COVPCSI TI ON COVPRI SI NG MESENCHYMAL STEM CELLS OR CULTURE SOLUTI ON OF
MESENCHYMAL STEM CELLS FOR THE PREVENTI ON OR TREATMENT OF NEURAL DI SEASES
Techni calwbi2elohsddte present invention relates to a conpesirikKrzoYmetadi ng
mesenchymal stemcells (MSCs), a culture solution of MSCs, proteins
contained in a culture solution of MSCs, or a signal transduction

system stinulating factor inducing expression of the proteins for the
prevention or treatnment of Al zheiner's disease, related to damage of
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Background Art Al zheiner's disease, which is a brain disorder that destroys

brain cells by a destructive accumul ati on of anyl oi d-beta protein and
gengrally outbreaks with aging, is a serious disease resulting in speech
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Alzheimer's disease, which is a brain disorder that destroys brain celis by a
destructive accumulation of amyloid-beta protein and generally outbreaks with aging, is
a serious disease resulting in speech impediment and recognition disorder.
Alzheimer's disease proceeds in stages and gradually destroys memory, reasoning,
20 judgment, language, and the ability to carry out even simple tasks. Eventually, loss of
emotional control may cause degradation of human life. Currently, Alzheimer’s disease
cannot be completely cured, but drugs relieving symptoms are clinically applied.
However, effects of these drugs on patients are limited. Around half of Alzheimer's
disease patients fail to be cured from initial drug treatment. Even if the initial drug
25  treatment is successful, only a slight alleviation of symptoms is experienced. Thus,
there is a need to develop a novel treatment for satisfying medical demands, and the
development of a treatment for Alzheimer's disease will have large economical and
social effects. It is known that as Alzheimer's disease proceeds, the cerebral cortex
and hippocampus are destroyed and cannot be restored, and thus there is no treatmen
30 therefor.
Research on Alzheimer’s disease has been driven by a focus on two proteins, tau

and amyloid precursor protein (APP) (Stuart M. and Mark P. M, Nature Medicine,
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of these proteins. Tau becones hyperphosphoryl ated and APP is cl eaved by
secretase to produce anyl oid-beta (Ab) protein which aggregates in the
brain i n wbagquwaséowsm | n general, the nunber of synapse®Crxreduwed2and
neurites are damaged in brain regions in which plaque is accunul ated. This
I ndi cates that the anyl oi d-beta danmages synapses and neurites (Mark P. M
Nat ure, 430, 631-639, 2004). Research on pat hogenetic mechani sm has been
actively conducted for the treat rrent of Al zheimer's disease. In particular,
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of neprilysin (NEP), which is an enzyme with activity for degrading amyloid-beta, results

in accelerating extracellular accumulation of amyloid (Kanae lijima-Ando, etc., J. Biol.
Chem., 283(27), 19066-19076, 2008).

20 Abnormal neurites projected from a cell body of a neuron is related to neural
diseases. Examples of the neural diseases are Alzheimer's disease, Parkinson’s
disease, depression, epilepsy, multiple sclerosis, and mania. In particular, epilepsy
occurs due to death of neuron and gliosis of human hippocampus. Neurites are
cleaved by the death of neuron. Multiple sclerosis is a chronic autoimmune disease

25 occurring in the brain due to abnormalities of Nogo A, a neurite outgrowth inhibiting
protein. Depression is a brain disorder caused by abnormalities of M6a, a neurite
outgrowth-related protein. Alleviation of symptoms of mania has been reported in mice
by activating a signal transduction pathway stimulating neurite outgrowth.

Mesenchymal stem cells (MSCs) are multipotent stem cells differentiating into

30 mesodermal lineage cells such as osteocytes, chondrocytes, adipocytes, and myocytes
or ectodermal lineage cells such as neurons. It has recently been reported that MSCs
have a potential to differentiate into neuroglia in the brain, and thus attempts to
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have a potential to differentiate into neuroglia in the brain, and thus
attenpts todifferentiate MSCs i nto neurons have been nmade (Korean Patent
Publ i cat iwo 2h/056@52004- 0016785, February 25, 2004). AmPa@/KRre09BEH2 a bone
mar r ow- deri ved MSC can be obtained froma patient. If the MSCis

aut ol ogously transplanted, there is no immune rejection response, and thus
can be clinically applied to patients. However, since bone marrow derived
MSC col l ection requires various stages of conplicated nmedical treatnents,
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phosphoryl ation of tau protein in neurons, preventing neurite danage,
I nduci ression of neprilysin in neurons or mcroglial cells. One or
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Detailed Description of the Invention

Technical Problem

For the treatment of neural diseases using stem cells, differentiation of stem cells

into neurons needs to be performed in advance, or stem cells need to be administered

20 with materials differentiating the stem cells into neurons according to the conventional
methods.

One or more embodiments of the present invention include a cellular treatment

method for a neural disease without differentiating stem cells into neurons.

One or more embodiments of the present invention include a composition for

25 preventing and treating a neural disease comprising MSCs.

One or more embodiments of the present invention include a method of
preventing of neurocytoxicity caused by amyloid-beta, preventing phosphorylation of tau
protein in neurons, preventing neurite damage, and inducing expression of neprilysin in
neurons or microglial cells.

30 One or more embodiments of the present invention include a kit for preventing
neuracytoxicity caused by amyloid-beta, preventing phosphorylation of tau protein in

neurons, preventing neurite damage, and inducing expression of neprilysin in neurons or
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neurons, preventing neurite damage, and inducing expression of neprilysin
in neurons ormcroglial cells Technical Solution Inventors of the present

i nvent i orwbaow/dsearad t hat neurocytoxicity caused by anyPOTOkR2e0%006712
phosphoryl ati on of tau protein in neurons, and damage of neurites are
prevented, and expression of neprilysin is induced in neurons or mcroglial
cells when neurons or mcroglial cells treated with or wi thout anyl oi d-beta
are co-cultured with MSCs, a culture solution of MSCs, or proteins

cont ai necroglidlkelisul ture sol ution of MSCs. Advant ageous Effects

Neur ocytoxicity caused by anyloid-beta is prevented, phosphorylation of tau
protein in neurons is prevented, expression of neprilysin is induced in
neuronsTéth%éV Iﬁ cell's, and damage of neurites is prevented when
neurons—UT‘THTHgﬁkHéﬂ' cells are co-cultured with M5Cs, a culture solution
of MSCs, prdheentorsaftthens@sent fiventoh theve fRlrdt tra ﬁéurygsﬁ%xﬁﬂ?/c’%fus%dsb nal
transduction Bgste stimulating factor inducing expression of the protelns.
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cont ai vERtedhang i ' ' I nsduct.i o
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addi ti dw,be{én'é‘rcé"tbﬂees@}‘ﬁ% Bm@w reefests caaigediin theyeulre setitiongf MSCs.
neurocytoxicity caused by anyl oi d-beta, preventing phosphorylation of tau
protein in neurons, preventing damage of neurites, and inducing expression
of WeprAdvasntagequsisifeaias usi ng MSCs, a culture sol ution of MSCs, proteins
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15 solution of MSCs, and/or a signal transduction system-stimulating factor inducing
expression of the proteins.

A composition including MSCs, a culture solution of MSCs, proteins contained in
the culture solution of MSCs, or a signal transduction system-stimulating factor inducing
expression of the proteins according to the present invention may be used as an

20  effective cellular treatment composition for the prevention and treatment of neural
diseases.

In addition, there are provided a method of and a kit for preventing neurocytoxicity
caused by amyloid-beta, preventing phosphorylation of tau protein in neurons,
preventing damage of neurites, and inducing expression of Neprilysin in neurons using

25 MSCs, a culture solution of MSCs, proteins contained in the culture solution of MSCs,
and/or a signal transduction system-stimulating factor inducing expression of the
proteins.

Brief Description of the Drawings

30 The above and other features and advantages of the present invention will
become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:



FIG 2 shows a co-culture systemfor co-culturing neurons treated with

anyl oi d-beta with human UCB-derived MSCs; FIG 3 illustrates results of

fl uor escew0 20t04i5m78g t o explain effects of co-cul turi ngPo@XRMWE/112 human
UCB- deri ved MSCs on death of neuron caused by anyloid-beta (Ab42); FIG 4
Is a graph illustrating the percentage of dead neurons to explain effects
of co-culturing neurons with human UCB-derived MSCs on death of neuron
caused by Ab42; FIG 5 illustrates results of fluorescent staining to
explain eff eEs 1 ' ] i Cs
on deat h_of neqrgﬂugﬁgggbgiélﬁgggéléﬁ %ﬁn‘@g}aﬁoﬁgﬁgte g@ﬁ%e@i)e{\ag% gﬁért%egag%(&/ts
st ai nedVitft pRtylaig-beta forgopirsr - t au anti body; FIG 7 illustrates neurons

treated wit 432, -cultured with Cs, .and stajned usin )

i munof | uor &s‘?’gn ss’ﬁg}” i Ry GOTRYIEre gsys ?%tfgét ey I"&s’i‘%ﬂgﬁ? Hepted yaithy i n
neur onsarhyleil-eetawitih hdéaa @@Q-@@W@HIMQC@Q wi th bone marrow derived MSCs or
UCB- der i ved Cs; FIG 9 illustrates expression of neprilysin in neurons
and ni cr ogl iP- ceillustraiesreults ofh Juarsscentstainglto explain effeatseof ev-chituting

are co- ' oS- 10 il | ratin he percent age
of deaﬁ”éé?%g\gth\t,\b%@ta ed V\nBt{é@ggzlgg(\:} §8q{:%?$t?lf é‘@%\?\ﬁgq ﬁaH?‘%‘? Z%Vnéﬁ“é/@d‘s'éﬁ
from VBB$42FI G 11 is a graph illustrating the length of neurites of

nd, proteins secreted fromMSCs; FIG 12 shows

neurons cul tr'ljbe W th Ag4 6% ! >
the resul ts '0F RS ECHAR @'&hf tiegtibe pereauiage of dead nernsUcBWEInGRTests of
L) 2o QlihingCReGBhS A huAT ORIR Blrifed INistts! dh HEBIBFndTkon BlsBNp

the results of western blotting indicating e increase I n
of IEPAffEhi neurons and microglial cells are cultured in the presence of

|L-4; FIG S, tein pl ' brajn ti i ncl udi
hi ppocanpus ﬁé@@ﬁﬁ%&?gefgaﬁ%épﬂﬁé{%ﬁ%“ ?ﬁ@ﬁtér%@?@r g Q‘Ftﬁ:ésféjoeﬂli@”fibl Pg
a_gr apmeurbnisivitathiuntart Bend AiztfovalieAvéed METHbAYRSEH 6 ﬁél?roh Tagtaq g& /gﬁg%\b 14;

FIG 16 shows the results of imunoblotting indicating t

protein FIG. 6 illustrates neurons fluorescent stained using an anti-phosphor-tau
antibody;
15 FIG. 7 illustrates neurons treated with AB42, co-cultured with MSCs, and stained

using immunofluorescent staining ;

FIG. 8 illustrates expression of neprilysin in neurons treated with AB42 and
co-cultured with bone marrow-derived MSCs or UCB-derived MSCs;

FIG. 9 illustrates expression of neprilysin in neurons and microglial cells when

20 neurons and microglial cells treated with AR42 are co-cultured with MSCs;

FIG. 10 is a graph illustrating the percentage of dead neurons treated with AB42
and co-cultured with proteins secreted from MSCs:

FIG. 11 is a graph illustrating the length of neurites of neurons cultured with AB42
and proteins secreted from MSCs:

25 FIG. 12 shows the results of RT-PCR using the total RNA isolated from
UCB-MSC as a template after co-culturing microglial cells with UCB-MSC:

FIG. 13 shows the results of western blotting indicating the increase in the
expression of NEP when neurons and microglial cells are cultured in the presence of
IL-4;

39 FIG. 14 shows images of AB protein plaque in a brain tissue including
hippocampus and cerebral cortex stained using a Thio-S staining;

