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(57) Abstract: Compositions and methods are disclosed for the identification of agents to treat neurological diseases and disorders,
including neurodegenerative diseases. Screening assays assess protection of cultured human central nervous system (CNS) pericytes
against stressors that contribute to the etiology of neurodegenerative and other CNS diseases by causing loss and/or dysfunction of
such pericytes. Choroid plexus (CP) -derived compositions, including CP products previously thought to act directly on neuronal cells
as neuroprotectants, are herein described to function as agents that protect human CNS pericytes against such stressors. CP-derived
pericyte protective agents (PPA) thus may find uses in treating CNS and other diseases.
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FERICYTE PROTECTIVE AGENTS FOR NEUROLOGICAL DISORDERS INCLUDING
NEURCDEGENERATIVE IISEASES, CENTRAL NERVOUS SYSTEM DISEASES AND

OTHERS

CROSS REFERENCE TO RELATED APPLICATION

5 This application claims the benefit under 35 U.S.C. § 119(g) to U1.&. Provisional
Application No. 82/580,942 filed November 2, 2017, which application is
incorporated by reference herein in its entirety.

BACKGROUND

Technical Field

10 The present disclosure relates generally to neurciogical diseases
and disorders, including neurodegenerative diseases, and to identification of
agents for the treatment of such conditions. More specifically, compositions
and methods are described periaining to protection of ceniral nervous system
(CNS) pericytes and/or peripheral nervous system (PNS) pericytes from

15 stressors that contribute o the etliclogy of disease by causing loss and/or
dysfunction of such pericytes. As disclosed herein, pericyle protective agents
(PPA} include choroid plexus (CP) —~derived compositions that may be useful for
freating neurclogical disorders including neurodegenerative disease, CNS

disease, and other diseases and disorders.

20 Description of the Related Art

Diseases and disorders of the nervous system represent
significant medical, social and economic challenges for which effective
remedies remain slusive. Neurodegenerative diseases are often associated
with aging and may be characierized by the progressive loss of neuronal celis

25 from the central nervous system (CNS) and/or the peripheral nervous system
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(PNS), often accompanied by depression or dementia and deterioration or loss
of one or more of memory, motor skills, cognitive skills, and sensory abilities,
along with other neurological deficits (Suksuphew et al., 2015 World J. Sfem
Cealls 7:502; Schadt et al., 2014 Front. Pharmacol. 5:252). Alzheimer's disease,
Parkinson’s disease, Huntington’s disease, schizophrenia, retinal degeneration
{(e.g., retinal degenerative diseases including macular degeneration, diabetic
retinopathy, retinitis pigmentosa), and other nervous system diseases and
disorders have become societal burdens of growing prevalence and increasing
impact on healthcare costs.

Disease-related degeneration of nervous system cells, which in
healthy individuals are important contributors to normal nervous system
maintenance and aclivily, can lead to compromised nervous system functions
with deleterious consequences. For example, damage to or loss of nervous
system cells that secrete significant bioactive molecules such as growth factors,
differentiation factors, tissue repair factors, neurotransmitters, detoxifying
proteins, protein chaperones or the like, can result in devastating diseases such
as Parkinson's disease, Alzheimer's disease, amyotrophic lateral sclerosis
(ALS) and other conditions. When the normal functions of the lost cells involve
homeostatic maintenance of a physiclogical state or appropriate responses o
changing physiological cues, therapeutic strategies that atiempt simply to
restore one or a small number of muitiple depleted factors to patients in an
unregulated manner are typically unsuccessful. Insiead, an effective disease-
modifying therapy should involve constantly readjusting the supply of all factors
normally secreted by these cells at physiciogical concentrations and in a
biclogically responsive, regulated manner.

Recent alternative approaches for treating neurodegeneration
therefore involve introducing into the CNS viable therapeutic celis that can
restore, repair or functionally replace the damaged celis. By such approaches,
it is belisved that the replacement celis may respond flexibly and pieiotropically

io environmental cues supplied by the local milieu, for instance, by progressing
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through quantitative and/or qualitative changes in their gene expression and
protein secretion profiles as CNS cell and tissue growth, differentiation, repair
and/or remodeling may proceed. Such CNS cell replacement therapies have
included attempts to replace cells that have been lost due 1o disease directly
with primary effector cells, such as fetal midbrain tissue transplants that may
differentiate into dopamine-producing neurons after being transplanted into
patients with Parkinson’s disease (Kordower et al., 1995 N Eng/ J Med.
332(17:1118; Lindvall, 1998 Mov Disord. 13 Suppl 1:83; Roitberg et al., 2004
Neurol Res. 26(4):255; Kefalopouiou et al., 2014 JAMA Neurol 71(1):83; Bega
et al, 2014 JAMA 311(6):8617).

As a departure from direct CNS cell replacement therapy, other
recently identified aliernative therapies focus on supplying, to a damaged CNS
fissue site, cells that are capable of ameliorating the CNS deficit indirectly. For
example, choroid plexus (CP) cells have attracted particular attention in view of
the recognized role of these specialized CNS ceils in cerebrospinal fluid (CSF)
production (e.g., Damkier et al., 2013 Physiol. Rev. 93:1847). The choroid
plexus (CP) is a specialized epithelial tissue within the veniricles of the brain.
One of its key functions is to secrete cerebrospinal fluid (CSF) that provides
neurcirophic, neurg-protective and neuro-restorative factors, as evidenced by
behavioral improvement and histological data from various small animal and
non-human primate disease model studies (Redzic et al., 2005 Curr Top Dev
Biol. 711, Borlongan et al., 2004 Stroke 35(9):2206; Emerich et al., 2006
Neurobiol Dis. 23(2).471; Borlongan et al., 2008 Csll Transplant 16(10).987,
Luo et al., 2013 J Parkinsons Dis. 3(3y.275).

The function and tum-over rate of CSF in the CNS decreases
significantly during aging, which may contribute io many neurodegenerative
diseases that occur among the elderly (Redzic et al., 2005 Curr Top Dev Biol.
71:1; Chen et al., 2008 Exp Gerontol. 44(4).2809; Chen et al,, 2012 Exp
Geronfol. 47(4):323). Recent findings indicate that CSF circulation through the

interstitial space within the brain occurs more effectively during the sleep cycle
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in animals (Xie et al.,, 2013 Science 342(6156):373), implying that reduced
sleep can contribute 1o decreased clearance of waste byproducts and
increased plague formation, which are known to contribute (o
neurodegeneration (Iiff et al., 2014 J Neurosci. 34(49):16180). These findings,
however, also imply that continuous production of CSF locally within a
damaged site in the brain during the entire diurnal cycle may have clinically
undesirable consequences. For example, excess CSF production at a
damaged CNS site may result in dilution of active synaptic proteins or
neurotransmitiers o potentially suboptimal concentrations in the synaptic areas.
it is therefore difficult to predict whether increasing CSF production would be a
viable therapeutic strategy for the treatment of CNG disease.

Nevertheless, multiple efforts have been directed to the use of
choroid plexus (CP) cell transplants by implantation in the CNS, by which CP-
derived CSF components or other CP processes, products or metabolites may
act as secondary effectors to restore damaged host tissues, most likely by
reprogramming and/or restoration of various cell types in and around the
implantation site. For practical and ethical reasons, CP implanis have {ypicaily
employed xenogeneic CP celis and therefore require the implementation of
immunosuppressive, anti-inflammatory measures to counteract immunological
rejection and/or host inflammation (e.g., foreign body response) reactions to the
xenotransplants.

Biocompatible, semi-permeable alginate capsules are known as
non-immunogenic vehicles in which o introduce therapeutic cells into the brain
to minimize such reactions whilst permitting soluble cell products to diffuse into
the tissue surrounding the implanted capsule (e.g., US6322804, US5834001,
LUSB083523, US2007/134224, USH868463, US2004/213768,
US2009/0047325). The specific implantation in the brain of choroid plexus
tissue fragments within biocompatible capsules for the treatment of CNS
diseases is described, for example, in US2007/134224, and in US2004/213768
and US2000/0047325 and related patent application publications.
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As described, for example, in US2008/0047325, in addition to
CSF production by encapsulated xenofransplanted CP celis locally at an
implantation site of CNG tissue damage, the use of neonatal CP cells may
provide higher concentrations of biologically active CSF molecules than would
be supplied by adult CP celis, given that the CSF of newborn mammails is
typically enriched in CSF components. More recently, implantation has been
described of potent, encapsulated long-lived CP cells that are induced with a
CP-inducing agent to produce ong or more cerebrospinal fiuid (CSF)
components at an aitered level relative to the level produced without the step of
induction by a CP-inducing agent (see, e.¢., US 2016/0361365 and WO
2016/187067).

From the foregoing, it will be appreciated that therapeutic
strategies aimed at restoring the CNS neuronal compartment have been the
focus of efforts to address neurcdegenerative disease. More recently,
however, evidence has emerged that certain non-neuronal CNS components
may play significant roles in the pathogenesis of neurodegenerative disease
and therefore represent potential new candidate targets for therapeutic
intervention.

Vasculature-associated pericyles have long been known as cells
that surround capillary endothelia in substantially all mammalian tissues,
including in the CNS and PNS. These celis are believed {o play a role, for
instance, in regulating capiilary lumenal diameter. In the CNS, pericytes have
been identified as being important to the maintenance and regulation of the
blood-brain barrier (BBB), and pericyte-to-endothelial cell ratios are higher in
the brain than in any other tissue. By phenotypic and functional criteria, human
CNBE pericytes differ from the pericytes found in other tissues. The roles of
hurman CNS pericytes in immunoregulation and neurcinflammation are slowly
being elucidated, as the abilities o culture these celis and elicit physiologically
retevant functional behaviors have only recently been described (6.9,
Rustenhoven at al., 2015 Soi. Rep. 5:12132; Jansson et al., 2014 J.
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Neurcinflamm. 11:104; Rustenhoven et al., 2016 J. Neuroinflamm. 13:1;
Jansson et al., 2018 J. Neuroinflamm. 13:1; Rustenhoven et al., 2017 Trends
Pharmacol. Sci, 38:291).

UNS pericyte roles have thus been described, for example, in
forming and maintaining the BEB, requiating bicod flow {o the brain, non-glial
scar formation, and neurcinflammation, but a direct human CNS pericyte role in
response to neurctrophic, neuro-protective and/or neurc-resiorative faciors has
not been herefofore demonstrated in the context of neurodegenerative disease.

For example, there are at least two ways that CNE pericytes are
thought to play a role in the disease progression of Parkinson's disease (PD).
First, pericytes can mediate the transfer of g-synuclein aggregates through
intercellular tunnelling nanotubes (TNTs) (e.g., Dieriks et al., 2017 Sci. Rep.
7:42984). o-Synuclein {(o-syn} is the main protein component of Lewy bodies,
and the presence of a-syn aggregates is a characteristic feature of PD. TNTs,
on the other hand, play a general role in interceliular communication and under
normal conditions allow the transfer of materials, such as proteins and RNA,
between cells. TNT formation also seems particularly important during mitosis.
Human brain pericytes use TNTs as a mechanism for a-syn transfer, although
these cells frequently form TNTs that permit the intercellular fransfer of mis-
folded aggregates of a-syn. itis this mode of action by which pericytes
participate in PD disease progression, and elucidation of a clear mechanism for
this transfer may offer a therapseutic target for PD treatment.

Ancther role that CNS pericytes play in the disease progression of
PD and other brain diseases is by medialing neurcinflammation. Pericytes
drive the inflammatory response in the CNS through the recruitment of
neurcinflammatory celis such as microglia and astrocyles. However, while
neurcinflammation occurs as part of normal CNS function, it can also have a
detrimental effect on brain funclion and is present in almost every neurclogical
disorder. Loss of capillary pericyle coverage is also related to compromised

blood brain barrier (BBB) function, resulting in ieakage from the vasculature
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{e.g., of inflammatory cell infiitrates and/or inflammaiory macromolecules that
would otherwise be excluded) into the CNS as a further mechanism by which
pericyte dysfunction promotes neurcinflammation.

Clearly, there remains an unmet need in the art for enhancing
CNS pericyte health, promoting CNS pericyle viability, and/or for reducing CNS
pericyte contribution 1o deleterious inflammatory processes. These and related
inferventions at the level of the CNS pericyte would, for example, help reduce
detrimental TNT activities, repair BBB damage and/or otherwise provide an
alternative o CNS neuronal cells as therapeutic targets for treating
neurcdegenerative disease. The presently disclosed embodiments address

these needs and provide other related advantages.

BRIEF SUMMARY

The present invention provides, in certain embodiments, a method
of for identifving a pericyte proteclive agent (PPA) that protects a central
nervous system (CNS) pericyte from a pericyte siressor, wherein said pericyte
stressor is capable of inducing at least one of CNG pericyte loss and CNS
pericyte dysfunction, the method comprising (a) contacling, simulianeously or
sequentially and in any order, (i} a cultured human CNS pericyte with (i) the
pericyte stressor that is capable of inducing at least one of CNS pericyte loss
and CNGS pericyte dysfunction, and (iii) a candidate pericyte protective agent
(PPA), under conditions and for a time sufficient to induce detectable CN&
pericyle loss or detectable CNS pericyte dysfunction when the PPA is absent,
thereby to obtain a human CNS pericyte test culture; and (b) deteciing, in the
hurman CNS pericyte test culture of (a), a level of at least one of CNS pericyte
loss and CNS pericyte dysfunction that is decreased relative to the level that is
detected when the PPA is absent, and thersby identifying the candidate PPA as
a pericyie protective agent (PPA).
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In certain other embodiments there is provided a screening
method for identifying a pericyte protective agent (PPA) that protecis a
peripheral nervous system {PNS) pericyte from a pericyte stressor, wherein
said pericyte stressor is capable of inducing at least one of PNS pericyte loss
and PNS pericyte dysfunction, the method comprising (&) contacting,
simultaneously or sequentially and in any order, (i} a cultured human PNS
pericyte with (il} the pericyte stressor that is capable of inducing at least one of
PNS pericyte loss and PNS pericyte dysfunction, and (i) a candidate pericyte
protective agent (PPA), under conditions and for a time sufficient to induce
detectable PNS pericyte loss or detectable PNS pericyte dysfunction when the
PPA is absent, thereby to obtain a human PNS pericyte test culture; and {b)
detecting, in the human PNS pericyte test culture of (a), a level of at least one
of PNS pericyte loss and PNS pericyte dysfunction that is decreased relative to
the level that is detected when the PPA is absent, and thereby identifying the
candidate PPA as a pericyte protective agent (PPA).

in certain further embodiments the candidate PPA is produced by
mammalian choroid plexus (CF) cells, and in certain still further embodiments
the candidate PPA is present in a culture medium that has been conditioned by
the mammalian CP cells. In a still further embodiment the culture medium has
been separated from the mammalian CP cells and has been conditioned by at
least one of (i) mammalian CP cells that are present in one or more semi-
permeable biccompatible capsules in which are encapsulated choroid plexus
(CP) tissue fragments that are obtained by either or both of mechanical and
enzymatic dissociation of mammalian choroid plexus tissue to cbtain CF cell
clusters that are about 50 um to at least about 200 um in diameter and that
comprise CP epithelial cells; (i) cultured non-encapsulated CP celis obtained
from mammalian choroid plexus fissue; and (iii) choreid plexus (CP) celis that
are obtained by culturing a population of mammalian pluripotent cells under
conditions and for a time sufficient 1o obtain a plurality of in vitro differentiated

choroid plexus (CF) celis.
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in another related embodiment, the mammalian CP cells are
present in one or more semi-permeable biocompatible capsules in which are
encapsulated choreoid plexus (CP) tissue fragments that are obtained by either
or both of mechanical and enzymatic dissociation of mammalian choroid piexus
issue to obtain CP cell clusters that are about 50 um to at least about 200 ym
in diameier and that comprise CP epithelial cells. In a further embodiment
substantially all of said capsules are about 400 um {o about 800 pum in diameter
and have about 200 to about 10,000 CP celis per capsule.

in certain other embodiments of the above described methods,
the mammalian CP cells are present in one or more semi-permeabie
biccompatible capsules in which are encapsulated in vitro differentiated choroid
plexus (CP) cells that are obtained by culturing a population of mammalian
pluripotent cells under conditions and for a time sufficient to obtain a plurality of
in vitro differentiated choroid plexus (CP) cells, substantially all of said capsules
being about 400 um to about 800 um in diameter and having about 200 o
about 10,000 CP cells per capsule. In certain embodiments the mammalian
choroid plexus celis are from mammalian choroid plexus tissue of a mammal
that is allogeneic or xenogeneic relative o the culfured human CNS pericyte or
FNS pericyte. In certain embodiments the mammalian choroid plexus tissue
comprises human, porcing, oving, bovine, capring, or non-human primate
choroid plexus celis. In cerfain embodiments the porcine choroid plexus cells
are cultured from a tissue that comprises fetal or neonatal choroid plexus

tissue.
in certain embodiments the mammalian choroid plexus fissue is

substantially free of human pathogens, and in certain embodiments the choroid
plexus tissue is substantially free of human-tropic transmissible porcine
endogenous retroviruses. In certain embodiments at least one of: (i) the
choreid plexus tissue is substantially incapable of producing infectious human-
fropic porcine endogenous retroviruses (PERVS), or (i) the choroid plexus
fissue is obtained from an animal that lacks PERYVY genes. In cerfain

embodiments the choroid plexus tissue is obtained from an animal that lacks a
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PERV-C env gene which is capable of recombination with a PERV-A env gene.
in certain further embodiments the animal that lacks a PERV-C env gene which
is capable of recombination with a PERV-A env gene has been genetically
engineeread to lack any or ali PERY genes, which in certain further
embodiments is an animal that is produced by Clustered Regularly-Interspaced
Short Palindromic Repealts (CRISPR)-Cas9 editing.

In certain embodiments of the above described methods either
one or both of (i) the population of mammalian pluripotent cells is obtained from
a source that is selected from embryonic cells, umbilical cord celis, placental
celis, neural crest progenitors, adult tissue stem cells, and somalic tissue cells;
and (ii) the population of mammalian pluripotent cells is cultured in a culiure
medium that comprises one or more in vitro CP differentiation agents selected
from a bone morphogenic protein (BMP) or a BMP signaling pathway agonist, a
fransforming growth factor-beta (TGF-B) superfamily member or a TGF-8
signaling pathway agonist, a nodal protein or a nodal signaiing pathway
agonist, a mammalian growth and differentiation factor (GDF) or a GDF
signaling pathway agonist, a Wnt protein ligand or a Wit signaling pathway
agonist, a fibroblast growth factor (FGF) or an FGF signaling pathway agonist,
and sonic hedgehog (Shh) or a Shh signaling pathway agonist, under
conditions and for a time sufficient {o obtain said plurality of in vitro
differentiated choroid plexus (CP) celis. In further embodiments the Wit
signaling pathway agonist is selected from WAY-318808 (SFRP inhibitor}, 1Q1
(PP2A activator), Q311 (ARFGAP1 activator), 2-amino-4-[3 4-(methylenedioxy)
benzyl-aminol-6-(3-methoxyphenyl) pyrimidine, Norrin, R-spondin-1, R-spondin-
2, R-spondin-3, or R-spondin-4, lithium chloride, lithium carbonate, lithium
citrate, lithium orotate, lithium bromide, lithium fluoride, lithium iodide, lithium
acetate, lithium hydroxide, lithium aluminum hydride, lithium perchlcorate, lithium
nitrate, Hithium diisopropylamide, lithium borohydride, lithium oxide, lithium
sulfate, lithium hexaflucrophosphate, lithium tetroxide, ithium sulfide, lithium
hydride, lithium amide, lithium lactate, lithium tetrafluoroborate, lithium

dimethylamide, lithium phosphate, lithium peroxide, lithium manganese oxide,

10
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lithium methoxide, lithium metaborate, lithium stearate, or another lithium salt
that comprises cationic lithium.

In certain embodiments of the methods described above, the
pericyte stressor comprises one or more agents selected from hydrogen
peroxide, nitric oxide, tert-bulylhvdroperoxide, heavily-oxidized glycated LDL,
and a pro-apoptotic agent. In certain other embodiments of the methods
described above, the level of pericyte loss comprises a level of one or more of
pericyte cell death, pericyte apoptosis, pericyte necrosis, and pericyte
autophagy. In certain other embodiments of the methods described above, the
level of pericyle dysfunclion comprises a level of one or more of reactive
oxygen species (ROD) production, reactive nitrogen species (RNS) production,
matrix metalioproteinase 2 (MMP2) production, matrix metalloproteinase 9
(MMPS) production, angiopoietin 1 production, fibronectin 1 production, platelet
derived growth factor receptor beta (PDGFRE) expression, connexin 43
expression, NG2 expression, and IL-17R{A/C) expression. In cerfain other
embodiments of the methods described above, the candidate PPA s &
cerebrospinal fluid (CSF) component that is produced by choroid plexus (CP)
cells.

Turning to another embodiment, there is provided a method for
freating, reducing severity of, or reducing likelihood of occurrence of a central
nervous system (CNS) condition associated with CNS pericyle loss or CNS
pericyte dysfunction in @ subject, comprising administering (o the subject a
pericyte protective agent (PPA) produced by a choroid plexus (CP)
composition, under conditions that permit the PPA o contact CNS pericytes in
the subject to decrease a level of CNS pericyte loss or CNS pericyte
dysfunction in the subject relative to the level of CNS pericyte loss or CNS
pericyte dysfunction in the subject when the PPA is absent, and thereby
freating, reducing the severity of, or reducing the likelihood of ocourrence of the
central nervous system (CNS) condition associated with CNE pericyte ioss or
CNB pericyte dysfunction. in a further embodiment the central nervous system
{CNS) condition associated with CNS pericyte loss or CNS pericyte dysfunction

is selected from (&) a neurodegenerative disease thal is characierized by death

11
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of neurons, and (b} a nervous system disease that is selected from Parkinson's
disease, Alzheimer’s disease, Huntington’s disease, amyoirophic lateral
sclerosis (ALS, also known as motor neurone disease), ataxia-telangiectasia,
prograssive bulbar palsy, progressive muscular atrophy, dementia with Lawy
bodies, mulliple system atrophy, spinocerebeliar ataxia type 1 (SCA 1), a retinal
degenerative disease, or an age-related neurodegenerative disorder.

in another further embodiment, the central nervous system (CNS)
condition associated with CNS pericyte loss or CNS pericyte dysfunction is
selected from (a) a disease that is characterized by a decrease in a level of at
least one nerve cell function, relative to the level of said nerve call function in a
control subject known 1o be free of the nervous system disease, and (b) the
disease of (a) thatl is selected from Parkinson's disease, Alzheimer's disease,
Huntingtor’s disease, amyotrophic lateral sclerosis, and depression.

in another further embodimenti the ceniral nervous system (CNS)
condition associated with CNS pericyte loss or CNS pericyte dysfunction is
selected from (a) a disease that is characterized by an increase in a level of al
least one nerve cell function, relative to the level of said nerve cell function in a
control subject known 1o be free of the nervous system disease, and (b) the
disease of (a) thatl is selected from psychosis, schizophrenia, epileptic seizures,
ischemic stroke, and insomnia associated with restless leg syndrome.

in another further embodimenti the central nervous system (CNS)
condition associated with CNS pericyte loss or CNS pericyte dysfunction is
selected from (a) a disease that is characterized by presence in the subject of
cerebrospinal fluid (CSF) that comprises an altered level of one or more
cerebrospinal fluid (CSF) components, relative o the level of said CSF
component or components in a control subiect known 1o be free of the nervous
sysiem disease, and (b) the disease of (a) that is selected from Alzheimer's
disease and diabetes mellitus. In another further embodiment the central
nervous system (CN3) condition associated with CNS pericyte loss or CNS
pericyte dysfunction is selected from {(a) a disease that is characterized by
presence in the subject of an altered level of at least one choroid plexus

function, reiative to the level of said choroid plexus funclion in a confrol subject
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known 1o be free of the nervous system disease, (b) the disease of (@) that is
selected from Sturge-Weber syndrome and Klippel-Trenaunay-Weber
syndrome, (¢} a disease that is characterized by an increase in a level of
abnormally folded protein deposits in brain tissue of the subject, relative to the
level of abnormally folded protein deposits in a control subject known to be free
of the nervous sysiem disease, and (d) the disease of (¢) that is selected from
cerebral amyloid angiopathy, heredilary cerebral hemorrhage with amyloidosis-
icelandic type (HCHWA-I), cerebral hemorrhage with amyioidosis-Dutch type
(HCHWA-D), meningocerebrovascular and oculoleptomeningeal amyloidosis,
gelsolin-related spinal and cerebral amyloid angiopathy, familial amyloidosis-
Finnish type (FAF), vascular variant prion cerebral amyioidosis, familial British
dementia (FBD} (also known as familial cerebral amyloid angiopathy-British
type or cerebrovascular amyloidosis-British type), familial Danish dementia
{also known as heredopathia ophthalmo-oio-encephalica), familial transthyretin
(TTR) amyloidosis, and Pri° cerebral amyloid angiopathy (Prie-CAAY, and (e) a
disease that is caused by blood brain barrier (BEB) dysfunction.

in another further embodiment, the central nervous system (CNS)
condition associated with CNS pericyte loss or CNS pericyte dysfunction is at
least one of {i) a neurodegenerative diseass that is characterized by death of
CNS neurons, and (i) a CNS disease characterized by a decrease in a level of
at least one CNS nerve cell function, relative to the level of said CNS nerve cell
function in a control subject known to be free of the CNS disease, and iii) a
CNG disease characterized by an increase in a level of at least one CNS nerve
cell funciion, relative to the level of said CNS nerve cell function in a control
subject knowrn to be free of the CNS disease, wherein said CNS neurons and
CNS nerve cell are present in at least one of brain, spinal cord, retina, optic
nerve, cranial nerve, olfactory nerve or olfactory epithelium. In ceriain other
embodiments the ceniral nervous system (CNS) condition associated with CNS
pericyte loss or CNS pericyte dysfunction is one of Parkinsory's disease,
Alzheimer's disease, and Huntington's disease. In certain embodiments the
retinal degenerative disease is selected from macular degeneration, diabstic

reiinopathy, and retiniiis pigmeniosa.
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In another embodiment of the presently disclosed invention, there
is provided a method for trealing, reducing severity of, or reducing likelihood of
cccurrence of a peripheral nervous system (PNS) condition associated with
PNS pericyte loss or PNE pericyte dysfunction in a subject, comprising
administering to the subject a pericyte proteciive agent (PPA) produced by a
choroid plexus (CP) composition, under conditions that permit the PPA o
contact PNS pericyies in the subject to decrease a level of PNS pericyle loss or
PNS pericyte dysfunction in the subject relative {o the level of PNS pericyte loss
or PNS pericyte dysfunction in the subject when the PPA is absent, and thereby
freating, reducing the severity of, or reducing the likelihood of cccurrence of the
peripheral nervous system (PNS) condition associated with PNS pericyte loss
or PNS pericyte dysfunction. In certain embodiments the condition associated
with PNS pericyte loss or PNS pericyte dysfunction is al leastone of (i) a
neurcdegenerative disease that is characterized by death of PNS neurons, and
(i) a PNG disease characlerized by a decrease in a level of at least one PNS
nerve cell function, relative to the level of said PNS nerve cell function in a
control subject known to be free of the PNS disease, and lii) a PNS disease
characterized by an increase in a level of al least one PNS nerve cell function,
relative to the level of said PNS nerve cell function in a control subject known fo
he free of the PNS disease, wherein said PNS neurons and PNS nerve cell are
present in at least one of a peripheral gangiion or a peripheral nerve.

