronal differentiation, as evidenced by an increase in tubulin expression. CM
from ASC incubated with induction agents also caused reduced Nestin expression and increased
TH and ChAT expression, indicating differentiation of neuronal precursor cells mto dopaminergic
and cholinergic neurons (Fig. 8A). Fig. 8B shows the quantitation of neuronal differentiation,
calculated as the percent of cells with extended neurites that are stained for beta-IH-tubulin relative

to the retinoic acid positive control,

To determine the cytoprotective/antioxidant effects of placental ASC subjected to
bioreactor expansion or incubation with inducing agents, Neuroblastoma (SH-SYSY) cells were
differentiated using cAMP for 7 days, to recapitulate the effect of oxidative stress on fully
differentiated neurons in vive. Following neuronal differentiation, cells were mmcubated m regular
growth medium (control), or CM derived from placental ASC subjected to bioreactor expansion
or ncubation with mducing agents, in the presence of RealTime GLO™ (RTG) reagents, which
detect viable cells. The cells were incubated with the RTG reagents for 2 hours, enabling the RTG
to enter the cells and equibibrate. Then Ho(r: was added to the cells, and luminescence values,
correlating with hive cell number, were measured every 1S munutes for 8 hours. Cells exposed to
H2O0 11 control medium (solid, gray line) exhibited increased cell death vs. controls without H20o,
whtle UM from placental bioreactor-expanded ASC (solid, black ling) or, even more so, following
mcubation with bFGF and cAMP (dotted line) conferred a significantly higher cell viability (Fig.
8C). The peak difference was seen 0.5 hours following addition of Hz20n (Fig. D).

Furthermore, formation of ROS was measured using dichlorofluorescin diacetate

{DCFDA), a fluorogenic dye that measures intracellular ROS activity within the cell. DCFDA was

added to differentiated SH-SYSY cells for 45 minutes, residual dye was washed away, then CM
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or control medium {groups labeled as in Fig. 8C} with H20» were added to the cells. ROS activity
was determined every 15 minutes for 6 hours. HaO» caused an increase in ROS activity, as
expected, but CM mhibited ROS formation (Fig, 8K}, The 2 types of CM behaved similarly to one

another.
EXAMPLE 9: LOUALIZATION OF ASCAFTERIN, AND LV, ADMINISTRATION
METHODS
Gold nanoparticles (GNPs) are described m Betzer ef af.

Cell uploading of ASC with GNPs: ASC were suspended in saline (5% 10° celis/ml). GNPs

were added {2710° particles per cell), incubated with cells (37°C, 1 hr), and then washed.

Tracking of migration and localization of ASC: Rats were injected either i.n. (5 x 10°
cells) or IV (1 x 10° cells) with GNP-stained ASC. 24 hours after injection, rats were sacrificed,
and the whole body was scanned for GNP stained cells using a microCT imager (Skyscan 1176,

Bruker micro-CT, Belgium).

Rat BM-MSC isolation. MSC were 1solated from freshly-sacrificed male Sprague Dawley
(SD) rats by removing tibias and femurs were and cleaning them of connective tissue. Marrow was
flushed out of the cut bones after removal of the epiphysis and suspended in DMEM (Biological
Industries, Beit Haemek, Israel) with 10% FBS (Biological Industries), 100 units/ml of penicitlin,
100 mg/ml of streptomycin, and 2 mM of L-glutamine. Marrow cells were separated and
suspended by repeated passage through 19, 20, 21, 23 and 25-G syringe needles. Suspended cells
were plated in 100 mm® dishes and cultured at 37 °C and 5% CO? The non-adherent cells were
removed at 24 and 48 hours after plating. MSC were expanded in culture for 3-8 passages,
changing the medium twice per week. MSC were confirmed to undergo osteogenic differentiation,
adipogenic differentiation, and chondrogenic differentiation under standard conditions, and

neuronal differentiation, as described below.