FIG. 15 is a graph illustrating the total area of AB plaque in the images of FIG. 14;
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produced in the brain of a nouse used for an experinent; FIG 17 shows the
degree of expression of NEP in a brain tissue of a normal npbuse and a nobuse
transf or &0 20w/dseré Al zhei ner' s di sease i ncl udi ng hi ppoearrRRI@@eTer ebr al
cortex; FIG 18 is a graph illustrating band intensity of NEP of FIG 17
measured using Quantity One software (Bio-RAD); FIG 19 shows the degree of
expression of NEP in a brain tissue of a nouse into which MSCs and IL-4 are
adm ni stered and includi ng hi ppocanpus and cerebral cortex; and FIG 20

shows the exPIGstE showé thER: l
UCB- der i ved Cs and I L-4 a?%mtg?rrﬂqmﬁe@é%ﬁﬁg Iﬁdl%tl ﬂ?&’éﬁar’gﬁ yi )gg {e"f'he

| nvent | BRdrER #rmhedortam eid smuser1seddbr ahexpeﬂment | nvention, damage of
neur ons caus i he preven ai ed mhen t he
neurons are Iglg; tc)??l ?ﬁ?‘e tﬂe @éﬁgg‘%ﬁcw&g?s'g? @?‘rﬁ@%‘?l'@ "‘(%S@E) IssiRi efha bt

di f f er empuae ehdi antrmmwfransformretihctﬁavél ARRBIng&TY é%ba@@tlﬁ‘ﬁﬁﬂmg e&’#rﬂﬁ and
ition, the inventors of the present inventio g

th d

th:t;vga%%gergg qqé’@ﬂ@ﬁs by anyl oi d-beta nmay be prevented or repaired when
co-cul tured c.protein contai ned
0 The cul turs o s grabiEaRRirdthd Bafl ibeER of NP BE R af 'Hﬁ?%‘éf? 450G 42
( Ab42) @@ﬁnﬂ¥%$@wm{&nm in FIGS. 1 and 3) are conpared with

untreated n ovvn in nost neurons treated with Ab42 die.
However , |fe¢|ﬁoq§a§P§ W?e%?%[?e&élewer%s@%f NEPtiD acbraji tissusmef ainceuseintal

bl 0od (WGBh MBCE v IMSﬁére Q&%ﬁﬁist@?ed’ﬁht?zﬁgldcﬁ?é’hﬁﬁ)%%ﬁbﬁ%oggér{eﬁgatc%rr% Lon

is increased (Ct +Ab+MsSC of FIG 3 an Cts
ucBY9derdifed MSCs on t he preventlon of deat h of neuron caused by

anyl oi d- bet &, TRE T OV erlve M5Cs (Cortex/A
o vBe of TAPRL0BSSUD the BIBHSin' & RERSinRd ol Hellé it Bavisogats ahich
co- cul t%BdernedMS@ardeIuM uf@a@mmlﬁé}écn t he presence of Ab42 for 24

hours, the sane result as shown in C+Ab+MSC of FIG 3 is obtained. This

i ndi cates that damaged neurons by Ab42 may be reparied and the dange of
neur onPday "Wh%&r,ﬁbﬁg%ﬁ\fﬁm’?‘%”h&ﬂt he neurons are co-cultured with
MSCs. I n a tau protein, which is rapidly
phd$phor yl atﬁmobyng to embodiments of the present invention, damage of neurons caused
by amyloid-beta may be prevented or repaired when the neurons are co-cultured with
mesenchymal stem cells (MSCs), which are not differentiated into neurons, without
direct contact between the neurons and the MSCs. In addition, the inventors of the
present invention have found that damage of neurons by amyloid-beta may be prevented
20 or repaired when co-cultured with a culture solution of MSCs or a specific protein
contained in the culture solution.
When neurons treated with 10 uM of amyloid-beta42 (AB42) for 24 hours (Ct+AB
shown in FIGS. 1 and 3) are compared with untreated neurons (Ct shown in FIG. 3),
most neurons freated with AB42 die. However, if the damaged neural cells are
25 co-cultured with umbilical cord blood (UCB)-derived MSCs, death of neuron is prevented
and cell maturation is increased (Ct+AB+MSC of FIG. 3 and FIG. 4). The effects of the
UCB-derived MSCs on the prevention of death of neuron caused by amyloid-beta may
also be observed in bone marrow-derived MSCs (Cortex/AB/BM-MSC of FIG. 5). When
cerebral cortex-derived neurons and MSCs are co-cultured in the same culture medium
30 inthe presence of AB42 for 24 hours, the same result as shown in Ct+AB+MSC of FIG. 3
is obtained. This indicates that damaged neurons by AB42 may be reparied and the
damge of neurons by AB42 may be prevented if the neurons are co-cultured with MSCs.
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Ab42, is prevented by co-culturing the tau protein with human UCB-derived
MsCs (FIG 6). As a result of observing neurons using antibodi es angai nst
Tubul i n bwOI2b10203607MAP2, i.e., markers of neurons, neuri PEI/KR2009mrAZed and
cl eaved and the shape of the neurons is condensed in neurons treated with
Ab42 due to toxicity. However, when the neurons are co-cultured with the
UCB- deri ved MSCs, the neurites are maintained in the neurons and
differentiation and maturation of the neurons are accelerated (FIG 7). As

a result of ROSRINbRIDRAIRIEAGH Uf HERIDING! FinfdhER) radig BhdbrBHILEL"

degradi ng and renovin e expression o Is're n neuroR%
treat edAgﬂZ,HS RrEnted by \corGulivniag tha daw prateinswith BunancluCBuderived MSCs (FIG.
UCB- derived MSCs, the expression of NEP is increased in the protein |evel
and nRNA'l evel (FIG 8A). FIG 8B illustrates stained neurons using an

anti - NEP ant i Awdyreslilt dfepsaVingNFedbRs Wil @RtibbdiRs AtindtTFum At Eqn and
stained in red is considerably reduced, thereby indicating that the

expriessVOR 2 f-e Nararkarsifessens, meuitesarerdamagedbany sleavet anddhashapaof dhe

co-cult bt . I ' EP.i s Jncreased. These

resul tsﬁgﬁgn%\?ss%dc}%gé?etéﬁﬁﬁﬁﬁg]fgg%t%H{ﬂb Aﬂﬁ@”%&%@%&r 0 %‘?".%‘Hﬁﬁ%&e as
vel | asndifBnslare vecdulttiEs With the BOB-d&hvisd METY) the Meulitds 4@ Malritsinbadn hd h
or wthout Ab42 i -cultured with MSCs, the expression |evel of NEP in

the nedigiropsand ddferaelationan magetion ofi the de\wions|ase acceleraeltBis i Al udes

UCB- M5Cs ' ' ' a1 A t - | ved

VBes T nduce Ther deot drBbLiFRE Bxpidssion, B fbrrifsh (N, ' Bthwi G Tptal

al s i rdegradioglandl repwiving AR#2 cthe axprdasimofadE Ras reguvgian eleurdies theaied waittdl
| bst lated in th in, f | e, f

A 2hor (ARI%C RBIRLEN ERef B ek pik Brouliofed sl VEBSsHe Ma s, the

obt ai neskppyssien 6ENE isiScreBSed/Cheasidtdif fovet Hha MRINAT BN (FIG! 84S,

C
therebetween, it is considered that substances secreted fromthe l\}gg’%\cﬁause
the ef fltigteateppigingdhreyneas using aataniYERantibody. r Ktk neoranseareeiieatied WiBCs

eur ond a2, i il el B8P |5" SortsifeBERS RS g, JiSebYaBaiRtRg he the
i deist i faxpdedsidrabf NEPpisatduced &t te' ®durbas. t HoivkeepiEenid@ondhré esiciltived

caused b%/ %Aé%%?d differentiation and maturatjion of the neurons. The 14
prot ei 14ty 1%/ LXPrESSionAf dhe NER,Istiaereasehr4¥ hese results are also observed in

experiments using bone marrow-derived MSCs as well as UCB-derived MSCs (FIG. 8C).
Thus, when a neural cell treated with or without AB42 is co-cultured with MSCs, the
expression level of NEP in the neural cell is increased in mRNA and protein level. The

20 MSCs includes UCB-MSCs and BM-MSCs.

Furthermorfe, it is also identified that UCB-derived MSCs induce the expression of
NEP not only in the neurons (neurons) but also in microglial cells, which are known as
macrophage of the brain and remove toxic substances accumulated in the brafn, for
example, AB of Alzheimer’s disease (FIG. 9).

25 Since the effects described above are obtained by co-culturing the MSCs and the
neurons without direct contact therebetween, it is considered that substances secreted
from the MSCs cause the effects. Proteins that are not expressed or rarely expressed
when MSCs are singly clutured, but increasingly expressed in the MSCs when the
neurons and the MSCs are co-cultured are analyzed. As a result, it is identified total 14

30  proteins are related to the prevention of toxicity caused by AB42 and differentiation and
maturation of the neurons. The 14 proteins are activin A, platelet factor 4 (PF4),

decorin, galectin 3, growth differentiation factor 15 (GDF15), glypican 3, membrane-type
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decorin, galectin 3, gromh differentiation factor 15 (CGDF15), glypican 3,
menbr ane-typefri zzl ed-rel ated protein (MFRP), intercellul ar adhesion

nol ecul e WORDOAING)75 i nsul in-1ike growth factor binding pCo®iER200900611GFBP7) ,
pl atel et -derived growt h factor-AA (PDGF- AA), secreted protein acidic and
rich in cysteine (SPARCL1), thronmbospondin-1 , wnt-1 induced secreted
protein 1 (WSP1 ) , and progranulin. Wien the neurons treated with Ab42
and each of the proteins instead of the MSCs, the death of neuron is

consi dQFléﬂéd-rélﬁfBbCEFbtelﬂWFﬁp |ﬁféﬁ&§hﬂ’ér m&%@mﬁgc?ég%gd@@@} I%S'_i%cm&iased

when conpared to the neurons reat onl
this re;;awdw fachay Umdlpgcptr@ﬂan’s7dK§EBPEb¢Ia{btaHdemvbd gnewﬂemctorb%ﬁ PIGﬁ}Aex)

h
b ot ei 5T tet P aies Al By ""IE 3 élﬁéﬁgﬁéﬁ&&‘rﬁﬁ RS SHORG e vtk 8
may ha\lﬁd@dbdaé@d?éte@%r@téiﬁqugﬁv Al OQvAh thé\ﬁe&%% %e(te':@%?f

NGO 1). Platelet factor 4 that |s nown as chenoki ne - C not
| i gand /%B"(mg?ch of wesnmrerme mmmef thel MBGisnthe death@fmexmmcwuﬂemblw

The ge SQ 4. PF4 e,.an
2 no. 450408 I Tehd R, gr s 18 Ui REBSSTR Ve, shRaietol e
Decor i meusons ;ueat@bghwcwnhh/aMZQ{FKBSa\wrm 1) erubifg reghehtthef 14PeiR0 to
about 140 kDa é)ec ri gl ongs to a small leucine-rich proteoglycan (SLRP)
fani | y 985grbed &Wﬁnfﬁ BN QS’O‘PG!"%MG{Q"I eucine repeats with

gl ycosam noglag@nA((aPls GABRIS bs AN FRONNLAAT 1 SUhEREGIRErSbdtind STR an

sulfate (DS). Decorin nmay have an amn guence o S§sio
No.1p NRnooh thatl INHBAG C@iedtbya)w IN%/—EQEne iBhumansi s INHBAMag haCGélad drnipet i n,

Bor "ot secicicect NER! A Seithe s i Bt s B BTt NGBl “Accesst on
o N 515 FiesEaLp mpnﬂa)) RO il 8¢ SWolbin (9RIOTmal (RRTHEl

that is_known as nacroph aﬂe I'nhi bitory cytokine s a el n
bel ongi(kefGld) dsta smalbeyio @egbelmnnlrrgam @ O@@m@u@«m@ﬁawyawhemn@m ng

an infl cell ,de at in a di seases
pr ocesg%% %‘ﬁf‘a@%%%ﬂi C\% orgﬁs% end: ?@J‘ Eréﬁ/ 2‘%&3 fpigo acid
Acaessisequlace o NRCBDABLSEs<iGERNJ. INND02810 GSE/QIIDGNO32? hat is knovvn as GPC3

is a protein belongs to a glypican faml For exa : ican 3 may have
an ampno achfcgggu%&gr@go&f@)égn Aavings aargmage molecular welgxp of about 90 to

about 140 kDa. Decorin belongs to a small leucine-rich proteoglycan (SLRP) family

and includes a protein core having leucine repeats with glycosaminoglycan (GAG)
consisting of chondroitin sulfate (CS) or dermatan sulfate (DS). Decorin may have an
20 amino acid sequence of NCBI Accession No.: NP_001911 (SEQ ID NO: 3).

Galectin 3 that is known as LGAL3 (lectin, galactoside-binding, soluble 3) is a
lectin binding to beta-galactoside. For example, galectin 3 may have an amino acid
sequence of NCBI Accession No.: NP_919308 (SEQ ID NO: 4).

Growth differentiation factor 15 (GDF15) that is known as macrophage inhibitory

25 cytokine 1 (MIC1) is a protein belonging to a transforming growth factor beta superfamily
and controlling an inflammatory pathway in wounds and a cell death pathway in a
diseases process. For example, GDF15 may have an amino acid sequence of NCBI
Accession No.: NP_004855 (SEQ ID NO: 5).