Turning to another herein disclosed embodiment, there is
provided a screening method for identifving a pericyie protective agent (FPA)
that protecis a central nervous system (CNS) pericyle from a pericyte stressor,
wherein said pericyte siressor is capable of inducing at least one of CNS
pericyle loss and CNS pericyte dysfunction, the method comprising (&)
contacting, simultaneously or sequentially and in any order, (i) a culiured
human CNS pericyte, (i) the pericyie stressor that is capable of inducing at
least one of CNS pericyte loss and CNG pericyte dysfunction, (iil} a conditioned
culture medium that has been conditioned by mammalian choroid plexus (CP)
cells and that contains a pericyte protective agent (PPA) produced by said CP

cells, or an isolated fraction of said conditioned culture medium that contains
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the PPA, which PPA is capable of decreasing in the cultured human CNS
pericyte a level of at least one of CNS pericyte loss and CNS pericyte
dysfunction, reiative to the level that is detected when the PPA is absent, and
(iv} one or a plurality of antibodies that have been generated against a portion
of the culture medium that has been conditioned by mammalian choroid plexus
(CP) cells and which contains the pericyle protective agent (PPA) produced by
said CP cells, under conditions and for a time sufficient to induce detectable
CNGS pericyte loss or detectable CNS pericyte dysfunction when the PPA is
absent, thereby to obtain a human CNS pericyte test culture; (b) detecting, in
the human CNS pericyte test culture of (a), a level of at least one of CNS
pericyte foss and CNS pericyte dysfunction that is decreased {0 a lesser degree
refative to the level thatl is delected when the one or plurality of antibodies is
absent, thereby indicating that the one or plurality of antibodies is capable of
neuiralizing the PPA; and (¢} isclating the PPA by binding to al least one of the
antibodies that is capable of neutralizing the PPA.

In certain further embodiments, isclating the PPA comprises
isolating an immune complex that comprises at least one of the antibodies that
is capable of neulralizing the PPA and the PPA. Certain further embodiments
further comprise separating the at least one antibody that is capable of
neuiralizing the PPA from the PPA and structurally characierizing the PPA. In
certain embodimenis the cuiture medium has been separated from the
mammalian CP cells and has been conditionad by at ieast one of (i)
mammalian CP cells that are present in one or more semi-permeable
bioccompatible capsules in which are encapsulated choroid plexus (CP) tissue
fragments that are obiained by either or both of mechanical and enzymatic
dissociation of mammalian choroid plexus tissue to obtain CP cell clusters that
are about 50 um to at least about 200 um in diameter and that comprise CP
epithelial cells; (i) cultured non-encapsulated CP cells oblained from
mammalian choroid plexus tissue; and (ili} choroid plexus (CP) cells that are
obtained by culturing a population of mammalian pluripotent cells under
conditions and for a time sufficient 1o obtain a plurality of in vitro differentiated

choroid plexus (CP) cells.
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in certain embodiments the mammalian CP cells are present in
one or more semi-permeable biocompatible capsules in which are
encapsulated choroid plexus (CP) tissue fragments that are obtained by either
or both of mechanical and enzymatic dissociation of mammalian choroid plexus
fissue to obtain CP cell clusters that are about 50 pm to at least about 200 pm
in diameter and that comprise CF epithelial cells. In certain further
embodiments substantially all of said capsules are about 400 um {o about 800
um in diameter and have about 200 o about 10,000 CP cells per capsule. In
certain embodiments the mammalian CF cells are present in one or more semi-
permeable biocompatible capsuies in which are encapsulated in vitro
differentiated choroid plexus (CP) cells that are obtained by cuituring a
population of mammalian pluripotent cells under conditions and for a time
sufficient to obtain a plurality of in vitro differentiated choroid plexus (CP) celis,
substantially all of said capsules being about 400 um to about 800 um in
diameter and having about 200 to about 10,000 CP cells per capsule. In
certain embodiments the mammalian choroid plexus cells are from mammalian
choroid plexus tissue of a mammal that is allogensic or xenogeneic relative to
the cultured human CNS pericyte. In cerfain further embodiments the
mammalian choroid plexus tissue comprises human, porcing, oving, bovine,
capring, or non-human primate choroid plexus cells. In certain further
embodiments the porcine choroid plexus cells are cultured from a tissue that
comprises fetal or neonatal choroid plexus lissue. In certain further
embodiments the mammalian choroid plexus tissue is substantially free of
human pathogens. In certain embodiments the choroid plexus tissue is
substantially free of human-tropic transmissible porcine endogenous
retroviruses. in certain embodiments at least one of {i) the choroid plexus
tissue is substantially incapable of producing infeclious human-tropic porcineg
endogenous retroviruses (PERVS), or {ii} the choroid plexus tissue is obtained
from an animal that lacks PERV genes. In certain embodiments the choroid
plexus tissue is obtained from an animal that lacks a PERV-C env gene which
is capable of recombination with @ PERV-A env gene. In certain further

embodiments the animal that lacks a PERV-C env gene which is capable of
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recombination with a PERV-A env gene has been genetically enginesred {0
lack any or all FERYV genes. In certain further embodimenis the animal that has
been genelically engineered to lack any or all PERV genes is produced by
Clustered Regulariy-interspaced Short Palindromic Repeats (CRISPR)-Casg
editing.

in certain embodiments of the above described methods, either
one or both of (i) the population of mammaiian pluripotent cells is obtained from
a source that is selected from embryonic cells, umbilical cord cells, placental
cells, neural crest progenitors, adult tissue stem cells, and somatlic tissue calls;
and (i) the population of mammailian pluripotent celis is cultured in a culiure
medium that comprises one or more in vitro CP differentiation agents selected
from a bone morphogenic protein (BMP) or a BMP signaling pathway agonist, a
fransforming growth factor-beta (TGF-B) superfamily member or a TGF-B
signaling pathway agonist, a nodal protein or a nodal signaling pathway
agonist, a mammalian growth and differentiation factor (GDF) or a GDF
signaling pathway agonist, a2 Wnt protein ligand or a Wnt signaling pathway
agonist, a fibroblast growth factor (FGF) or an FGF signaling pathway agonist,
and sonic hedgehog (Shh) or a Shh signaling pathway agonist, under
conditions and for a time sufficient to obtain said plurality of in vifro
differentiated choroid plexus (CP) celis.

in certain further embodiments the Wnt signaling pathway agonist
is selected from WAY-318808 (SFRP inhibitor), 1Q1 (PP2A activator), QS11
(ARFGAP1T activator), 2-amino-4-[3,4-(methylenedioxy} benzyl-amino}-6-(3-
methoxyphenyl) pyrimidine, Norrin, R-spondin-1, R-spondin-2, R-spondin-3, or
R-spondin-4, lithium chioride, lithium carbonate, lithium citrate, lithium orotate,
lithium bromide, lithium fluoride, lithium odide, lithium acetate, lithium
hydroxide, lithium aluminum hydride, [ithium perchlorate, lithium nitrate, lithium
diisopropylamide, lithium borohydride, lithium oxide, lithium suifate, lithium
hexaftuorophosphate, lithium tetroxide, lithium sulfide, lithium hydride, lithium
amide, lithium lactate, lithium tetrafluoroborate, lithium dimethyiamide, lithium

phosphate, lithium peroxide, lithium manganese oxide, lithium methoxide,
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lithium metaborate, lithium stearate, or ancther lithium salt that comprises
cationic lithium.

in certain embodiments of methods described above, the pericyie
stressor comprises one or more agents selected from hydrogen peroxide, nitric
oxide, tert-butvihydroperoxide, heavily-oxidized glycated LDL, and a pro-
apoptotic agent. In certain embodiments of methods described above the level
of pericyie loss comprises a level of one or more of pericyte cell death, pericyte
apoptosis, pericyte necrosis, and pericyte autophagy. In certain embodiments
of methods described above the level of pericyte dysfunction comprises a level
of one or more of reactive oxygen species (ROS) production, reactive nitrogen
species (RNS) production, matrix metalloproteinase 2 (MMP2) production,
matrix metalioproteinase 9 (MMPE) production, angiopoistin 1 production,
fibronectin 1 production, platelet derived growth factor receptor beta (PDGFRp)
expression, connexin 43 expression, NG2 expression, and IL-17R(A/C)
expression. In certain embodiments the candidate PPA is a cerebrospinal fluid
(CSF) component that is produced by choroid plexus (CP) cells.

In certain embodiments of methods described above, prior o
being cultured, the human CNS pericyle is obtained from a human having one
of Parkinson's disease, Alzheimer's disease, Hunlington’s disease, and a
retinal degenerative disease. In certain further embodiments the retingl
degenerative disease is selecied from macular degeneration, diabetic

reiinopathy, and retiniiis pigmeniosa.

in certain other embodiments according to the present disclosure,
there is provided a screening method for identifying a pericyle protective agent
(PPA) that protects a peripheral nervous system (PNS) pericyte from a pericyte
stressor, wherein said pericyte sitressor is capable of inducing at least one of
PNS pericyte loss and PNS pericyte dysfunction, the methed comprising (a)
contacting, simultaneously or sequentially and in any order, (i) a culured
human PNS pericyte, (i} the pericyte stressor that is capable of inducing at
least one of PNS pericyle loss and PNS pericyte dysfunction, (iil) a conditionad

culture medium that has been conditioned by mammalian choroid plexus (CP)
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cells and that contains a pericyte protective agent (PPA) produced by said CP
cells, or an isolated fraction of said conditioned culture medium that contains
the PPA, which PPA is capable of decreasing in the cultured human PNS
pericyle a level of al least one of PNS pericyle loss and PNS pericyte
5 dysfunction, relative io the level that is detecied when the PPA is absent, and
(ivy one or a plurality of antibodies that have been generated against a portion
of the culture medium that has been conditioned by mammalian choroid plexus
(CP) cells and which contains the pericyle protective agent (PPA) produced by
said CP cells, under conditions and for a time sufficient to induce detectabie
10 PNS pericyte loss or detectable PNS pericyle dysfunction when the PPA is
absent, thereby to obtain a human PNS pericyte test cuiture; (b} detecting, in
the human PNS pericyte test culture of (a), a level of al least one of PNS
pericyte foss and PNS pericyie dysfunction that is decreased to a lesser degree
relative to the level that is detecied when the one or plurality of antibodies is
15 absent, thereby indicating that the one or plurality of antibodies is capable of
neuiralizing the PPA; and (¢} isolating the PPA by binding to at least one of the
antibodies that is capable of neutralizing the PPA.
in certain further embodiments of any of the above described
embodiments, the PPA comprises an HyOp-sensilive, thermostable, hexane-
20 insoluble/ diethyl ether-insoluble/ ethyl acetate-insoluble and water-soluble
molecule having a molecular weight of less than 3 kDa that is obtained in a
culture medium that has been conditioned by cultured mammalian choroid
plexus (CP} cells, wherein the PPA is capable, upon being contacted with CNS
pericytes, of decreasing a level of CNS pericyte loss or CNS pericyte
25 dysfunction, relative to the level of CNGS pericyte loss or CNS pericyte
dysfunction when the PPA is absent. in other embodiments the present
disclosure provides a pericyte protective agent (PPA) which comprises an
H.Op-sensitive, thermostable, hexane-insoluble/ diethyl ether-insoluble/ ethyl
acetate-insoluble and water-soluble molecule having a molecular weight of less

30  than 3 kDa that is obtainable from a culture medium that has been conditioned
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by cultured mammalian choroid plexus (CP) cells, wherein the PPA is capable,
upon being contacted with CNS pericytes, of decreasing a level of CNS pericyte
loss or CNS pericyte dysfunction, relative to the level of CNS pericyte ioss or

CNS pericyte dysfunction when the PPA is absent.

These and other aspects of the herein described invention
embodiments will be evident upon reference to the following detailed
description and atiached drawings. All of the U.&. patents, U.S. patent
application publications, U.S. patent applications, foreign (non-U.8.) patents,
foreign patent applications and non-patent publications referred to in this
specification and/or listed in the Application Data Sheet are incorporated herein
by reference in their entirety as if sach was incorporated individually. Aspects
and embodiments of the invention can be modified, if necessary, to employ
concepts of the various patents, applications and publications o provide yet

further embodiments.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figures 1a - 1b show that CP capsules and CP capsule-
conditioned media atienuated oxidative stress-induced death of cultured human
CNS pericytes.
Figures 2a - 2b show that CP capsule-conditioned media

attenuated oxidative stress-induced death of cultured human CNS pericytes.

Figures 3A - 3J show exemplary CP products that may occur as
CSF components.

Figure 4 shows a summary of the physicochemical properties of
the pericyle protective agent (PPA) present in CP capsule-conditioned media
(CPe), as characterized by PPA activity in CPe {protective), by PPA activily in a
low molecular weight (MW < 3kDa) fraction of CPe, by thermostabie PPA
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activity following CPe reflux, and by PPA activity in water soluble but not non-

polar organic solvent-exiracted CPe fractions.

DETAILED DESCRIPTION
The present invention is directed in certain embodimenis as

5 described herein to compositions and methods for trealing nervous system
diseases or disorders, including neurcdegenerative and other neurclogical
diseases. In particular embodimentis and as described herein for the first time,
there are provided methods for identifving a pericyle protective agent (PPA)
that protecis a central nervous system (CNS) pericyle from a pericyte stressor

10 that is capable, in the absence of the PPA, of inducing CNS pericyte loss andfor

CNS pericyte dysfunction.

The presemt disclosure relates in part to the unexpected
observation that cultured human CNS pericytes are protecied against stressor-
induced CNS pericyte loss andfor CNS pericyte dysfunction by PPA that are

15  produced by choroid plexus (CP) —derived compositions, including CP products
previously thought 1o act directly on neuronal cells as neuroprotectants.

More specifically and as described in greater detail below, one or
more PPA present in conditioned culture medium obtained from encapsulated
xenogeneic CF celis protected cultured human CNS pericytes against pericyte

20 loss induced by the exemplary pericyte stressor, hydrogen peroxide.

CP-derived pericyte proteciive agents (PPA) identified by the
presently disclosed methods thus may find uses in freating CNS disease. The
contemplated embodiments need noi, however, be so limited. For example, the
screening methods described herein will also find other uses, such as inthe

25 screening of candidate PPAs obtained not only from CP cells but also from
other sources, including synthetic or other candidate PPAs. Certain
embodiments further enwvision use of the presently disclosed screening assays

to identify synthetic small molecules or other mimetics that mimic a PPA that
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has initially been identified as a CP product according to the methodologies
described herein.

As disclosed herein, cultured human CNS pericytes can be
protected from stressor agents that would otherwise induce CNS pericyte loss
{e.g., cell death, including cell death by any of a number of known mechanisms,
such as apoptosis, autophagy, necrosis, ferroptosis, necroptosis, efc.) or CNS
pericyte dysfunction (e.g., onset of a pericyte phenotype associated with a CNS
pathology such as that of a neurodegenerative disease). Profection of CNS
pericytes, a non-neuronal cell type, can be surprisingly achieved by exposing
the CNS pericytes to pericyte protective agents (PPA) that are produced by
mammalian choroid plexus (CP) cells, and in particular, PPA that are produced
by appropriately selecied non-immunogenic encapsulated xenogeneic and/or
allogeneic choroid plexus (CP) cells as described herein.

Accordingly, also provided herein are methods for identifying a
pericyte protective agent (PPA) that protects a CNS pericyte from a pericyte
stressor, where the so-identified PPA may be usefully administered 1o treat,
reduce {e.g., decrease in a statistically significant manner relative 10 an
appropriate control) the severity of, or the likelihood of occurrence of, a CNS
condition associated with CNS pericyte loss or CNS pericyie dysfunction, such
as a neurodegenerative disease.

Certain other particular embodiments as disclosed herein
contemplate methods for identifying a pericyte protective agent (PPA) that
protects a peripheral nervous system {(PNS) pericyte from a pericyte stressor
that is capable, in the absence of the PPA, of inducing PNS pericyte loss and/or
PNS pericyte dysfunction. Hence, although throughout the present disclosure
there are presented various descriptions of protection of CNS pericyies from a
CNS pericyte stressor, references herein to CNS pericytes and/or 1o a CNS
pericyte stressor are intended in certain of the presently conlemplated
embodiments also to refer in the alternative to PNS pericyles and/or {o g PNS

pericyte stressor.

22



WO 2019/089993 PCT/US2018/058797

10

15

20

30

it will therefore be understood that certain embodiments may
relate to protection of PNS pericytes and thus the presently disclosed methods
as exemplified using CNS pericytes may in the altemnative be practiced with
PNS pericytes and PNS pericyte stressors to identify PPA for PNS pericytes.
These and related embodiments may find uses in treating diseases and
disorders of the PNS. Accordingly, references made herein to CNS pericytes
and CNS pericyte protection may, in certain such related but distinct alternative
embodiments, also apply to PNS pericytes and protection thereof. In view,
however, of certain differences recognized by the art between CNS pericytes
and PNS pericytes, and beltween certain CNS diseases and disorders and PNS
diseases and disorders, it will also be understood that some references made
herein io CNS pericytes and CNS pericyte protection may not, in certain such
refated but distinct alternative embodiments, also apply to PNE pericytes and
protection thereof.

The present disclosure thus describes determination of a CNS
pericyte protective effect, and in certain preferred embodiments a proteclive
effect that is conferred by one or more pericyle protective agent (PPA)
produced by isolated (e.g., removed or separated from the biological tissue
environment in which they occur naturally), optionally encapsulated CP cells.
The PPA may be found in culture medium conditioned by CP cells cultured
according fo any of a variety of established methodologies {e.g., Thanos et al,
2007 Tiss. Eng. 13.747; Angelow et al., 2004 Adv. Drug Deliv. Rev. 56:1859;
Haselbach ef al., 2001 Microsc. Res. Tech. 52137 Balusu et al., 2016 EMBO
Mol. Med. 81162, Huang et al., 2014 Neurosci. Left. 566:42;, Emerich el &l
2007 Cell Transplant. 16:697) including CP cells cultured on permeable
membrane supports and/or CP cell-containing capsules produced and selecied
as described herein and also according to WO 2016/187087 and US
2016/0361365, including the composition and size of the capsules, the source,
preparation and number of cells that are contained therein, optional induction of

CP cells with one or more CP inducing agents, and the determination of
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cytoprotective effects of CP products on cultured human CNS pericytes. CP
cells may be of human, porcing, ovine, bovine, capring, or non-human primate
or other mammalian origin, and in certain non-limiting embodiments may be
obtained from fetal or neonatal choroid plexus tissue by technigues with which
those skilled in the art will be familiar.

in particular and as described herein, CP conditioned medium
contains one or more PPA responsible for protecting human CNS pericytes
against pericyte siressor-induced CNS pericyte loss and/or stressor-induced
CNBE pericyte dysfunction. For example and according o certain herein
disclosed embodiments, the PRPA comprises an HyOs-sensitive, thermostable,
hexane-insoluble/ disthy! ether-insoluble/ ethyl acetate-insoluble and water-
soluble molecule having a molecular weight of less than 3 kDa that is obtained
in a culture madium that has been conditioned by cultured mammalian choroid
plexus (CP} cells, wherein the PPA is capable, upon being contacted with CNS
pericytes, of decreasing a level of CNS pericyte loss or CNG pericyte
dysfunction, relative to the level of CNS pericyte loss or CNS pericyte
dysfunction when the PPA is absent. Certain of the presently disclosed
embodimentis thus represent new and useful improvements to the use of
cultured CP celis and/or CP encapsulation for the identification of treatmenits for
CNS disease, which improvements could not have been predicted from
previous knowledgs in the art.

As disclosed herein for the first ime, after culturing selected
isclated and in certain embodiments encapsulated xenogeneic and/or
allogeneic choroid plexus (CP) cells in a culture medium, a CP cell-conditioned
medium is chiained that comprises one or more pericyle protective agents
(PPA} having demonstrable activity in the protection of cuitured human CNS
pericytes against the delsterious effects of a pericyte stressor as provided
herein. in particular, the PPA may proteci pericytes against stressor-induced
CNS pericyte loss or CNS pericyte dysfunction. CSF components may be

produced constitutively by such cells and/or may be produced by such cells at a

24



WO 2019/089993 PCT/US2018/058797

10

15

20

30

level that is altered (e.g., increased or decreased in a statistically significant
manner relative to the level prior to or in the absence of contact with a CP
inducing agent) as described in WO 2016/187087 and US 2016/0361365, and
which for certain preferred CSF components is greater than the level at which
the CP cells produce the CSF component(s) without being contacted with the
cheoroid plexus inducing agent.

Certain preferred embodiments relate to an in vifro screening
assay that permits identification of a pericyte protective agent (PPA) that
protects a CNS pericyte from a pericyle stressor which, as provided herein, is
capabile of inducing CNS pericyte loss (e.g., pericyte cell death) and/or CNS
pericyte dysfunction {(e.g., loss of BBB maintenance capability, decreased
PDGF-R expression causing altered PDGF signaling responses, inappropriate
neurcinflammatory response to pro-inflammatory stimuli, stc.).

in these and related embodiments, cultured human CNS pericytes
may be contacted with the pericyte stressor as provided harein in the absence
and presence of a candidate pericyte protective agent (PPA), under conditions
and for a time sufficient for the stressor to induce detectable CNS pericyte loss
and/or detectable CNS pericyte dysfunction when the PPA is absent. A human
CNS pericyte test culture is obtained when the candidate PPA is present the
pericyte, pericyle stressor, and candidate PPA may be contacted with one
anocther simultaneously or sequentially and in any order to obtain the human
CNS pericyte test culture,

Detectable CNS pericyte loss and detectable CNS pericyte
dysfunction refer to quantifiable parameters that may be determined using any
of a wide variety of art-gccepted methodologies for characterizing the biclogical
status of a CNS pericyte. Detectable CNS pericyte loss and/or detectable CNS
pericyte dysfunction will thus be understood 1o refer 1o a level of the respective
parameter (e.g., percentage or number of viable pericytes, and/or percentage of
cells expressing, or amount expressed of, a phenctype, phenotypic marker or

other reporier molecule, whether released by a pericyte or retained by the
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pericyte) that has been allered (e.g., increased or decreased in a statistically
significant manner relative to an appropriate control), for example, as a result of
contact between the CNS pericyle and the pericyte stressor.

Typically, a pericyte stressor may be expeciad o induce g level of
pericyte loss that is detectable as a statistically significant decrease in the
percentage or number of viable pericytes that can be detected in the absence
of the stressor, and a candidate pericyte protective agent (PPA) that exhibils
PPA activity will decrease the level of stressor-induced pericyte loss in a
statistically significant manner rejative o the level detected when the candidate
PPA is absent. Accordingly, the level of pericyie loss in the presence of a PRA
is decreased in a statistically significant manner {(i.e., the percentage or number
of viable pericytes is increased) relative o the level thatl is detecled when the
PPAis absent.

Particularly preferred for use in these and related embodiments
are cultured human CNS pericytes, which may be prepared according to
established methodologies, optionally with routine modifications (e.g.,
Rustenhoven ot al., 2015 Scoi. Rep. 5:12132; Jansson et al., 2014 J.
Neuroinflamm. 11:104; Rustenhoven ef al., 2018 J. Neurcinflamm. 13:1;
Jansson et al., 2018 J. Neuroinflamm. 13:1; Dieriks et al., 2017 Sci. Rep.
7:42984; Rustenhoven et al., 2017 Trends FPharmacol Sci. 38:291; and
references cited therein). As described in greater detail below, for instance, for
the practice of an exempilary embodiment of the herein described method,
hurman CNS pericytes were isclated from neurologically normal post-mortem
aduit human brain tissue through mechanical dissociation and enzymatic
digestion, and then cultured, essentially as described by Rustenhoven et al,
2015 Sci Rep. 5: 12132

Pericyte stressors capable of inducing at least one of NS
pericyte loss and CNS pericyte dysfunciion include chemical, biological and
physical agents having one or more of a pro-oxidant, a pre-inflammatory, a pro-

apoptotic, a pro-necropiotic, a pro-ferroptolic, and a pro-autophaqy effect. Non-
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limiting examples of pro-oxidant pericyle stressors include hydrogen peroxide
{(H2C,), nitric oxide (NQO), tert-butylhydroperoxide, heavily-oxidized glycated
LDL, and hypoxia (e.g., Diffley et al., 2000 Mol Vis. 15135, Barth et al., 2007
Diabetologia 50:.2200; Song et al., 2005 /nvest. Ophthaimol. Vis. Sci. 48.2974;
5 Fuetal, 2016 Diabetfologia 52:2251; Nishimura et al., 2016 J Cereb. Blood
Flow Metab. 36:1143).
in certain preferred embodiments described herein, hydrogen
peroxide is the pericyte stressor that is present in a human CNS pericyte test
culture, along with a cultured human CNS pericyte and a candidate PPA.

10 Without wishing to be bound by theory, hydrogen peroxide is believed to exert g
stressor effect on CNS pericytes via pro-oxidant activity.

Pro-inflammatory pericyte stressors include but need not be
limited fo tumor necrosis factor-a (TNFg), interferon-y (IFNy), interfeukin-18 (IL-
18}, chemokine CCL2, bacterial lipopolysaccharide (LPS), and transforming

15  growth factor-B1 (TGF-B1) (e.g., Kose et al,, 2007 Drug Metab. Pharmacokinet.
22:255; Persidsky et al., 2016 J. Cereb. Blood Flow Metab. 36:794; Jansson et
al., 2014 J. Neurcinflarmm. 11:104).

Pro-apoptotic pericyte stressors include but need not be limited to
monensin {e.g., Ketola et al., 2010 Mo/ Canc Ther 9:3175), stilbenes (e.g., Tsai

20 etal, 2017 J Food Drug Anal 25.134), quinazolines {e.g., Mehndiratta et al,,
2016 Recent Pat Antcanc. Drug Discov. 112}, Bel-2 family members (e.g., Um,
2016 Oncotarget 7:5183), ruthenium (i) complexes (e.g., Zhang et al., 2014
Eur. J. Med. Chem. 80:316) and other apoptosis-promoting agents known in the
art.

25 Detection of CNE pericyte loss, such as detection of a level of
CNS pericyte loss at one or a plurality of time points before, during, and/or
following exposure 10 a pericyte stressor and/or a candidate PRA, may be
accomplished by any of a variety of techniques with which the skilled artisan will
be familiar, such as methods for determining viability of cells and/or methods for

30 determining whether a ceil has undergone a programmed celiular death
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process {e.g., apoplosis, necrosis/necroptosis, ferroptosis, autophagy).
Colorimetric and/or fluorimetric indicators of cell viability, for instance, indicators
of vital dye exclusion or of celiular metabolic activity, are well known in the art
for such purposes (e.g., |. Johnson and M.T.Z. Spence (Eds.), Molecular
Probes Handbook — 11" Edition 2010, Molecular Probes/ Invitrogen/ Life
Technologies Corp., Carlsbad, CA).

Also known in the art and readily adaptable for use to detect CNS
pericyte loss and/or CNS pericyte dysfunction according to the herein described
methods are specific assay methodologies {0 delect apoptosis {caspase-
mediated programmed cell death, as may, for example, be induced by death
receptor ligands, oxidative stress, or chemotherapy); ferroptosis (iron-
dependent non-apoptotic cell death characterized by lipid peroxide
accumulation); necrosis or necroptosis (programmed cell death that does not
involve the caspases, as may be induced, for example, by radiation, chemical
or microbial factors, or other clinical insults); and autophagy (cellular self-
destruction characterized by delivery of cytosolic components to the lysosomal
degradation compartment, as may be induced, for example, by growth factor
deprivation, essential nutrient deprivation, hypoxia, or chemotherapy). See,
e.g., Krysko et al., 2008 Meths. Enzymol. 442.307-41 (*"Methods for
distinguishing apoptotic from necrofic cells and measuring their clearance’);
Edinger et al., 2004 Curr. Opin. Cell Biol. 16:663-9; Fu et al., 2018 Diabefologia
59:2251; Archana et al. 2013 /ndian J. Cancer 50:274-283; Dixon et al., 2012
Cell 149:1080; Cao et al., 2016 Cell. Molec. Life Sci. 73:21985; Yu et al,, 2017 J.
Cell. Mol. Med. 21:648..