Localization. Studies were performed to quantify the cells that reached each bram region
m cocaine-addicted rats {the protocol 15 described 1n Example 11). Rats were administered GNP-
stained maternal/placental ASC by the 1.n. and 1.¢.v. routes. 28 days later, rat brains were excised,
sectioned and desired areas punched out. The amount of GNPs in each area was analyzed using

Flame Atomic Absorption Spectroscopy (FAASR) (method described in Betzer er af).
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RESULTS

Placental/maternal ASC can be stained with gold nanoparticles (GNPs) (Betzer er af} with
only minimal effects on cell viability {as indicated by the percentage of plastic-adherent cells
within 6 hours of incubation} and no reduction of cell functionality (as indicated by endothelial
cell proliferation and bone marrow migration). Rats received either an 1n. or 1v. injection of
placental ASC. CT scanning showed 4-fold lower accumulation of ASC in peripheral organs (liver
and lung) after Ln. inyection as compared to 1.v. mjection. Similar results were obtained with rat

BM-MSC (Fig. 9A).

Twenty four hours after injection, CT imaging detected a larger number of ASC in the
brains of Lo -injected animals (~3% of injected cells), relative to 1.v. ijection. GNPs that were not
incubated with cells served as a negative control, since GNPs alone cannot cross the blood-brain
barrier under the conditions utilized (Figs. 9B-C). Placental ASC were found in various brain
regions known to be related to drug addiction and reward mechanisms, e.g. the ventral tegmental
area {VTA), nucleus accumbens, central amygdala, and dentate gyrus (DG) in brains removed

from cocaine addicted placenta ASC-treated rats~ 28 days after cells’ adnunistration (Fig, 9D).

EXAMPLE 10: LOCALIZATION OF ASCAFTER IN. AND LC.V. ADMINISTRATION;
ICVADMINISTERED MSCS CAN INDUCE NEUROGENESITS

Studies were performed similar to imaging studies in the previous Example, but with non-

addicted rats.
RESULTES

In.-adnunistered BM-MSC were found in various brain regions known to be related to
drug addiction and reward mechanisms, e.g. the ventral tegmental area (VTA}, nucleus accumbens,
central amygdala, and dentate gyrus (DG) (Fig, 10A). These results and those of the previous
Example show that intranasal injection 15 a viable route for admumstration of ASC to areas of the

brain mvolved in drug addiction.

Dil-stained MSC were visualized in the DG by fluorescence (B), following MSC injection
into the left lateral ventricle 1 month after administration. Furthermore, enhanced hippocampal
neuronal proliferation, as shown by an increase in PCNA-positive cells (indicated by arrows) in

the ipsilateral vs. contralateral HC was also observed (C). Immunofluorescence detection of
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doublecortin (DCX [Uniprot Accession. No. 043602})-positive cells revealed abundant DCX-
positive cells {which are dividing neuronal precursor cells) in the granular cell layer of the

ipsilateral DG vs. the contralateral DG (magnification x 200).

EXAMPLE 11: ASCAMELIORATE DRUG WITHDRAWAL

Three groups of rats (n=7 per group) were trained to self-adnunister cocaine for 1 hour
datly for 10 days (until maintenance addiction levels were achieved). Lever presses caused a 20-
second tv. infusion into the jugular vein of (1.5 mg/kg cocaine mn 0.13 mbL) (obtained from the
National Institutes on Drug Abuse, Research Technology Branch, Rockville, MD, USA) under a
fixed-ratio-1 schedule of reinforcement. During the 20-s cocaine infusion, active lever presses
were recorded but no additional cocaine reinforcement was provided. Rats were then divided into
different treatment groups that were randomized to have the same mean drug intake Different
groups received gold nanoparticle-stained placental/maternal ASC, given intranasally (1n.) or
ntracerebroventricularly (1.¢.v), or vehicle (given L.c.v. or Ln,; average of the 2 groups 15 depicted)
on the first day of the extinction period (which lasted from days 10-19) After the extinction
session, rats were subjected to cocame-primed reinstatement. Craving, as measured by the number
of active lever presses, was reduced by both 1.c.v. and 1.n. ASC during the extinction period (Fig.
11A) and also after cocame-primed reinstatement two and four weeks following cell

adminsstration (Figs, 118-C).