Glypican 3 that is known as GPC3 is a protein belongs to a glypican family. For

30 example, glypican 3 may have an amino acid sequence of NCBI Accession No.:
NP_004475 (SEQ ID NO: 6). Glypican belongs to a heparan sulfate proteoglycan
family and is attached to the surface of cells through a covalent bond with
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NP_004475 (SEQ ID NO 6). G ypican belongs to a heparan sulfate
proteoglycan famly and is attached to the surface of cells through a
coval ent Wwordiwvissi1gl ycosyl phosphati dyli nositol (GPl). MeobmR2e09/006712
frizzled-related protein (MFRP), for exanple, may have an am no acid
sequence of NCBI Accession No.: NP_1 13621 (SEQID NGO 7). Intercellular
adhesion nolecule 5 (1 CAMb) that is known as tel encephalin belongs to an
ICAM famly. ICAMis a type | transnenbrane gl ycoprotein, contains 2 to 9

immnog{lytygg#,lhﬂomg)&“%lfoyfgg onai ns, and binds to |eukocyte adhesion

| ynpho nct1 on-assocl a antigen 1 (LFA-1 ) protein. For exanple,
| CAI\/B may hM&mIamrmrﬁnznledaeHatacénméane{MﬁRH\pﬁbr éxamgls| mayNmve dPafid2 abid( SEQ

an | GraRnentt of BRSO N P T ae B BINOR g/ o v fact oPe'(??;gf e
| GFBP7 is airﬁ@rdé'ﬂglﬂi* a@ﬁebﬁﬁ‘rﬁbl@@ul@% acaive hé?%%n%%ﬂ?@ﬁéﬁbekh@h%@%

For exarrpl e have an am no aCI sequence O CCessSi on
NP_901824r( @WI tarNdy QPAMbu&t%lme djélransmﬁrgbr@netha@m@KeMAcpmadnS BAo 9

ool poT eIy PSprA0.C 2 P R TRRERn BREERE Kl ot e r'Xﬁ[r)’IGﬁﬂﬁytghe

gr om hflmmllod#ésfseb@ltéd airitigen of (EFN—ﬁ) pRﬁ@ﬁ | Farl ék?amﬁleatlﬁﬂ\l\?l@ rﬁégl W%ﬁ' S
For exa PDGFA may have an am no aci d sequence of Accessi on No.

XP 001a%BQ@E'd(WQnDeI%NQ@)AC%ﬁ'O@XM%W_ 5@t(§&%%i\@ B)aci di ¢ and

ncoessi on’ Ny kG Byl faeiat g BgiR UBPERT B I AINEREP A=
hggmt r specﬂ" calfyr bimilmlg kioEmrsuhriMlmlggrthldlflauidh QGF) Thﬂgﬁﬁé’gpwldﬂlgo 1<nlosvnalas
t t t t t
"t or alT ARG R iaRd O AT GEBE-PA)1 | 91 Shaganle, IGERBABAY have an
| am ni BmiRe dcidye@yuénes!df AEssY- A&@ss@hﬂﬂ@' RiP_Doraaugseenh Nd: gy have an

am no aci d sequence of NCBI Accession NP 0033 SEQ ID'NO 12). WNT1
i nduci bl e sPipteletidegved oty fgﬁMM(BD@WSR’L bplqﬂmtt0| RDowiPREFEA4s a

bel onSihytl GRe30R1h g Hab BEGH % S0 URR0RE b RS AP RGREL
thas nPOGKE ds a padtedt Yonfrolthey ehe RiretiRlandr agRsentiatioR T&F cEiri IWDGFmeé@oar e
char act erl zed by four conserved cysteine-rich domains: an | G- binding
domai nrelateghip angiagensmisiul feor example, PDGFA may have an amino acid sequence of
NCBI Accession No.: XP_001126441 (SEQ ID NO: 10).
For example, secreted protein acidic and rich in cysteines-like 1 (SPARCL1) may
have an amino acid sequence of NCBI accession No.: NP_004675 (SEQ ID NO: 11).

20 Thrombospondin 1 (TSP1) is a homotrimeric protein bound through a disulfide.
Thrombospondin 1 is an adhesive glycoprotein that mediates cell-to-cell and
cell-to-maxtrix interactions. Thrombospondin 1 can bind to fibrinogen, fibronectin,
laminin, and type V collagen. For example, Thrombospondin 1 may have an amino
acid sequence of NCBI Accession No.: NP_003237 (SEQ ID NO: 12).

25 WNT1 inducible signalling pathway protein 1 (WISP1) that is known as CCN4
belongs to a WISP protein sub-family and a connective tissue growth factor (CTGF)
family. WNT1 is a cysteine-rich, glycosylated signalling proteins that mediate a variety
of developmental process. A CTGF family members are characterized by four
conserved cysteine-rich domains: an IGF binding domain, a VWF type C module, a

30 thrombospondin domain and a C-terminal cystine knot-like domain. For example,
WISP1 may have an amino acid sequence of NCBI Accession No.: NP_003873 (SEQ ID
NO: 13).



t hr ombospondi n domain and a C-term nal cystine knot-|ike domain. For
exanpl e, WSP1 may have an am no acid sequence of NCBI Accession No.:
NP_003873wWQ3BQ/as78I0.  13) . Progranulin (PGN) is a precur ®OT/KK20erv@aUki n.
Progranulin is a single precursor protein having 7.5 repeats of highly
preserved 12-cysteine granulin/epithelin nmotif, and granulin (GRN) is
cl eaved fromthe progranulin and belongs to a secreted and gl ycosyl ated
peptide famly. Progranulin is also known as a proepithelin and a PC

|l -deri f r r ' : ] cid
cell et b gl BEY s £ Dhoc ARl B9 B ST Yl pRSRSor
m E r zglﬂrqq[eircbhwgagamtﬁ.r?pe%te[m‘ I?glﬁ/]cmésewed 1!mcyél;einar@aa?mﬁepﬂl}élﬂg'ltamotiﬁldddn- 4

-4), it wa ntifie expressi on of neprilysin i s

i ncr eaE@nyliy ?ﬁ?q\f). & &j?@\éﬁJ]?m st?‘§n8PQQ¥GF‘H‘r?&.an1%SEQ!FQ§y59, aj §eqé’ged and
dentiti - i _ ; ] ; )
ey B Copipae e s\l 857y PO o
i dent i foelldlerivad grawvtbx faciesi ofroof exdERples prograragdiad may drasien ani sewiee  acid

i ncl udi_ng hi ppo and/.or .cerehr | - or IL-4 are

adri ni ?ngs'a@%":@@ﬁﬁ?ﬁc&eﬁwwA@-mﬁﬁhﬂbﬁéﬁ@ﬁ%%é@&ms al so identified
that the expfregsogial @blidBRdIrfeurdls gRSQdUr8d T Heopldsahcs of IntelleliiRiay(L4gsues
if UCB-MSC or IL-4 are adm nistered to a nouse having Al zhei ner's di sease.

| nt er | dunasidentified thatithe gxpressivned neptlysimNER X if inasaased indhe sniceodlial ¢alls

hel per Cc hO gel )i nt o : acti ed. y - .
furt hera-ﬂgr g%hlggsg I L&4.ad%j[d-0§ ’ n%t;w %gﬁggﬁﬂ'ﬁeé’mxﬁ%t %ﬁ%o'geé!?\é@%e%(# K@I‘éd i
Acqiesz iWCB-Nesived NFO@QB?B-MI%)_ : drm_NCare%%mmﬁst]éﬁgﬁﬁbZﬁﬁlusg he_vihédmméiﬁien% may
i ncl ude, not on unpn-derijved proteins but also _nammal -derived proteins.
For ex&ligsiase. t WM%%| idepdfedhivat the S&yﬁﬁsaﬁooftfﬁ%w%mammi brain Hesyesy
exanpl ; Seddt b T ' f

mer oo ARIAg igStantulsand G Eehcki ek FEEEMST, bt 142 ddftibistitelto 2,
wi t h r eoeuse hadegAdzhaimet’s slisease e g Hiveasaaisvddemtified thabthesexpgestiemof 8IHR is

currently availabl.e stemcell technolo I SN ufficiently devel oped to
be applTBaTS! It frgooantal bt Dirmrsurods PR HRE B i Skadmiisstiaa s
di geasenolddeMeig AlZMRiMBY S AigageOf the present invention have found that
MSCs reduce neurocytoxicity caused by anyl oi d-beta, and accel erate

di f f er ent i aliteredlia-4(lbt4)israacviokine inducing differentiation of a naive helper T cell
(ThO cell) into a Th2 cell. Th2 cell activated by IL-4 further produces IL-4. IL-4 may

have an amino acid sequence of NCBI Accession Nos.: NP_000580 (SEQ ID NO: 30) or
NP_067258.

20 The 14 proteins may include not only human-derived proteins but also
mammal-derived proteins. For example, the mammal includes a rodent and the rodent
may include for example, a mouse or a rat.

Even though the possibility of treating of neurodegenerative disorders, such as
Alzheimer's disease, has been raised with recent research on tissue regenerative

25 medicines using stem cells, currently available stem cell technology is not sufficiently
developed to be applied to a wide range of memory loss in the brain such as Alzheimer’s
disease. However, the inventors of the present invention have found that MSCs reduce
neurocytoxicity caused by amyloid-beta, and accelerate differentiation and proliferation
of neural stem cells in the brain. Thus, the possibility of developing a cellular

30 preparation for the treatment of Alzheimer's disease and other neural diseases is raised.
In addition, it has been found that several proteins secreted from MSCs have therapeu"cic

effects on neural diseases such as Alzheimer's disease, and thus the potential for the
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of neural stemcells in the brain. Thus, the possibility of devel oping a
cellular preparation for the treatnent of Al zheiner's di sease and ot her
neur al diweasm#ss@srai sed. I n addition, it has been foumrdTiKR00%®EHRAI
proteins secreted from M5Cs have therapeutic effects on neural diseases
such as Al zheinmer's di sease, and thus the potential for theprevention and
treatnment of neural diseases is increased. The present invention provides a
pharmaceutical conposition for the prevention or treatnent of a neural

di seas rr%'erh%H%ian({%gﬁﬁ%E‘??ﬁﬁ&k@wﬁ%g&é Issm{:u ggb a culture solution of the

VBCs, erns con ure-so ron” of M5Cs and/or a signal

t L ansduct : ogheym’ee@mtsm'vgmlﬂiat gng/id@:a @hatmgugmml @spmgionrfoothe bee\ﬁm‘bai nsl.
The neura i sease may be a di sease cause a damage eurite. The neura
di seas®F HeptHeNtPLadekEat @S%%d@@pd'ﬁarmﬁﬁ%ﬁw@%i% sﬁlgdﬁﬁé& iPofklture

epi | epg¥iutiBH!ds R/l%é,gfrﬁfébiﬁs cHRBirfd Jﬁrthé%lﬁltﬁfé”?dlﬂﬁér'ﬁ BAMItY &fd/or A fignal
pre-denentia syndrone exhibiting mld cognitive I npairnment may be diagnosed
usi fig &aneducijosysysteroestivallatirg facton intasing expression véthe prateinbouthd Pl

e " Il 5 o BB B b e LAl TR rihEs, ™
progr eagzHedmAr g hgibaRse, s PAHIRSSEs aditedsd HEFIcEsint NeBifepaRy niulBAENBEIErosldlUS,

when a pharmaceutical conposition according to the present invention is
adni ni staiaPranygameinationthareat.| d cognitive inpairment, the progress to

Al zhei mer' s ,di se vent: de > : . ' | al so
provi des a @%bﬁ%ﬁsﬁqrtgén%r%‘@gréih'gjg&%ﬁﬂ'&'y %‘)‘(’P‘ﬁ:ﬁ?ﬁ %’aﬁg};’w;’%d

t r gat meBingvd heuropsyohslobighntdsh. Nkt has saenprepotiedi that pbosiptRYydfgidtientoivithau
protein jn neurons, preventing neurite dama re, and i nduci ng expressjon of

nepr i | Yiildy cpgnife riIRaiRg M gPIoSeass aoduzh%ifreeg’ssemﬁqaéﬁ Be" . prrisingdy,
cont ai i And/h : : [ : ' b d

yst o or BpYSt BHMSHS SuibP i Aty RaimREnCoRpas 1o PEREIHENS Oease

i n vi vaftel® years nsighdutr ahgrtreatolerde iThpse diveen sa r ghiprimaedufical commpositiog t he

or oA R R RBS AR Rl BRGHELBF fiGies el i SoBRlG) "
tr apsdypphifieht e PrareSBHAAIABINECS Gisehss Hidy 8 BreVeRtsd @ﬁd&é¥édle proteins

according to the present invention may be admnistered with other effective
i ngr edi ent s Thaviprepest f investion alse prevides i anmathed candreat Kibf fon preMenéings

di Seas?\eu%ac%%@n'csaugieaeﬁ/e’tréjaecme?i?SWH’ amyloid-beta in neurons, preventing
phosphorylation of tau protein in neurons, preventing neurite damage, and inducing
expression of neprilysin in neurons using MSCs, a culture solution of MSCs, proteins

20 contained in the culture solution of MSCs, or a signal transduction system-stimulating
factor inducing expression of the proteins in vitro or in vivo. The kit may further include
ingredients required for culturing the neurons.

The pharmaceutical composition including MSCs, a cuiture solution of MSCs,
proteins contained in the culture solution of MSCs, or a signal transdqction

25  system-stimulating factor inducing expression of the proteins according to the present
invention may be administered with other effective ingredients having effects on the
prevention or treatment of Alzheimer's disease, Parkinson’s disease, depression,
epilepsy, multiple sclerosis, mania, etc.