For example, carbobenzoxy-valyl-alanyl-aspartyl-[O-methyl}-
flucromethylketone (Z-VAD-FMK) is a broad specificity caspase inhibitor that
can be usad {o determine whether apoptosis is present, and a number of
quantitative apopiosis-detection assays are known {e.g., activated caspase
detection, annexin V binding to cell membranes, M30 neoantigen detection,

see, e.g., Archana et al. 2013 /Indian J. Cancer 50:274-283). Similarly,

28



WO 2019/089993 PCT/US2018/058797

10

15

20

30

ferrostatin-1 is a non-limiting example of a specific inhibitor of ferroptosis that
controls lipid reactive oxygen species (ROS) generation and thus may be used
to determine a level of ferroptosis that may be present; necrostatin-1 is a non-
limiting example of a specific inhibitor of necroptosis and a level of necrotic call
death may be determined by standard methods, for instance, using the CCK-8
cell viability assay offered by Dojindo Molecular Technologies (Rockyille, MDY
and 3-methyladenine is a non-limiting example of a specific auiophagy inhibitor,
and molecular markers for detecting a level of autophagy are known, including,
e.g., LC3B-IA1, beclin-1, and ATG-5 (autophagy-related homolog).

Detection of CNS pericyte dysfunction, such as detection of a
level of CNS pericyte dysfunction af one or a plurality of time points before,
during, and/or following exposure 10 a pericyte siressor and/or a candidate
PPA, may also be accomplished by any of a variety of technigues with which
the skilled arlisan will be familiar. Typically, an altered (e.g., increased or
decreased in g stalistically significant manner relative to an appropriate control)
level of an indicator of CNS pericyte dysfunction may be detected in a human
CNB pericyte test culture in which a cultured human CNS pericyte has been
contacted with a pericyte stressor as provided herein and a candidate PPA,
refative to the level that is detected when the candidate PPA is absent.

An indicator of CNS pericyte dysfunction may include one or more
detectable human CNS pericyte surface markers, one or more detectable
human CNS pericyte-elaborated (e.g., released soluble) factors, detectable
expression of ong or more human CNS pericyle genes, one or more detectable
human CNS pericyte inflammatory markers, or any other deteciable criferion by
which CNS pericyte status, activity, function, responsiveness to stimuli,
capacity, or other biclogical property can be assessed. Persons familiar with
the relevant art will be aware of any number of approaches by which {0 detect
human CNS pericyte dysfunction, including by way of illustration and not
limitation methods for determining a level of one or more of reactive oxygen

species (ROS) production, reactive nitrogen species (RNS) production, matrix
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metalioproteinase 2 (MMP2) production, matrix metalioproleinase ¢ (MMPY)
preduction, angiopeietin 1 preduction, TGF-31 production, fibronectin 1
production, platelet derived growth facior receptor beta (PDGFR) expression,
connexin 43 expression, NG2 expression, IL-17R(A/C) expression, al-integrin
expression, a-smooth muscle aclin expression, and/or CX-43 expression.

For example, phenoctypic marker expression by CNS pericytes is
described in Hill et al., 2014 J. Neuwroimmune Pharmacol 8581, and in
Persidsky et al., 2016 J. Cereb. Biood Flow Metab. 38:794; cther
characterization of CNS pericytes can be found there and alsc in, e.g.,
Rustenhoven et al., 2017 Trend. Pharmacol. Sci. 38281 Winkler et al., 2014
Brain Pathol. 24:371; Bell et al., 2010 Neuron 68:409; Sweeney et al., 2016
Nat. Neurosci. 19771, Nikolakopoulou et al., 2017 PLoS One 12(4): e0176225,
Dore-Duffy et al., 2011 Meth. Mol Biol 686.49; Yamazaki et al., 2017 inf. J.
Mol Sci. 18:1985,; Kose et al., 2007 Drug Metab. Pharmacokinet. 22:255; and
Dohgu et al., 2005 Brain Res. 1038.208; cof Liu et al. 2018 J immuno/.
197:2400 (non-CNS pericytes).

Further to the present disclosure for the first ime that pericyte
protactive agent (PPA) activity is detectable in conditioned cuiture medium
containing products of cultured mammalian choroid plexus (CF) cells, and in
certain embodiments cultured encapsulated mammalian choroid plexus (CP}
celis, there are also provided certain embodiments that contemplate screening
of CF celi-conditioned culture medium (which may be readily separated from
cultured CP cells or from cultured encapsuiated CP cells by standard
techniques such as centrifugation, sedimentation, filtration, efc), and of PPA
activity-containing fractions thereof {(which may be readily separated from
complete conditioned medium by standard bicchemical technigues such as
differential salt or solvent precipitation, extraction, gel or membrane size
exclusion filtration, affinity, lon-exchange, reverse-phase, partition or

hydrophobic chromatographic separation, efc.) to identify and characterize the
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component(s) responsible for PPA activity. For example, and according to
certain herein disclosed embodiments, the PFA comprises an H,Oo-sensitive,
thermosiable, hexane-insoluble/ diethyl ether-insoluble/ ethyl acetate-insoluble
and water-soluble molecule having a molecular weight of less than 3 kDa that is
obtained in a culture medium that has been conditioned by cultured mammalian
choroid plexus (CPF) cells, wherein the FPA is capable, upon being contacted
with CNS pericyies, of decreasing a level of CNS pericyte loss or CNE pericyie
dysfunction, relative to the level of CNS pericyte loss or CNS pericyte
dysfunction when the PPA is absent. In certain preferred embodiments the CP
cell-conditioned medium contains one or more CSF components as provided
herein, in which CSF components the PPA activily resides.

Persons familiar with the art will recognize that CSF components
that are produced by CP cells comprise a large number of defined and weall
characterized peptides, proteins and other biologically active substances (e.g.,
Redzic et al., 2005 Curr. Topics Dev. Biol. 71.1; see, e.g., Fig. 3A-J) having
defined chemical structures that may be detecled using established technigues
and routine methodologies. (See also, e.g., WO 2016/187067 and US
2016/0361365.)

For instance, public database (e.g., GenBank®, National Center
for Biotechnology Information, National Institules of Health, Bethesda, MD)
accession numbers for polynucleoctide sequences encoding many CSF
components that are peptides or proteins, and for the encoded amino acid
sequences of such peplides or proteins, are set forth in Figure 3 (Figs. 3A-3J).
Accordingly, determination of the production by CP cells of one or more specific
CSF components may be achieved by any of a variety of approaches, such as
by detection of CSF component-encoding gene expression by a nucleic acid
hybridization-based technclogy, for instance, by polymerase chain reaction
(PCR) ampilification of CSF component-encoding RNA sequences (e.g., Wang
et al., 2009 Nat. Rev. Genet 10(1):57); and/or by CSF component-encoding

RNA or cDNA hybridization to complementary oligonucieotide or polynuciectide
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Affymetrix, Santa Clara, CA} ; and/or by identification of CSF component-
encoding transcription products by RNA sequencing {or “RNA-seq”, e.g. Next
Generation Sequencing (NGS) using llumina sequencing by synthesis (EB5)
chemisiry, liluming, inc., San Diego, CA) (Bentley et al.,, 2008 Nature, 455:53);
and/or by in situ hybridization {e.g., Yin et al., 1998 Brain Res. 783.347;
Swanger et al., 2011 Meths. Mol Biol 714:103) or by other nucleic acid
detection techniqgues that are known in the art for determining the presence of
specific nucleic acid sequences such as all or portions of any oneg or more of
the RNA segquences or their corresponding DNA sequences encoding any of
the CSF components provided herein {e.g., in Fig. 3A-J).

Additionally or alternatively, determination of the production by CP
cells of one or more specific CSF components (e.g., of Fig. 3A-J) may be
achieved by detection of peplides or proteins or related electrolyies,
metaboliles or catabolites that comprise such CSF components, for example by
specific immunochemical, biochemical, or radiochemical assays or via other
detectable indicator moieties, by liquid chromatography and/or mass
specirometry (e.g., Hollta et al., 2015 J. Profeome Res. 14654, Chiasserini et
al. 2014 J. Froteomics 106:191; Naureen et al., 2014 Childs Nerv. Syst.
30:1155; Davidsson et al., 2005 Dis. Markers 21:81; Aluise et al. 2008 Biochim.
Biophys. Acta 1782:549; Bonk et al., 2001 Newroscientist 7:6; Casado et al.,
2014 Electrophoresis 35.1181), by functional magnetic resonance imaging
(MR e.g., Jasanoff, 2007 Curr. Opin. Neurobiol 17:583; Bell et al., 2000 Gene
Therap. 7:1259), or the like, or by other applicable detection technologies. CSF
components are alsc described, for example, in R.A. Fishman, Cerebrospinal
Fluid in Diseases of the Nervous System, W.B. Saunders, Philadelphia, PA,
1980; Cutler et al., 1982 Ann. Neurol 11:1; and Hershey et al., 1980 Ann.
Neural 8:426.
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CSF COMPONENTS

Cerebrospinal fluid (CSF) is preduced in the central nervous
system (CNS) by choroid plexus epithelial cells, specialized ependymail cells
lining the brain ventricles that are noteworthy for their polarization inlo
basolateral and apical membrane domains that possess mulliple electrolyte
fransport channels, and for their constitutive CSF secretory activity. CSF
comprises a complex mixture of CSF molecular components that may include
without limitation eleclrolytes, antioxidants, metabolites and mediators (e.g.,
nicotinamide, NAD+, NADH, lvcopene, monoamine metabolites, crypioxanthin,
carotenocids, F2-isoprostanes, 8-OHdG, long-chain polyunsaturated fatty acids,
methylhistidine, 2-ketobutyric acid, biotin, and numerous others as known in the
art), and proteins, including variably a number of growth faclors, chemotactic
factors, chaperone proteins, apolipoproteins, immunoglobuiing, hemoglobins,
enzymes, defensins, histones, keratins and other cytoskeleton-associated
proteins.

CSF composition, including the CSF proteome, has been
extensively characterized, and biomarkers associated with a variety of
pathologies have been described (e.g., Bora el al., 2012 J. Profeome Res.
11:3143; Whilin et al., 2012 PLoS One 7{(11):e48724, Perrin et al., 2013 PLoS
One 8(5):364314; Naureen et al., 2013 Fiuid Barriers CNS 10:34; Fraisier et ai.,
2014 PLoS One 9(4):e93637).

Detection of relevant alterations (e.g., statistically significant
increases or decreases) in the quantitative representation of one or more CSF
components is therefore known to those familiar with the art, for instance, in
biological samples containing CSF obiained from human or animal tissues, and
also including supernatant fluids or conditioned culture media or the like from
cells (e.g., CP cells) or tissues (e.g., CP tissues or tissue fragments) that are
capable of CSF preduction and that have been maintained in vitro under
conditions and for a time sufficient to produce CSF or one or more CSF

components. Accordingly and in view of the present disclosure, production of
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one or more CSF components by a culfured CP cell and/or by a cultured
encapsulated CP cell can be determined routinely through the use of existing
methodologies.

The terms "isolated protein” and “isolated polvpeptide” referred to
herein means that a subject proiein or polypeptide (e.g., a protein or
polypeptide CSF component or fragment thereof such as a fragment having
PPA activity as provided herein) (1) is free of at least some other proteins or
polypeptides with which it would typically be found in nature, (2) is essentially
free of other proteins or polypeptides from the same source, a.g., from the
same species, (3) is expressed by a cell from a different species, (4) has been
separated from at least about 50 percent of polynucleoctides, lipids,
carbohydrates, or other materials with which it is associated in nature, (&) is not
associated (by covalent or noncovalent interaction) with portions of a protein or
polypeptide with which the "isolated protein” or “isolated polypeptide” may be
associated in nature, (6} is operably associated (by covalent or noncovalent
interaction) with a polypeptide with which it is not associated in nature, or {7)
does not occur in nature. Such an isolated protein or polypeptide can be
encoded by genomic DNA, cDNA, mRNA or other RNA, or may be of synihetic
origin according to any of a number of well-known chemistries for artificial
peptide and protein synihesis, or any combination thereof. In certain
embodiments, the isolated protein or polypeptide is substantially free from
proteins or polypeptides or other contaminanis that are found in its natural
environment that would interfere with its use (therapeutic, diagnostic,
prophylactic, research or otherwise). Similarly, an “isolated” non-protein or non-
polypeptide molecule that may possess PPA activity may be g cellular or tissue
product {e.g., a biomolecule) that has been separated from some or all other
biomolecules with which it would typically be found in nature.

According to ceriain embodiments it is contempiated that a
choroid plexus inducing agent as provided in WO 2018/187067 and US
2016/0361365 may induce cultured CP tissue celis (optionally encapsulated CP
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cells) or in vifro differentiated CP ceills to produce altered (e.g., increased or
decreased in a statlistically significant manner relative to controlg), and in
certain preferred embodiments increased, levels of one or more CSF
components, including one or more candidate CSF components having PPA

5 aclivity as described herein, such as the CP products and/or CSF components
set forth in Figure 3A-J and including one or more of:

a growth factor that may be IGF-1, IGF-ll, FGF-1, bFGF (FGF-2),
FGF-9, FGF-12, FGF-18, TGF-p1, TGF-p2, TGF- 33, VEGF, VEGF-A, VEGF-B,
VEGF-C/VEGF-2, EGF, growth hormone (GH), BMP-1, BMP-2, BMP-4, BMP-7,

10 BMP-11, BMP-15, GDF-1, GDF-7, GDF-8, GDF-9, GDF-10, GDF-11, nerve
growth factor (NGF}, PEDF (pigment epithelium derived factor, also known as
SerpinF 1), glucagon-like peptide-1 (GLP-1)}, IGF2, BDNF, NT-3, NT-4, GDF-15,
GDNF, connective tissue growth factor (CTGF), axotrophin, heparin-binding
EGF-like growth factor (HB-EGF), platelet derived growth factor-alpha (PDGF-

15 o), keratinocyte growth factor (KGF), or neurite growth-promoting factor-
2/midkine (NEGF2);

a CSF antioxidant that may be ceruloplasmin, superoxide
dismutase-~-1 (80D-1), superoxide dismutase-2 (S0OD-2, Mn-type), superoxide
dismutase copper chaperone (CCS), DJ-1/PARKY, catalase, selenoproteins (i,

20 M, N, P, 8 T, W X 15kDa), glutathione S-transferase, giutathione &-
transferase mu 2 (muscle), glutathione reductase, glutathione peroxidase,
hydroxyacy! glutathione hydrolase or thioredoxin;

a chemotactic factor that may be alveolar macrophage-derived
chemotactic factor-l (AMCF-1}, AMCF-l, stromal celi-derived factor-2,

25 chemokine (CXC motif) ligand 2, chemokines (e.g., CCL8, CCL16, CCL19,
CCL21, CCL25, CXCL2, CXCL4, CXCLY, CXCL12, CXCL13, CXCL14),
chemokine (CXC motif) receptor-2, chemokine (CXC motif) receptor-4, a
chemokine-like factor super family {e.g., CKLF-2, -8, -7}, or neurite growth-

promoting factor-2/midkine (NEGF2); and/or
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a chaperone protein that may be transthyretin, lipocalin-type
prostaglandin D synthase/B-trace (L-PGDS), apolipeproteins (e.g.,
apolipoprotein A, B, C, D, E, H, J, M, N, ©, or R), lipocalin-g, lipocalin-7,
lipocalin-15, cystatin B, cystatin C, cystatin EM, cystatin 11, a heat shock
protein (HSP) family member, or DJ-1/PARKY.

it will be appreciated that any given CSF component may occur
having an amino acid sequence as disclosed herein (e.g., by accession
number, or by disclosure in a reference publication incorporated by reference
herein, or as known 1o those familiar with the art, etc.) or may be encoded by a
polynuclectide sequence as disclosed herein {e.9., by accession number, or by
disclosure in a reference publication incorporated by reference herein, or as
known in the art, etc.), and also that any given CSF component may have an
amino acid sequence, or may be encoded by a polynuclectide sequence, that is
at least 50, 55, 60, 65, 70, 75, 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, or 99 percent identical {o, respeclively, an amino acid sequence or a
polynuclectide sequence as disclosed herein (e.g., by accession number, or by
disciosure in a reference publication, etc) (Stevens et al., 2005 J Mol Recognit
18(2):.150). In this regard, CSF components or coding sequences therefor that
are less than 100 percent identical {0 a herein disclosed sequence {(e.g., by
accession number, etc.) are contemplated as variants, where such variants
may resuit from being the products of accumulated or acquired mutations,
allelic variation, posttranslational or postiranscriptional processing, transiational
or transcriptional error, or the like. Variants are also contemplated where
allogeneic or xenogeneic tissues are the sources of CP cells, for instance,
where an allogeneic or xenogeneic homologue of a herein disclosed CSF
component may be at least 50, 55, 60, 85, 70, 75, 80, 85, 86, 87, 88, 88, 20,
91, 92, 83, 94, 85, 98, 97, 98, or 98 percent identical to, respectively, an amino
acid sequence or a polynucleotide sequence as disclosed herein (e.g., by

accession number, etc.).
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When comparing polypeptide (amino acid) or polynucleoctide
sequences, two seqguences are said to be “identical” if the sequence of amine
acids or nucleotides in the two sequences is the same when aligned for
maximum correspondence, as described below. Comparisons between two
sequences are typically performed by comparing the seguences over a
comparison window 1o identify and compare local regions of sequence
similarity. A “comparison window” as used herein, refers to a segment of at
least about 20 contiguous positions, usually 30 to about 75, 40 1o about 50, in
which a sequence may be compared to a reference sequence of the same
number of contiguous positions after the two sequences are optimally aligned.

Optimal alignment of sequences for comparison may be
conducted using the Megalign™ program in the Lasergene™ suite of
bicinformatics software (DNASTAR, Inc., Madison, YW}, using default
parameters. This program embodies several alignment schemes described in
the following references: Dayhoff, M.O. (1878} A model of evolutionary change
in proteins — Matrices for detecting distant relationships. In Davhoff, M.O. (ed))
Allas of Profein Sequence and Structure, National Biomedical Research
Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345; Hein J., 1980 Unified
Approach to Alignment and Phyiogenes, pp. 628, Methods in Enzymology vol.
183, Academic Press, Inc., San Diego, CA; Higgins, D.G. and Sharp, P.M,,
1989 CAB/OS §:151; Myers, EW. and Muller W., 1888 CABIOS 4:11;
Robinson, £E.D., 1971 Comb. Theor 11:105; Santou, N. Nes, 1987 M., Mol. Bio/.
Evol 4:406; Sneath, P.H.A. and Sokal, R.R., 1973 Numerical Taxonomy — the
Principles and Practice of Numerical Taxonomy, Freeman Press, San
Francisco, CA; Wilbur, W.J. and Lipman, D.J. 1983 Froc. Natl. Acad., Sci. USA
80.728.

Alternatively, optimal alignment of sequences for comparison may
be conducted by the local identity algorithm of Smith and Waterman, 1981 Add.
APL. Math 2:482, by the identity alignment algerithm of Needieman and
Wunsch, 1970 J. Mo/, Biol. 48:443, by the search for similarity methods of
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Pearson and Lipman, 1988 Proc. Matl. Acad. Sci. USA 85: 2444 by
computerized implementations of these algorithms (GAP, BESTFIT, BLAST,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics
Computer Group {(GCG), 575 Science Dr., Madison, W), or by inspection.
5 Preferred examples of algorithms that are suitable for determining
percent sequence identily and sequence similarity are the BLAST and BLAST
2.0 aigorithms, which are described in Altschul et al. 1977 Nucl. Acids Res.
25:3388, and Altschul et al., 1990 J. Mol Biol 215403, respectively. BLAST
and BLAST 2.0 can be used, for example with the parameters described herein,
10 {o determine percent seguence identity among two or more polypeplides or
polynuciectides. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology information.
in one iHustrative example, cumulative scores can be calculated
using, for nucleotide sequences, the parameters M (reward score for a pair of
15 matching residues; always >0) and N (penaity score for mismatching residues;
always <0). Extensions of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum
achieved value, the cumulative score goes 1o zero or below, due to the
accumulation of one or more negative-scoring residue alignments; or the end of
20 either sequence is reached. The BLAST algorithm parameters W, T and X
determine the sensitivity and speed of the alignment. The BLASTN program
{for nucleolide sequences) uses as defaulis a word length (W) of 11, and
expectation (E) of 10, and the BLOSUMS2 scoring matrix (see Henikoff and
Henikoff, 1989 Proc. Nall. Acad. Sci. USA 88:10915) alignments, (B) of 50,
25  expecigtion (E) of 10, M=5, N=-4 and a comparison of both strands.
Alternatively, the seguences obtained from RNA seguence
analysis {e.g., RNA-seq, described above and in the Examples) are alignedic a
reference genome. For example, RNA seguence reads for each sample can be
mapped to a reference genome (2.¢., Ensembl Sscrofa10.2, and Database for

30 Annotation, Visualization, and Integrated Discovery (DAVID), Samborski et al,,
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Transcriptome changes in the porcine endometrium during the preattachment
phase, 2013 Biof Reprod. 2013 Dec 12,88(6):134); Dennis et al., DAVID:
Database for Annotation, Visualization, and Integrated Discovery, 2003
Genome Biol. 4(5).F3; Huang et al., DAVID Bioinformatics Resources:

5 expanded annotation database and novel algorithms to belter exiract biology
from large gene lists. 2007 Nuciein Acids Res. 2007 Jul; 35(Web Server
issue)W168-75; Huang et al., Systemaiic and integrative analysis of large gene
lists using DAVID bioinformatics resources, 2009 Naf Frofoc. 2009.4(1).44-57)
using Tophat {(v2.0.13) software to align RNA-seq reads o a reference genome,

10 Cufflinks software to assemble reads that have been mapped by Tophat into
potential transcripts to generate an assembled transcriptome, and CuffDiff
software 1o accept the reads assembled from two or more different biological
conditions and analyze them for differential exprassion of genes and franscripis
under the different conditions (e.g., induced versus control conditions). (Ses,

15  e.g., Ghosh et al., Analysis of RNA-Seq Data Using TopHat and Cufflinks. 2018
Methods Mol Biol 2016;1374:339-61). For library normalization, various
methods, such as classic-fokm, geometric, quartile or other methods can be
applied (See, e.g., htlp website: //cole-trapnell-lab.github.io/ cufflinks/cuffdiff/
#ibrary-normalization-methods) combined with various cross-replicate

20 dispersion estimation methods {e.g., pooled, per-condition, bline, or poisson
methods, See, e.g., hitp website: //cole-trapnell-
lab.github.io/cufflinks/cufidiff #ibraryv-normalization-methods).

By way of a non-limiting llustrative example, Differentially
Expressed Genes (DEGS) may be identified using ‘gene_exp.diff oulput from

25 the Cuffdiff software program. To detect DEGs between controls and ‘induced
samples, two filtering processes can be applied. First, using a Cuffdiff status
code, genes that only have “OK” status in each sample are obtained. Status
code ‘OK indicates that each condition contains sufficient sequence reads in a
locus for a reliable calculation of expression level and that the test is successhul

30 o calculate gene expression level in that sample. For the second filtering, a
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iwo-fold change in expression level is calculated and only genes displaying
more than two-fold changes between the samples being compared (control vs.
induced) are selected. For ontology analysis, ithe selected gene list is applied
to DAVID software (Huang et al. 2008 Naf Frofoc. 2009:4(1).44-57, Huang et
al. 2007 Nucleic Acids Res. 2007 35(Web Server issue).W168-75; Dennis et
al., 2003 Genome Biol. 4(5).F3) to oblain a comprehensive set of functional
annotations. Categories such as gene-disease association, homologue match,
gene ontology, or pathway categories, eic. can be selected. DAVID then
generates a functional annotation chart which lisis annotation terms and their
associated genes.

In certain embodiments, the “percentage of sequence identity” is
determined by comparing two optimally aligned sequences over a window of
comparison of at least 20 positions, wherein the portion of the polypeptide or
polynuclectide sequence in the comparison window may comprise additions or
delstions (i.e., gaps) of 20 percent or less, usually § 10 15 percent, or 10 to 12
percent, as compared 1o the reference sequences (which does not comprise
additions or deletions) for optimal alignment of the two sequences. The
percentage is calculated by determining the number of positions at which the
identical amino acids residues or nucleic acid bases occurs in both sequences
to vield the number of maiched positions, dividing the number of maiched
positions by the total number of positions in the reference sequence (e, the
window size) and multiplying the resulis by 100 to yield the percentage of
sequence identity.

it will be appreciated by those of ordinary skill in the art that, as a
result of the degenseracy of the genstic code, there are many nucleotide
sequences that may encode a particular CSF component polypeptide as
described herein. Some of these polynuciectides bear minimal sequence
identity to the nuclectide sequence of the original polynuclectide sequence that
encodes the CSF compoenent polypeptide having an amino acid sequence that

is disclosed herein. Nonetheless, poivnucleociides that vary due to differences
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in codon usage are expressly contemplated by the present disclosure. In
certain embodiments, sequences that have been codon-optimized for

mammalian expression are specifically contemplated.

5 As described herein, pericyle protective agent (PPA) activity is
identified for the first time in conditioned culture medium prepared from
encapsulated mammalian choroid plexus (CP) cells. Elucidation of the identity
of one or more of these PPA and of the corresponding PPA structure may have
value for development from such PPA of lead compounds for treating, reducing

10 severity of, or reducing likelihood of occurrence of a CNS condition associated
with CNS pericyie loss or CNS pericyte dysfunction. It is therefore
contemplated that certain embodiments of the present invention will be of major
vaiue in the design and production of a synthetic mimetic of any CP product
that is detectable in CP celi-conditioned medium by virtue of having PPA

15 activity, such as a protein, peptide, nucleic acid, carbohydrate, lipid and/or other
factor, or a complex thereof. High throughput screening; /.e., automated testing
or screening of a large number of additional candidate PPA, for example, is
envisioned for screening synthetic or natural product libraries for additional
compounds that are structurally related o PPA identified by the assays

20 described herein, and that exhibit PPA activity.

For example, and according to certain herein disclosed
embodiments, the PPA comprises an HxOo-sensitive, thermostable, hexane-
insoluble/ diethyl ether-inscluble/ ethyl acetate-insoluble and water-soluble
molecule having a molecular weight of less than 3 kDa that is obtained in a

25 culture medium that has been conditioned by cultured mammalian choroid
plexus (CP) cells {e.g., encapsulated CP cells to obfain CPe conditioned
medium), wherein the PPA is capable, upon being contacted with CNS
pericytes, of decreasing a level of CNS pericyte loss or CNS pericyte
dysfunction, relative to the level of CNS pericyte loss or CNS pericyte

30 dysfunction when the PPA is absent.
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tsolation from CP-conditioned medium (e.g., CPe) of PPA activity-

containing components having a molecular weight of less than 3 kDa may be
achieved by subjecting the condilioned medium {0 any of a variety of available
conventional molecular sizing methodologies, such as membrane ultrafiltration,

5 gel filtration chromatography, dialysis with a 3 kDa molecular weight cut-off
(MWCO) membrane, or other molecular sizing techniques with which persons
skilled in the art will be familiar. Determination of the solubility properties of
components of CP-conditioned medium (g.9., CPe} exhibiting PPA activity may
be achieved by differential extraction of the water-based (agueous) CP-

10 conditioned medium with organic solvents such as hexane, digthyl ether, and/or
ethyl acetate, followed by PPA biological activity testing of the resulting
fractions as disclosed hergin. By way of illustration and not limitation, and as
described in greater detail below, an exemplary PPA may be isolated from an
aqgueous CP-conditioned medium (e.g., CPe) by molecular size fractionation fo

15 obtain soluble components with PPA activity of less than 3 kDa molecular
weight, combined with ethyl acetate extraciion {o obtain an agueous phase
containing the PPA activity, from which contaminants may then be removed by
Soxhiet extraction with methanol.