EXAMPLE 12: ADDITIONAL DRUG WITHDRAWAL STUDIES WITH FETAL AND
MATERNAL CELLS

METHODS

Cocaine self-administration: Rats were divided into the following groups: 1. Sham-
operated anmimals- no cocame exposure, no treatment. 2. Cocaine-addicted, placebo treated. 3.
Cocaime- addicted, treated with maternal/placental ASC; 4 Cocaine-addicted, treated with

fetal/placental ASC.

Rats were anesthetized with xvlazine and ketamine, and a 20-gauge gwide cannula was
mplanted into the lateral ventricle {anterior 0.8, lateral 1.5, ventral -4.0 mm from bregma), and
a catheter n the jugular vemn. Following 7-day recovery from surgery, accompanied by

prophylactic antibiotic injection into the catheter, rats underwent traiming sesstons for 12 study
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days (until addiction was established) with either cocaine (NIDA, Research Technology Branch,
MDY (1 hr/day, 1.5 mg/kg, 0.13 ml, 5 sec/infusion; FR-1; during dark cycle) or saline self-
administration {(sham} The first day of cocaine exposure was designated as day O, after which
subsequent study day numbers were assigned only on days when animals recetved training sessions
(excluding Saturdays). ASC or placebo (control) was administered 1.c.v. between days 12-13 (no
training was performed on that day). After reaching maintenance, rats underwent an extinction
session from study days 13-23 (inclusive), followed by cocaine-primed reinstaternent (10 mg/kg

adminustered IP) and sacrifice on study day 24.

Quantitative real-time polymerase chain reaction (gRT-PCR): Total RNA preparation:
miRNeasy Micro Kit (Qragen, Chatsworth, CA, USA) was used for purification of miRNA and
total RNA from tissues. The quantity and quality of RNA were assessed by NanoDrop 8000
Spectrophotometer {Thermo Scientific, Wilnungton, DE, USA) and Agilent 2100 Bioanalyzer
following the RNA 6000 Nano Kit protocol { Agilent Technologies, Santa Clara, CA, USA). RNA
samples were stored at -80 °C until use, after which they were reverse-transcribed to ¢DNAg
{gScript cDNA Synthesis, Quanta BioSciences). gRT-PCR analysis was carried out on a Step One
Plus Real-time PCR system (ThermoFisher Scientific) using fluorescent SYBR Green FastMix
technology (gScript cDNA Synthesis, Quanta BioScimees). Reaction protocols were as follows: 3
seconds at 95 °C for enzyme activation followed by 45 cycles of S seconds at 95 °C and 30 seconds
at 60 °C. Melting curve analysis examined specificity of the amplification products. The primers

used for the qRT-PCR analysis are listed in Table 4.

Table 4: BDNF primers,

Gene name | Forward primer 5'-23'; SEQ Ne. Reverse primer 533"/ SEQ No.

BDNF gcggcagataaaaagactge | | gecagecaattetettittg ; 2

RESULTS

An additional addiction study was performed, with unstained maternal and fetal cells. Rats
were trained to self-administer cocaine via a catheter until addiction was established, followed by
an extinction period, which was i turn followed by cocaine-primed reinstatement. Rats were
divided into different treatment groups, which received either maternal ASC, fetal ASC, or vehicle.

An additional control group (“sham operated”) received no cocaine. Both the maternal and fetal
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ASC reduced peak drug cravings during the first day of extinction (day 13}, and maternal ASC

demonstrated additional efficacy during induction of relapse (day 24} (Fig, 124-D).

The mRNA expression of brain-derived neurotrophic factor (BDNF) in BM-derived MSCs
was assessed using real-time PCR. Maternal and fetal ASC also increased levels of BDNF mRNA
in the DG (Fig. 13).