The pharmaceutical composition may further include pharmaceutically acceptable

30 additives in addition to effective ingredients, and may be formulated in a unit dosage
formulation suitable for administering to a patient using any known method in the
pharmaceutical field. For this purpose, a formulation for parenteral administration such
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epi l epsy, nmultiple sclerosis, mania, etc. The pharmaceutical conposition
may further include pharnaceutically acceptable additives in addition to
ef f ecti vewDngroads@nt s, and nay be forrmulated in a unit ®o3agReoéonukati on
suitable for adm nistering to a patient using any known nmethod in the
pharmaceutical field. For this purpose, a formulation for parenteral

adm ni stration suchas injection fornulation or topical adm nistration
formul ati on may be used. For exanple, a fornulation for parenteral

adni ni sidig }e'cﬂ?n?d’rﬁ{hlétﬁ)é'l&tﬁf)da?gdﬁ%g‘ﬁ‘ét‘?otr{ﬁ?mﬁ BnThaY bt fis8d '“FbP@xeﬂ{lgﬁ o

suspensi on require wat er or her arma I Ca 1y acce

sol ventzs formeylatien rﬁmedardmerademmhfsxraaonmuchdasag}edmn nfotratiiation rt&fya b&terlle
prepare har maceut i cal accept a%bl e carrie medi u

P P Stiony O BuBraSo oF b dira ot Weteror Sherphahaqrueaibl aroshtable
sur f actgyfentst hPBE us@8! - FéF‘eﬁ%&‘rﬁFRgl &MNnit dbe ‘%@'fﬁ dﬁulaﬁoﬁ rﬁaé?ﬂé/ gFég‘é‘?ed %gﬁga

bi nder. The pharnaceutical fornulation may m ni st ntera
usi Ag a]ghwnmwuhealtycﬁmeptame carrter oTheediaime pteer stbriledrater ﬁailae,l wyatalyle oil,

|ncludea d ration d asyst c adm nistration

t opi cal®" fﬁﬁ?‘ﬂ%@% a% %‘%\gbﬁz? P %e?lf i fggf?h PR Sted ﬁ’&hf‘ﬂ% a

phar naqﬁgggma{wé @hdd Binden i nto an injury region or peri pheral regi ons of
the injury reglon for example, brain or spinal cord, peripheral regions

t hereof , or &@p@batreafﬁ%@m@hsfortnméa@m may b yastraipistered apaieniaraliatusing any be

erfor ng.t h t S
per for REGRY (AL B | e e TR MR, ERySBRoE yhaR hRhfer B, Rbica),
ar tier t yadmeigistration raargi ansystaMaﬁlcngdrlnirﬁstcbtm t HEhe nopicat bewirdstration asl tieon,
t he adm str tlon m?] b erfor ccordin to a nmethod disclosed in

( Dougl &e Fé&‘ﬁ‘&g qlirec &iﬁ@gtﬁtwg pRABIAceWisRl fOB"BU'aBBn '@G%WWZGG@P

S f
o et & ey PpeRTElohs €F ReSHRNEFqbA [ RRED bR Br Spllel Solf pdtbiferal o,
( HBSS) regionajtberasd, Phopposite egiondythergufoyThe wstmnghmedﬂmstrgmmgmyarm a

t f d, t th t .gh It
dose oPThuneRc Ral ity Pt PheimasSERT T rdalion o s Pab aPRieiaRor per
days f @rrtee%aﬁpﬂw@ ,spiria® LK in@bdé® é@fébl%@pﬁ\%ll IfRiick 9 'fl*i@%)‘téﬁ@' #R3Y) b&e régin

whi ch can be adm nistered in a _single dose or in divid dosés. However, it
shoul d SHEPlYHkLPlepdda thedriunhediemunn atdition tNS@simm@traBmmyabe wesotmedy ed

\I\/E??ou%%?gﬁé@ ?& 33 ol s%‘?oﬁte% daﬂ A%ﬁ?%@%zﬁ#&%lﬁa it Bl N Hoib By, Vg5 Of

ors 1nc
pp. 565-569, 2000). Specifically, a skull of a subject is incised to make a hole having a

diameter of 1 cm and a suspension of MSCs in Hank's balanced salt solution (HBSS) is
20  injected into the hole by employing a long-needle syringe and a stereotactic frame used
to inject the suspension into a right position.

A dose of the MSCs may range from 1x10%to 1x107 cells/kg (body weight) per day,
for example, from 5x10° to 5x10° cells’/kg (body weight) per day, which can be
administered in a single dose or in divided doses. However, it should be understood

25 that the amount of the MSCs, for example, UCB-derived MSCs, actually administered to
a patient should be determined in light of various relevant factors including type of
diseases, severity of diseases, chosen route of administration, and body weight, age,
and gender of an individual patient.

The present invention also provides a method of preventing or treating a neural

30 disease of an individual, the method including administering a pharmaceutical
composition comprising at least one selected from the group consisting of mesenchymal
stem cells (MSCs) and a culture solution of the MSCs to the individual.
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di seases, severity of diseases, chosen route of adm nistration, and body
wei ght, age, and gender of an individual patient. The present invention

al so prowdesimsaeshod of preventing or treating a neur CTHRe@z®6TIR an

i ndi vidual, the nmethod including adm nistering a pharnaceutical conposition
conprising at |east one selected fromthe group consisting of mesenchymnal
stemcells (MSCs) and a culture solution of the MSCs to the individual.The
adm nistration used in the nethod nay be a topical admnistration or a

systematic ) QHSHii&t4 nh NM HITRORYhd ; ;
adm ni st ered yagﬁﬁgﬁgﬂﬁh gg?%c‘?i @% or pdr g@é@{m ng %Pﬁc{a?e%é{ﬁ?ﬁgﬂtgﬁgn |rsgase.
|t woulsystemaiivadiisistratione dhe phdrmacgutidal tbmpositibe neayt bé hdmintistered beahi ve

t di to th diti f the di .. Th
ohar mERRr el i Pdaniing 4 nelihe e dhsoes Twoddihe daviptado pecth bed
above. ordinbResiiBMeR. art titat MRCefeeich®dnt ma}yr\?rg BRESRGRIO PRl corRIftRRR! dfi on

may be col | ected fromnot only autol ogous ce ut also allogeneic cells
f r ofn ottffreflisedge ani mal s for nedical experinments. Cells preserved in a

frozenformﬁ(’gy d, | S therapeuti.,c nethod i.s not |limted,t
humans. I n ge eP g%ﬁﬂﬁg%st%%gfoéﬂ@oﬁtboé’ gﬁ%ﬁi ﬁ% tﬁg S g5 a@e\/\é?ﬁneaéshméns.
I n thedestiivstl slveneulml thdl speRANBYebHISCH B6ARMRURCthdYpiirmaeasticqne
selected fromthe group consisting of anyloid-beta, hyperphosphoryl ation of

tau pr GPEINGSIHINIBEY he:saliasiedfrone giot oply Autolpapusaselisebuloalpe @lipgeréicoplls

neur al g | ' ' P ' ' S I on,
cpi | opAohT SRS B an LSS BBIcaF oeriets, "Cells BRled In o fon REFT £33, |

i ndd catds® be medr é’hésrrthﬁrapéutmrmetbhc}:ti 3:] agu&nﬁt(ezlr)t;j hum&ﬂg& tlnagenavgl, MPEasi ent
havi ng Al zhei ner' s di,.sease. The anyl oi d-bet a may be a peptide

i ncl ugm@/ Qﬁog’eﬁwl'ﬁgﬁﬁ ”@Pm?é%laF%% @28%r mi nal of anyl oi d precursor
protei n (APR) thdahethdd2 e HeBrRNMEaas %w%r@tcﬁséhs&gsuéé@ BRYatbRaBt %ﬁgced

from APP by a continuous operation of b- "'secretase and g -seCretase. r
exanpl ecleckas spmnthg drowgp gdesisting of amyloid-beta diyperptasphesyatioineof4au pwoten,

ot 00 A5baiprdbef % Tprh A R Gl B ER, TR B G o s
( SEQ | BiZM@iméPy dideae, iIRmrkingan sadigbasdl - dsiirasdn Pepilaisy, inadfislerRdiéosly, o'
(APP) . m‘l;\hneia.arryl oi d-beta (Ab) nmay be derived froma

The amyloid-beta (AB) used herein indicates a major element of amyloid plaque
found in the brain of a patient having Alzheimer's disease. The amyloid-beta (AB) may
be a peptide including an amino acid derived from the C-terminal of amyloid precursor

20  protein (APP) that is a transmembrane glycoprotein. The AB may be produced from
APP by a continuous operation of 3- secretase and y-secretase. For example, the AR
may include 39 to 43 amino acids, for example 40 to 42 amino acids. The AR may
include 672-713 residues (AB42) or 672-711 residues (AB40) of an amino acid sequence
of NCBI Accession No.: NP_000475 (SEQ ID NO: 19) which is human amyloid-beta A4

25  protein isoform precursor (APP). The amyloid-beta (AB) may be derived from a
mammal. For example, the AR may be derived from a human or a mouse.

The “tau protein" used in this specification is a microtubule-associated protein
found in neurons of a central nervous system. The tau protein interacts with tubulin to
stabilize microtubule and promotes tubulin assembly of the microtubule. It is known

30 that a cerebral tissue includes 6 different tau isoforms. It is known that
hyperphosphorylation of tau protein is related to the outbreak of Alzheimer's disease.

Tau protein is microtubule-associated protein having high solubility. In humans, tau

13



manmal . For exanple, the Ab may be derived froma human or a nouse. The
"tau protein” used in this specification is a mcrotubul e-associ ated
prot ei n fwonrdioesearéur ons of a central nervous system TIRETIKR2O@VOEHRN
interacts with tubulin to stabilize mcrotubule and pronotes tubulin
assenbly of the mcrotubule. It is known that a cerebral tissue includes 6
different tau isoforns. It is known that hyperphosphorylation of tau
protein is related to the outbreak of Al zheiner's disease. Tau protein is
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For exanple, the tau protein may be derived froma human or a nouse.
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causes zheiner's disease if anyloid-beta is abnornmally m sfol ded and
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nmet hod of redugi ng ar%a[oémﬂg a[g%tg '?ﬁa%’ﬁ'ﬁ‘g‘mt”?@gﬁ@ Qﬁ%?gﬁg?ﬁ}g&ﬂﬁgfeu |a|ng
culipur itisguehe Maexdmplessepdysin miechaveae motino bickl sdopeate of dGRIl Aatesdidiy om

the gr ) ISl SERAC | .stemcel L.s (MSCs), and culture

sol ut] VPR RDpRBYsEQ, TBEBE Ao TR BrBsR e B8 eded o Hs? HOAIPBIRY: may
be cul Wr%@tampléﬂithémeggilyism iayde Jé‘rﬂ/édr{rdrhtéﬁu@blhfdr”a%ﬂﬁéfe.be perf_orn"ed In a
culture nedium for MS and/ or neural tissues such neurons which is known

in the art. TeeP/sent daeniienr alsot proyides auvkthes ateduingramyleidc plagueein

heur ai NSV sbel frehneRH Aicludide TREHIE S o0ty 8B F1 M Prdtere B pteacn
ot her lyast omendslactedvirdrh tive gesup tomsisiobinRseRhymatestempedie (MSEspaRd a

configuragtion sufficjently large for biologically active materials in the
culturé’uﬁﬁ’fﬁimﬁ”ﬂc&ﬂo W&W‘/@é-to pass through the pore but for cells not to

pass ther et Iy, gydnetiB8, the neural tissues such as neurons may be cultured in vitro or in

vivo. The in vitro culture may be performed in a culture medium for MSCs and/or neural

tissues such neurons which is known in the art. The MSCs and neural tissues such as

20  neurons may be cultured with or without direct contact therebetween. For example, the

MSCs and neural tissues such as neurons may be cultured by being separated from

each other by a membrane with pores. The membrane may have a pore size and

configuration sufficiently large for biologically active materials in the culture medium for

the MSCs to pass through the pore but for cells not to pass therethrough. The

25 biologically active materials may be proteins, sugars and nucleic acids. The membrane

may be disposed such that the MSCs are cultured on the membrane and the neural

tissues such as neurons are cuitured below the membrane so that the biologically active
materials pass through the membrane to the below of the membrane by the gravity.