As described in greater detail in the Examples which follow, for

20  example, an HoOz-sensitive PPA may be exempilified by exposure of a PPA-
containing preparation {o Hx(0s (e.9., 450 uM for 24 h at ambient room
temperature), following which deteclable PPA activity may be decreasedin a
statistically significant manner relative o the PPA activity of a control
preparation that is not exposed o HxO,. The decrease associated with HxOo

25 sensitivily may manifest as, .¢., a statistically significant decrease in PPA
activity of at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, or 80%, or
more, relative to an appropriate control.

As another non-limiting illustration, a thermostable PPA may be
exemplified by exposure of a PPA-containing preparation 1o heating under

30  reflux conditions {(e.g., healing {0 a boiling point and maintaining the boiling
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point temperature under a cooling condenser to prevent solvent loss for 0.5, 1,
1.5, 2, 2.5 or more hours with stirring), ollowing which detectable PPA activity
is not decreased in a statistically significant manner refative io the PPA aclivity
of a control preparation that is not exposed to such reflux conditions. A
thermostable PFA may retain, in a statistically significant manner relative to an
appropriate conirel, at least 80, 65, 70, 75, 80, 85, 80, 95, 86, 97, 88, 98%, or
more of its PPA activity following exposure o reflux conditions.

Typically, and in certain preferred embodiments such as for high
throughput drug screening, candidate agents (e.g., candidate PPA such as
candidate synthetic mimetics of PPA identified by the herein described
methodologies) are provided as “libraries” or collections of compounds,
compositions or molecules. Such molecules typically include compounds
known in the art as “small molecules” and having molecular weights less than
10° daltons, preferably less than 10° daltons and still more preferably less than
10° daltons.

Candidate agents further may be provided as members of a
combinatorial library, which preferably includes synthetic agents prepared
according to a plurality of predetermined chemical reactions performed in a
plurality of reaction vessels. For example, various starting compounds may be
prepared emplioying one or more of solid-phase synthesis, recorded random
mix methodologies and recorded reaction split techniques that permit a given
constifuent to traceably undergo a plurality of permutations and/or combinations
of reaction conditions. The resulting products comprise a library of structurally
related compounds that can be screened followed by ilerative selection and
synthesis procedures, such as a synthetic combinaterial library that may include
small molecules as provided herein (see e.g., PCT/US84/08542, EP (0774464,
U.8. 5,798,035, U.S. 5,788,172, U.S. 5,751,629).

As presently disclosed, there is also contemplated in ceriain
embodiments an immunoclogical/immunochemical screening assay to identify

pericyte protective agent (PPA) species within a mammalian choroid plexus
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(CP) cell-conditioned medium having PPA aciivily. According to these and
related embodiments, antibodies are generated against the PPA aclivity-
containing CP cell-conditioned medium (or against a PPA aclivity-enriched
fraction thereof) and are then tested for their effects on PPA activity in the
herein described assays for CNS pericyte loss and/or CNS pericyte
dysfunction. Neutralizing antibodies that block the PRA protective effect of the
CP celi-conditioned medium may then be used to isolate and characterize the
conditioned medium componeni(s) responsible for PPA activity.

in one such embodiment there is thus provided a screening
method for identifying a pericyte protective agent (PPA) that protects a central
nervous system (CN3) pericyte from a pericyle stressor, wherein said pericyte
stressor is capable of inducing at least one of CNS pericyte loss and CNS
pericyte dysfunction, the method comprising:

{a) contacting, simubtaneously or sequentially and in any order, (i)
a cultured human CNS pericyle, (i} the pericyte stressor that is capable of
inducing at least one of CNS pericyie loss and CNS pericyie dysfunclion, (i} a
conditioned culture medium that has been conditioned by mammalian choroid
plexus (CP} cells and that contains a pericyte protective agent (PPA) produced
by said CP cells, or an isclated fraction of said conditioned cullure meadium that
contains the PPA, which PPA is capable of decreasing in the cultured human
CNB pericyte a level of at least one of CNS pericyte loss and CNS pericyte
dysfunction, reiative to the level that is detected when the PPA is absent, and
(ivy one or a plurality of antibodies that have been generated against a portion
of the culture medium that has been conditioned by mammalian choroid plexus
(CP) celis and which contains the pericyle protective agent (PPA) produced by
said CP cells, under conditions and for a time sufficient to induce detectabie
CNES pericyte loss or detectable CNS pericyte dysfunction when the PPA is
absenti, thereby to obtain a human CNS pericyte test culiure;

(b} detecting, in the human CNS pericyte test cullure of (a), a level

of at least one of CNS pericyte loss and CNS pericyte dysfunction that is
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decreased o a lesser degree relative {0 the level that is detected when the one
or plurality of antibodies is absent, thereby indicating that the one or plurality of
antibodies is capable of neutralizing the PPA; and

{(¢) isolating the PPA by binding o at least one of the antibodies
that is capable of neutralizing the PPA.

In certain further embodiments the PPA is isolated as part of an
immune complex in which the PPA is bound to the one or plurality of PPA-
neuiralizing antibodies. Methodologies for producing and isolating antibody-
antigen immune complexes, and for further isolating antigens therefrom, are
known in the arl. For example, anti-immunoglobulin “secondary” antibodies
may be used to isolate (e.g., by affinity isolation or immunoprecipitation)
immune complexes, as also may be natural or artificial immunogliobulin Fe
region-binding reagents such as chemically stabilized Sfaphylococcus aureus
(Cowan strain) suspensions, or Protein A derived therefrom, or Streptococcal
Protein 3, or synthetic mimetics thereof and/or other known anti-
immunogiobulin reagents.

Certain embodiments of the present invention thus include PPA
activity-neutralizing antibodies that specificaily bind to a PFPA as provided
herein, such as a fraction or component of a PRPA activity-containing
preparation, for instance, a CP cell-conditioned culture medium having PPA
activity.

The term “antibody” (Ab) as used herein includes monocional
antibodies, polycional antibodies, multispecific antibodies (8.g., bispecific
antibodies), and antibody fragmenis. in preferred embodimenis, the herein
described antibody is capable of neutralizing a PPA activity, such as PPA-
mediated protection of a human CNE pericyte from pericyte stressor-induced
pericyte oss or pericyte dysfunction. The term “immunoglobulin® (Ig) is used
interchangeably with “antibody” herein.

The basic antibody unitis a heterotelrameric glycoprotein

composed of two identical light (L) chains and two identical heavy (H) chains.
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Each L chain is linked o an H chain by one covalent disulfide bond, while the
two H chains are linked {o each other by one or more disulfide bonds
depending on the H chain isotype. Each H and L chain also has regularly
spaced intrachain disulfide bridges. Each H chain has at the N-terminus a
variable domain (V) followed by three constant domains (Cn) for each of the «
and vy chains and four Cy domains for u and ¢ isotypes. Each L chain has at the
N-terminus, a variable domain (VL) followed by a constant domain (Cy) at its
other end. The V|_is aligned with the Vy and the C_ is aligned with the first
constant domain of the heavy chain (Cn1). Particular amino acid residues are
believed o form an interface beitween the light chain and heavy chain variable
domains. The pairing of a Vy and V. together forms a single antigen-binding
site.

The L chain from any vertebrate species can be assigned o one
of two clearly distinct types, called kappa (k) and lambda (1), based on the
aminc acid sequences of their constant domains (Cy). Depending on the amino
acid sequence of the constant domain of their heavy chains (Cy),
immunogiobulins can be assigned to different classes or isotypes. There are
five classes of immunoglobulins: igA, 1gD, IgE, 1gG, and IgM, having heavy
chains designated alpha {0}, delta (&), epsilon ()}, gamma (y) and mu (W),
respectively. The v and g classes are further divided into subclasses on the
basis of relatively minor differences in Ch sequence and function, e.g., humans
express the following subclasses: IgG1, 1gG2, 1gG3, 1gG4, 1gA1, and IgAZ. 1t
will be appreciated that mammals encoding multiple lg isotypes will be able 1o
undergo isotype class switching.

An g antibody consists of 5 of the basic hetercletramer unils
along with an additional polypeptide cailled J chain, and therefore contains ten
antigen binding sites, while secreted IgA antibodies can pelymerize 1o form
polyvalent assemblages comprising two to five of the basic four-chain uniis
along with J chain. In the case of IgG, the four-chain unit is generally about

150,000 daltons in molecular weight. For the structure and properties of the
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different classes of antibodies, see, &.¢., Basic and Clinical Immunology, 8th
gdition, Daniel P. Stites, Abba | Terr and Tristram G. Parslow (eds.}, Appleton
& Lange, Norwalk, Conn., 1994, page 71, and Chapter 6.

The V domain mediates antigen binding and defines specificity of
a pariicular antibody for its particular anligen. The gene sequence encoding
the Vy domain has mulliple copies of variable V), diversity (D), and joining (J)
segments. The gene sequence encoding the Vi domain contains muitiple
copies of V and J segments. The Vy and V| regions undergo gene
rearrangement (/.e., somatic recombination} to develop diverse antigen
specificity in antibodies. The term "variable” refers to the fact that certain
segments of the V domains differ extensively in sequence among antibodies.

However, the variability is not evenly distributed across the 110-
amino acid span of the variable domains. Instead, the V regions consist of
relatively invariant streiches called framework regions (FRs) of 15-30 amino
acids separated by short regions of extreme variability called “hypervariable
regions.” These hypervariable regions are the resuit of somatic hypermutation
during the affinity maturation process, and they are typically each 9-18 amino
acids long. However, they have been found {o range from 4-28 amino acids in
length depending upon the particular epitope. For exampie, CDR3 regions up
to at least 22 or 23 amino acids in length have been described. See, .9,
Morea V, ef al., J Mol Biol 275(2).269-94 (1998) and Kabat, £ A, ef af,
Sequences of Proteins of Immunological Interest, Fifth Edition. NiH Publication
No. 91-3242 (1891).

The variable domains of native heavy and light chains each
comprise four FRs, largely adopting a 3-sheet configuration, connected by three
hypervariable regions, which form loops connecting, and in some cases forming
part of, the B-sheet structure. The hypervariable regions in each chain are held
together in close proximity by the FRs and, with the hypervariable regions from
the cther chain, contribute to the formation of the antigen-binding site of

antibodies (see Kabat ef al., Sequences of Proteins of Immunological Interest,
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5th Ed. Public Health Service, National Institules of Health, Bethesda, Md.
(1881)). The constant domains are not involved directly in binding an antibody
to an antigen, but exhibit various effector functions, such as participation of the
antibody in antibody dependent cellular cytotoxicity (ADCC).

The term “hypervariable region” when used herein refers {o the
amino acid residues of an antibody that are responsible for antigen binding.
The hypervariable region generally comprises amino acid residues from a
“‘complementarity determining region” or “CDR” {g.g., around about residues
24-34 (L1), 50-56 {L2) and 89-97 (L3} in the V|, and around about 28-36(H1),
50-65 (H2) and 85-102 (H3) in the Vi, Kabat ef a/., Sequences of Proteins of
immunoiogical interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, Md. (1991)) and/or those residues from a “hypervariable
loop” (e.g., residues 268-32 (L1), 50-52 (L.2) and 81-96 (L.3) in the V|, and 26-32
(H1), 53-55 (H2) and 96-101 {(H3) in the Vy ; Chothia and Lesk, J. Mol Biol.
196:901-917 (1987)).

An “isclated antibody” is one that has been separated and/or
recovered from a component of ifs natural environment. Contaminant
components of its natural environment are materials that would interfere with
diagnostic or therapeutic uses for the antibody, and may include enzymes,
hormones, and other proteinaceous or nonproteinaceous solutes. In preferred
embodiments, the antibody is purified: (1) to greater than 95% by weight of
antibody as determined by the Bradford method, and most preferably more than
95% by weight; (2) to a degree sufficient o obtain at least 15 residues of N-
terminal or internal amino acid sequence by use of a spinning cup seguenator;
or (3) to homogeneity by SDS-PAGE under reducing or non-reducing conditions
using Coomassie blue or, silver stain. Isolated antibody includes the antibody
in sity within recombinant cells since at least one component of the antibody's
natural environment will not be present. Ordinarily, however, isolated antibody

will be prepared by st least one purification step.
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An “intact” antibody is one that comprises an aniigen-binding site
as well as a C and at least heavy chain constant domains, Cyl, Ca2 and Cu3.
The consiant domains may be native sequence constant domains (e.g., human
native sequence constant domains) or aminoe acid sequence variants thersof.
Preferably, the intact antibody has one or more effector functions.

An “antibedy fragment” is a polypeptide comprising or consisting
of a portion of an intact antibody, preferably the antigen binding or variable
region of the intact antibody. Examples of antibody fragments include Fab,
Fab', F(ab'):, and Fv fragments; diabodies; linear antibodies (see U.&8. Pat. No.
5,641,870, Zapata ef al., Protein Eng. 3(10}: 1057-1062 [1985]),; single-chain
antibody molecules; and muitispecific antibodigs formed from antibody
fragments.

Papain digestion of antibodies produces two identical antigen-
binding fragmenits, called “Fab” fragmenits, and a residual “F¢” fragment, a
designation reflecting the ability to crystallize readily. The Fab fragment
consists of an entire L chain along with the variable region domain of the H
chain (Vi), and the first constant domain of one heavy chain (Cu1). Each Fab
fragment is monovalent with respect {0 antigen binding, i.e., it has a single
antigen-binding site. Pepsin treatment of an antibody vields a single large
Flabh, fragment that roughly corresponds to two disulfide linked Fab fragmenis
having divalent antigen-binding activity and is still capable of cross-linking
antigen. Both the Fab and F(ab’), are examples of “antigen-binding
fragments.” Fab' fragmenis differ from Fab fragments by having additional few
residues at the carboxy terminus of the Cy1 domain including one or more
cysteines from the antibody hinge region. Fab'-8H is the designation herein for
Fab' in which the cysteine residue(s) of the constant domains bear a free thiol
group. F(ab", antibody fragments originally were produced as pairs of Fab’
fragments that have hinge cysteines between them. Gther chemical couplings

of antibedy fragments are also known.

49



WO 2019/089993 PCT/US2018/058797

10

15

20

30

The “F¢” fragment comprises the carboxy-terminal portions (i.e.,
the CH2 and CH3 domains) of both H chains held together by disulfides. The
effecior functions of antibodies are determined by seguences in the Fc region.
The Fc domain is the portion of the antibody recognized by cell receptors, such
as the FcR, and to which the complement-activating protein, C1q, binds.

“Fv” is the minimum antibody fragment that contains a complete
antigen-recognition and antigen-binding site. This fragment consisis of a dimer
of one heavy- and one lighi-chain variable region domain in tight, non-covalent
association. From the folding of these two domains emanate six hypervariable
loops (three loops each from the H and L chain) that contribute the amino acid
residues for antigen binding and confer antigen binding specificity to the
antibody. However, even a single variable domain (or half of an Fv comprising
only three CDRs specific for an antigen) has the ability {o recognize and bind
antigen, although at a lower affinity than the entire binding site.

“Singie-chain Fv” also abbreviated as “sFv” or “scFv” are antibody
fragments that comprise the Vg and V| antibody domains connected into a
single polypeptide chain. Preferably, the skv polypeptide further comprises a
polypeptide linker between the Vu and Vi domains that enables the sFv to form
the desired structure for antigen binding. For a review of sFv, see Pluckthun in
The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore
eds., Springer-Verlag, New York, pp. 269-315 (1894); Borrebaeck 1995, infra.

The term “diabodies” refers to small antibody fragmenits prepared
by constructing sFv fragments (see preceding paragraph) with short linkers
{about 5-10 residues) between the Vy and V| domains such that inter-chain but
not intra-chain pairing of the V domains is achieved, resulting in a bivalent
fragment, i.e., fragment having two antigen-binding sites. Bispecific diabodies
are heterodimers of two “crossover” skv fragments in which the Vg and V.
domains of the two antibodies are present on different polypeptide chains.
Diabodies are described more fully in, for example, £EF 404,097, WO 93/11161;
and Hollinger ef al., Proc. Nati. Acad. Sci. USA, 80.6444-6448 (1883).
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As used herein, the term “polyclonal antibody” refers to an
antibody obtained from a population of antigen-specific antibodies that
recognize more than one epitope of the specific antigen. “Antigen” or
“immunogen” refers {0 g peptide, lipid, polysaccharide or polynuclectide which
is recognized by the adaptive immune sysiem. Antigens may be seif or non-
self molecules. Examples of antigens include, but are not limited o, bacterial
cell wall components, pollen, and rh factor. The region of an antigen that is
specifically recognized by a specific antibody is an “epitope” or “antigenic
determinant.” A single antigen may have multipie epitopes.

The term "monocional antibody” {mAb) as used herein refers to an
antibody obtained from a population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the population are identical except for
possible naturally occurring mutations that may be present in minor amounts.
Monocional antibodies are highly specific, being direcled against a single
antigenic site. Furthermore, in contrast {o polycional antibody preparations that
include different antibodies directed against different epitopes, each monocional
antibody is directed against a single epitope of the antigen. In addition {o their
specificity, the monocional antibodies are advantageous in that they may be
synthesized uncontaminated by other antibodies. The modifier *monoclonal” is
not 1o be construed as requiring production of the antibody by any particular
method. For example, the monocional antibodies useful in the present
invention may be prepared by the hybridoma methodology first described by
Kohler ef &/, Nature, 256:485 (1975}, or may be made using recombinant DNA
methods in bacterial, eukaryotic animal or plant cells (see, e.g., U.5. Pat. No.
4.816,567). The “monoccional antibedies” may also be isolated from phage
antibody libraries using the techniques described in Clackson ef a/., Nature,
352:624-628 {1991) and Marks ef a/., J. Mol Biol., 222:581-597 (1981), for
exampie.

The monoclonal antibodies herein include “chimeric antibodies” in

which a portion of the heavy and/or light chain is identical with or homologous
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io corresponding sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the
chain(s} is identical with or homologous o coresponding sequences in
antibodies derived from another species or belonging to ancther antibody class
5 or subclass, as well as fragments of such antibodies, so long as they exhibii the
desired biological aclivity (ses, U.S. Pat. Nos. 4,816,587, 5,530,101 and
7,498 415; and Morrison ef &/, Proc. Nafl. Acad. Sci. USA, 81.6851-6855
(1984)). For example, chimeric antibodies may comprise human and non-
human residues. Furthermore, chimeric antibodies may comprise residues thai

10 are not found in the recipient antibody or in the donor antibody. These
modifications are made {o further refine antibody performance. For further
details, see Jones ef al., Nature 321.522-525 (1986), Riechmann ef a/., Nature
332:323-329 {1988); and Presta, Curr. Op. Struct. Biol. 2:593-586 (1992).
Chimeric antibodies also include primatized and humanized antibodies.

15 A “humanized antibody” is generally considered 10 be a human
antibody that has one or more amino acid residues introduced into it from a
source that is non-human. These non-human amine acid residues are typically
taken from a variable domain. Humanization is traditionally performed following
the method of Winter and co-workers {Jones el a/., Nature, 321:522-525 (1986},

20  Reichmann et al., Nature, 332:323-327 {1988); Verhoeyen et al., Science,
239:1534-1536 (1988)), by substiiuting non-human variable sequences for the
corresponding sequences of a human antibody. Accordingly, such "humanized”
antibodies are chimeric antibodies (U.S. Pat. Nos. 4,818,587, 5,530,101 and
7,488 415} wherein subsianiially less than an intact human variable domain has

25  been substituted by the corresponding sequence from a non-human species.
in some instances, a “humanized” antibody is one which is produced by a non-
human cell or animal and comprises human seguences, &.9., He domains.

A “human antibody” is an antibody containing only sequences
present in an antibody naturally produced by a human. However, as used

30  herein, human antibodies may comprise residues or moedifications not found in
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a naturally cccurring human antibody, including those modifications and variant
sequences described hersin. These are typically made to further refine or
enhance antibody performance. in some instances, human antibodies are
produced by transgenic animals. For exampie, see U.S. Pat Nos. 5,770,429;
6,598,541and 7,049,426,

Antibody “effector functions” refer to those biclegical activilies
atiributable to the Fc region {a native sequence Fc region or amino acid
sequence variant Fc region) of an antibody, and vary with the antibody isotype.
Examples of antibody effector functions include: C1g binding and complement
dependent cytotoxicity; Fc receptor binding; antibody-dependent cell-mediated
cytotoxicity (ADCC); phagocytosis; down regulation of cell surface receptors
{e.g., B cell receptor); and B cell activation.

The phrase “functional fragment or analog” of an antibody is a
compound having qualitative biological activity in common with a full-length
antibody. For example, a funclional fragment or analog of an anti-PRA antibody
is one that can bind to @ PPA and at least partially (e.g., in a statistically
significant mannear relative to an appropriate control) neutralize the ability of the
PPA to protect a cultured human CNS pericyte against pericyte siressor-
induced CNS pericyte loss or CNE pericyte dysfunction as provided herein.

An antibody having a "biological characteristic” of a designated
antibody is one that possesses one or more of the biological characteristics of
that antibody which distinguish it from other antibodies. For example, in certain
embodiments, an antibody with a biclogical characteristic of a designated
antibody will bind the same epitope as that bound by the designated antibody
and/or have a common effector funclion as the designated antibody.

As used herein, an antibody is said to be “immunospecific,”
“specific for” or to "specifically bind” an antigen if it reacts al a detectable level
with the antigen, preferably with an affinity constant, Kg, of greater than or
equal to about 104 M-1, or greater than or equal to about 10° M-1, greater than

or equal to about 105 M-1, greater than or equal to about 107 M-1, or greater
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tharn or equal {o 108 M. Affinity of an antibody for ils cognate antigen is aiso
commonly expressed as a dissociation constant Ky, and in certain
embodiments, a PPA-specific antibody specificaily binds to a PPA if it binds
with a Ky of less than or equal to 104 M, less than or equal to about 1075 M,

5 less than or equal to about 108 M, less than or equal (o 107 M, or less than or
equal to 108 M. Affinities of antibodies can be readily determined using
conventional techniques, for example, those described by Scatchard ef al.
{Ann. NUY. Acad. Sci. USA 51.660 (1849)).

Binding properties of an antibody to antigens, cells or tissues
10 thereof may generally be determined and assessed using immunodetection
methods including, for example, immuncfiucrescence-based assays, such as
immuno-histochemistry (IHC) and/or fluorescence-activated cell sorting (FACS).
“‘Carriers” as used herein include pharmaceutically acceptable
carriers, excipients, or stabilizers that are nontoxic to the cell or mammal being
15 exposed thereto at the dosages and concentrations employed. Often the
physiologically acceptable carrier is an aqueous pH buffered solution.
Examples of physiologically acceptable carriers include buffers such as
phosphale, ciirate, and other organic acids; antioxidants including ascorbic
acid; low molecular weight (less than about 10 residues) polypeptide; proteins,
20 such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such
as polyvinylpyrrolidone, aming acids such as glycine, glutamine, asparaging,
arginine or lysing, monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextring,; chelating agents such as EDTA, sugar
alcohols such as mannitol or sorbitol; sali-forming counterions such as sodium;
25 and/or nonicnic surfactants such as polysorbate 20 (TWEEN™) polvethylene
giveol (PEG), and poloxamers (PLURONICS™), and the like.

CP CELL BOURCES

Mammalian choroid plexus (CF) cells may be of human, porcine,

30  ovine, bovine, caprine, or non-human primate or other mammalian origin, and in
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certain non-limiting embodiments may be obtained from feial or neonatal
choreoid plexus tissue by techniques kKnown to those familiar with the art.
In certain embodiments CP tissue fragments may be prepared
and encapsulated in CF celi-containing capsules selected as described in
5 previous teachings directed to CP xenotransplantation. General methodologies
for the preparation and use of such capsules are described, for example, in
US6322804, USH834001, USB083523, US2007/134224, US5869483,
US2004/213768, US2009/0214660, US2009/0047325, US2007/134224,
US2004/2137868, US2005/0265977, US6083523, and US2009/0047325 and
10 related patent application publications. US2009/0047325 describes an
exemplary preparation of neonatal CP cells for xenotransplantation. In certain
other embodiments, however, the CP cells are non-encapsulated.
CP cells, whether encapsulated or non-encapsulated, may be
cultured according to any of a variety of established methodologies including
15  those ciled above and also as described in, e.g., Thanos et al., 2007 Tiss. Eng.
13:747; Angelow et al., 2004 Adv. Drug Deliv. Rev. 56:185%, Haselbach et al.,
2001 Microsc. Res. Tech. 52:137; Balusu et al., 2018 EMBO Mol Med 8.1162;
Huang et al., 2014 Neurosci. Left. 566:42; Emerich et al., 2007 Celf Transplant.
16:897). Preferably CP cells are cuitured in culture medium under conditions
20 that permit release of PPA by CP cells into the culture medium, to obtain a CP
cell-conditioned medium.
tn certain embodiments CP cells may be cultured on permeable
membrane supports such as TransWell™ tissue culture inserts, which may
permit the CP cells o be co-cultured in a spatially separate compartment that is
25  nevertheless in fluid communication with cultured human pericytes. In such
embodiments, PPA released by the CP cells into the culture medium can
fraverse the permeable membrane o enter the compariment in which the
pericytes are culiured, in order for the PPA {0 contact the pericytes.
in certain other embodiments CP cells may be encapsulated and

30 culbtured in CP cell-containing capsules as described in one or more of, e.g., US
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2008/0047325; US 8,128,186, US 2009/0214660, US 6,322,804, US 6,083,523,
US 5753,491), US 8,748,176; Watanabe et al., 2012 JI. Neurosci.
32(45):15934, US 2007/0134224, US 4,882,538, and US 2012/0003120.
Alternatively, CP cells may be processed and encapsulated in biocompatibie
permeable capsules that may be produced and selected as described in WO
2016/187067 and US 2016/0361385, optionally with induction of CP cells with
one or more CP inducing agenis as described therein. ldentification of PPA
activity in conditioned medium from such capsules can then be made according
io the methods described herein, for instance, by the determination of
cytoprotective effects of released CP products on cultured human CNS
pericytes. Cerfain of the presently disclosed embodiments thus relate to
biccompatible, non-immunogenic, semi-permeable alginate capsules containing
PPRA-producing xenogeneic and/or allogeneic CP celis for maintenance in
culture to generate PPA-containing conditioned medium.

With respect {o the biological sources of CP tissues and/or CP
cells, however, the present embodiments are not intended 1o be so limited,
such that there are also presently contemplated embodiments in which
mammalian choroid plexus (CF) tissue may be obtained from a mammal that is
xenogeneic relative {o the source of the cultured pericytes being contacted with
a pericyte stressor as provided herein. CP tissue from which CP cell culfures
{optionally encapsuiated) are prepared to generate CP celi-conditioned culiure
media may thus be oblained from porcine, ovine, bovine, caprine, non-human
primate, or other mammalian sources. In cerlain other embodiments the CP
cells may be obtained from a biological source that is allogeneic to the subject
undergoing treatment, e.g., the CP source may be fissue from a non-genetically
identical individual of the same species as the subject.