Moreover, maternal and fetal ASC reduced levels of miR484, and fetal ASCs increased
miR124 levels in the dentate gyrus (DG), relative to the no-ASC control rats (Figs. 14A-B).
Notably, levels following ASC treatment were simular to levels in non-addicted sham treated
amimals. miR484 levels positively correlated with craving levels (C; P=0.0119; r=0.7230). In
maternal ASC-treated rats, levels of nuR124 in the NAc¢ and miR484 in the DG positivity
correlated to one another (B). In the NAc, maternal ASC mncreased levels of miR484, and both
ASC types ncreased miR124 levels (Figs. 15A-B), and levels of both miRNA’s negatively
correlated with craving levels (C-D). BM-MSC-treatment of rats also resulted n changes m
miRNA (miR) expression in the VTA Fig. 16A 15 a scatter plot depicting the differences in
expression profile between cocamne addicted rats and sham operated unaddicted rats of 423
miRNAs obtained by Nanostring nCounter analysis system. B shows 12 miRNAs from those
presented in A, which showed a statistically significant change {p<0.053) in expression levels after

MSC treatment.

EXAMPLE 13: ADDITIONAL DRUG WITHDRAWAL STUDIES WITH
IN-ADMINISTERED ASC

Overall design: Sprague-Dawley rats are implanted with a catheter to the jugular vein and
allowed to recover, as described for the previous Example. Rats are tramed to self-admunister
cocaine (1.5 mg/Kg) or saline for 1 hour daily, unti} stable maintenance levels are attained {(about
14 days). Rats are then intranasally (1.n.) adminustered maternal or fetal placental ASC. One day
after ASC administration, BrdU 1s igjected 1.p. (50 mg/ kg, 3 times at 4-h mntervals). 2 days after
ASC administration, rats undergo an extinction session, followed by cocaine-primed reinstatement
{10 mg/kg adminstered 1P}, from days 28-44. Addiction levels are determined at several time
points by measuring the number of presses of the active {cocaine-supplying} and mactive levers
daily during the 7-14 days of extinction. Cocaine priming-induced relapse 1s measured 28 days

after ASC administration. Immediately after the relapse session, rats are perfused, and brains are
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sectioned and DG area stained for BrdU & NeuN protein {a marker for adult neurons). Sham-
operated rats not exposed to cocaine {but rather to saline) and not treated with ASC serve as an
additional control group. Different brain areas will also be stained for activated microglia to

determine levels of neuronal inflammation.

ASC administration. 24 hours after concluding training, rats are randomly divided into 3
eroups that have the same mean drug intake. Arimals are anesthetized with xylazine and ketamine,
and maternal or fetal ASC (5 x 107 in 20-25 ul) or vehicle (25 pl) are infused into each naris (total
of 1x10° cells) using the Tmpel Rat Intranasal Catheter Device (Impel Neuropharma, USA). The
catheter tube 15 nserted into the nasal cavity of the animal through a catheter guide, 1nserted nto
the naris of the animal, 5 mm deep, directing the catheter tube to the upper olfactory region. Cells
are slowly released through the catheter tube onto the olfactory epithelium, avoiding contact with
the IN mucosa. Following 1.n. administration, the head of the animal s held in a tilted back position

for 1-2 munutes before extraction of catheter from nares to prevent loss of solution from the nares.
(Optional) neurogenesis studies:

ASC are localized in the brain, as described for the previous Examples. To determine
neurogenesis in the DG, 1 day after admunistration of ASC, rats in groups 1, 2, 4, and 6 are given
3 adnurustrations of 50 mg/kg BrdU intraperitoneally, spaced apart by 4-hour mtervals. After
sacrifice, rats are perfused with formaldehyde, and DG specimens are removed from fixed and
frozen bramns. Neurogenesis in this region 1s measured by counting the amount of BrdU positive
neurons 28 days after ASC admunistration. For BrdU stamning, brain sections of the DG area
{multiple sections per rat} are washed with PBS, incubated with 2N HCl at 37 °C for 30 minutes,
washed 3 times with PBS, incubated with blocking solution containing 0.5% Triton X-100 and
20% horse serum n PBS for 1 hour, then again washed in PBS. Staining 1s performed with anti-
BrdU and anti-NeuN antibodies, followed by washing and staining with conjugated secondary

antibodies. BrdU- and NeuN-positive cells are quantified by microscopic examination.