The in vivo culture may further include administering at least one selected from

30 the group consisting of MSCs and a culture solution of the MSCs into an individual. The

administration may be a topical administration or a systematic administration. An

effective amount for reducing the amount of plaque may be administered. It would be
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biologically active materials may be proteins, sugars and nucl eic acids.
The nmenbrane may be di sposed such that the MSCs are cultured on the

menbr ane woaotoseoreur al ti ssues such as neurons are cul ParaR2bel/werizhe
menbrane so that the biologically active materials pass through the
menbrane to the bel ow of the nenbrane by the gravity. The in vivo culture
may further include admnistering at |east one selected fromthe group
consisting of MSCs and a culture solution of the MSCs into an individual.
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may include a human, a nouse or a rat he reduci ng of anyloid plaque in

t he Sneur al twasn@élycmwf wmyleidudaage trhtheanmmalttlseﬂean}dychejrq:dm;q@therambant

neur al r. toth of amyloid neural .tissues
such asotfnaiﬁﬂgﬁis&%ngg ﬁqpﬁrréed‘r ntiFSHES %rg %ﬁ&%@' Odﬁtf'%qlé%l"‘fh?f‘eﬁ’

sol uti greuwedl tidsaedSbeh aBretiehBara®ltOr<d P thelseHss &f e MBSs BP8CH tLRdld on
may be an insoluble fibrous protein aggregates including anyloid beta. The

any| oi Foptign RS thaMPespresent within a cell, on the cell menbrane and/or in

bet [d : " t
2, space Dot vRRIGER! LinydHSbaNE Rty SASHERIONIR BT PerkBihtHus oc
cerlebr groteirs aggregates imnmmmgaamymld beta.ceTiabamlyldid phidgee mayg bedsreeeneWithin
cortex. ?ﬁgf QgHral tlssges i ncl,.ude neural cells as wel | as the neural

ti ssued e Rl mMRATPRNENY/Qr iR RRee hetwesAdellsel | s and/ or nicrogli al
cells. The ol {dhi %draﬁ.é&aé%ahséa PBIAR, lhB@HH%ﬁtr’éPhéNé'é‘ygtérﬂefo'?%%ﬁ?lée' I's

such as neuronal cell and/or mcrog I'n Vvivo or
pr esentorainvtssuesn al I‘a) baio tissssainoludeo deotbrak tissuesy andehutpgcampufs The

PhosbhasH] Ak Al BERAR Lhehe e DR b el
consi ststeafeuraiSiusuRYBYr <. eMmeehésral MBS Inchidd ﬁetﬁﬁhél%&lsséﬂdiéi Hﬁcr%bhélhe
VBCs. The culturing is described above with reference to the nethod
r educi §8l1%ny The cCYiUERgethe neural tissues includes culturing the neural cells such as
neuronal cell and/or microglial cells in vivo or in vitro.
The present invention also provides a method of reducing the degree of
phosphorylation of tau protein in neurons, the method including culturing the neurons in
20  the presence of at least one selected from the group consisting of mesenchymal stem
cells (MSCs) and a culture solution of the MSCs.
The culturing is described above with reference to the method of reducing amyloid
plaque.
The reducing of phosphorylation of tau protein in the neurons may be reducing
25 the amount of phosphorylation of tau protein compared to that of phosphorylation of tau
protein when the neurons are cultured in the absence of the MSCs and a culture solution
of the MSCs.
The present invention also provides a method of increasing expression of
neprilysin in neurons or microglial cells, the method including culturing the neurons or
30 microglial cells in the presence of at least one selected from the group consisting of
mesenchymal stem cells (MSCs) and a culture solution of the MSCs.

The culturing is described above with reference to the method of reducing amyloid
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The reduci ng of phosphorylation of tau protein in the neurons may be
reduci ng the anmount of phosphorylation of tau protein conpared to that of
phosphor yWwetnmwsei7st au prot ei n when the neurons are cul ParaR0ep/@bH2absence
of the MSCs and a culture solution of the MSCs. The present invention also
provi des a nmethod of increasing expression of neprilysin in neurons or
mcroglial cells, the nmethod including culturing the neurons or mcroglial
cells in the presence of at |east one selected fromthe group consisting of
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d above with reference to the nethod of

VBCs. Th ul turi ﬂ IS descrlbe(\

reduci P EAE dIm de e UBreanRe g, FINCEPRRTEE S SRl G CRRANdea 1okt
neur onsgaNitigtesrtRBMS@% ng damaged neurites, for exanple, by Ab. The

I ncreasing of neurites growmh of the neurons nay be increasing of neurites

groMt h of t hEheneultusing is cleparileet aloveawith teferegroevid hhee)fneltﬂrrm obredooimgvdragloiche

neur ons, tur n.the a nce of t a culture solution of
The. ve8hsk i a8 Rt TR FwShs sTubE moritel nauale e BRs kg
treati rtﬁarﬂagwrr@url€b§e@$ee>@°m;§l@ ipydApl dudie, lridaé*aslmé RdndiREY BrBih of the
adm ni stering a pharpaceutical conposition including at 'TIeast one sel ected
from t HEWPRRMB6 RS Ncreaping Oédleuntes grovrdmof thec oebirpnsgedmpaied & nEDFldEs

\%\lv }élgllc?d}p%gr aﬁ?l rlmélf;éf(%wﬂ eﬁ:tﬁF acet ucqlﬁgé%&‘gs%ﬁsgﬂggbgiﬁ%%(gﬁ Hngrﬂ/
contsi natultare sMahmbfth'ﬁlmmhﬂ ni st rat | on used in the method may be a topical
adm ni strat Iﬁ"ne present invention also provides a method of preventing or treating a neural
disease of an individual, the method including administering a pharmaceutical
composition including at least one selected from the group consisting of activin A, PF4,
decorin, galectin 3, GDF15, glypican 3, MFRP, ICAM5, IGFBP7, PDGF-AA, SPARCLA1,
20  thrombospondin-1, WISP1, progranulin, IL-4, a factor inducing expression thereof, and
any combination thereof.

The administration used in the method may be a topical administration or a
systematic administration. An effective amount for preventing or treating the neural
disease may be administered. It would be obvious to one of ordinary skill in the art that

25 the effective amount may vary according to the conditions of the disease.

The pharmaceutical composition used in the method is the same as that
described above.

In the method, the neural disease may be a disease caused by at least one
selected from the group consisting of amyloid-beta, hyperphosphorylation of tau protein,

30 hypoexpression of neprilysin, and damage to neurites. The neural disease may be
Alzheimer's disease, Parkinson's disease, depression, epilepsy, multiple sclerosis, or
mania.
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systematic adm nistration. An effective anount for preventing or treating
the neural disease may be adm nistered. It would be obvious to one of
ordi nary WwRi2bio/iseo7she art that the effective anobunt mayPCamRrR2eesT2Ng tO
the conditions of the disease. The pharnmaceutical conposition used in the
method is the sane as that described above. In the nethod, the neural

di sease may be a di sease caused by at |east one selected fromthe group
consi sting of anyloid-beta, hyperphosphorylation of tau protein,
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conbi nap Lol ft hereof. In the nethod, the neural tissues such as neurons may
be cuIt PE 3)1n vitro or in vivo. The in vivo culture may further include
adni ni st eri ng tAé rhehst, ens@lpasakd @R é@ﬂe%dﬂéﬁn‘é&fb% SItuPEd @ VRFI bY i) A
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SPARCL 1VIVQ. hr%ﬂb}é@ﬁcﬁqﬁule may fpther inglade admmlatermg at, leastf e eelacte:djﬁ’orrg
expres r 0 t i-ndi vi.dua
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may be adm nistered. It vvouhd be obvious to one of ordi nary skill in the
art thaf?dpﬁén%fcl‘r&ﬂ‘?@sﬁ'ﬁ’ﬁd grephyand ApY seatiination tf‘@“tq{éoé%mqlvldﬁ@' of Théne

t f
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weight tofibe exadiidbies oRRRETdisOR. kg:é?oéyaﬁﬁﬁlbgf@achooﬁ@%é‘ie Qﬂgf&ﬁ #edyro

wei ght. The adm nistered fornulation may further 1 nclude additives Such as
wat er , ‘cengigting raf agtiyinud, RFpudecarin, galectin 3, GDF15, glypican 3, MFRP, ICAM5,

IGFBP7, PDGF-AA, SPARCL1, thrombospondin-1, WISP1, progranulin, IL-4, a factor

inducing expression thereof, and any combination thereof may be administered in

amount from about 1ng/kg body weight to about 100mg/kg body weight, for example,

20 about 10ng/kg body weight to about 50mg/kg body weight. The administered
formulation may further include additives such as water, a culture medium, a buffer, or
an excipient. The individual may be any animal in need of reducing amyloid plaque in it's
neural tissues. The animal may include a mammal. The mammal may include a
human, a mouse or a rat.

25 The amyloid plaque may be reduced in the presence of at least one selected from
the group consisting of activin A, PF4, decorin, galectin 3, GDF15, glypican 3, MFRP,
ICAMS, IGFBP7, PDGF-AA, SPARCLA1, thrombospondin-1, WISP1, progranulin, IL-4, a
factor inducing expression thereof, and any combination thereof when compared to in
the absence thereof.

30 The present invention also provides a method of reducing the degree of
phosphorylation of tau protein in neurons, the method including culturing the neurons in
the presence of at least one selected from the group consisting of activin A, PF4, decorin,
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an excipient. The individual may be any animal in need of reducing anyloid
plaque in it's neural tissues. The animal may include a manmal. The manmal
may i ncl Wle 2810m3c¥s, a nouse or a rat. The anyl oi d pl ageeTmRzo006BAUCEd N
the presence of at |east one selected fromthe group consisting of activin
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The culturing is described above with reference to the method of reducing amyloid
plaque in the neural tissues. The expression of neprilysin of neurons or microglial cells
may be increased in the presence of at least one selected from the group consisting of

20  activin A, PF4, decorin, galectin 3, GDF15, glypican 3, MFRP, ICAM5, IGFBP7,
PDGF-AA, SPARCL1, thrombospondin-1, WISP1, progranulin, IL-4, a factor inducing
expression thereof, and any combination thereof when compared to in the absence
thereof.

The present invention also provides a method of increasing growth of neurites of

25 neurons, the method including culturing the neurons in the presence of at least one
selected from the group consisting of activin A, PF4, decorin, galectin 3, GDF15,
glypican 3, MFRP, ICAM5, IGFBP7, PDGF-AA, SPARCL1, thrombospondin-1, WISP1,
progranulin, IL-4, a factor inducing expression thereof, and any combination thereof.

The culturing is described above with reference to the method of reducing amyloid

30 plaque in the neural tissues. The neurons may be normal neurons or neurons having
damaged neurites, for example, by AB. The growth of neurites of neurons may be

increased in the presence of at least one selected from the group consisting of activin A,
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PDG-- AA, SPARCL1 , thronbospondin-1 , WSP1 , progranulin, IL-4, a factor

I nduci ng expression thereof, and any conbi nati on thereof when conpared to
in the abwenow/tsheseof . The present invention al so provipdekReoestobnd of
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The ‘“treating” used herein refers to: preventing the manifestation of a
not-yet-diagnosed disease or disorder in animals, for example, mammals including
humans, which are prone to acquiring such diseases or disorders; inhibiting the

20 development a disease; or relieving a disease.
Terminology that is not defined herein have meanings commonly used in the art.
Any known method, for example, a method disclosed in Korean Patent No.
489248 may be used to isolate mononuclear cells including MSCs from umbilical cord
blood. For example, a Ficoll-Hypaque density gradient method may be used, but the
25 method is not limited thereto. Specifically, umbilical cord blood collected from the
umbilical vein after childbirth and before the placenta is removed is centrifuged using a
Ficoll-Hypaque gradient to obtain mononuclear cells. The mononuclear cells were
washed several times to remove impurities. The isolated mononuclear cells may be
subjected to isolation and cultivation of MSCs or to be frozen for long-term safekeeping
30 ata very low temperature until use.

Any known method may be used for MSC isolation from the umbilical cord blood

and cultivation of the MSC (Korean patent Publication No. 2003-0069115, and Pittinger
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devel opnent a di sease; or relieving a disease. Term nology that is not

defi ned herein have neanings commonly used in the art. Any known net hod,
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anpoul es may be sealed and put .in a deep freezer kept at a programme
suspended such that about 1x10° to 5x10

The cell suspension is distributed into glass or plastic ampoules for deep freezing,

cells exist in 1 mL of the medium.

and then the ampoules may be sealed and put in a deep freezer kept at a programmed
temperature. In this regard, for example, a freeze-program that controls the freezing
20 rate at -1 C/min is used so that cell damage during thawing is minimized. When the
temperature of the ampoules reaches less than -90C, it may be transferred into a liquid
nitrogen tank and maintained at less than -150C.
To thaw the cells, the ampoules have to be quickly transferred from the liquid
nitrogen tank into a 37°C water bath. The thawed cells in the ampoules are quickly
25 placed in a culture vessel containing a culture medium under an aseptic condition.
In the present invention, the medium used in the isolation and cultivation of the
MSCs may be any medium for general cell culture well-known in the art containing 10 to
30% FBS, human peripheral blood, or plasma or serum of umbilical cord blood. For
example, the culture medium may be Dulbecco's modified eagle medium (DMEM),
30 minimum essential medium (MEM), a-MEM, McCoys 5A medium, Eagle's basal medium,
Connaught Medical Research Laboratory (CMRL) medium, Glasgow minimum essential

medium, Ham's F-12 medium, Iscove's modified Dulbecco's medium (IMDM), Liebovitz'
20
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solution used for culturing manmalian cells, for exanple, hunman bone
mar r ow- der i V&§ feitye eelptigerofy MBGasagay be a culture solution used for culturing

mammalian cells, for example, human bone marrow-derived MSCs, UCB-derived MSCs,

adipose tissue-derived stem cells, embryonic yolk sac-derived MSCs, placenta-derived

MSCs, skin-derived MSCs, peripheral blood-derived MSCs, muscle-derived MSCs,

- 20 liver-derived MSCs, neural tissue-derived MSCs, periosteum-derived MSCs, umbilical

cord-derived MSCs, fetal membrane-derived MSCs, synovial membrane-derived MSCs,

synovial fluid-derived MSCs, amniotic membrane-derived MSCs, meniscus-derived

MSCs, anterior cruciate ligament-derived MSCs, articular chondrocytes-derived MSCs,

decidous teeth-derived MSCs, pericyte-derived MSCs, trabecular bone-derived MSCs,

25  infra patellar fat pad-derived MSCs, spleen-derived MSCs, thymus-derived MSCs, and
MSCs isolated from other tissues including MSCs, and/or culturd MSCs.