In certain lllustrative exemplary embodiments, allogeneic or
xenogeneic pluripotent cells that are capabie of differentiation into CP cells may
be cultured in vifro under conditions and for a time sufficient to obtain a plurality

of in vitro differentiated CP cells. Conditions for in vitro generation of human
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CP cells from human embryonic stem cells (ESC), and of mouse CP cells from
murine ESC, are described, by way of example, in Watanabe et al., 2012 /.
Neurosci. 32(45).15034 and Sternberg et al., 2014 Regen Med 9(1):53.
Pluripotent cells for use in these and related embodiments may comprise
embryonic cells such as embryonic siem cells, embryonic stem cell-derived
clonal embryonic progenitor cell lines, neural crest progenitors and/or may alsc
comprise one or more of non-embryonic cells, such as umbilical cord cells,
placental cells, dental pulp cells, adult tissue stem cells and/or mesenchymal
stem celis from somaiic tissues, for which methods of preparation will be known
o those skilled in the relevant art (e.g., Loeffler et al., 2002 Cells Tissues
Organs 171(1).8-26).

in these and related embodiments, pluripotent cells may be
cultured in a culture medium that comprises one or more in vifro CP
differentiation agents such as any of the in vitro CP differentiation agents
disclosed in WO 2016/187067 and US 2016/0361385. For example, pluripotent
cells may be cultured in a culture medium that comprises one or more of a bone
morphogenic protein (BMP) or a BMP signaling pathway agonist, a
fransforming growth factor-beta (TGF-B) superfamily member or a TGF-B
signaling pathway agonist, a mammalian growth and differentiation factor
(GDF) or a GDF signaling pathway agonist, VEGF, a Wit protein ligand or a
Wit signaling pathway agonist, sonic hedgehog (Shh}, a Shh signaling pathway
agonist {e.g., a synthetic small molecule agonist such as purmorphamine
and/or SAG, see Stanton et al. 2009 Mol BioSyst 8:44), and a fibroblast growth
factor (FGF) or an FGF signaling pathway agonist, under conditions and for a
time sufficient {0 obtain said plurality of in vitro differentiated choroid plexus
(CP) celis (see, e.g., Watanabe et al., 2012 J. Neurosci. 32(45):15934;
Stemnberg et al. 2014, Regen Med, 9(1):53; see also, e.g., Ward et al. 2015
Neuroscience S0308-4522(15)00415; Liddelow, 2015 Front. Neurosci. @
{32):1); Huang et al. 2008 Development 340(2):430); Scheber et al., 2001 J
Comp Neurol 439(1):32).
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For example, a Wnt signaling pathway agonist may comprise one
or more of WAY-318606 (SFRP inhibitor, 5-{phenyisulfonyh)-N-4-piperidinyi-2-
{triflucromethylbenzene sulfonamide hydrochloride, Bodine et al., 2008 Bone
44:1083), 1Q1 (PP2A activator, Mivabayashi et al., 2007 Froc. Naf Acad. Sci.

5 USA 104.5668), U811 (ARFGAP1 activator, Zhang et al., 2007 Proc. Nat.
Acad. Sci. USA 104:7444), (hetero)aryipyrimidine or 2-aminc-4-{3,4-
{methylenedioxy) benzyl-amino]-6-(3-methoxyphenyl) pyrimiding, Norrin {e.g.,
Ohimann et al., 2012 Prog. Retin Eye Res. 31.243; Rey et al., 2010 Dev. Dyn
239:102; erratum 2010 Dev. Dyn. 2391034, GenBank Acc. No. NM_0002686),

10 R-spondin-1 (e.g., Peng et al.,, 013 Cell Rep. 3:1885; GenBank Acc. No.
NM_001038633; NM_001242910.1), R-spondin-2 {e.g., GenBank Acc. No.
NM_178565; NM_178565 4; NM_001282863.1), R-spondin-3 (e.g., GenBank
Acc. No. NM_032784), and R-spondin-4 (e.¢g., GenBank Acc. No.
NM_001029871.3). A Wni signaling pathway agonist may also, in certain

15  embodiments, comprise any suitable lithium salt, /e, a lithium compound that
comprises cationic lithium and that can be contacied with cells with no or
rminimal toxicity, for example, lithium chioride, lithium carbonate, lithium cilrate,
lithium orotate, lithium bromide, lithium fluoride, lithium iodide, lithium acetate,
lithium hydroxide, lithium aluminum hydride, lithium perchlorate, lithium nitrate,

20 lithium diisopropylamide, lithium borchydride, lithium oxide, lithium sulfate,
lithium hexafluorophosphate, lithium tetroxide, lithium sulfide, lithium hydride,
lithium amide, lithium lactaie, lithium ietrafiuorcborate, lithium dimethylamide,
lithium phosphate, lithium peroxide, lithium manganese oxide, Hithium
methoxide, lithium meiaborate, ithium stearate, or any other lithium salt as may

25  be known to those skilled in the relevant art.

Certain other preferred embodiments contemplate encapsulated
choroid plexus tissue fragments that are prepared from tissue that is
xenogeneic relative to the pericytes being cuitured and siressed and/or to the
subject undergoing treatment. For example, for the testing of human pericyles

30 (e.q., CNS pericytes) or the treatment of humans it is envisioned that
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xenogeneic cultured CP cells as a source of candidate PPA, preferably
encapsulated CP cells according to certain embodiments, may be oblained
from a non-human source, preferably a non-human mammalian source. In
certain such embodiments the non-human mammalian source of CP tissue
containing CP cells that are cultured and optionally encapsulated in semi-
permeable biccompatible (e.g., alginate) capsules, for purposes of elaborating
candidate PPA into culiure medium, may be porcine tissue. Certain further
embodiments relate to neonatal porcine CP tissue as the source of CP celis to
be encapsulated for use in the present methods, where “neonatal” may be
understood to include tissue that is oblained at any time from immediately after
birth untif up {o three months of age.

According o certain embodiments of the present disclosure there
are aiso provided surprising advantages that derive from the use of fetal or
neonatal CP tissue (such as fetal or neonatal porcine CP tissue) that is
substantially free of human pathogens, and in particular that may be
substantially free of human-tropic transmissible porcine endogenous
refroviruses (PERVs). 1tis to be understood that “substantially free” refers {o a
situation where conventional means for detecting human pathogens or
conventional means for detecting human-tropic transmissible PERVSs fail to
detect such pathogens or PERVSs in a siatistically significant manner and with a
degree of confidence of at least 95%, 96%, 97%, 98% or 99%.

in this regard, PERVs represent a serious health and safety risk
accompanying the use of porcine tissues and cealls for xenotransplantation into
humans, despite many characteristics that make porcine tissues and cells well-
suited for such transplants. In particular, PERVs that may be present in porcine
donor cells to be used for transplantation are capable of infecting human cells
(Fishman, 1998 Ann. NY Acad. Sci. 882:52; Elliott et al., U.S. 8,088,969; Fark
et al., 2008 J. Microbiol. Biotechnol 18:1735; Hector et al. 2007
Xenotransplant. 14:222). By contrast, on Auckland island, New Zealand, there

has been identified a population of domesticated pigs (Sus scrofa domesticus)

59



WO 2019/089993 PCT/US2018/058797

10

15

20

30

that has been shown to be pathogen-free by a set of defined criteria, and that
had missing from their genomes a full length PERV-C locus that had previously
been associated with the ability of PERV to infect human celis (Garkavenko et
al., 2008 Cell Transplant. 17:1381; Hector et al. 2007 Xenotransplant. 14:.222).
The pathogen-free animais included a subset of pigs that lacked a PERV-C env
gene which is capable of recombination with a PERV-A env gene (/d).

Accordingly, it is contemplaied that in the practice of certain
embodiments of the present disclosure, the xenogeneic tissue source of CP
celis, which are cultured to produce PPA and are optionally present in semi-
permeable biocompatible capsules, will comprise fetal or neonatal porcine CP
tissue that is substantially free of human-tropic PERVs. In certain further
embodiments the CP tissue is obtained from an animal that lacks a PERV-C
env gene which is capable of recombination with a PERV-A env gense or that
has been genetically engineered o lack any or all PERY genes using an
established gene editing technique such as Clustered Regularly-interspaced
Short Palindromic Repeais (CRISPR)-Cas? editing (e.g., Jinek et al,, 2012
Science 337:816; Doudna et al., 2014 Science 346,1258096).

in general, the materials, methods and techniques for CP
encapsuiation that may be emploved to practice certain of the presently
disclosed embodiments, may be achieved by incorporating the improvements
described in WO 2018/187067 and US 2018/0361365 into adaptations of the
feachings relating to choroid plexus tissue and cell preparations, 1o semi-
permeable biccompatible capsules such as alginate capsules and the like, as
may be found in one or more of the publications of Elliolt and colleagues {e.g.,
US 2009/0047325; US 8,129,188), Vasconcellos et al. (s.g., US
2009/0214660), Dionne et al. (e.g., US 8,322,804, US 6,083,523), Major et al.
(e.g., US 5,753,451), Monuki et al. {e.g., US 8,748,176, see also Watanabe st
al., 2012 Ji. Neurosci. 32(45):15934) and/or in US 2007/0134224 (Harlow et
al), US 4,892,538 (Asbischer et al.), and/or US 2012/0003180 (Yamoah st al.)},

alt of which are incorporated by reference but which individually or in any
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combination fail to teach or suggest the improvements according (o the
presently disclosed combinations.

According to ceriain embodiments, particular advantages may be
obtained by including a step of selecting one or more semi-permeable
biocompatible capsules {e.g., alginate capsules) in which are encapsulated CP
issue fragments and/or in vitro differentiated CF cells according to the
disclosures of US 2016/0361365 and WO 2016/187067.

Specifically and as described therein, the dimensions of the
capsules 10 be loaded with CP cells, and the number of CP cells contained in
gach capsule, contribute to the CSF component production level by
encapsulated cells on a per cell basis. Counterintuitively and according to non-
limiting theory, increased CSF component production per cell, including CSF
component per cell following induction with a CP inducing agent, was not
simply and directly proportional to the number of cells present in each capsule,
but was instead found o be achieved using capsules selected to have
diameters of from about 400 um to about 800 um and typically having internal
volumeas of less than about one microliler, and that contained about 200 10
about 10,000 cells per capsule, where "about” may be understood to represent
quantitative variation that may be more or less than the recited amount by less
than 50%, more preferably less than 40%, more preferably iess than 30%, and
more preferably less than 20%, 15%, 10% or §%.

in certain preferred embodimenis semi-permeabie biocompatibie
capsules are thus selecled that each contain at least about 200, 400, 80C, 800,
1000, 2000, 3000, 4000, 5000, 7500 or 9000 and not more than about 10,000
CP cells. In certain preferred embodiments capsules are selected that each
contain at least about 400, 600, 800, 1000, 1500, 2000, 2500, 3000, 3500,
4000, 4500, 5000, 5500, 6000, 6500, 7000, or 7500 and not more than about
8000 celis.

In certain preferred embodiments semi-permeable biocompatible

{e.g., alginaie) capsules may be prepared that have diameters of from about
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400 pum to about 800 um, from about 500 um {0 about 700 um, from about 450
um to about 750 um, or from about 400 um 1o about 700 um, and that typically
each have an internal volume of less than about one microliter.

Other contemplated embodiments are not so limited, however,
such that capsules of any size that may contain any number of CP cells may be
configured s¢ as 1o be accommodated by any of a variety of cell culture vessels
as may be appropriate for culturing pericytes as provided herein and/or for
performing the herein described screening method for PPA. Suitable
parameters will be apparent {0 those familiar with the art, who will be familiar
with cell culture conditions and requirements for pericytes and CP celis as may
be adopied in view of the present disclosure.

Selection may in certain embodiments be accomplished by any of
a variety of techniques with which the skilled person will be familiar. For
example, semi-permeable biocompatible capsules prepared as described
herein and according to established methodologies set forth in the cited
reference documents may be visualized under a microscope and manually
selected according o calibrated cccupancy by cells of the includad volume
(e.g., empirically established consistent capsule occupancy, and/or by using
colorimetric or fluorescent markers such as vital stains or DNA-binding dyes,
etc.) using a micromanipulator, a microneedle, a microcapillary pipetie, a patch-
clamp device, or the like. Allernatively, automated equipment such as a large
particle flow sorter (e.g., COPAS™ FlowPilot™ platform, Union Biometrica Inc.,
Holliston, MA, USA), particle size analyzer, digital image analyzer, flow
cytometer or the like may be used (o process preparations of semi-permeable
biocompatible capsules containing encapsulated CP ceills.

in preferred embodiments, the present semi-permeable
biccompatible capsules in which are “encapsulated” CP lissue fragments and/or
in vitro differentiated CP cells include those capsules that, upon visual

ricroscopic inspection, exhibit substantially no cells or portions of cells that are
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deteciable on exierior surfaces of the capsules and subsiantially no cells or
portions of cells protruding from a capsule interior 1o the capsule surface.

The small enclosed volumes of the semi-permeable biocompatible
{e.g., alginate) capsules that are selecied as disclosed herein permit efficiency
and economy in the preparation and delivery of encapsulated CP cell implants,
and, by virtue of the optional step of contacting with a CF inducing agent (as
described in WO 2016/187067 and US 2016/0361365), further provide the
ability to deliver a potent PPA source whilst occupying minimal space in a cell
culture vessel.

The present disclosure is not intended to be so limited, however,
such that in certain contemplated embodiments there may be a greater number
of CP cells per capsule and/or capsules having different dimensions may be
used and/or capsules that have not undergone the selection steps described
above and in US 2016/0361365 and WO 2016/187067 may be used as sources
of candidate pericyte protectant agents (PPA) as described herein. Accordingly
encapsulated CP cell preparations that may be suitable for certain of the
presently disclosed embodiments may include, for example, those disclosed in
one or more of the publications of Elliott and colleagues (e.g., US
2009/0047325; US 8,129,188), Vasconcelios et al. (e.g., US 2009/0214660),
Dionne et al. (e.g., US 6,322,804; US 8,083 523), Majoret al. (e.g., US
5,753,491}, Monuki et al. {e.g., US 8,748,176, Watanabe et al., 2012 J/.
Neurosci. 32(45).158934) and/or in US 2007/0134224 (Harlow et al.), US
4,892,538 (Asbischer et al.), and/or US 2012/000319C (Yamoah et al.).

Persons skilled in the relevant art will be familiar with any number
of diagnostic, surgical and/or other clinical criteria for central nervous sysiem
conditions associated with CNS pericyie loss or CNS pericyte dysfunction,
which may be employed to indicate the clinical appropriateness of, and/or to
which can be adapted, administration of the pericyte protective agent (PPA)

compositions described herein one or more pericyte protective agents (PPA) as
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provided herein {e.g., PPA identified according o the presently disclosed methods
and also including mimetics of such PPA as may also be identified according o
the presently disclosed methods). See, e.g., Sontheimer, Diseases of the
Nervous Systemn, 2015 Academic Fress/Elsevier, Waltham, MA; "Neurclogic
5 Disorders” in The Merck Manual of Diagnosis and Therapy 19" Ed. (R.S.

Porter, Ed., 2011, Merck, inc., NJ); "Neurdlogical Diagnostic Tests and
Procedures” at the website of the National Institute of Neuroiogical Disorders
and Stroke, National Institutes of Health, Bethesda, MD, www. ninds. nih.
gov/disorders/ misc/ diagnostic_tests him,; Neurology in Clinical Fractice — Vol.

10 11, 4" Edition, Bradiey et al., (Eds), 2004 Butterworth Heinemann/ Eisevier,
Philadelphia, PA; Non-Neoplastic Diseases of the Ceniral Nervous Sysfemn
{Atlas of Nontumor Pathology- First Series Fascicle), D.N. Lewis et al,| (eds.),
2010 Amer. Registry of Pathology, Annapolis Junction, MD; Bradiey’s
Neurology in Clinical Practice (8" Ed.), R.B. Daroff et al. (gds.), 2012

15 Baunders/Elsevier, Waltham, MA. Criteria for diagnosis and clinical monitoring
of patients having or suspected of having a CNS condition associated with CNS
pericyte loss or CNS pericyte dysfunction are thus well known to those skilled in
the relevant art.

Accordingly, it is contempilated that the herein described

20 compositions and methods may find beneficial uses in a wide range of nervous
system conditions and diseases for which the presence of or risk for having
such a disease or condition in a subject will be apparent {o the skilled clinician.
Non-limiting examples of nervous system diseases to be treated according to
the feachings found herein therefore include, e.g., Parkinson’s disease, mulliple

25  system atrophy-Parkinson type, multiple system atrophy-cerebellar type,
progressive supranuciear paisy, dementia with Lewy bodies, essential tremor,
drug-induced Parkinsonism, Alzheimer's disease, Hunlington’s disease,
amyotrophic lateral sclerosis (ALS), prion disease, motor neuron disease,
spinocerebellar ataxia, spinal muscular atrophy, static nervous diseases such

30 as stroke, CNS frauma, seizure disorders including epilepsy; progressive
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neurodegenerative diseases inciuding those associated with aging and
dementia, such as Alzheimer’s disease, Parkinsor’s disease, elc.; diseases of
motor neurons and neuromuscular junclions; Huntington’s disease, multiple
sclerosis; CNS tumors, especially brain tumors, including neurcoblastoma,
glioma, astrocytoma; infectious diseases of the nervous system including
meningitis, botulism, tetanus, neurosyphilis, poliomyslitis, rabies, HIV/AIDS,
prion diseases, Naegleria fowleri famoebic brain infection}; neurocysticerosis;
neuropsychiatric diseases including depression, mood disorders; obsessive-
compuisive disorder, schizophrenia, diseases associated with or characlerized
by one or more of neuronal death, glutamaie toxicity, protein aggregates and/or
deposits (8.g., amyloid plague formation), mitochondrial dysfunction including
reactive oxygen species (ROS) production levels in excess of those found in
normal, healthy control sublects, brain derived naurotrophic factor-related
disorders, and other nervous system diseases including retinal degenerative
diseases such as macular degeneration, diabetic retinopathy, and retinitis
pigmentosa.

in certain embodiments there is thus provided a method for
freating, reducing severity of, or reducing likelihood of occurrence of a CNS
condition associated with CNS pericyte loss or ONS pericyie dysfunclionin a
subject, including, for example, by administering a PPA as presently disclosed.
For example, these and related embodiments contemplate a method of treating
a subject known to have or suspected of having a nervous sysiem disease
wherein the nervous system disease may be at least one of Parkinsorn’s
disease, Alzheimer’s disease, Huntingion's disease, amyotrophic lateral
sclerosis (ALS, otherwise known as Motor neurone disease), progressive
bulbar palsy, progressive muscular atrophy, dementia with Lewy bodies,
multiple system atrophy, spinocersbellar ataxia type 1 (SCA 1), or an age-
related neurodegenerative disorder. The encompassed embodiments are not
intended to be s¢ limited, however, such that methods are also contemplated of

reating other neurcdegenerative diseases that are characterized by CNS
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pericyte foss or CNS pericyte dysfunction, in either case often also
accompanied by the death of CNS neurons.

in certain embodiments there is provided a method of trealing a
subject known to have or suspected of having a CNS condition associated with
CNS pericyte loss or CNS pericyte dysfunction, wherein the CNS condition or
CNG disease is characterized by an altered level (e.g., a level that is decreased
or increased in a statistically significant manner relative to an appropriate
control) of at least one CNS pericyte function, relative to the level of the CNS
pericyte function in a control subject known to be free of the nervous system
disease, including, for example, by administering a PPA as presently disclosed.
For example, these and related embodiments contemplate a method of treating
a subject known 10 have or suspected of having a CNS condition associated
with CNG pericyte loss or ONS pericyte dysfunction which may be at lsast one
of Parkinson’s disease (in which an altered level of CNS pericyte loss and/or
CNS pericyte dysfunction has been implicaled, along with a decrease in the
level of function of dopaminergic neurons), Alzheimer's disease (in which an
aitered level of CNG pericyte loss and/or CNS pericyte dysfunction has been
impilicated, along with a decrease in the level of function of noradrenergic
neurcns, see, e.q., Adori et al. 2015, Acfa Neuropathol 129(4):541),
Huntingtor’s disease (in which an altered level of CNS pericyte loss and/or
CNB pericyte dysfunction has been implicated, along with a decrease in the
level of function of medium spiny GABA neurons, (M3SN)), amyotrophic lateral
sclerosis (ALS, in which an altered level of CNS pericyte loss and/or CNS
pericyte dysfunction has been implicated, along with a decrease in the level of
function of motor neurens), and depression (in which an altered level of CNS
pericyte loss and/or CNS pericyie dysfunction has been implicated, along with a
decrease in the level of function of serctoninergic neurons or an alterad level of

maintaining the integrity of the blood brain barrier).
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in certain embodiments there is provided a method of ireating,
reducing the severity of, or reducing the likelihood of occurrence of disease in a
subject known to have or suspected of having a CNS condition associaied with
CNS pericyte dysfunction, wherein the CNS condition or NS disease is
characterized by an altered {e.¢g., decreased or increased in a siatistically
significant manner relative to an appropriate control) level of at least one CNS
pericyte function, relative to the level of the CNS pericyte function in a control
subject known to be free of the nervous system disease, including, for example,
by administering a PPA as presently disclosed. For example, these and related
embodiments contemplate a method of treating a subject known 1o have or
suspected of having a nervous system disease wherein the nervous system
disease may be at least one of psychosis, schizophrenia (in which there is an
increase in the level of nerve cells that may be manifest as hyperacilive
dopamine signaling); epileptic seizures (in which there is an increase in the
level of nerve cells that may be manifest as glutamatergic excitotoxicity),
ischemic stroke (in which there is an increase in the level of nerve cells that
may be manifest as glutamatergic excitotoxicity), and insomnia associated with
restless leg syndrome (in which there is an increase in the level of nerve cells
that may be manifest as overactive glutamatergic activity).

In certain embodiments there is provided a method of treating,
reducing the severity of, or reducing the likelihood of occurrence of disease in a
subject knowr to have or suspected of having a CNS condition associated with
CNS pericyte loss or CNS pericyte dysfunction, wherein the nervous system
disease is characterized by presence in the subject of cerebrospinal fluid (CSF)
that comprises an altered level of one or more cerebrospinal fluid (CSF)
components, relative to the level of said CSF component or components in a
control subject known to be free of the CNS condition, including, for example,
by administering a PPA as presently disclosed.

By way of non-limiting theory, certain PPA identified according o

the present disclosure may be CSF components that are produced by CP cells,
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such that administering a PPA may prove to be therapeutically beneficial.
Representative CEF components are set forth in Figure 3. Additionally or
alternatively according io certain herein disclosed embodiments, the PPA
comprises an HOo-sensitive, thermostable, hexane-insoluble/ diethyl ether-
5 insoluble/ ethyl acetate-insoluble and water-soiuble molecule having a

molecular weight of less than 3 kDa that is oblained in a culture medium that
has been conditionad by cultured mammalian choroid plexus (CP) cells (e.g.,
encapsulated CP cells o obtain CPe conditioned medium), wherein the PPA is
capable, upon being comntacted with CNS pericyies, of decreasing a level of

10 CNS pericyte loss or CNS pericyte dysfunction, relative to the level of CNS
pericyte loss or CNS pericyte dysfunction when the PPA is absent. Certain
embodiments contemplate, for use as the PPA, a synthetic or artificial mimetic
of the HOo-sensitive, thermostable, hexane-/ diethy! ether-/ ethyl acelate-
insoluble and water-soluble molecule having a molecular weight of less than 3

15 kbDa that is obtained in a culture medium that has been conditioned by cultured
mammalian CP cells (e.9., encapsulated CP celis to obtain CPe conditioned
medium), wherein the PPA is capable, upon being contacted with CNS
pericytes, of decreasing a level of CNS pericyte loss or CNS pericyte
dysfunction, relative to the level of CNS pericyte loss or CNE pericyte

20 dysfunction when the PPA is absent. For example, these and related
embodiments contemplate a method of treating a subject known 1o have or
suspecied of having a nervous system disease wherein the nervous system
disease may be al least one of Alzheimer's disease and digbetes mellitus.

in certain embodiments there is provided a method of treating,

25  reducing the severity of or reducing the likelihood of occurrence of disease in a
subject knowr to have or suspected of having a CNS condition associated with
CNS pericyte loss or CNS pericyte dysfunction, including, for example, by
administering a PPA as presently disclosed, wherein the nervous sysiem
disease is characierized by presence in the subject of an altered level of al

30 least one choroid plexus funcilion, relative 1o the level of said choroid plexus
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function in a control subject known 1o be free of the nervous sysiem disease.
For example, these and related embodiments contemplate a method of treating
a subject known {0 have or suspected of having a CNS condition that may be
Sturge-Weber syndrome, or Klippel-Trenaunay-Weber syndrome, or any of a
number of other clinically identifiable congenital nervous system diseases
having recognized diagnostc signs and sympioms.

in cerfain embodiments there is provided a method of ireating,
reducing the severity of, or reducing the likelihood of occurrence of disease in a
subject knowr to have or suspected of having a CNS condition associated with
CNS pericyie loss or CNS pericyte dysfunction, wherein the nervous system
disease in the subject is a secondary effect of increased (e.g., in a statistically
significant manner} amyloid deposit in the endothelium and smooth muscle
cells in the nervous system of the subject, relative to the level of said deposit in
a control subject known to be free of the nervous system disease (e.g., Ghiso et
al., 2001 J Alzheimer’s Dis. 3:65), including, for example, by administering a
FPFA as presently disclosed. For example, these and related embodiments
contemplate a method of treating, reducing the severity of, or reducing the
likelinood of occurrence of disease in a subject known to have or suspecied of
having a CNG condition that may be cerebral amyloid angiopathy, hereditary
cerebral hemorrhage with amyloidosis-lcelandic type (HCHWA-), cerebral
hemorrhage with amyloidosis-Duich type (HCHWA-D),
meningocersebrovascular and oculoleptomeningeal amyloidosis, gelsolin-related
spinal and cerebral amyloid angicpathy, familial amyloidosis-Finnish type
{(FAF), vascular variant prion cerebral amvioidosis, familial British dementia
(FBD), otherwise known as familial cerebral amyloid angiopathy-British type or
cerebrovascular amyloidosis-British type, familial Danish dementia, also known
as heredopathia ophthalmo-oto-encephalica, familial ransthyretin (TTR)
amyloidosis, or PrP° cerebral amyloid angiopathy (PriP-CAA) (Ghiso et al. 2001
JAlzheimer's Dis 3:85).
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METHOD OF TREATING

Preferred embodiments contemplate a method of treating,
reducing severity of, or reducing likelihood of occcurrence of disease in a subject
that is a human or non-human mammal known to have or suspected of having
or suspected of being at risk for developing a CNS condition associated with
CNS pericyte loss or CNS pericyte dysfunction, by administering one or more
pericyte protective agents (PPA) as provided herein (e.g., as identified according
to the presently disclosed methods and also including mimetics of such PPA as
may also be ideniified according 1o the presently disciosed methods). Mammals
thus may include humans, and also may include domesticated animals such as
laboratory animals, livestock and household pets (e.g., rodents, cats, dogs,
rabbits and other lagomorphs, swine, caitle, sheep, goats, horses, other
ungulates, elc), and also non-domesticated animals such as wildlife and the
like. According to certain herein disclosed embodiments, the PPA comprises
an HyCs-sensitive, thermostable, hexane-insoluble/ diethyl ether-insoluble/ ethyi
acetate-insoluble and water-soluble molecule having a molecular weight of less
than 3 kDa that is obtained in a culture medium that has been conditioned by
cultured mammalian choroid plexus (CF) cells (s.g., encapsulated CP cells to
obtain CPe conditioned medium}, wherein the PPA is capable, upon being
contacted with CNS pericytes, of decreasing a level of CNS pericyte loss or
CNB pericyte dysfunction, relative to the level of CNS pericyte loss or CNS
pericyte dysfunction when the PPA is absent.