Additionally, RNA expression levels of miRNA-124, miRNA-451, miRNA-484, NGF,
bFGE, GDNF, and/or BDNF are measured in the hippocampus and in the NA, VTA and PFC areas
and CSF and serum. mRNA and miRNA levels are tested by quantitative real time PCR (gRT-

PCR} (PerfeCTa SYBR Green FastMix, [Quanta BioSciences, Gaithersburg

o0

Montgomervl]).

Protein levels in serum and CSF are measured by Luminex or ELISA.
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Table S: List of primers.

PCT/IB2018/055473

{zene name

Forward primer 3'23'; SEQ
No.

Reverse primer §'-33'; SEQ
No.

FGF-2

agttgtgtccatcaagegatst ; 3

agccageageogiceat [ 4

IGEF-1

gacgtaccaaaatgagegoacc ;5

tcgatageggctoggactic ; 6

GDNF family receptor

aaacccatgeciceggaat | 7

cctgegtagetgooagtoas | 8

alpha 2 (GFRA2)

Excitatory aming acid -
ctgeggoacctccicaagtict | 9 ccacgggaageacaaatetg | 10

transporter T (EAATL}

It 1s appreciated that certain features of the invention, which are, for clarity, described in
the context of separate embodiments, may also be provided in combination in a single
embodiment. Converselv, various features of the invention, which are, for brevity, described in the
context of a single embodiment, may also be provided separately or i any suitable
subcombination.

Although the mvention has been described in comjunction with specific embodiments
thereof, it 13 evident that many alternatives, modifications and variations will be apparent to those
skilled 1n the art. Accordingly, it is intended to embrace alternatives, modifications and variations
that fall within the spirit and broad scope of the claims and description. All publications, patents
and patent applications and GenBank Accession numbers mentioned w this specification are
herein incorporated in their entirety by reference into the specification, to the same extent as if
each mdividual publication, patent or patent application or GenBank Accession number was
specifically and individually indicated to be incorporated herein by reference. In addition, citation
or identification of any reference in this application shall not be consirued as an admission that

such reference 1s available as prior art to the mnvention.
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CLAIMS
WHAT IS CLAIMED IS
1. A method of ireating an addiction in a subject in need thereof, comprising: administering to

the subject a pharmaceutical composition, comprising placental adherent stromal cells

{ASC]), thereby treating an addiction.

2. A method of treating an addiction in a subject in need thereof, comprising: administering to
the subject a pharmaceutical composition, comprising adherent stromal cells (ASC) not
derived from placental tissue, thereby treating an addiction.

3. The method of claim 1 or claim 2, wherein said administering comprises:

a. administering to the subject a first pharmaceutical composition, comprising ASC from

a first donor; and

b. administering to said subject, at least 7 days after step a), a second pharmaceutical
composition comprising allogeneic ASC from a second donor, wherein said second
donor differs from said first donor in at least one allele group of human leukocyte

antigen (HLA}-A or human leukocyte antigen (HLA)-B,

4. The method of claim 3, further comprising administering to said subject, at least 7 days after
step b}, a third pharmaceutical composition comprising aliogeneic ASC of a third donor,
wherein said third donor differs from both said first donor and said second donor in at least

one allele group of HLA-A or HLA-B.