The culture medium may be for example, a cell cuiture medium containing FBS,
or plasma or serum of human peripheral blood or umbilical cord blood. The cell culture
medium may include, for example, DMEM, MEM, a-MEM, McCoys 5A medium, Eagle's

30 basal medium, CMRL medium, Glasgow minimum essential medium, Ham's F-12
medium, Iscove's modified Dulbecco's medium (IMDM), Liebovitz' L-15 medium, and
RPMI 1640 medium, but is not limited thereto.
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i nduce gal ecti_n via protein kinase C ( m togen acti vat ed n
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MAPK-1,2.
20 All cited references may be incorporated herein by reference in their entireties.
The present invention will be described in further detail with reference to the
following examples. These examples are for illustrative purposes only and are not
intended to limit the scope of the present invention.
Examples
25 Example 1: Isolation and cultivation of neural stem cells
Neural stem cells used herein were isolated as follows. Neural stem cells were
isolated from the cerebral cortex and hippocampus of an embryonic day 14 (E14)
Sprague-Dawley rat (Orient Bion Inc., Korea). First, the abdomen of a pregnant rat was
incised, and the embryo was isolated using a scissors and forceps. The embryo was
30  washed with a Hank’s balanced salt solution (HBSS) for dissection and placed in a dish
containing ice-cold HBSS. The cerebral cortex and hippocampus were isolated from
the E14 embryo using needles and forceps under a microscope. The isolated cerebral
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consi sting of avian erythroblastosis virus E26 (v ets) oncogene honol og 1
(Ets-1) and | ysophosphati dyl chol i ne. Lysophosphati dyl choline is known to

i nduce PDEB-2000/086@SMAPK-1 ,2. All cited references may [PETIKR2009006H2ed
herein by reference in their entireties. The present invention will be
described in further detail with reference to the foll ow ng exanpl es. These
exanples are for illustrative purposes only and are not intended to limt
the scope of the present invention. Exanples Exanple 1: Isolation and
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20 ti ngfowﬂitf@cmrr(gF@Fd@ndﬁ Qﬁ wrw@rﬁ:ﬂa supleneant foreabuoit |2tt|0041da§§$ ugtlbzaqzmntt es.

Th W L-ornithin |

Loui 5, 765 ofihe, belBhrs el Gt o b dluBS oyt wihdnP i 8T pus

fibr on@@% Rofflderas).m TheSbgtHF) whSfrefiove@afid differsHtRtion T the mhﬁ)rc @é|||§wa§r e
cultured in a serumfree Neurobasal (tm) culture nedium (G B CZZ Ierrented

wi th 20dugesfopd tpaslayss | Brang the difetratintioacthercells mers lrsm@ag mzr ee

ohalcoMiatdt af30Ks Bttt Bt Mol 3o b g %%%%@’%%ﬁwaﬁéﬁs
The bF@Eeéﬁétgsgﬂﬁ%gﬁd%@bﬂeﬁf\ﬁéé?B&dé’d {reRetefe \féaﬁieégggm Giffbtentid®sy h@l%ﬁ%d
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| sol at i on amh amibllical et inlsbPfUCEBsa@pie/wds Wofisctéd fromithe apbilival deipl ogtst
(UCB) sanpl e _was caollected fromthe unbilical vein right after childbirth

Wi tlﬁ t ReeRshidrt wihtheympth eSﬁéiﬂW@\@i{ | ppeeifigalbniing usilicadivieinuygs firickred
with a 16-gauge needle connected to an UCB collection bag containing 44 mL of a
citrate phosphate dextrose anticoagulant-1 (CPDA-1) anticoagulant (Green Cross Corp.,
Korea) such that the UCB was collected in the collection bag by gravity. The UCB thus
obtained was handled within 48 hours after collection, and the viability of the monocytes

20 was more than 90%. The collected UCB was centrifuged using a Ficoll-Hypaque
gradient (density: 1.077 g/mL, Sigma) to obtain mononuclear cells and the mononuclear
cells were washed several times to remove impurities. The cells were suspended in a
minimal essential medium (a-MEM, Gibco BRL) supplemented with 10% to 20% of FBS
(HyClone). The cells were introduced into the minimal essential medium supplemented

25 with 10% to 20% of FBS to an optimized concentration, and cultured in a 5% CO.
incubator at 37°C, while changing the culture medium twice a week. When the cultured
celis formed a monolayer, and MSCs amplified in a spindle shape were identified using a
phase contrast microscope, sub-cultures of the cells were repeated so as to sufficiently
amplify the MSCs. The UCB-derived MSCs were cultured in a-MEM supplemented

30 with 10 to 20% of FBS.

Example 3: Toxicity of amyloid-beta protein

In order to prepare ideal conditions for an outbreak of Alzheimer's disease, the
23
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10mM oftreaatydl ovith hriydoildeibet2dom death of neuron
When neurons treated with amyloid-beta were co-cultured with human
UCB-derived MSCs, neurons damaged by toxic substances such as amyloid-beta were
observed.

20 In particular, E14 embryo cerebral cortex stem cells and hippocampus stem cells
were isolated, and the isolated stem cells were proliferated and differentiated into
neurons in the same manner as described in Example 1, and then treated with 10 uM of
amyloid-beta as in Example 3. After 12 hours of the amyldid-beta treatment, the
neurons treated with the amyloid-beta were co-cultured with human UCB-derived MSCs

25 in the presence of the amyloid-beta for 12 hours, so that the cells were cultured for 24
hours in total in the presence of the amyloid-beta. The co-culture was performed in a
co-culture system as shown in FIG. 2. FIG. 2 shows a co-culture system for
co-culturing neurons ftreated with amyloid-beta with human UCB-derived MSCs.
Referring to FIG. 2, a co-culture system 100 includes an upper chamber 10 and a lower

30 chamber 40, wherein the bottom of the upper chamber 10 includes a microporous
membrane 30 having a pore size of about 1 ym. Human UCB-derived MSCs 20 were
cultured in the upper chamber 10, and neurons 50 differentiated from cerebral cortex
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Exampl e 4: Effects of co-culture of human UCB-derived MSCs and neurons
treated with anyl oi d-beta on death of neuron Wen neurons treated with
anyl oi d- bEDa20wase0760- cul tured wi th human UCB- derived MSEST/KR20090M671danaged
by toxic substances such as anyl oi d-beta were observed. In particular, E14
enbryo cerebral cortex stemcells and hi ppocanpus stemcells were isol ated,
and the isolated stemcells were proliferated and differentiated into
neurons in the same nmanner as described in Exanpl e 1, and then treated with
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treatment, and then the degree of the damage of the neurons was

In order to quantitively measure death of neuron caused by treatment with
amyloid-beta, live and dead cells were measured using a fluorescent staining analysis.
Cytoxicity was analyzed using a LIVE/DEAD™ viability/cytotoxicity assy kit for animal
cells (Sigma, L3224). The kit includes calcein AM and ethidium homodimer, wherein

20 the calcein AM is used to identify live cells, and the ethidium homodimer is used to
identify dead cells. The calcein AM is a non-fluorescent cell permeable dye and
converted into a green fluorescent calcein in a live cell by hydrolysis of acetoxymethyl
ester by esterase in the cell. The ethidium homodimer cannot permeate a membrane of
a live cell but permeates a damaged cell membrane and binds to nucleic acids of the cell

25  to emit red fluorescence.

Cerebral cortex and hippocampus-derived neurons were cultured in a culture
medium containng ApP42 in a lower chamber 40 of the co-culture system 100 to directly
treating the AB42 to the neurons. Dead cells were stained in red and live cells were
stained in green by a live/dead staining. As a result, when cells treated with 10 uM

30 AP42 for 24 hours (Ct+A of FIG. 3) were compared with untreated cells (Ct of FIG. 3),
green fluorescence was significantly reduced and a wide range of red fluorescence was
observed by the treatment with AB42, thereby indicating that most neurons were dead by
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observed using a mcroscope. The cultivation was performed using serumfree
Neur obasal (tnm) culture nmedia (G BCO w thout bFGF and B27. In order to
guanti ti webyormesasarse deat h of neuron caused by treat nenPCRiKRRo@pbT2d- bet a,
live and dead cells were neasured using a fluorescent staining analysis.
Cytoxicity was anal yzed using a LIVE/DEAD(tm viability/cytotoxicity assy
kit for animal cells (Sigm, L3224). The kit includes cal cein AM and

et hi di um honodi mer, wherein the calcein AMis used to identify live cells,
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shows cerebral cortex-derived neurons cultured In a serumfree

Neur oba2@Hrensndasagas oymédidZmmai Ihedirggfoneghiandf the 4amage 1% WR42s naand biehen

co-cult ngghth UCB-derived MSCs in the presence of 10nmM of Ab42 for 12
hour s. n adt I'tion, when cerebral cortex-derived neurons were cultured in a

serusm free NeuFIGhadalt ishpweutdrabral reettiedtddrivetngeirons edif@red id QG Bihah-rARA2
in the Iomegégﬁt]ﬁﬁrber 40 and UCB-derived M5Cs were sinultaneously cultured

i n t he Nalebasali 'y coltieimedium (vWENQuh pAB42 niprbdd hoursorCtzABhshews caeebral
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10 uM of AB42 for 24 hours, Ct+AB+MSC shows cerebral cortex-derived neurons

cultured in a serum-free Neurobasal™ culture medium including 10 pM of AB42 for 12

20 hours and then co-cultured with UCB-derived MSCs in the presence of 10M of AB42 for

12 hours, and Ct+MSC shows cerebral cortex-derived neurons cultured in a serum-free

Neurobasal™ culture medium without AB42 for 12 hours and then co-cultured with
UCB-derived MSCs for 12 hours.

FIG. 4 is a graph illustrating the percentage of dead neurons based on the results

25 of FIG. 3. In FIG. 4, cortex shows the results of the control in which cerebral

cortex-derived neurons were cultured in a culture medium without AB42, Cortex+AB

shows the results of culturing cerebral cortex-derived neurons in a culture medium

including 10 uM of AB42 for 24 hours, Cortex+AB+MSC shows the results of culturing

cerebral cortex-derived neurons in a culture medium including 10 pM of AB42 for 12

30 hours and then co-culturing the cerebral cortex-derived neurons with human

UCB-derived MSCs in the presence of 10uM of AB42 for 12 hours, and Cortex+MSC

shows the results of culturing cerebral cortex-derived neurons in a culture medium
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neur ons damaged by Ab42 may be restored and the damage by Ab42 may be
prevented. In FIG 3, C shows cerebral cortex-derived neurons cultured in
a serum fweeoNassobasal (tm) cul ture nedi um wi t hout Ab42PLoR24odmwerie, C +Ab
shows cerebral cortex-derived neurons cultured in a serumfree

Neur obasal (tm culture nmediumincluding 10 mM of Ab42 for 24 hours,

Ct +Ab+MSC shows cerebral cortex-derived neurons cultured in a serumfree
Neur obasal (tm culture nmediumincluding 10 mM of Ab42 for 12 hours and then

co- cul t withgumaB4R 1dFB 20y afd "Yﬁéﬁ cb%uﬁﬂﬁna@rf'e\i@édésré?fcoﬂtQWeﬂ(/eé\RéarJr%r with

hours, and C +MSC shows cerebral cortex neurons culture
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neurons treated with Ab were co-cul tured bone narrow
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cerebral cortex-derived neurons
cortex-derived neurons with human bone marrow-derived MSCs in the presence of 10

uM of AB for 12 hours, and Ct+BM-MSC shows the results of culturing cerebral
cortex-derived neurons in a culture medium without AB for 12 hours and then
co-culturing the cerebral cortex-derived neurons with human bone marrow-derived
20  MSCs for 12 hours.
Example 6: Effects of co-culture of human UCB-derived MSCs and neurons
treated with amyloid-beta on phosphorylation of tau protein
FIG. 6 illustrates neurons stained using an anti-phosphor-tau antibody that is an
antibody binding to phosphorylated tau by AB42, wherein tau is known as a protein
25 inducing death of neuron. The anti-phosphor-tau antibody were conjugated with a red
fluorescent Cy3 to visualize the binding of the anti-phosphor-tau antibody and the
phosphor-tau.
The first row of FIG. 6 shows neurons stained with Cy3-conjugated
anti-phosphor-tau antibody, and the second row of FIG. 6 shows neurons stained with
30 4',6-diamidino-2-phenylindole (DAPI). In the first row of FIG. 6, Ct shows the results of
the control in which cerebral cortex-derived neurons were cultured in a culture medium

without AB, AB42 shows the results of culturing cerebral cortex-derived neurons in a
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were cultured in a culture mediumw t hout Ab, Ct+Ab shows the results of
culturing cerebral cortex-derived neurons in a culture nmediumincluding 10
nmv of Ab woroshars, Ct/ Ab/ BM MSC shows the results ofPCEmR200%00¢71Cer ebr al
cortex-derived neurons in a culture nediumincluding 10 mM of Ab for 12
hours and then co-culturing the cerebral cortex-derived neurons w th human
bone marrow derived MSCs in the presence of 10 mM of Ab for 12 hours, and
Ct +BM MSC shows the results of culturing cerebral cortex-derived neurons in

a cultu | i a h [ ebr al
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cortex-derived neurons in a culture nedi um including
hour s a‘iﬂﬂ*qx ived-naurens tha are aot steinedhby ﬁlﬂ@r&kphwwhmdauwtlbadymmﬂmhan