A “therapeutically effective amount” refers io that amount of a
composition or preparation according to the present disclosure which, when
administered 1o a mammal, preferably g human, is sufficient to effect reatment of
a CNS condition associated with CNS pericyte loss or CNS pericyie dysfunction
in the mammal, preferably a human. The amount of such a composition or
preparation, such as one or more pericyte profective agenis (PPA) as provided
herein {e.g., as identified according to the presently disclosed methods and also

including mimetics of such PPA as may also be identified according to the
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presenily disclosed methods), which constitutes a “therapeutically effective
amount” will vary depending on the composition or preparation, the CNS
condition associated with CNS pericyte loss or CNS pericyie dysfunction and its
severity, and the age of the mammal to be treated, but can be delermined
routinely by one of ordinary skilt in the art having regard to such person’s own
knowledge and o this disclosure.

in preferred embodiments the PPA may be administered under
conditions that permit the PPA fo contact CNS pericytes in the subject,
according to any of a number of known therapeutic delivery sirategies including
approaches designed to permeaie the BBB. Non-limiting examples of
techniques for accessing the BBB as may afford contact to CNS pericytes for
such purposes are described in, e.g., Aly et al., 2015 Expert Opin Drug Deliv
12:1923; Vangilder et al., 2011 Pharmacol. Ther, 130:239; ElAl et al., 2014 Int
J Mol Sci. 15:6453; Garbayo et al., 2013 Maiuritas 76:272; Mikitsh et al., 2014
Ferspect Medicin Chem 6:11, Georgieva el al., 2014 Pharmaceutics 8557,
Patel et al., 2007 Acta Neurochir Suppl 97(Pt 23:135; Patel et al., 2005 Ann.
Neuwurol 57298, Kirik et al., 2004 Naf. Neurosci. 7:105; Bender et &, 2015
Neuroscience 303:569; Tajes et al., 2014 Mol Membr. Biol. 31152, Abbott,
2013 J Inherit Metab Dis. 36:437; Zhang et al, 2016 Mol Pharm. 12.1540; De
Rosa et al., 2012 Curr. Drug Meifab. 13:61; Sweeney et al., 2016 Nat. Neurosci.
19:771.

“Treating” or “treatment” refers to therapy io heal, relieve symploms
of and/or correct underlying defects contributing 1o or causes of the CNS
condition associated with CNS pericyte loss or CNS pericyie dysfunclionin a
mammal, preferably a human, having the disease or disorder of interest (e.g., &
neurodegenerative disease), and includes inhibiting {e.g, impairing, reducing or
preventing, such as decreasing in a statistically significant manner) or repairing
{e.g., replacing, supplementing or substituting for) a defective molecular,
cellular, and/or tissue component that contributes 1o the CNS disease, disorder

or condition and/or a deleterious process that contributes to the CNS disease,
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disorder or condition, {0 a substantial and statistically significant degree of
inhibition or repair (although not necessarily complete), e.g., at least £%, 10%,
20%, 30%, 40%, 50%, 80%, 70%, 80%, 85%, 90%, 95% or greater inhibition or
repair relative {0 appropriate untreated controls; and also includes partially or
compiletely relieving the signs or symptoms resuiting from the disease, disorder
or condition, &.g., reducing inflammatory lesions associated with disease,
restoring one or more normal BBB, CNS vascular, neuronal and/or glial cell

structures and/or functions, etc.

it will be appreciated that the practice of the several embodimenis
of the present invention will employ, unless indicated specifically to the
contrary, conventional methods in virology, immunology, microbiology,
molecular biology and recombinant DNA techniques that are within the skill of
the art, and many of which are described below for the purpose of illustration.
Such technigques are explained fully in the literature. See, e.g., Current
Profocols in Molecular Biology or Current Protocols in Immunology, John Wiley
& Sons, New York, N.Y.(2009); Ausubel ef a/., Short Frotocols in Molecular
Biology, 3 ed., Wiley & Sons, 1995; Sambrook and Russell, Molecular
Cloning: A Laboratory Manual (3rd Edition, 2001);, Maniatis ef a/. Molecu/ar
Ciloning: A Laboratory Manual (1982); DNA Cioning: A Practical Approach, vol. |
& H(D. Glover, ed.}; Oligonuciectide Synthesis (N. Gait, ed., 1984); Nucleic
Acid Hybridization (B. Hames & S. Higgins, eds., 1985); Transcription and
Transfation (B. Hames & 5. Higgins, eds., 1984); Animal Cell Culture (R.
Freshney, ed., 1986}, Perbal, A Practical Guide to Molecular Cloning {1984)
and other like references.

Standard technigues may be used for recombinant DNA,
oligonucleotide synthesis, and tissue cullure and transformation {e.q.,
electroporalion, lipofeciion). Enzymatic reaclions and purification technigues
may be performed according {o manufacturer's specifications or as commonly

accomplished in the art or as described herein. These and related techniques
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and procedures may be generally performed according to conventional
methods well Known in the art and as described in various general and more
specific references that are cited and discussed throughout the present
specification. Unless specific definitions are provided, the nomenclature utilized
5 in connection with, and the laboralory procedures and techniques of, molecuiar
biclogy, analylical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemisiry described herein are those well known and
commonly used in the art. Standard technigques may be used for recombinant
fechnology, molecular biological, microbiological, chemical syntheses, chemical
10 analyses, pharmaceutical preparation, formulation, and delivery, and freatment

of patients.

As used in this specification and the appended claims, the

» o

singular forms “a,” “an” and “the” include plural references unless the content
clearly dictates otherwise. Throughout this specification, unless the context

15 requires otherwise, the word "comprise”, or variations such as "comprises” or
"comprising”, will be understood to imply the inclusion of a stated element or
integer or group of elements or integers but not the exclusion of any other
eglement or integer or group of elements or infegers. Each embodiment in this
specification is {0 be applied mutatis mutandis 1o every other embodiment

20 unless expressly staied otherwise.

EauivalenTs: While particular steps, elements, embodiments and
applications of the present invention have been shown and described herein for
purposes of Hlustration, it will be undersiood, of course, that the invention is not
limited thereto since modifications may be made by persons skilled in the art,

25  particularly in light of the foregoing teachings, without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as
by the appended claims.

The foliowing Examples are presenied by way of illustration and
not limitation.

30
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EXAMPLES

EXAMPLE 1
SELECTION OF CHOROID PLEXUS (CF) CELL-CONTAINING CAPSULES FOR ELEVATED

CEREBROSPINAL FLUID (CEF) PRODUCTION

This example describes selection of CP cell-containing capsules
for elevated CSF production using the CSF component VEGF as a
representative indicator of CSF production. (See US 2016/0361365 and WO
2016/187067 )

Neonatal porcine choroid plexus tissue was processed and
encapsulated in alginate capsules essentially as described in US2000/0047325
and US2000/0214660. Briefly, CP tissue was sterilely dissected from neonatal
pig brains, finely chopped with scissors, digested with coliagenase and
thermolysin, and passed through a 550 um stainless steel filter, pelieted and
gently resuspended o obtain tissue fragments comprising cell clusters of about
50-200 um in diameter. CP cell clusters were separated from biocd cells by
unit gravity sedimentation twice for 40 minutes at room temperature. The
setiled CP cells were resuspended in RPMI medium/2% neonatal porcine
serum at a density of approximately 3,000 clusters per mL and cultured in ultra-
low attachment flasks for 6-7 days as described, yielding spherical, ovoid and
branched CP cell clusters. The cell clusters were incubated in sterile saline
solution containing high mannuronic acid containing alginate, droplet-sprayed
through a droplet generaior into a 108 mM calcium chioride gelation solution,
and successively coated with poly-L-ormithine and alginate, 1o oblain semi-
permeable capsules substantially all of which were about 400 um to about 800
um in diameter. The capsules were then treated with 55 mM isc-osmclar
sodium citrate for 2 minutes in a roiling 50 mL tube. Capsules were mainiained
in culture medium containing serum and aliguots sampled {o confirm cell

viability.
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The amounts of VEGF secreted per cell were compared in
aliquots of equivalent numbers of unselected (random} CP cell-containing
capsules and selecied CP cell-containing capsules. Selected CP cell-
containing capsules were hand-picked, on the basis of direct microscopic
observation, for the presence of 200-t0-10,000 encapsulaled cells per capsule,
where the capsules exhibiled a smooth exterior surface uninterrupted by
protruding cells or celluiar processes from the capsule inierior or by superficially
attached cells or tissue fragments. Culture wells of a 24-well multi-well plate
were seeded either with 500 unselected (random) CP cell-containing capsules
or 500 selected capsules and cultured at 37°C for 24 hours. Aliquots of
supernatant fluids were collected and assayed for VEGF using an ELISA kit
(Human VEGF Quantikine™ ELISA, Cat. #DVEQQ, R & D Systems,
Minneapolis, MN} according {o the manufacturer’s instructions. Aliquots of the
cell cultures were also coliected for DNA quantification using a QuantiT™
Picogreen dsDNA assay according to the supplier’s instructions (Cat. # P7589,
Life Technologies, Inc./Thermo Fisher Scientific, Grand island, NY) to
determine the relative number of cells in each well.

Comparative DNA quantification of the culture wells revealed that
wells receiving 500 selectad capsules (200-10,000 encapsulated cells per
capsule) contained three times as much DNA as wells that had received 500
unselected (random) capsules. Supernatant fluids of wells that had received
500 selected capsules contained six times as much VEGF than the
supernatants from unselected (random) capsule cultures. When the samples
were normalized io DNA content as a reflection of the amount of VEGF
secreted on a per cell basis, selected capsules were found 10 secrete slightly
maore than twice as much VEGF per pg of DNA than unselected capsules (See
US 2016/0361365 and WO 2016/187067). In a representative baich of
encapsulated CP cells, greater than 80% of capsules contained viable cells, as
visualized by phase-conirast microscopy, nuclear staining, and vital dye

exclusion.
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EXAMPLE 2
ProTECTION OF CULTURED HUMAN CENTRAL NERVOUS BysTem {CNE) PERICYTES
BY ENCAPSULATED FPCRCINE CHORCID PLEXUS (CP) CELL-DERIVED

PERICYTE PROTECTIVE AGENT (PPA)

This exampie describes the protective effects of encapsulated
porcing choroid plexus (CP) cell-derived product(s) against pericyie stressor-
induced CNS pericyte loss and CNS pericyte dysfunction, using cultured human
CNS pericyies.

Methods: Human CNS pericytes were isolated from
neurclogically normal post-mortem adult human brain tissue through
mechanical disscciation and enzymatic digestion as described (Rustenhoven et
al., 2015 Scif Rep. 5. 12132). Cells were cultured until passage four to eliminate
non-profiferative astrocytes, microglia, and endothetial cells.

Porcine choroid plexus (CP) cells were isolated, encapsulated,
and maintained in culture as described in Example 1 and in US 2018/0361385
and WO 2016/1870687. Human CNS pericytes and encapsulated porcing CP
cells (capsules) were cultured in 96-well plates seeded with 5 x 10° human CNS
pericytes per well under varying culture conditions as follows: (1) human CNS
pericytes in DMEM/F12, (2) human CNS pericyles in 1.1 (v/v) DMEM/F12.CP
non-conditionad media, (3) human CNS pericytes in 1:1 (v/v) DMEM/F12:CP
conditioned media, or {4) human CNS pericytes in 1.1 {(v/v) DMEM/F12:CP
capsules.

initial screens included determination of human CNS pericyte
viability, proliferation, inflammatory response, and overall cell numbers.
Prolifergtion was determined by DNA incorporation of the thymidine analogue
S-ethynyl-2’-deoxyuridine (EJAU®; 10 uM) for 24 hours and visualization using
Click~-iT™ chemistry (Invitroegen, Carlsbad, CA) and Hoechst 33258 as a

nuclear counterstain. PDGFER and TGFBy were included as positive and
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negative controls for enhancement and reduction of proliferation respectively.
Viability was determined in response to 0-1000 uM H,O; to mode! oxidative
stress present in several neurodegenerative diseases using the
ReadyProbes™ cell viability imaging kit and an LDH cyiotoxicity assay
5 according to the manufacturer's instructions {(Roche Diagnostics Corp.,
indianapolis, IN}. Concentrations between 0-1000 uM H,0, were found to be
appropriate for this purpose.
Three separate batches of encapsulated CP cells were screened
and exhibited substantiaily similar characteristics in cullure; the pericyie
10 protective effecis of conditioned media from these baiches were also
comparable. Two additional separate preparations of encapsulated CP cells
were used to generate conditioned media that also had comparable prolective
effects on cultured human CNS pericytes. Explants from each batch of
encapsulated CP cells were examined for viability using the ReadyProbes™
15 cell viability imaging kit according {0 the manufaciurer’s instructions (Molecular
Frobes, Eugene, OR) and were found to be >85% viable. Approximately 10-20
CP capsules per well were infroduced {o cultured pericytes for co-culture
experiments.
Experiments ware designed to assess the potential protective
20 effects of conditioned media generated by cultured encapsulated CP cells, and
of co-culturing with the encapsulated CP cells, on cultured human CNS pericyte
survival and inflammatory responses. Human CNS pericytes (5 x 10° celisiwell)
were cultured for 48 hours, and were then incubated with CP cell-containing
capsules or with encapsulated CP celi-conditioned media for 24 hours prior to
25  exposing the pericytes for a further 24 hours {o varying concentrations of the
stressor HzO, or to the inflammatory mediator [L-18. Pericyte viability was
determined in response to 0-1000 uM H,0; to model oxidative stress using the
ReadyProbes™ cell viability imaging kit (Roche).
The ability of CP cells, encapsulated CP clusters (capsules) or

30 CP-conditioned medium derived from free and/or encapsulated CP clusters to
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modify basal or tL-1B-induced inflammatory responses was determined by
immunocyitochemical analysis for altered {e.¢., increased or decreased in a
statistically significant manner relative {o appropriate controls) levels of two
common pericyte inflammatory markers, the adhesion molecule interceliular
adhesion molecule-1 (ICAM-1) and the chemokine monocyie chemoatiractant
protein-1 (MCP-1), in response to 0-10 ng/mL IL-18.

All imaging was performed using the ImageXpress™ automated
fluorescence microscope (Molecular Devices, Sunnyvale, CA) and image
analysis was performed using MetaXpress™ software (Molecular Devices),
both according (o the manufacturer’'s instructions.

Results: Incubation of cultured human CNS pericytes for 24
hours with encapsulated CP celis or CP capsule~-conditioned media prior o
stressing the pericytes by HyO; addition revealed a remarkable increase in
pericyte viability compared to the viability of control pericytes preincubated with
non-conditioned media. The abiiity of CP capsules to altenuate pericyte death
was investigated in response to 0-1000 uM H,O; in order to model oxidative
stress. Pericytes were plated at 5,000 cells/well and maintained in culture for
wo days, after which a full media change was performed by which four
treatment conditions were compared: ({ DMEM/F12, (i} 1.1 ratio of
DMEM/F12.CP non-conditioned media, (i) 1.1 ratio of DMEM/F12:.CP
conditioned media, or (iv) 1:1 ratio of DMEM/F12:CP capsules.

For treatment groups receiving encapsulated CP cells,
approximately 10 capsules were added per well. Pericyies were cultured for 24
hours before addition of 0-1000 uM H,O; for a further 24 hours. Figure 1{1a/1b)
shows determination of the percentage of dead cells (Fig. 1a) and tolal cell
number (Fig. 1b) for reatment groups using three independently produced
batches (*(1)”, *(2)”, “(3)") of encapsulated CP cells and CF capsule-conditioned
media. Similar effects were seen when two additional independently generated
batches (“(4)", “(5})") of CP capsule-conditioned media were tested, as shown in

Figure 2(2a/2b) {Fig. 2a, percentage of dead cells; Fig. 2b, total cell number).

78



WO 2019/089993 PCT/US2018/058797

This pericyte-protective effect was achieved through the
prevention of cell membrane rupture, as visualized by vital dye exclusion, and
could not be explained simply by an alteration in the number of pericyles. This
protective effect was cbserved using three independently produced

5 preparations of encapsulated CP cells and conditioned media (Fig. 1a, 1b) and
wo additional independently generated preparations of encapsulated CP celi-
conditioned media (Fig. 2a, 2b). Pericyte proteciive effecis were manifesied as
reductions in H.Opinduced foxicity that, by way of non-limiting theory,
correlated with increased time in culture of the encapsulated CP cells (e.g., CP

10 capsule age) producing the conditioned media. Exemplary encapsulated CP
cells were produced as described above and maintained in culture at least 20,
30, 40, 50, 60, 70, 80, 90, 100, 110 or more days prior 1o use as sources of
conditioned medium containing pericyte protective agents and/or in pericyie co-
cultures.

15 Encapsulated CP cells, or encapsulated CP cell-conditioned
media, were also tesied for their effects on the ability of cultured human CNS
pericytes {0 exhibit markers of an inflammatory response 1o the pro-
inflammatory cytokine IL-18. Human CNS pericytes co-cultured with
encapsulated CP cells or encapsulated CP cell-conditioned media displayed

20 slightly reduced induction of the inflammatory markers MCP-1 and ICAM-1 in
response to low concenirations of IL-18 (0.01-0.1 ng/mL) (not shown). Co-
culturing of pericytes with any of the five preparations described in this Example
of encapsulated CP cells or encapsulated CP cell-conditioned media did not
significantly affect the maximal pericyte inflammatory responses (MCP-1,

25 ICAM-1) to higher concentrations (1 —~ 10 ng/mL) of iL-1B.
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EXAMPLE 3
PHYSICOCHEMICAL PROPERTIES OF PERICYTE PROTECTIVE AGENT {(PPA} PRESENT
iIN CONDITIONED MEDIUM FROM ENCAPSULATED PORCINE CHOROID PLEXUS {CP)
8 CELLS

This exampie describes characterization of the functional and
physicochemical properties of a pericyte protective agent (PPA) that was
present in tissue culiure medium that was conditioned by encapsulated choroid

10 plexus (CP) cells (CPe). Materials and methods for the preparation and
maintenance of human CNS pericytes, and of encapsulated porcine CP celis
and conditioned culture media produced therefrom, were essentially as
described above in Examples 1 and 2. Assays of the protective effects against
H,O. oxidative stress on pericyte viability, pericyte proliferation, and pericyie

15 function that were conferred by the PPA present in encapsulated CP cell-
conditioned media (CPe) were also essentially as described above in Examples
1and 2.

Briefly, human CNS pericytes were isolated from neurologically
normal post-mortem adult human brain tissue and tested for susceptibility to

20 H:0O.-induced cell death as described above. H)Os concentrations were
guantified using the Pierce™ Quantitative Peroxide assay kit {Thermo Fisher
Scientific, Waltham, MA) according to the manufaciurers instructions, with
absorbance measurements (Asqs) taken on a FluoStar™ plate reader (Thermo
Fisher). Titration of H:0, was performed in each assay {o control for variability

25  among cultures in the effects of this oxidative stressor on pericyte viability, and
assays in which H:Os-induced cell death in the absence of any PPA was lower
than 75% were excluded.

Encapsulated choroid plexus cell-conditioned medium (CPe), and
a pansl of known compounds as candidate FPAs, were tested for their abilities

30 o protect pericytes from HoOz-induced cell death. CPe exhibiied PPA activity
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by protecting pericytes against HyOp-induced cell death (Fig. 4), an effect that
was shown {0 be concentration-dependent, by serial dilution of the CPe
conditioned medium with fresh medium. Among known compounds that were
tested for potential PPA activity, detectable protection of pericytes from HyO,-
induced cell death was conferred by nicotinamide (200 uM ~ 10 mM) and VEGF
(31.3 pg/ml, 264.1 pg/mb, and 889.8 pg/mLb respectively, for VEGF-K1, VEGF-
K2, and VEGF-K3) but not by ascorbic acid (75-200 uM) or a-tocopherol (25-
250 uMy; only weak protection was observed when IGF-1 or IGF-2 {(10-100
ng/ml) was used as a candidate PPA. Similar levels of PPA activity were
detected in conditioned media from encapsulated CP cells (CPe) and in
conditioned media from non-encapsulated CP cells, as assessed using the
alamarBlue® (resazurin-to-resorufin redox conversion) cell activity/ viability
assay (ThermoFisher Scientific, Waitham, MA) according to the manufacturer’s
recommendations. Comparable levels of PPA activity were detected in CPe
conditioned medium that was obtained after encapsuiated CP cells were
maintained in culture over periods of from 30 to over 150 days.

Physicochemical properties of the CPe-conditioned medium
components responsible for PPA aclivity were assessed.

PPA Redox Sensitivity. The PPA activity of CPe-conditionad
medium (CFe) was tested for oxidation state sensitivity by exposure to
hydrogen peroxide (H20,). CPe was pretreated with 450 uM HaO, for 24 hours
at room temperature prior to incubating pericytes with the HyOs-pretreated ClPe
(1:1 viv in DMEM) for 24 hours at 37°C in advance of exposing the pericytes to
the HyO: stressor (450 uM for 24 h at 37°C) and assessing their viability and
functional state by, respeciively, the ReadyProbes® vital dye exclusion viability
assay and the alamarBlue® redox state assay for cellular activity. Control
groups of pericytes received CPe that had not been pre-treated with H,0,. CPe
PPA activity was observed to be compromised {i.e., decreased in a staiistically

significant manner relative to appropriate controis) by the H, O, pre-treatment,
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suggesting that the CPe component responsible for PPA activity was a redox-
sensitive compound.
PPA Molecular Weight. CPe-conditioned medium having PPA
activity was size-fractionated by ultrafiliration, initially to obtain fractions of CPe
5 components having molecular weights above 10 kDa and below 10 kDa, and
subsequently (see below) to obtain fractions of CPe components having
molecular weights above 3 kiJa and below 3 kDa.
Briefly, Millipore Amicon® Uitra (MilliporeSigma, Burlington, MA)
centrifugal filler units containing regenerated celiulose with 10 kDa or 3 kDa
10 exclusion membranes were loaded with MillQ® (MilliporeSigma) purified water
{~ 3 mL each}, balanced, then centrifuged at 4000 rpm (RCF = 2700 x g) for 10
minutes, which resulted in approximately 1.2 mb of water passing through the
membranes of each filler unit. After this pre-treatment, the water was discarded
and the filter units were each ioaded with approximaitely 3.7 mL of media, being
15 an equally divided single batch (typically approximately 7.5 mb in {otal), then
centrifuged at 4000 rpm (RCF = 2700x g) for 10 minutes, which resulied in
approximately 1.2 mb of media passing through the membranes of each filter
unit. The filter units were inspected before being further centrifuged at 4000
rom (RCF = 2700 = g} for an additional 10 minutes, resulting in a volume of
20 approximately 2.5 mbL having passed through the exclusion membranes of each
unit. The low MW fractions were combined (approximately § mi. total) and then
diluted with MilliQ® water to a {otal volume of approximately 15 mi..
These fractions were tested for PPA gctivity as described above,
by preincubating them with cultured human CNS pericytes prior to challenging
25 the pericytes with the H,0; stressor and assessing the cells for call viability and
functional state by, respactively, the ReadyProbes® vital dye exclusion viability
assay and the alamarBlue® redox state assay for cellular activity. No
detectable PPA activity was present in the CPe fraction containing components

having molecular weight greater than 10 kDa, while the fraction of components
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having molecular weight less than 10 kDa was observed o contain potent PPA
activity similar to that found in unfractionated CPe.
To further define the molecular weight range of the CPe
component responsible for FRPA activity, CPe conditioned medium was size
5 fractionaied as described above using an ultrafiliration membrane having a 3
kDa exclusion limit, and the resulting fractions were tested for PPA aclivily.
Substantially no detectable PPA activity was present in the CPe fraction
containing components having molecular weight greater than 3 kDa, while the
fraction of components having molecular weight less than 3 kDa was observed
10 to contain potent PPA aclivily similar to that found in unfractionated CPe (Fig.
4). These resulis suggested that the CPe component responsible for PPA
activity had a molecular weight of less than 3 kDa.
PPA Solubility. The solubility properties of the low molecular
weight (< 3 kDa) CPe component associated with PPA activitiy were
15 investigated by differential exiraction of CPe with organic solvents of
progressively increasing polarity (hexane, diethyl ether, and ethyl acetate), and
the PPA activity in each extract was compared {0 the PPA activily retained by
the aqueous (water-soluble) fraction.
The combined low molecular weight (< 3 kDa) fractions obtained
20 as described above following recovery from ultrafiltration using a 3 kDa MWCO
membrane and dilution with MiliQ®-purified water (1o a total voiume of
approximately 15 mbL) were extracted with hexanes (3 x 6 mL) with protracied
swirling. Organic and aqueous phases were permitied to separate and the
organic fractions were then combined, washed with MiliQ® purified water {1 = 2
25  mb), and concentrated in vacuo prior 1o lyophilization {o obtain a first organic
extract residue (hexane exiractable material). The remaining agueous fraction
was then extracted with diethyl sether following the same protocol as was used
for the hexane extraction described above, prior {o lyophilization (o obtain a
second organic exiract residue comprising diethyl ether exiractable material.

30 Following diethyl ether extraction, the remaining aqueous fraction was exiracted
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with ethyl acetate, again according o the same protocol as described above for
hexane extraction, prior to tyophilization to obtain a third organic extract residue
comprising ethyl acetate extractable material. The remaining aqueous fraction
was then lyophilized and extracted with anhydrous methanol by Soxhiet
extraction for two hours. The methanol-exiracted maieriai from the aqueous
fraction so obtained was concentrated /n vacuo and then lyophilized, and any
remaining compounds in the thimble of the Soxhlet extractor were dissolved in
MilliQ®-purified water, and then lyophilized.

The residues resulting from each exiraction and lyophilization
were then reconstituted with MiliQ® water to the initial media volume in order to
maintain consistent concentration of the active species. These reconstituted
extracts were then tested for PPA activity in the in vitro H,O,-stressed pericyte
system as described above, by preincubating them with cultured human CN3
pericytes prior to challenging the pericytes with the H,O, siressor and
assessing the cells for cell viability and functional state by, respectively, the
ReadyProbes® vital dye exclusion viability assay and the alamarBlue® redox
state assay for celiular activity.

Substantially no detectable PPA activity was present in the
organic solvent-extractable CPe fractions containing CPe-derived components
that were soluble in hexane, diethyl ether, or ethyl acetale, as summarized for
pericyte cellular viability data in Fig. 4. The aqueous fraction of CPe, however,
containing persistent water-soluble CPe components that had not partitioned
into the organic solvents, was observed 1o contain potent PRA activity similar o
that found in unfractionated CPe (Fig. 4). These results suggested that the
CPe component responsible for PPA activity was relatively hydrophilic. In
subseguent experiments, diluted agueous low molecular weight (< 3 kDa)
fractions of CPe were prepared as described above and initially extracted with
ethyl acetate, prior {o lyophilization of the aqueous fraction and Soxhiet
extraction (as also described above). PPA activity levels in the agueous

fraction following organic extraction only with ethyl acetate prior o ivophilization
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and Soxhiet extraction were observed that were comparable (o the PPA activity
levels detected in the aguesous fraction that had been serially extracted with
hexane, diethyl ether, and then ethyl acetate prior to lyophilization and Soxhiet
extraction.

PPA Temperature Sensitivity. The thermostability properties of
e low molecular weight (< 3 kDa} CPe component associated with PFRA
activity were investigated by examining the effects of heat treatment on PFA
activity in the low molecular weight (< 3 kDa) fractions prepared by ultrafiltration
of CPe and dilution with MilliG® water as described above. A single baich (15
mL} of diluted CPe (< 3 kDa fraction) was divided into two aliquots of
approximately 7.5 miL each. One aliquot was heated to boiling (100 °C) under a
cooling condenser to prevent solvent joss and refiuxed by maintaining at the
boiling point for 2.5 hours with vigorous stirring, while the control aliguot was
maintained at room temperature. Further fractionation by differential solvent
extraction as described above was performed on both the control ("Fresh™ and
heai-treated ("Refiux’) fractions.