5. The method of any of claims 1-4, wherein said ASC secrete a tactor selected from BDNF
{brain derived neurotrophic factor), GDNF (ghal cell line-derived neurotrophic factor),
bFGE (basic fibroblast growth factor), NGF (beta-nerve growth factor), VEGF (vascular
endothelial growth factor), and HGF (hepatocyte growth factor), and LIF (Leukenua

mhibitory factor).

6. The method of any of claims 1-5, wherein said ASC have been incubated in a 3D cuiture

apparatus.
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The method of claim 6, further comprising the subsequent step of harvesting said ASC by

removing said ASC from said 3D culture apparatus.

The method of claim 6 or 7, wherein said ASC have been incubated 1n a 2D adherent-cell

culture apparatus, prior to said incubation in a 3D culture apparatus.

The method of any of claims 6-8, wherein said 3D culture apparatus comprises a bioreactor.

The method of any of claims 6-9, wherein said 3D culture apparatus comprises a synthetic

adherent material.

The method of claim 10, wherein said synthetic adherent material is a fibrous matrix.

The method of claim 11, wherein said synthetic adherent matenal 1s selected from the group
consisting of a polyester, a polypropylene, a polvalkylene, a polyfluorochloroethylene, a
polyvinyl chloride, a polystyrene, a polysulfone, a cellulose acetate, a glass fiber, a ceramic

particle, a poly-L-lactic acid, and an inert metal fiber,

The method of any of claims 6-12, wherein said 3D culture apparatus comprises

microcarriers.

The method of any of claims 1-13, wherein said ASC have been incubated i grooved
carriers, wherein said each of said grooved carriers include multiple 2 surfaces extending

from an exterior of said carrier towards an interior of sawd carrier.

The method of any of claims 1-14, wherein said addiction is an addiction fo a

psychostimulant.

The method of claim 15, wherein said psychostimulant is selected from cocaine,

methamphetamine, amphetaming, and methylphenidate.

The method of any of claims 1-14, wherein said addiction 1s an addiction to a depressant.
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18, The method of any of claims 1-14, wherein said addiction is to an addiction to a

hallucinogen.

19.  The method of claim 1, wherein said ASC express a marker selected from the group

consisting of CD73, CDY0, CD29 and CD10S.

20, The method of claim 1 or 19, wherein said ASC do not express a marker selected from the

group consisting of CD3, CD4, CD11b, CD14, CD19, and D34

21.  The method of claim 1 or 19, wherein said ASC do not express a marker selected from the

group consisting of CD3, CD4, {D34, CD39, and CD106.

22, The method of claim 21, wherein less than 50% of said ASC express CD200.

23.  The method of claim 21, wherein more than 50% of said ASC express CD200.

24.  The method of any of claims 21-23, wherein more than 50% of said ASC express (D141,

25.  The method of any of claims 21-23, wherein more than 50% of said ASC express SSEA4.

26.  The method of any of claims 1 or 19-25, wherein more than 50% of said ASC express HLA-

A2,
27.  The method of claim 2, wherein said ASC originate from adipose tissue.
28, The method of claim 2, wherein said ASC originate from bone marrow.

29, The method of any of claims 1-28, wherein said ASC secrete Flt-3 ligand or stem cell factor

(SCF).

30. The method of any of claims 1-28, wherein the ASC secrete a factor selected from VEGF
(vascular endothelial growth factor), angtogenin, Angiopoietin 1, MCP-1, 11.-8, Serpin E1,

and GCPZ/CXCLOG.
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31, The method of any of claims 1-28, wherein the ASC secrete a factor selected from BDNF
{(brain derived neurotrophic factor), GDNF {ghal cell line-dertved neurotrophic factor),
bFGF (basic fibroblast growth factor), NGF (beta-nerve growth factor), VEGF (vascular
endothelial growth factor), and HGF (hepatocyte growth factor), and LIF (Leukemia

mhibitory factor).

32.  The method of any of claims 1-31, wherein the cells are administered intranasally.

(43
(43

The method of any of claims 1-31, wherein the cells are administered intra-cerebro-

ventricularly.
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