UCB- der, It nc

shows th\e{\pgfes 6 d? 'ﬂgpﬁﬁ?%g @é?lg@%%?%éﬁgbﬁ9g§% Wﬁ%mﬁﬂhé@ﬁ ture
medi um (WEGIOR IA&B(DBATIRIIESM analadDAPBt‘Jom@trﬁn@l mountiggtmedioat ﬁ/béaidded to a
ortexs(fii rived neur tp &erlved MSCs for 12 hours. shown
in the ﬁ?s@'aﬁﬁv%f F'@; c's ag C&rﬂ?ﬁ&? Ry *P%fﬁr%mb%ﬂﬁw@@hf@eypaﬂe‘ewsmg tehe
neursonSmiekdsceprhosphoryl ated by the co-culturing with the human UCB-derived

M5Cs (see Ab42 and Ab42/ MsC of FIG 6). As shown in the second row of FIG
6, DAPI st aiEXamplehdnsAnalysisc of edifierentiated neurons using immunofluorescent

staining when neurons treated with amyloid-beta are co-cultured with human
UCB-derived MSCs
Neurons derived from the cerebral cortex and hippocampus were stained using
20  antibodies specifically binding to microtubule-associated protein (MAP2) and Tubulin g
Il which are known as markers of differentiation of neurons.

An immunofluorescent staining was performed as follows. Neurons were fixed
to wells of a 12-well plate using 4% paraformaldehyde for 20 minutes at room
temperature, and washed four times with 0.1% BSA/PBS for 5 minutes each. Then,

25 non-specific reaction was prevented by adding a solution containing 10% normal goat
serum (NGS), 0.3% Triton X-100, and 0.1% BSA/PBS thereto and conducting reaction at
room temperature for 30 to 45 minutes. A solution including a primary antibody, 10%

NGS, and 0.1% BSA/PBS was added to the wells and reaction was conducted at 4C

overnight. The resultant was washed three times with 0.1% BSA/PBS for 5 minutes
30 each. A secondary antibody and a 0.1% BSA/PBS solution including a reagent binding
to the secondary antibody was added thereto, and reaction was conducted for 4 minutes,
and then the resultant was washed four times with 0.1% BSA/PBS for 5 minutes each.
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cortex-derived neurons that are not stained by the anti-phosphor-tau
antibody in the first rowof FIG 6 are naintained. DAPI staining was
per f or mredwOPSMEETASH ELD(t m) ( VECTOR LABORATORI ES), &nti/KR2009/006712

DAPI - cont ai ni ng nounting nmedi um was added to a slide glass on which cells
are deposited right before observing the cells using a mcroscope. Exanple
7: Analysis of differentiated neurons using i munofl uorescent staining when
neurons treated with anyl oid-beta are co-cultured with hunan UCB-deri ved

Ui g e BrnieRy | ffibotly W BrobS Gt fopB00nRL BRRTHBRIR 44, Apfkoy >
(MAP2) predutedbuini mobsé I(Sigrha)c Bndrrabloi cwmti-dcrotubiky a1ssbcidliddl prataini anaPy of
erforned as follows. ur ons

. i f t stainj ) _
ner 6 f Torton S ER o i (ie5itnaT it o bilon s WionvepaRevehal dhNtEanBol-290.
i nut 1 i 1 0 for 5
ot coTTRd seasadgEHIBYY as PébaEd b teshUtelTBRuMd RidinyBeiPaniEin (&
sol dt i ANthedyand miptivtated randl-rapbiit antihody (WeSpr) h 3% dffért solubierd G, 1:200.

0.1% B t onductiing reaction at roomtenperature for 30 to
25 ot e reRge b nf PRI T i ERGY i Sienhtsp by GORRrsLich e ez
BSA/ PBSlumssculisl 0 TAP, JaeksonlimPatrRESSSEh PR é{vaaﬁépétﬂaﬁérfgt #gof, C over ni ght.
The resul tar]taﬁwgs washed three tines with 0. 1% BSA/ PBS f or m nut es each.

A secondary Hiyorsh fcarebral andspippesampusdedved melitatis) dreated aginAB42,
conduct S grerearel ind e P e UIS ek Brihbesd Bt R8T, Rt 11

0. 110% BgAePBSd.dn rieurbnsicescutarsd With PCBrduriveanSity ywelditesPveRrARRfInBhed
dilutin (fon clpnal nti-Tubulin b [1] antib(i)Qdé/ roduced in nouse (Sigm)
and rat?g] mairatqn of rang Were Asedlarated (RGeS (B, 2nsof§k1 onal  ant i body

(Cheni con) imga7h e RrdaRSPEth ALY cBlouki ¥
secondary ant ?‘god!;ﬁ%t\gste%ﬁ%%%?wggre[)y r@gﬁep‘gﬁzvg?ycuﬁﬁ%ﬁvﬁgqﬁ%t%% ﬁ&’?gt’@%cs’
ant i - manskstaimediusthg mrdubofbtdresdertt sthining iusiradntl-TabulirPp dy and YeaiNMAP2i dhd
buffergzeol utic1n at 1:200. The reagent binding to the secondary anti body was
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hi ppocanpus-derived neurons) treated wt neuriteés were cleav g)wasnd
the shépesams-derivegareuronsie nsiédP2and Tubuloxp dii tespedtivelijahow the results of

the stained immunofluorescent staining using anti-MAP2 and anti-Tubulin B lll.  Control
shows the results of the control in which cerebral cortex-derived neurons or
hippocampus-derived neurons were cultured in a serum-free Neurobasal™ culture
20 medium without AR for 24 hours, AB42 shows the results of culturing cerebral
cortex-derived neurons or hippocampus-derived neurons in a culture medium including
10 uM of AB for 24 hours, AR42/MSC shows the results of culturing cerebral
cortex-derived neurons or hippocampus-derived neurons in a serum-free Neurobasal™
culture medium including 10 uM of AR for 12 hours and then co-culturing the cerebral
25 cortex-derived neurons or hippocampus-derived neurons with human UCB-derived
MSCs in the presence of 10uM of AB42 for 12 hours, and MSC shows the results of
culturing cerebral cortex-derived neurons or hippocampus-derived neurons in a culture
medium without AB for 12 hours and then co-culturing the cerebral cortex-derived
neurons or hippocampus-derived neurons with human UCB-derived MSCs for 12 hours.
30 FIG. 7C shows the results of co-culturing cerebral cortex-derived neurons treated
with AB42 with UCB-derived MSCs and performing western blotting the co-cultured
neurons using anti-MAP2 antibody. First, membranes of neurons were crushed using
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ot her hand, in neurons co-cultured wth UCB-derived MSCs, neurites were
mai nt ai ned and nmaturation of the neurons were accelerated (FIGS. 7A, 7B,
and 7C). WD@o10hs6075ust rates neurons treated with Ab42, @OTHE20ew@671M t h
UCB- deri ved MSCs, and stained using inmmunofluorescent staining using

anti-Tubulin b I'll and anti-MAP2 and western blotting. FIG 7A shows
cerebral cortex-derived neurons, FIG 7B shows hi ppocanpus-derived neurons.
MAP2 and Tubulin b Il respectively show the results of the stained
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anti-rabbit antibody (Vector) conjugated to streptavidin-conjugated
di chl ofausehsympionns abAbhelners disaase imbliemn Newons Pregareddn Exaaplag dee
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electrophoresis in a SDS-PAGE, and expression of the protein was measured by

western blotting the separated protein using anti-neprilysin antibody. In addition,

20 mRNA expression of NEP was measured using an NEP-specific primer by RT-PCR. In
addition, the cultured cells were stained with anti-NEP antibody.

First, neurons were fixed to wells of a 12-well plate using 4% paraformaldehyde

for 20 minutes at room temperature, and washed four times with 0.1% BSA/PBS for 5

minutes each. Then, non-specific reactions were prevented by adding a solution

25 containing 10% normal goat serum (NGS), 0.3% Triton X-100, and 0.1% BSA/PBS

thereto at room temperature for 30 to 45 minutes. A 10% NGS containing a primary

antibody and 0.1% BSA/PBS were added to the wells and reaction was conducted at 4°C

overnight. The resultant was washed three times with 0.1% BSA/PBS for 5 minutes

each. A secondary antibody and 0.1% BSA/PBS solution containing a reagent binding

30 to the secondary antibody were added thereto, and reaction was conducted at room

temperature for 40 minutes, and the resultant was washed four times with

0.1%BSA/PBS for 5 minutes each. Monoclonal anti-NEP antibody produced in mouse
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chem | um nescence (ECL) solution, and then the resultant was devel opted
using an X-ray film In FIG 7C, Control, Ab, Ab+MSC and MSC are the sane
as descriweaoshsvews In FIG 7C, 200 indicates the nol ecRCaKRrReedght71I20r Ker
of 200 kDa. Exanple 8: Induction of expression of neprilysin by human
UCB-derived MSCs in neurons and mcroglial cells Neprilysin (NEP) is known
as a protein degrading Ab42 in vivo with insulin degrading enzyne (IDE). In
addition, it has been reported that knockout of NEP caused synptons of
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Reenr SRTUTTTER DRUrapasep HoHbhres medlun induding b ket A8dar 42 hawssrabtian
e ol 36PN PR Py A A SR UOBIRIMER 5 one
mar r owdloke presehdeSes 10 M wiedp UoB-1@ehowegd dvidCiNeuron+MSC shows the resuits of
culturing rat cerebral cortex-derived neurons in a culture medium without Ag for 12 hours
and then co-culturing the rat cerebral cortex-derived neurons with human UCB-derived
MSCs for 12 hours.
20 In FIG. 8A, the bottom shows a RT-PCR result using mRNA isolated from the
cultured rat neurons as a template. PCR primers specific for NEP genes of a rat
(SEQ ID NOS: 15 and 16) and PCR primers specific for B-actin genes (SEQ ID NOS: 17
and 18) were used. As a result of RT-PCR, amplified NEP gene (422bp) and ampilified
B-actin gene (300bp) were produced. Neuron, Neuron+AB, Neuron+AB+MSC, and
25 Neuron+MSC are described above.
As shown in FIG. 8A, if rat neurons were treated with AB42, the expression of

NEP was reduced. If the rat neurons treated with AB42 were co-cultured with human

UCB-derived MSCs, the expression of NEP was increased in the protein and mRNA
level. This indicates that human MSCs stimulate rat neurons to increase production of

30 NEP and remove toxic Ap42 protein.
In FIG. 8B, Ct, AB, AB+MSC, and MSC respectively correspond to Neuron,

Neuron+AB, Neuron+AB+MSC, and Neuron+MSC.
31



In FIG 8A, the top shows a western blotting analysis of cultured rat
cerebral cortex-derived neurons. Neuron shows the results of the control in
whi ch ratwoensmsed7scort ex- deri ved neurons were cul t ur ed PCI/KR28&VIGHIRT ee
Neur obasal (tm culture nmedi um w thout Ab for 24 hours, Neuron+A b shows the
results of culturing rat cerebral cortex-derived neurons in a culture

medi um i ncluding 10 mM of Ab for 24 hours, the Neuron+A b+MSC shows the
results of culturing rat cerebral cortex-derived neurons in a serumfree

Neur obasal (¢t t | | udi . o} en
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8A, the bottom shows a RT usin I sol ate romthe cultured
r at Snesesis (AKSS), Oeitpl Eiten XE00 pandrdr Ko IpBAIRBS thernetoNaPrapm demperaturefor( SEQ

| D NCS. .1 ' . ific for  b-acti e | D NCS:

17 ana 208 foirtids. s A BN FBbRTRES Rolsfery HnboRy apd EEERATES MRE ana
anpl i f ia@deli-tactherwaisand 3886Hon Welsecdtdu@tet et 4Ne Wvemighie urmetreduijtahe w=gn+A
b+MSC, and Neuron+MSC are descri bed above. As shown in FIG 8A if rat

neur on¥vagbed thiesdiraes with 9. 1HRSA/RBR fanimindes gach. NEsegprdar@rtibady iandt he
t e - i th h - der i Cs,

Lhe oxir % BsbBY WitforBdaling £ faBbhl BBt the SR afho i il

i ndo catddet hiadreto) ramad ri¥BEHors vaswoatiactedtat nesrmaampeature for d9amrutek) Gindotheo

respec PP s Wea e kBes Hith (BHESVEES 4 raRlisARS Mpodoral
Newr on SHENEP&iBbiS pHRIG <5 S FOBER) DAUIEY % H5bF Sk D286 wes

FiI’St, neur ons were | Xed to we ate usi ng
par af oused dashingepfimang antibody. e Biatinylaied artirpmuseuartjbastyd(Metdrd dlillitad in anes

o SPLEBSOUTE At 2, B0 S sl Reoh RIRET SRR SRR R, s

Tr it§ ondighléotrizantyl Glubtedsein RBS AMelsdi@oat iniPoRbt ReBea@hy r&luted i80a t uffer

mnutes. A 10% NGS cont ai ni n% a primary antibody and 0.1 % BSA/ PBS were
solution at 1:200 was used as the reagent binding to the secondary antibody.