Cultured human pericytes were incubated for 24 hours with either
heat-treated CPe ("Reflux”} or control CPe ("Fresh”) in advance of exposing the
pericytes to the H20; stressor and assessing their viability and functional state
by, respectively, the ReadyProbes® vital dye exclusion viability assay and the
alamarBiue® redox stale assay for celiular aclivity. As shown in Fig. 4
(“Thermostable™), the two CPe preparations were substantially comparable in
their ability 1o protect pericyies from the deleterious effects on cell viability of
oxidative stress by HyO.. Similar retention of comparable PPA activity between
“freshy” and "reflux” samples was exhibited by the low molecular weight (< 3
kDa) PPA-containing fraction of CPe prepared as described above, and by the
water soluble PRPA component of the < 3 kDa fraction following the hexane/
diethyl ether/ ethvl acetate extractions described above. These results

suggested that the CPe component responsible for PRA aclivity was largely
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unaffected by heat treatment and was therefore regarded as exhibiting

thermostability.

The various embodiments described above can be combined to
provide further embodiments. All of the U.&. patents, U.S. patent application
publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein by reference, in
their enlirely. Aspecis of the embodiments can be modified, if necessary (o
employ concepts of the various patents, applications and publications to

provide yet further embodiments.

These and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims o the specific
embodiments disclosed in the specification and the claims, but should be
consirued to include all possible embodiments along with the full scops of
equivalents to which such claims are entitled. Accordingly, the claims are not

limited by the disclosure.
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CLAIMS

What is claimed is;

1. A screening method for identifying a pericyie protective
agent (PPA) that protects a central nervous system (CNS) pericyte from a
pericyte stressor, wherein said pericyie stressor is capable of inducing at ieast
one of CNS pericyte loss and CNS pericyte dysfunction, the methed
comprising:

{a) contacting, simultaneocusly or sequentially and in
any order, (i) a cultured human CNS pericyte with (il) the pericyte stressor that
is capable of inducing at least one of CNS pericyte loss and CNE pericyte
dysfunction, and (ili) a candidate pericyte protective agent (PPA), under
conditions and for a time sufficient to induce detectable CNG pericyte loss or
detectable CNS pericyte dysfunction when the PPA is absent, thereby to obtain
a human CNS pericyte test culture; and

) detecting, in the human CNS pericyte test cuiture of
(@), a level of at least one of CNS pericyte loss and CNS pericyte dysfunction
that is decreased relative 1o the leval that is detected when the PPA is absent,

and thereby identifying the candidate PPA as a pericyle protective agent (PPA).

2. A screening method for identifving a pericyle protective
agent (PPA) that protects a peripheral nervous system {(PNS) pericyte from a
pericyte stressor, wherein said pericylte stressor is capable of inducing at least
one of PNS pericyte loss and PNS pericyte dysfunction, the method comprising:

(a) contacting, simultaneously or sequentially and in

any order, (i) a cultured human PNS pericyte with (i) the pericyte stressor that
i5 capable of inducing at least one of PNS pericyte loss and PNS pericyte
dysfunction, and (i) a candidate pericyie protective agent (PPA), under

conditions and for a lime sufficient to induce detectable PNS pericyte loss or
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detectable PNS pericyte dysfunction when the PPA is absent, thereby to obtain
a human PNS pericyie test culture; and

(b detecting, in the human PNS pericyte test culture of
(@), alevel of at least one of PNG pericyte loss and PNS pericyte dysfunction
that is decreased relative to the level that is detected when the PPA is absent,

and thereby identifving the candidate PPA as a pericyle profective agent (PPA).

3. The method of claim 1 or claim 2 whersin the candidale

PPA is produced by mammalian choroid plexus (CP) cells.

4. The method of claim 3 wherein the candidate PPA is
present in a culture medium that has been conditioned by the mammalian CP

cells.

5. The method of claim 4 wherein the culture medium has
been separated from the mammalian CP cells and has been conditioned by at
least one of:

B mammalian CF celis that are present in one or more
semi-permeable biocompatible capsules in which are encapsulated choroid
plexus (CF) tissue fragments that are oblained by either or both of mechanical
and enzymatic dissociation of mammalian choroid plexus tissue to obtain CP
cell clusters that are about 50 um to at least about 200 um in diameter and that
comprise CP epithelial cells;

(i} cultured non-encapsulated CP cells obtained from
mammalian choroid plexus tissue; and

(iiy  choroid plexus (CP) cells that are oblained by
culturing a pepulation of mammalian pluripotent cells under conditions and for a
fime sufficient to obtain a plurality of in vifro differentiated choroid plexus (CF)

cells.
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6. The method of claim 4 wherein the mammalian CP celis
are present in one or more semi-permeable biocompatible capsules in which
are encapsulated choroid plexus (CP) tissue fragments that are obtained by
gither or both of mechanical and enzymatic dissociation of mammalian choroid
plexus tissue {o obtain CP cell clusters that are about 50 um to at least about
200 um in diameter and that comprise CP epithelial cells.

7. The methed of claim 6 wherein substantially all of said
capsules are about 400 um to about 800 um in diameter and have about 200 to

about 10,000 CP cells per capsule.

8. The methed of claim 3 wherein the mammalian CP cells
are present in one or more semi-permeable biocompatible capsules in which
are encapsulated in vitro differentiated choroid plexus (CP) cells that are
obtained by culturing a population of mammalian pluripotent cells under
conditions and for a time sufficient 1o obtain a plurality of in vitro differentiated
choroid plexus (CF) cells, substantially all of said capsules being about 400 ym
to about 800 pym in diameter and having about 200 to about 10,000 CP celis per

capsule.

9. The method of claim 3 wherein the mammalian choroid
plexus cells are from mammalian choroid plexus tissue of a mammal that is
allogeneic or xenogeneic relative to the cultured human CNS pericyte or PNS

pericyte.
10. The method of claim 8 wherein the mammalian choroid

plexus tissue comprises human, porcing, ovine, bovine, caprine, or non-human

primate choroid plexus cells.
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11, The msthod of claim 10 wherein the porcine choroid plexus
cells are cultured from a tissue that comprises fetal or neonatal choroid plexus

fissue.

12. The method of claim 10 wherein the mammalian choroid

plexus tissue is substantially free of human pathogens.

13.  The method of claim 12 wherein the choroid plexus tissue
is substantially free of human-tropic transmissible porcine endogencus

refroviruses.

14.  The methed of claim 12 wherein at least one of: (i} the
choroid plexus lissue is substantially incapable of producing infectious human-
tropic porcine endogenous refroviruses (PERVS), or (i) the choroid plexus

tissue is obtained from an animal that lacks PERYV genes.

15,  The method of claim 14 wherein the choroid plexus tissue
is obtained from an animal that lacks a PERV-C env gene which is capable of

recombination with a PERV-A env gene.

16.  The method of claim 15 wherein the animal that lacks a
PERV-C env gene which is capable of recombination with a PERV-A env gene

has been genstically enginesred {o lack any or all PERV genes.

17.  The method of claim 16 wherein the animal that has been
genetically engineered to lack any or all PERYVY genes is produced by Clustered

Reguiarly-interspaced Short Palindromic Repeats (CRISPR}-Casg editing.
18. The mesthod of claim 8 wherein either one or both of:

N the population of mammalian pluripotent calls is

obtained from a source that is selected from embryonic cells, umbilical cord
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cells, placental cells, neural crest progenitors, adult tissue stem cells, and
somatic tissue cells; and

{ii} the population of mammalian pluripotent celis is
cultured in a culture medium that comprises one or more in vifro CP
differentigtion agents selected from a bone morphogenic protein (BMPY or a
BMP signaling pathway agonist, a transforming growth facior-beta (TGF-})
superfamily member or a TGF-J signaling pathway agonist, a nodal proteinor a
nodal signaling pathway agonist, a mammalian growth and differentiation facior
(GDF) or a GDF signaling pathway agonist, a Wni protein ligand or a Wit
signaling pathway agonist, a fibrobiast growth factor (FGF) or an FGF signaling
pathway agonist, and sonic hedgehog (Shh) or a Shh signaling pathway
agonist, under conditions and for a time sufficient (o obtain said plurality of in

vitro differentiated choroid plexus (CP) cells.

19. The method of claim 18 wherein the Wni signaling pathway
agonist is selected from WAY-318606 (SFRP inhibitor), Q1 (PP2A activator),
Q811 {(ARFGAP1T activator)y, 2-amine-4-{3,4-(methyienedioxy) benzyl-amino}-&-
(3-methoxyphenyl) pyrimidine, Norrin, R-spondin-1, R-spondin-2, R-spondin-3,
or R-spondin-4, lithium chloride, lithium carbonate, lithium citrate, lithium
orotate, lithium bromide, lithium fluoride, lithium iodide, lithium acetate, lithium
hydroxide, lithium aluminum hydride, lithium perchlorate, lithium nitrate, lithium
diisopropylamide, lithium borohydride, lithium oxide, lithium suifate, lithium
hexaftuorophosphate, lithium tefroxide, lithium sulfide, lithium hydride, lithium
amide, lithium lactate, lithium tetrafluorcborate, ithium dimethylamide, lithium
phosphate, lithium peroxide, lithium mangansase oxide, lithium methoxide,
lithium metaborate, lithium stearate, or ancther lithium salt that comprises
cationic lithium.

20. The method of claim 1 or 2 wherein the pericyle stressor
comprises one or more agents selected from hydrogen peroxide, nitric oxide,
tert-butythydroperoxide, heavily-oxidized glycated LDL, and a pro-apoptotic

agent.
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21, The method of claim 1 or claim 2 wherein the level of
pericyte loss comprises a level of one or more of pericyte cell death, pericyte

apoptosis, pericyte necrosis, and pericyte autoghagy.

22.  The method of claim 1 or claim 2 wherein the level of
pericyte dysfunction comprises a level of one or more of reactive oxygen
species (ROS) production, reactive nifrogen species (RNE) production, matrix
metalioproteinase 2 (MMP2) production, matrix metalloproteinase 9 (MMPS)
production, angiopoietin 1 production, fibronectin 1 production, platelet derived
growth factor receptor beta (PDGFRp) expression, connexin 43 expression,

NGZ expression, and IL-17R{A/C) expression.

23. The method of claim 1 or claim 2 whersin the candidate
PPA is a cerebrospinal fluid (CSF) component that is produced by choroid
plexus (CP) cells.

24. A method for treating, reducing severity of, or reducing
likelinood of cccurrence of a central nervous system (CNS) condition
associated with CNS pericyte loss or CNS pericyte dysfunction in a subject,
comprising:

administering o the subject a pericyle protective agent
{(FPA) produced by a choroid plexus (CF) composition,

under conditions that permit the PPA to contact CNS pericytes in
e subject to decrease a level of CNS pericyte loss or CNS pericyle
dysfunction in the subject relative to the level of CNS pericyte loss or CNS
pericyte dysfunction in the subject when the PPA is absent, and thereby
freating, reducing the severity of, or reducing the likelihood of cccurrence of the
central nervous system (CNS) condition asscociated with CNS pericyte loss or

CNS pericyte dysfunction.
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25 The method of claim 24 wherein the central nervous
system (CNS) condition associated with CNS pericyte loss or CNS pericyte
dysfunction is selectad from (&) a neurcdegenerative disease that is
characterized by death of neurons, and {b) a nervous sysiem disease that is
selected from Parkinsor’s disease, Alzheimer's disease, Huntinglon's disease,
amyotrophic lateral sclerosis (ALS, also known as motor neurone disease),
ataxia-telangiectasia, progressive bulbar palsy, progressive muscular atrophy,
dementia with Lewy bodies, muilliple system airophy, spinocerebellar ataxia
type 1 (SCA 1), a retinal degenerative disease, or an age-related

neurcdegenerative disorder.

26.  The method of claim 24 wherein the ceniral nervous
system (CNS) condition associated with CNS pericyte loss or CNS pericyte
dysfunclion is selected from {(8) a disease that is characterized by a decrease in
a level of at least one nerve cell function, relative to the level of said nerve cell
function in a control subject known to be free of the nervous system disease,
and (b) the disease of (a) that is selected from Parkinson’s disease, Alzheimer's

disease, Huntington's disease, amyotrophic lateral sclerosis, and depression.

27.  The method of claim 24 wherein the central nervous
system (CNS) condition associated with CNS pericyte loss or CNE pericyte
dysfunction is selected from (&) a disease that is characterized by an increase
in a level of at least one nerve cell funclion, relative to the level of said nerve
cell function in a control subject known 1o be free of the nervous system
disease, and {b) the disease of (a) that is selected from psychosis,
schizophrenia, epileptic seizures, ischemic stroke, and insomnia associated

with restless leg syndrome.

28. The method of claim 24 wherein the ceniral nervous

system (CNS) condition associated with CNS pericyte loss or CNS pericyte
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dysfunclion is selected from {a) a disease that is characterized by presence in
the subject of cerebrospinal fluid ({CSF) that comprises an altered level of one
or more cerebrospinal fluid (CSF) components, relative to the level of said CSF
component or components in a control subject known 1o be free of the nervous
system disease, and (b} the diseass of (a) that is selected from Alzheimer's

disease and diagbetes msilifus.

289, The method of claim 24 wherein the central nervous
system (CNS) condition associated with CNS pericyte loss or CNE pericyte
dysfunction is selected from:

(a) a disease that is characterized by presence in the subject
of an altered level of at least one choroid plexus function, relative to the level of
said choroid plexus function in a control subject known 1o be free of the nervous
sysiem disease,

{b) the disease of (@) that is selected from Sturge-Weber
syndrome and Klippel-Trenaunay-Weber syndrome,

{c} a disease that is characterized by an increase in a level of
abnormally folded protein deposits in brain tissue of the subject, relative to the
level of abnormally folded protein deposits in a control subject known to be free
of the nervous sysiem disease, and

(d) the disease of (¢} that is selected from cerebral amyloid
angiopathy, hereditary cerebral hemorrhage with amyloidosis-lcelandic type
(HCHWA-I}, cerebral hemorrhage with amyloidosis-Dutch type (HOCHWA-D),
meningocerebrovascular and oculoleptomeningeal amyloidosis, gelsolin-related
spinal and cerebral amyloid angiopathy, familial amyloidosis-Finnish type
(FAFR), vascular variant prion cerebral amyloidesis, familial British dementia
(FBD) (also known as familial cerebral amyloid angiopathy-British type or
cerebrovascular amyloidosis-British type), familial Danish dementia (also known
as heredopathia ophthalmo-oto-encephalica), familial transthyretin (TTR}
amyloidosis, and PrP cerebral amyloid angiopathy (PrP-CAA); and

{e) a disease that is caused by biood brain barrier (BBRB)

dysfunction.
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30.  The method of claim 24 wherein the central nervous
system (CNS) condition associated with CNS pericyte loss or CNE pericyte
dysfunction is at least one of (i) a neurodegenerative disease that is
characterized by death of CNS neurons, and (il) a CNS disease characlerized
by a decrease in a level of at least one CNS nerve cell function, relative to the
level of said CNS nerve cell function in a control subject known to be free of the
CNG disease, and iii) a CNS disease characterized by an increase in a level of
at least one CNS nerve call function, relative to the level of said CNS nerve cell
function in a control subject known o be free of the CNS disease, wherein said
CNS neurons and CNS nerve cell are present in at least one of brain, spinal

cord, reting, oplic nerve, cranial nerve, olfactory nerve or clfactory epithelium.

31, The mesthod of claim 24 wherein the central narvous
system (CNS) condition associated with CNS pericyte loss or CNS pericyte
dysfunction is one of Parkinson's disease, Alzheimer's disease, and

Huntington's diseasse.

32. The methed of claim 25 wherein the retinal degenerative
disease is selected from macular degeneration, diabetic retinopathy, and

retinitis pigmentosa.

33. A method for treating, reducing severity of, or reducing
likelihood of occurrence of a peripheral nervous system (PNS) condition
associated with PNS pericyte loss or PNS pericyte dysfunction in a subject,
comprising:

administering o the subject a pericyie protective agent
(PPA) produced by a choroid plexus (CP) composition,

under conditions that permit the PPA {o contact PNS pericyles in

the subject to decrease a level of PNS pericyte loss or PNG pericyte

dysfunction in the subject relative to the level of PNS pericyte loss or PNS
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pericyte dysfunction in the subject when the PPA is absent, and thereby
freating, reducing the severity of, or reducing the likelihood of occurrence of the
peripheral nervous system (PNS) condition associated with PNS pericyte loss

or PNS pericyte dysfunction.

34. The method of claim 33 wherein the condition associated
with PNS pericyte loss or PNS pericyte dysfunction is at least one of (i) a
neurodegenerative disease that is characterized by death of PNS neurons, and
(i} & PNS disease characterized by a decrease in a level of at least one PNS
nerve cell function, relative to the level of said PNS nerve cell function in a
control subject known to be free of the PNS disease, and iii) a PNG disease
characterized by an increase in a level of at least one PNS nerve cell function,
refative to the level of said PNS nerve cell function in a control subject known fo
be free of the PNS disease, wherein said PNS neurons and PNS nerve cell are

present in at least one of a peripheral ganglion or a peripheral nerve.

35. A screening method for identifving a pericyte protective
agent (PPA) that protects a central nervous system (CND) pericyte from a
pericyte stressor, wherein said pericyte stressor is capable of inducing at least
one of CNS pericyte loss and CNS pericyte dysfunction, the method
comprising:
{a) comtacting, simultaneously or sequentially and in any order,
{) a cultured human CNS pericyte,
(i) the pericyle stressor that is capable of inducing at
least one of CNS pericyie loss and CNS pericyte dysfunction,
(i  a conditioned culture medium that has been
conditionad by mammalian choroid plexus (CP) celis and that contains a
pericyte proteclive agent (PPA) produced by said CP cells, or an isolated
fraction of said conditioned culture medium that contains the PPA, which PPA is

capabile of decreasing in the cultured human CNS pericyle a level of at least
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one of CNS pericyte loss and CNS pericyte dysfunction, relative 1o the level that
is detected when the PPA Is absent, and
(v} one or a plurality of antibodies that have been
generated against a portion of the culture medium that has been conditioned by
mammalian choroid plexus (CF) cells and which contains the pericyte
protective agent (PPA) produced by said CP cells,
under conditions and for a time sufficient to induce detectable
CNS pericyte loss or detectable CNS pericyte dysfunction when the PPA s
absent, thereby to obtain a human CNS pericyte test culture;
{b} detecting, in the human CNS pericyte test cuiture of
(@), a level of at least one of CNS pericyte loss and CNS pericyte dysfunction
that is decreased {0 a lesser degree relative 1o the level that is detected when
the one or plurality of antibodies is absent, thereby indicating that the one or
plurality of antibedies is capable of neutralizing the PPA; and
() isolating the PPA by binding fo at least one of the
antibodies that is capable of neutralizing the PPA.
36.  The method of claim 35 wherein isolating the PPA
comprises isolating an immune complex that comprises at least one of the

antibodies that is capable of neutralizing the PPA and the PPA.

37.  The method of claim 36 which further comprises separating
the al least one antibody that is capable of neutralizing the PPA from the PFA

and structurally characierizing the PPA.

38.  The method of claim 35 wherein the culture medium has
been separated from the mammalian CP cells and has been conditioned by at
least one of:

B mammalian CP celis that are present in one or more
semi-permeable biocompatible capsules in which are encapsulated choroid

plexus (CP} tissue fragments that are obtained by either or both of mechanical
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and enzymatic dissociation of mammalian choroid plexus tissue to obtain CP
cell clusters that are about 50 um to at least about 200 um in diameier and that
comprise CF epithelial cells;

{ii} cultured non-encapsulated CP cells obtained from
mammalian choroid plexus tissue,; and

(iiy  choroid plexus (CP) celis that are obiained by
culturing a population of mammalian pluripotent cells under conditions and for a
fime sufficient to obtain a plurality of in vifro differentiated choroid plexus (CP)

cells.

38, The method of claim 35 wherein the mammalian CP cells
are present in one or more semi-permeable biccompatible capsules in which
are encapsulated choroid plexus (CP) tissue fragments that are obtained by
either or both of mechanical and enzymatic dissociation of mammalian choroid
plexus tissue to obtain CP cell clusters that are about 50 um to at least about

200 um in diameter and that comprise CP epithelial celis.

40, The mesthod of claim 39 wherein substantially all of said
capsules are about 400 um to about 800 um in diameter and have about 200 o

about 10,000 CP cells per capsuie.

41.  The method of claim 35 wherein the mammalian CP cells
are present in one or more semi-permeable biocompatible capsules in which
are encapsulated in vitro differentiated choreid plexus (CF) cells that are
obtained by cuituring a population of mammalian pluripotent celis under
conditions and for a time sufficient to obtain a plurality of in vitro differentiated
choroid plexus (CP) cells, substantially all of said capsules being about 400 um
o about 800 um in diameter and having about 200 to about 10,000 CF celis per

capsule.
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42, The method of claim 35 wherein the mammalian choreid
plexus cells are from mammalian choroid plexus tissue of a mammal that is

allogeneic or xenogeneic relative to the cultured human CNS pericyte.

43. The method of claim 42 wherein the mammalian choroid
plexus tissue comprises human, porcing, ovine, bovine, caprine, or non-human

primate choroid plexus cells.

44 The method of claim 43 wherein the porcine choroid plexus
celis are cultured from a tissue that comprises fetal or neonatal choroid plexus

fissue.

45, The method of claim 43 whersin the mammalian choroid

plexus tissue is subsiantially free of human pathogens.

46,  The method of claim 43 wherein the choroid plexus tissue
is substantially free of human-tropic transmissible porcine endogenous

refroviruses.,

47.  The method of claim 43 wherein at least one of: (i} the
choroid plexus lissue is substantially incapabie of producing infectious human-
tropic porcine endogenous retroviruses (PERVS), or (i) the choroid plexus

tissue is obtained from an animal that lacks PERY genes.

48.  The method of claim 47 wherein the choroid plexus tissue
is obtained from an animal that lacks a PERV-C env gene which is capable of

recombination with a PERV-A env gene.
49, The method of claim 48 wherein the animal that lacks a

PERV-C env gene which is capable of recombination with a PERV-A env gene

has been genetically engineered {o lack any or all PERV genes.
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50.  The method of claim 48 wherein the animal that has been
genetically engineered fo lack any or all PERV genes is produced by Clustered

Regulariy-interspaced Short Palindromic Repeats (CRISPR)-Cas@ editing.

51. The method of claim 38 wherein either one or both of:

0] the population of mammalian pluripotent cells is
obtained from & source that is selected from embryonic cells, umbilical cord
cells, placental cells, neural crest progenitors, adult tissue stem cells, and
somatic tissue cells; and

(i} the population of mammalian pluripotent celis is
cultured in a culture medium that comprises one or more in vifro CP
differentigtion agents selected from a bone morphogenic protein (BMPY or a
BMP signaling pathway agonist, a transforming growth factor-beta (TGF-3)
superfamily member or a TGF-J signaling pathway agonist, a nodal proteinor a
nodal signaling pathway agonist, a mammalian growth and differentiation facior
(GDF) or a GDF signaling pathway agonist, a Wni protein ligand or a Wit
signaling pathway agonist, a fibrobiast growth factor (FGF) or an FGF signaling
pathway agonist, and sonic hedgehog (Shh) or a Shh signaling pathway
agonist, under conditions and for a time sufficient {o obtain said plurality of in

vitro differentiated choroid plexus (CP) cells.

52. The method of claim 51 wherein the Wi signaling pathway
agonist is selected from WAY-318606 (SFRP inhibitor), Q1 (PP2A activator),
Q811 {(ARFGAP1T activator)y, 2-amine-4-{3,4-(methyienedioxy) benzyl-amino}-&-
(3-methoxyphenyl) pyrimidine, Norrin, R-spondin-1, R-spondin-2, R-spondin-3,
or R-spondin-4, lithium chloride, lithium carbonate, lithium citrate, lithium
orotate, lithium bromide, lithium fluonde, lithium iodide, lithium acetate, lithium
hydroxide, lithium aluminum hydride, lithium perchlorate, lithium nitrate, lithium
diisopropylamide, lithium borohydride, lithium oxide, lithium suifate, lithium
hexaftuorophosphate, lithium tefroxide, lithium sulfide, lithium hydride, lithium
amide, lithium lactate, lithium tetrafluorcborate, ithium dimethylamide, lithium

phosphate, lithium peroxide, lithium mangansase oxide, lithium methoxide,
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lithium metaborate, lithium stearate, or ancther lithium salt that comprises

cationic lithium.

53.  The method of claim 36 wherein the pericyie stressor
comprises one or more agents selected from hydrogen peroxide, nitric oxide,
tert-butythydroperoxide, heavily-oxidized glycated LDL, and a pro-apoptotic

agent.

54 The method of claim 35 wherein the level of pericyle loss
comprises a level of one or more of pericyle celi death, pericyte apoptosis,

pericyte necrosis, and pericyle autophagy.

55.  The method of claim 35 wherein the level of pericyte
dysfunction comprises a level of one or more of reactive oxygen species (ROS)
production, reactive nitrogen species (RN3) preoduction, matrix
metalioproteinase 2 (MMP2) production, matrix metalloproteinase 9 (MMPS)
production, angiopoietin 1 production, fibronectin 1 production, platelet derived
growth factor receptor beta (PDGFRp) expression, connexin 43 expression,

NGZ expression, and IL-17R{A/C) expression.

53. The method of claim 35 wherein the candidate PRPAis a
cerebrospinal fluid (CSF) component that is produced by choroid plexus (CP)

cells.

57.  The method of claim 1 or claim 35 wherein prior to being
cultured, the human CN3 pericyte is obtained from a human having one of
Parkinsor’s disease, Alzheimer's disease, Huntington's disease, and a retinal

degenerative disease.
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58.  The method of claim 57 wheregin the retinal degensrative
disease is selected from macular degeneration, diabetic retinopathy, and

retinitis pigmentosa.

59. A screening method for identifving a pericyte protective
agent (PPA) that protects a peripherai nervous system (PNS) pericyte from a
pericyte stressor, wherein said pericyte stressor is capable of inducing at least
ong of PNS pericyte loss and PNS pericyte dysfunction, the method comprising:
{a) contacting, simultaneously or sequentially and in any order,
{i) a cultured human PNS pericyte,
(i) the pericyie stressor that is capable of inducing at
least one of PNG pericyte loss and PNG pericyte dysfunction,
(i  a conditioned cuiture medium that has been
conditioned by mammalian choroid plexus (CP) celis and that contains a
pericyte proteciive agent (PPA) produced by said CP cells, or an isolated
fraction of said conditioned culture medium that contains the PPA, which PPA is
capabile of decreasing in the cultured human PNS pericyte a level of at least
one of PNS pericyte loss and PNS pericyte dysfunction, relative to the level that
is detected when the PPA is absent, and
(ivi one or a plurality of antibodies that have been
generated against a portion of the culture medium that has been conditioned by
mammalian choroid plexus (CF) cells and which contains the pericyte
protective agent (PPA) produced by said CP cells,
under conditions and for a time sufficient to induce detectabie
PNS pericyte loss or detectable PNS pericyte dysfunction when the PPA is
absent, thereby to obtain a human PNS pericyle test culture,
) detecting, in the human PNS pericyte test culture of
(@), a level of at least one of PNS pericyte loss and PNS pericyte dysfunction

that is decreased (o a lesser degree relative to the level that is detected when
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the one or plurality of antibodies is absent, thereby indicating that the one or
plurality of antibodies is capabile of neutralizing the PPA, and
(9] isolating the PPA by binding {o at least one of the

antibodies that is capable of neutralizing the PPA.

60. The method according to any preceding claim wherein the
PPA comprises an HxOz-sensitive, thermostable, hexane-insoluble/ diethyl
ether-insoluble/ ethyl acetate-insoluble and water-soluble molecule having a
molecular weight of less than 3 kDa that is oblained in a culture medium that
has been conditioned by cultured mammalian choroid plexus (CP) cells,

wherein the PPA is capable, upon being contacted with CNG
pericytes, of decreasing a level of CNS pericyte loss or CNS pericyte
dysfunction, relative to the level of CNS pericyte loss or UNS pericyte

dysfunction when the PPA is absent.
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GENE/PROTEIN NAME

GENBaNK® ACCESSION NUMBER;
RELATED GENE ACCESSION
NUMBER

SEQ D NO:

IGF- AYG32379.1; NM_214256.1
CK463136; BP152514; BP152514;
IGF- BP142537, AF466283 1,

NM_213883.1; BP442282

insulin-like growth factor binding protein
1 {(HGFBP-1}

BX815622; BXS16728

insulin-iike growth factor binding protein
2 {IGFBP-2)

NM_ 214003.1

insulin-like growth factor-binding protein
3 (IGFBP-3)

AJBR72591; AFOBB482.1

5 {IGFBP-5)

insulin-like growth factor binding protein-

NM_214099.1

insulin-like growth factor binding protein
& (IGFBP-6)

BX321939; CNI63405

Leydig insufin-like hormone NM 2135701
insulin-degrading enzyme CE451212; NP (043601
insulin-induced gene BP454285

insulin (Preproinsuling AFQE4555.1

Fibroblast growth factor 1 {FGF -1); acidic
fibroblast growth factor

BF4427355;

Fibroblast growth factor 2 {FGF -2}; basic
FGF (bFGE)

AJLT7089.1;

Fibroblast growth factor 9 {FGF -8}

N 213801,

Fibroblast growth factor 12 {FGF-12)

(0943884, NP_(04104.3

Fibroblast growth factor 18 {FGF -18)

CKAS7517, NP_032031.1

Fibroblast growth factor 2-interacting
factor 2; apoptosis inhibitor 5; APIS-like

BI403651, XP_342471.1

Transforming growth factor beta 1 {TGE-

B1)

CFI80351;CF3688013; NP_006013.1

Transforming growth factor beta 2 {(TGF-
B2

BQB04617; BP143282

FIG. 3A

SUBSTITUTE SHEET (RULE 26)




WO 2019/089993

PCT/US2018/058797

4/13

GenBang™ ACCESSION NUMBER;, | SEQIDNOD:
GENE/PROTEIN NAME RELATED GENE ACCESSION
NUMBER
Transformi awth fact 1a 3 {TGF-
i_‘zasns orming growth factor beta 3{TG BOS04517
?ransfmmiﬂg growth factor alpha BP158556

Transforming growth factor, beta-
induced, 68kba

CB478477; NP_0003458.1

Latent transforming growth factor beta
binding protein 1

COR50891L;NP_000618.1

Latent transforming growth factor beta
binding protein 4

BIE82740; NP_003564.1

Bone morphogenetic protein 1

BFO79341,; Bi346244

Bone morphogenetic protein 2

CA779719; AYB6S080.1

Bone morphogenstic protein 4

CNIS9298; NP 0011931

Bone morphogenetic protein 7

CKA52058; NP_001710.1

Bone morphogenetic protein 11
{GDF11/BMP11)

AYBGS0B1.1; AF333155.1

Bone morphogenetic protein 15

Ni_001005155.1

Growth differentiation factor 1

CKA56140; NP_001483.2

Growth differentiation factor 7

BO604531; NP _878248.1

Growth differentiation factor 8

NM_214435.2

Growth differentiation factor 9

NM_001001809.1

Growth differentiation factor 11 {GDF11Y/
Bone morphogenetic protein 11 {(BMP11)

AYEH3081.1; AF339155.1

Vascular endothelial growth factor {VEGF)

CF789381; AY(72734.1

Vascular endothelial growth factor 2
(VEGF 2)

Bi360137

Vascular endothelial growth factor B
{VEGF B}

CK453779; NP_003368.1

Vascular endothelial growth factor C

Bid04162; NP_4456105.1

(VEGE

Vréndazepmﬁ {DBi)

NM_2141719.1

Epidermal growth factor {EGF)

NM_2314020.1

Heparin-binding epidermal growth factor-
like growth factor

NM_714799.1

Growth hormaone {GH)}

NM 213869.1

Nerve growth factor, beta (NGF-beta)

BXG7S501; NP _038637.1

FIG. 3B
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GENE/PROTEIN NAME

GenBanx® ACCESSION NUMBER;
RELATED GENE ACCESSION
NUMBER

SECQ 1D NG:

Pigment epithalium derived factor (PEDF),
or serine {or cysteine) proteinase

inhibitor, clade F {alpha-2 antiplasminy,
member 1 {Serpin F1)

BI181553; NP_002606.3

Brain-derived neurctrophic factor {BONF)

NM_214253.1

Neurotrophin 3 {NT-3}

CE368D73; NP_002518.1

Neurotrophin 4 (NT-4)

128141.1

Metaliothionein 3 {growth inhibitory
factor {neurotrophic})

CF176439; NP_005945.1

Glial cell-line derived neurotrophic factor
{GDNF)

ABZB28066.1; GEDO4538.1L;
GESY3770.1

Conneactive tissue growth factor {CTGF)

BI1B1686; UB3D16.1

Piatelet derived growth factor, alphs

BX914480; NP _033834.1

Keratinocyte growth factor

AF217463.1

Heparin-binding epidermal growth factor-
like growth factor {DTR)

NM 2142991

Axotrophin

Cr175198; NP_073737.1

Neurite growth-prometing factor-2/
Midkine

CN166538; NP_002382.1

Growth factor, augmenter of liver
regeneration {ERV1 homolog)

CN154812; NP_005253.2

Hapatoma-derived growth factor {high-
mobitity group protein 1-ike)

CN160438; NP_004485.1

Hepatoma-derived growth factor-related
protein 2

BX924740; NP_115020.1

Macrophage stimulating 1 {Hepatooyte
growth factor-like}

CKASG058; NP_065278.2

Teratocarcinoma-derived growth factor 1

CN163564;NP_003203.1

Apoptosis inhibitor 5; fibroblast growth
factor 2-interacting factor 2; APiS-like 1

BI403851;XP_342471.1

Growth arrest and DNA-damage-
inducible, beta

BF710383; CF175279;
pP_ 05643801

Growth arrest and DNA-damage-inducible
protein GADD4S, gamma

BXO75876; XP_237999.2

Growth arrest-speacific 2

CKA64346; NP_005247.1

Growth arrest homeobox transcription
factor GAX {GAX]

NM_214321.1

tnhibitor of growth family, member 1-like

AWTS6251:NP_0175992.2

inhibitor of growth family, member 3

CN163027; NP_061544.2

FIG. 3C
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GenBanx® ACCESSION NUMBER; | SEQID NO:
GENE/PROTEIN NAME RELATED GENE ACCESSION
NUMBER

Pregnancy-induced growth inhibitor

CN159080; NP_892025.1

Maetaliothionein 3 {growth inhibitory
factor {neurctrophic)

CF176439;NP_005945.1

RaS-like, estrogen-regulated, growth
inhibitor

BX666549; NP 1163071

Cytokine induced apoptosis inhibitor 1

CK451032,NP_588502.1

Ceruloplasmin

BF713714

Superoxide dismutase-1 {SOD-1)

CQ852468

Superoxide dismutase-2 (S00-2}, Mn-type

BI340465; NM_214127.1

Superoxide dismutase copper chaperons

NM_001001866.1

(CCS)
DI-1/PARKT CKA56067; NP_0O09193.2
Catalase NM 2143011

Selenoprotein i, 1

CNIG711L; XP 3714841

Selenoprotein M

Chile2428

Selenpprotein N

CN167189, XP_342943.1

Selenpprotein P

CFL75878,{NP_005401.2)

Selenoprotein 5

CF787953; NP_060915.2

Selenoprotein T

Bi399114; NP_057358.1

Selenoprotein W

NM_213977.14

Selenoprotein X, 1

CKA62523: NP_057416.1

Selenoprotein; 15 kDa

{B477630; NP_004252.1 15

Glutathione S-transferase

£O845521

Glutathione S-transferase (GSTAZ)

NM_214389.1

Glutathione S-transferase {LOC326850)

NM_213850.1

Glutathione $-fransferase {MGST1)

NM_214300.1

Glutathione S-transferase, alpha 4

CK455717, NP_034487.1

Glutathione S-transferase Ad

CN159152; NP_001503.1

Glutathione S-transferase kappa 1

CN167185; NP _Q57001.1

Glutathione S-transferase M1

CR180873; NP_000554.2

Glutathione S-transferase, mu 5

CNOZE3IS9; MP_0344090.1

Glutathione S-transferase omega {GSTO1}

NM 2140501

Glutathione S-transferase omega 2

CK467367; NP_899062.1

Glutathione S-transferase, pi 2

CN1LR4388; NP_5620430.1

Glutathione S-transferase theta 1

BFOR0536; CA7R1053;
NP_000844.1

FIG. 3D
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GENE/PROTEIN NAME

GENBANK? ACCESSION NUMBER;
RELATED GENE ACCESSION
NUMBER

SEQ D NO:

Glutathione transferase zeta 1
{maleylacetoacetate isomerasa)

CF789130; AWA15841;
NP_034493.1

Epididymis-specific glutathione
peroxidase 23kDa subunit {GPX5)

Nivi_213888.1

Microsomal glutathione S-transferase 2

CF789192; NP_002404.1

Microsomal glutathione S-transferase 3 CK466828
Glatathione peroxidase 2 CF365816,; XP_238459.2
Glutathione peroxidase 3 BX671405
Glutathione peroxidase 4 BI1R3073
Glutathione peroxidase 7 &}83697’. CNI59630;
pP_056511.2

Glutathione peroxidase 6 {olfactory)

CKA56244; NP 874360.1

Cytosolic glutathione peroxidase {GPX1}

NM 2142011

Thioredoxin {TXN}

NM_2143121

Glutathione reductase

€B471615

Glutathione reductase 1

CK461867; NP_(34474 3

Hydroxyacyi glutathione hydrolase

BRO78108; CFL/9717,;
NP_077248.1

Abveolar macrophage-derived
chaemotacticfactior-

NM_213867.1

Alveclar macrophage-derived
chemotactic factor-it {AMCF-I1}

BQS97577, NM_213876.1

fosinophil chemetactic cytokine

CF368668

Stromal cell-derived factor 2

CO950580; NP_(08854.2

Stromal cell-derived factor 2-like 1

CKA56849; NP_071327.1

Chemokine ligand 2

BFO78671; NM_001001861.1

CCL 8 Chemokine, {C-C motif) ligand 8

BI399438; NP_005614.2

CCLL6 Chemokine, {C-C motif} ligand 18

BXx922646; NP_004581.1

(119 chemokine {CCL19) BXG72579
CCL21 chemoldne {CCLZ1) AY312067.1
CLL25 chemokine {CCL25} BP164430

CHCLZ chemokine [0 moti) ligand 2

AY747030; CB47245¢;
NP 002080.1

CKCL4 chemoidne, {C-X-C motif) ligand 4

CKA57066; {NP_064316.1)

CXCLY chemokine {C-X-C motif) Higand 9

BX914993; NP_Q02407.1

CXCLI2 chemolkdne {CXCL12)

AY312066.1

CXCL13 chemokine, {C-X-C motif) ligand
13 {B-cell chemoattractant)

Bi336231; CF787657; NP_D06410.1

FiG. 3E
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GenBank® ACCESSION NUMBER;

SEQ D NO:

GENE/PROTEIN NAME RELATED GENE ACCESSION
NUMBER
CXCLL4 chemokine {CXCL14) BFIB201%

Chamokine-like factor (CKLF} super
family 3

B1402082; CBA83090; CNOGISES;
NP_653202.1

Chemokine-like factor {CKLF) super family

P
-
o

ASS1390; (NP_060271.1)

Chemoking-like Factor (CKLF) super family
7

CN165006; NP_£612419.1

Tachykinin, precursor 1 {substance K,
substance P, neurckinin 4, neurckinin 2,
neuromedin L, neurokinin alpha,
neuropeptide K, neuropeptide gamma)

BF441434; NP_054703.1

Neurite growth-promoting factor-
2/ Midkine

CN166538; NP_002382.1

Neuropeplide Y

AFZ264083.1;

Neuronal and endocrine protein {782)

MZ3654.1

Neuromedin B

1

CN156167, NP_066561

Transthyretin

NM_214212.1

Apolipoprotein A- {APGAL)

NM_214398.1

Apolipoprotein Al binding protein

CK457272; NP_658885.1

Apolipoprotein AV (APOA4)

Nivi_214388.1

Apolipoprotein A-l

BF702658; NP_001634.1

Apolipoprotein B (apof }

AI392510.1; ME2614.1

Apolipoprotein B {including Agix] antigen)}

CK455263,CF176070; NP_D0D375.1

Apaiipoprotein CH

CK455497; NP_000474.2

Apolipoprotein G-Il {APOC3)

NIMV_001002801.1

Apolipoprotein D

BX6G7312; NP_001638.1

Apolipoprotein £ {APOE}

N 2143081

Apclipoprotein H (heta-2-glycoprotein 1}

BXE72492; NP_000033.1

Apolipoprotein M

Bi341006; NP_061374.2

Apolipoprotein N {ApoN)

AYSEI0IS. 1

Apolipoprotein R (C4BPA)

NM_213842.1

Apolipoprotein J/clusterin

DRO03806; DNSS0822 1;
T03485.1;, T1%966.1;
T15710.1; M78173.1;, M78172.%,;
M78214.1

Lipocaling

BXO15534; (NP_945184.1)

Lipocalin 7

BI399153; NP 0714471

Salivary lipocalin {SAL1)

NM 213814.1

FIG. 3F
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GenBank® ACCESSION NUMBER;
RELATYED GENE ACCESSION

GEMNE/PROTEIN NAME

NUBMBER

SEGID NG:

Tear lipocalin (LCN1)

NWM_213856.1

Heat shock protein 1, alpha

Bi338688; NP_786937.1

Heat shock 10kD protein (HSPEL)

NM 2143071

Heat-responsive protein 12

CK451954; NP_005827.1

Heat shock 27kDa protein 1

CK461732; NP_001531.1

Heat shock 27kDa protein 2

BMORB3187; BXG670646;
NP 001532.1

Heat shock 27kDa protein 3

BX922244; NP_005299.1

Heat shock 27kDa protein family, member
7 {cardiovascular}

BM180065; NP_055235.1

Heat shock 40kD protein 1

BGE94473;

Heat shock protein 47

CN160329;

Heat shock 80kDa protein 1 {chaperoning

CBABIGO3Z, NP (02147,2

Heat shock protein 6782

BX920632; XP_376522.1

Heat shock 70kDa protein 18

CN155038; NP 0053371

Heat shock 70kDa protein 2

BF7044006; NP_(68814.2

Heat shock protein 70.2 {H5P70.2)

NiM_213766.1

Heat shock 70kDa protein 4

CA780945; BF70GE66; BQBO367S;

NP_002145.3

Heat shack 70kDa protein 5

AJB59816

Heat shock 70kDa protein 8

CR462212; NP_0O06388.1

Heat shock 70kDa protein 98 {mortalin-2)

AJB67285; BQ604ATZ;
NP 0041253

Heat shock cognate 71 kDa protein

BF703150; XP_214603.1

Heat shock 20kDa protein {HSPA0)

Cr130819, BQeD4703;
NM_213973.%

Heat shock 90kD protein 1, bet

CN1B6333

Heat shock 105kDal10kDa protein 1

C0993113; NP_006635,2

Heat shock protein, alpha-crystallin-
related, B6

CRIBGEGS; NP 6532181

Calcium regulated heat stable protein 1

BXO15555; NP 6300031

Heat shock factor binding protein 1

BX920160; CF365327;
NP 001528.1

Heat shack factor binding protein 1

Bi1B1454; NP_001528.1

Heat shock 70kDa protein 5 (glucose-
regulated protein, 78kba; binding protein
i

CK456939; NP_B21174.1

FIG. 3G
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GenBank® ACCESSION NUMBER;
RELATED GENE ACCESSION

SEG 1D NG

GENE/PROTEIN NAME

Park? co-regulated

BF711363; {XP_128418.1)}

p53-associated parkin-Hke cytoplasmic
profein

CF302846; NP_055304.1

Parkinson disease {autosomal recessive,
early onset} 7 {PARKT/DJ-1}

CKA56067; NP_009193.2

Adipocyte fatty acid-binding protein

AUO59657

Fatty acid-binding protein, epidermal {E-
FARP) {Psariasis-associated fatty acid-
binding protein homolog) {PA-FABP)

CB4G6R%44,; XP_370729.1

Liver fatty acid binding protein

BX824235

Fatty acid binding protein 2, intestinal

CR235596; NP_000125.1

Fatty acid binding protein 7, brain

£K463743; NP_001437.1

Delta 5 fatty acid desaturase

AW346753; NP_835229.1

Dealta-6 fatty acid desaturase

CF791131

Prostaglandin-endoperoxide synthase 1
{prostaglandin GH synthase and
cyclooxygenase)

BPA4T7300; CR4R208%;
NP _H42158.1

prostaglandin D symthase {FTGDS)

Nt 2142281

prostaglandin E {synthase)

CK465313; NP_004868.1

prostaglandin GH synthase-2 {PGHS-2)

NM 2143211

heta-amyloid binding protein precursor

CN157258; NP_114416.1

Armyioid preursor protein

NM_214372.1

Adrenomedulin

N 2141071

Amvyioid beta {Ad) precursor protein-
birding, family B, member 1 {Fe&5)

AW431342; NP_O01155.

Amvyloid bata (Ad) precursor-ike protein 2

BX672465; BF703315; CA730698;

NP _001633.1

Arnvioid bets precursor protein binding
protein 1, 59kDa

CK452261; NP_0038396.1

Amyloid beta precursor protein
{cytoplasmic tail) binding protein 2

AJB55868; NP_006371.2

Serum amvloid A4, constitutive

CNO70401; NP_(006503.1

Serum amyloid P component {SAP]

ABO05546.1;

Serum amyloid A 3

CB475095; NP_035445.1

Islet amvloid polypeptide

BF712755; {NP_036718.1}

Synuclein, alpha interacting protein
{synphilin}

BX923294; NP_0053451.1

FIG. 3H
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GenBank® ACCESSION NUMBER;

SEGID NO:

GENE/PROTEIN NAME RELATED GENE ACCESSION
NUMBER
Prion protein interacting protein EN180527; XP_250941.2;
‘ NP 076971

} prote
clade A {zlgha-lantiproteinase,
antitrypsing, member 1 (P}

N _214395.1;

Sering {or cysieine} proteinase inhibitor,
clade B {ovalbumin], member 6

AJ683219; NP_004559.4

Serine {or cysteine} protainase inhibitor,
clade G {C1 inhibitor), member 1,
{angicedema, heraditary}

ChN153484; NP 0000531

Serine {or cysteine) proteinase inhibitor,
clade { {neuroserpin}, member 1

Bi404568 ;NP_005016.1

Cystatin C{amyloid angiopathy and
carebral hamorrhage)

CF1R0804;{NP_00009(11)

Cystatin B {stefin B}

CN164516; NP_000081.1

Cystatin EM

CK463154; NP_001314.1

Cystatin 11

BX674305; XP_283777.1

{ystatin 9-like

CF365609; NP_542177.1

Metalloproteinase tissue inhibitor 1

NM 213857.1

Tissue inhibitor of metalloproteinase-3

AFL56031.1;BF711174;
NP _037018.1

92kDa gelatinase, 92kDa type IV
collagenase]

Matrix metalloproteinase 3 {gelatinase B,

BX922846; NP_0048935.1

£n

Cytochrome P450 1A1 {CYPLAT)

NM_214412.1

Coumarin 7-hydroxylase (CYP2A)

AYZBO866.1

Cytochrome P450 2B22 {CYP2ZB22)

AM_214413.1

{
Cytochrome P450 2037 {CYP2C32) U35733.1
Cytochrome P450 2C33 {CYP2C33) NM_ 2144141
Cytochrome P450 2036 {CYP2C36) BX668043
Cytochrome PAS0 C42 (CYP2042] 293088.1

Cytochrome PAS0 2C43 {(CYP2C49)

NM_214420.1

Vitamin D3 25-Hydroxylase {CYP2D25)

NM_214394.1

Vitamin D3 25-Hydroxylase {CYP2D25}

CN159866

FIG. 30
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GEME/PROTEIN NAME

GenBank® ACCESSION NUMBER;

RELATED GENME ACCESSION
NUMBER

SEQID NO:

Cytochrome P4SE, family 2, subfamily E,
polypeptide 1 {CYP2E1)

NM_ 2144211

CYP3AZZ mRNA for cytochrome P450
{CYP3A22)

ABOOBD1G.1; BILR22YY

Cyviochrome P450 3A29

NM_214423.1

Cytochrome P450 3A39 {CYP3AIY)

NM 214422.1

Cytochrome PA450 3A46

AB(GS2266.1; F22846

Cytochrome P450 4424 {CYP4A24)

NM_ 2144241

Cytochrome P50 4421 {CYP4A21)

NM_214425.1

Cholesterol 7alpha-hydroxyiase (CYP7)

NR_001005352.1

Cytochrome P-450 881 (CYP8B1)

NM 214426.1

Cytochrome PASO 11A1 (CYP11A1)

Nivi_214427.1

Cytochrome PA50 1741 {CYPLI7AL)

NM 2144283

CYP19, aromatase P450

S30147.%; SB(3148.1; U37311.1

Cytochrome P450 19417 ARORAL-S
cytochrome P450 aromatase

U37310.1

Cytochrame P450 19A3 {CYP19A3)

NM 214431.1

25-hydroxyvitamin D3-24-hydroxylase
{CYP24A1)

NM_214075.1

25-hydroxyvitamin D3 laipha-hydroxylase
(CYP2781)

NM 213995.1

Cytochrome PAS0 51 {CYP51)

NM_214432.1

FIG. 3J
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 18/58797

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. [:I Claims Nos.:

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

2. [:l Claims Nos.:

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

3. ‘X] Claims Nos.: 60
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. I1I  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
----Please see continuation in first extra sheet ----------------

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

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

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

4. }E No required additional search fees were timely paid by the applicant. Consequently, this international search report is

11'ezs:t5ricted to the invention first mentioned in the claims, it is covered by claims Nos.:
-23, 35-59

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

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

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT Intornational application No,

PCT/US 18/58797

Continuation of Box No. lil. Observations where unity of invention is lacking.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: claims 1-23, 35-59, drawn to a screening method for identifying a pericyte protective agent (PPA) that protects a central
nervous system (CNS) pericyte from a pericyte stressor.

Group II: claims 24-34, drawn to a method for treating a central nervous system (CNS) condition associated with CNS pericyte loss or
CNS pericyte dysfunction in a subject.

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

Special Technical Features

Group | includes the special technical feature of a method comprising contacting pericyte culture with a stressor and a pericyte
protective agent, not required by Group II.

Group Il includes the special technical feature of a method comprising administering to a subject a pericyte protective agent, not
required by Group I.

Common Technical Features

The inventions of Groups | and |l share the technical feature of a method comprising under conditions that permit the PPA to contact
CNS pericytes in the subject to decrease a level of CNS pericyte loss or CNS pericyte dysfunction in the subject relative to the level of
CNS pericyte loss or CNS pericyte dysfunction in the subject when the PPA is absent.

However, these shared technical features do not represent a contribution over prior art in view of US 2011/0206612 A1 to Martin et al.,
(hereinafter ‘Martin') and WO 2015/107196 A1 to Institut Curie et al., (hereinafter 'Institute Curie').

Martin teaches (instant claim 1) a screening method for identifying a pericyte protective agent (PPA) that protects a centra! nervous
system (CNS) pericyte from a pericyte stressor, wherein said pericyte stressor is capable of inducing at least one of CNS pericyte loss
and CNS pericyte dysfunction (Abstract - 'The present invention provides methods for determining or identifying compounds that
modulate the function of an isolated retinal pericyte or blood vessel, wherein a change in the contractile state of said pericyte or blood
vessel is determined in the presence of a test compound, said change indicating that the test compound modulates the function of
pericytes and/or blood vessels.’, para [0003] - 'Further the present invention relates to novel screens for agents that modulate pericyte
function, such as, for example, the contraction of pericytes, cell growth, differentiation, ion channe! conductivity, neurotransmitter
release, or gene transcription.'), the method comprising:

(a) contacting, simultaneously or sequentially and in any order, (i) a cultured CNS pericyte with (i) the pericyte stressor that is capable of
inducing CNS pericyte dysfunction, and (iii) a candidate pericyte protective agent (PPA), under conditions and for a time sufficient to
induce detectable CNS pericyte dysfunction when the PPA is absent, thereby to obtain a human CNS pericyte test culture; and

(b) detecting, in the CNS pericyte test culture of (a), a level of CNS pericyte dysfunction that is decreased relative to the level that is
detected when the PPA is absent, and thereby identifying the candidate PPA as a pericyte protective agent (PPA) (para [0068] - 'The
present invention provides methods for determining or identifying compounds that modulate pericyte function, wherein a change in the
contractile state of a pericyte is determined in the presence of a test compound, said change indicating that the test compound
modulates pericyte function.; para [0069] - 'In one embodiment, the method comprises incubating the pericyte in the presence of a test
compound.’; para [0231] - 'The present inventors further identified protein kinase A (PKA) as being affected by the increase in cAMP
following the binding of PACAP or VIP. For this purpose cells were grown on silicone substrate and contacted by a 10.sup.-8 M
concentration of PACAP. The drug adenosine 3',5"-cyclic monophosphothioate, Rp-isomer (Rp-cAMPS, A7850 Sigma USA) is a specific
inhibitor of PKA activity and was added sequentially into the PACAP 10.sup.-8 M solution in three separate concentrations.... We
discovered that Rp-cAMPS, in a dose-dependent manner and with an EC50 value of 26 uM, inhibited the relaxing effect of 10.sup.-8M
PACAP. It was shown that the drug N-(2-[p-bromocinnamylamino]-ethyl)-5-isoquinolinesulfonamid-e (H-89, B 1427 Sigma USA) ata
concentration of 0.3 uM, which is another specific inhibitor of PKA activity, inhibited the relaxing effect of 10.sup.-8 M PACAP. See FIG.
6.").

Martin does not expressly teach said agent is a pericyte protective agent, or pericyte is a human CNS pericyte.

Institut Curie teaches a pericyte protective agent for human pericytes (Abstract - 'The present invention relates to the use of thalidomide
or analogs thereof for preventing neurologic disorders induced by brain irradiation.’; p10, In 11-20, - 'The present invention relates to
CNS or brain tumor.... The patient is a human being. '; p13, In 34-p14, In 1 - ‘Figure 2. Irradiation induces changes in pericytes
phenotype, which is prevented by peri-irradiation treatment with thalidomide'; p15, In 8-9, - 'Figure 5: Pericyte-mediated vessel
constriction is impaired in irradiated mice, an effect reversed by pharmacological treatment with thalidomide'). Since Institut Curie
teaches thalidomide protects pericyte dysfunction following radiation stress, it would have been obvious to one of ordinary skill in the art
that Thalidomide is a pericyte protective agent (PPA) for human CNS pericytes, and the screening method of Martin could be used to
screen human pericytes to identify PPA according to Institut Curie.

---continued on next sheet---
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Continuation of Box No. lil. Observations where unity of invention is lacking.
Continuation from prior sheet

The inventions of Groups | and Il share the technical feature of a pericyte protective agent produced by a choroid plexus (CP)
composition which is diclosed by US 2016/0361365 A1 to Living Cell Technologies New Zealand Limited (hereinafter 'LCT") teaches a
pericyte protective agent produced by a choroid plexus (CP) composition (abstract, ‘Compositions and methods are disclosed that relate
to improved treatments for nervous system diseases and disorders using CNS-implanted semi-permeable biocompatible capsules
containing encapsulated pathogen-free xenogeneic choroid plexus (CP) cells that are induced to produce altered (and in certain
embodiments increased) levels of one or more cerebrospinal fluid (CSF) components.’).

As said technical features were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the groups.

Groups | and Il therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Item 4 (continued) Claim 60 is a dependent claim and is not drafted in accordance with the second and third sentences of Rule 6.4(a).

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