As shown in FIG. 8B, if the neurons were treated with AB42, the portion stained in
red was considerably reduced, thereby indicating that the expression of NEP is reducing
in the neurons. However, if the neurons were co-cultured with MSCs, the expression of

20 the NEP was restored.

FIG. 8C shows the results of RT-PCR indicating that the expression of NEP in rat
heurons was increased using bone marrow-derived MSCs (BM-MSCs).

The RT-PCR of NEP and B-actin were performed in the same condition using the
same primers described with reference to FIG. 8A. In FIG. 8C, Lane 1 shows the

25 results of the control in which rat cerebral cortex-derived neurons were cultured in a
serum-free Neurobasal™ culture medium without AB for 24 hours, Lanes 2 and 3 show
the results of culturing rat cerebral cortex-derived neurons in a culture medium without
including AB for 12 hours, and then co-culturing the rat cerebral cortex-derived neurons
with human bone marrow-derived MSCs (BM-MSC1 and BM-MSC2) for 12 hours. In

30 this regard, BM-MSC1 and BM-MSC2 represents cells obtained from different donors.
The results shown in FIG. 8C exhibit an increase of NEP expression in rat cerebral

cortex-derived neurons when rat cerebral cortex-derived neurons are co-cultured with
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added to the wells and reaction was conducted at 4 C overnight. The

resul tant was washed three tines with 0.1% BSA/PBS for 5 m nutes each. A
secondar ywarmiosaysand a 0.1 % BSA/ PBS sol uti on cont ai niPRT/KR20EAYETIR
binding to the secondary anti body was added thereto, and reaction was
conducted at roomtenperature for 40 m nutes, and the resultant was washed
four times with 0.198SA/ PBS for 5 m nutes each. Mnocl onal anti-NEP

anti body produced in nouse (Sigma) diluted in a buffer solution at 1:500

was use, ' tixhqd Lot (e | e or)
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treat echt\s iroteth4edselt he portion stained in red was considerably reduced,

thereby indicating that the expression of NEP is reducing in the neurons.
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NEP wa e S -P N i hat—t he
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FI G 8&?8'1‘_‘35’@ @%wrﬁﬁggnéﬁﬂ?? igrthepviccesial gells pogpiecatepdhe duperess of
cortex- i S : ' f [ t ure
odi SRR AERRS TS, SIS of BxBreSSioBr NIER DFMARARICE Rlisiias 1 o
r atlo c eiddgntifieddp rmesionte and evicroglinboslls using @n immenoffubrestenttdiaining ((GUd)ng

o on 16 SRS SR o AR e R Bl b ol
hours. tigatédivithAgRE she dMNRIFéd aiith AROYSC2 represents cel I's obtained from

different donors. The results shown in FIG 8C exhibit an increase of NEP
expr essi on ilher fist deme Bf d1l1Ge & tshpwseesrebialneertemdenitash nearonse colivigd in a

cortexderl - e a | evel,.

Fur t heporn i, N BN " BERE ST IR oY A o s Hign
anab y sicercultured svitohfimaneldCBRaérivade MSCY irt e predercer dfexoaiar o ag4n efor s
are co-cultured with hunman BM MSC, the NEP expressign in the neurons are

i ncr eaf@lrsi@Ng dRuile sipined Bping@LaRlikady $RRATirEHY biding fo pask of die mArkew so
m cr oglok Rbufdts MAPRI £ REP. KTRWL&Ring was performed in the same manner as in FIG.
8B, except that a rabbit anti-MAP2 antibody was used as a primary antibody, a
biotinylated anti-rabbit antibody was used as a secondary antibody binding to the
20 primary antibody, and streptavidin-conjugated dichlorotriazinyl fluorescein (DTAF,
Jackson immuno Research) was used as a reagent binding to the secondary antibody
for MAP2, and a monoclonal anti-NEP antibody produced in mouse (Sigma) was used
as a primary antibody, a biotinylated anti-mouse antibody (Vector) was used as a
secondary antibody, and streptavidin-conjugated dichlorotriazinyl fluorescein (DTAF,
25 Jackson immuno Research) was used as a reagent binding to the secondary antibody
for NEP. In the first row of FIG. 9, MAP2 and NEP show the neurons stained
respectively using the anti-MAP2 antibody and the anti-NEP antibody, and MAP2+NEP
shows an overlap image of the neurons stained respectively using the anti-MAP2
antibody and the anti-NEP antibody. DAPI shows the results stained using DAPI in the

30 same manner as in the second row of FIG. 6.

Since both MAP2 and NEP show stained cells as shown in the first row of FIG. 9,
it was identified that both of MAP2 and NEP are expressed in the neurons. In addition,
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macr ophage of the brain and renove toxic substances accunul ated in the
brain. The mcroglial cells renove Ab in Al zheiner's disease. According to
a recent weporwose@sr eduction in the expression of NEP i RCThe&r20090067R1 al
cells accelerates the progress of Al zheinmer's disease. Thus, restoration of
expressi on of NEP by human UCB cells was identified in neurons and

m croglial cells using an i nmunofl uorescent staining (FIG 9). FIG 9
illustrates expression of neprilysin in neurons and mcroglial cells when

neur 0nsst 4 98dlotHo intRAZo AT AIABDINER], NARS MRENER e fblind 1 6 Shnfd G

9 shows cerebral cortex-deriv neur ons I'n a serunt
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12 hou%lsép?%'??d V&%fﬁbﬁ@%‘?ﬁeg’mi r?d"‘gﬁh%t'P%% 'E%'é('fﬁq dot $he)i RRHMABS t 3% ach
of the m@EnhteRisd Rf ndraidl eBadiiblye and NEP. The staining was perfornmed in the

sanme manner as in FIG 8B, except that a rabbit anti-MAP2 anti body was used

as & pri mar yhenseassdyrovaobFis.i Hghawsdharresulisbbthe samebaxperineants showasina

d ti hngdi h ' ti bod d
ctropt 0f SFSLISBEBLERCE, oot abal PREORGY <R RS e Trniead o nRiEEBA Aino
Resear @D40vand INER, @smarkers @f Miclaighdl cidis! wekd 8s6@ caxmharlera o inliefbglibPéelldAP2,
and a nonocl onal anti-NEP anti body %_r oduced in nouse (Sigma) was used as a

pri mar Ysieed RaMARZ Anst iNRJ-at dheastaining uefe CAMQ sy neviesmed) using asgdatas a
g . ~am o). o k) _
2 ccont it oo adoShinasl kB 30 e, SEIECALBE LAELM anrny.

fluorescein no earch) Wwas us
t 010 he asez sedangaryraritibody bindindlES. therprirharyf antibodypwnaf stiégtavidin-didgated! NEP

how t tained r tivel ' th ti-MAP2 anti bod th
ant 1 - NOBTEGEIT Titonnais (S hatesah BUmMATa,RERRgRTY ILieE HBubopdter
st ai nedofiAHAGE MR ¥s ta%ageﬁtftlﬁnﬁnbito MRPZe c8Hd PP ANtigayY, t he anti - NEP

anti body. DAPlI shows the Tesults Stained using DAPI i'n the same manner as
in the secofin¢abpibifCRPAGand NER shewtstainetisplls an shiNgR i lomvsecancheaw ofFIG. as

shown pn. i ' f ..Fl it identified, that both of P2 and
NEP ar g ’ gﬁﬁeserél'?@ﬁﬁ?iﬂl\%@mﬂgﬂf%@o ei"?g m ?'ieo?l),(pigs%leq' E‘s@‘letmﬁ Oglﬁé C ge n
oves | apddnBR2 adEResulBPtheithdstRatl=p WNEP;, [EDs@ BRI NER aréfurid stHet
was identified that both of MAP2 and NEP are expressed. The neurons were

st ai ne83BY® &R and{us Hukas deptiied dhatthoth off MABL andNRBUaerRxpesathinthel ned
I'n nor gRbrdeMAPE&IsONSThe microglial cells were stained by DAPI, and thus it was identified

that the microglial cells are maintained in normal conditions.
According to the results of the first and second rows of FIG. 9, if the neurons and
20  the microglial cells are co-cultured with UCB-derived MSCs, the expression of NEP was
induced in the neurons and the microglial cells treated with AB.
Example 9: Identification of protein secreted by MSCs and preventing
toxicity of AB42 and verification of effects of the protein
As a result of Examples 4 to 8, it was identified that toxicity of AB42 was inhibited
25 in the neurons, if the neurons treated with AB42 were co-cultured with MSCs without
direct contact therebetween. It can be predicted that the toxicity of AB42 can be
inhibited by the interaction between substances secreted from the MSCs and the
neurons.
In Example 9, substances that are secreted from the MSCs and inhibit toxicity of
30  Ap42 are detected and identified.
(1) Detecting MSC-derived substances inhibiting toxicity of AR42
First, cells were cultured in various conditions.
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The second row of FIG 9 shows the results of the sane experinents shown in
the first rowof FIG 9, except that mcroglial cells were used instead of
neur ons awo 2CD4B6&Rd NEP, as markers of mcroglial cell #CTHER200M®ed2 as
markers of mcroglial cells instead of MAP2 and NEP. The staining of CD40
was performed using a goat anti-CD40 anti body as a primary anti body for
CD40, biotin-conjugated anti-goat anti body as a secondary anti body bi ndi ng
to the primary anti body, and streptavidin-conjugated dichlorotriazinyl
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f ound learbsa@%cm@m@n@\nt.hémdmp MﬁﬁM‘ fdrizadhdrgt both of MAPZ and
NEP are expressed in the mcroglia he mcroglial cells were

stabfned by Bafiure greun BuSearebr §0ﬂ@ederlv¢®@eumns wate pulturedlinag seaim<dresr e

second NeebasdTe) ditugg AibirEEE 26 SNy b 1 AP Sheblney Spgultifed™ ™
co- cul twitheltumam VCEB-Bediced WMSCYhChe praceBed bE$OuMHIEE ER2WRsursnduced in the
neurons and the mcroglial cells treated with Ab. Exanple 9: ldentification

of protein SSHWUER giiodh wstiuman WeBwesived gMSGs cwqr9 efityspd 2ing Ag serum-free
ver | 1 QroBa @™t St ioBEALSI OB fR WapdilrsExanpl es 4 to 8, it

was identi that toxicity o |nthe neurons, if the
neunons tr e&ulitdre\gtdupslBigndver EunancuCBuderilad N/IBOS’B(Fsremeﬂihoad indh seaim-fi@et act

th b b dict that the toxicity of Ab42 can be
inﬁirgl WB%% Lﬁ@é‘? Eﬁd’@ﬂlfg'«ég&/@%"%ubstancé; se)éret ed fromthe MSCs and
the neur ons TheR, REEINUPe Thedid BF CARGRS thﬁ% 0% MBS &Sli’é&téd Oéﬂot&ﬁok{ﬁgsarﬁnd

i nhi bit tOXICIty of Ab42 are detecte identifled tecting
MVBC- deirgtetn wers aasryesd andidompared vdth emly oﬂTerAbmtmtrcssttleoeldrspmmle that

cuL o SHe B AR U PR S0Pl i Py Bel o B b SRS o B BB
Ab 15 or eRgrdsead swheritHalsengicelly and themitikdhs afs £6xulierdd/ e drHeByiORMeNgssay
cul tur ?/vdasI pner%rrsneerdutgrs}lrflé eR?ayBlo Human Cytokine Antibody Array | G series (RayBiotech,
Inc), and the protein assay was performed using RayBio™ Human Cytokine Antibody
Array | G series/Biotin Label Based Antibody Array | G series (RayBiotech, Inc). 54,504
proteins may be assayed using the two arrays.
20 By comparing data of the assays, protein that is not expressed or rarely
expressed when stem cells are only cultured but increasingly expressed when the stem
cells and the neurons are co-cuitured was selected. As a result, the following 14
proteins were identified:
Activin A, platelet factor 4 (PF4), decorin, galectin 3, growth differentiation factor
25 15 (GDF15), glypican 3, membrane-type frizzled-related protein (MFRP), intercellular
adhesion molecule 5 (ICAM5), insulin-like growth factor binding protein 7 (IGFBP7),
platelet-derived growth factor-AA (PDGF-AA), secreted protein acidic and rich in
cysteine (SPARCL1), thrombospondin-1 (TSP1), wnt-1 induced secreted protein 1
(WISP1), and progranulin (PGN).
30 It was estimated that the 14 proteins inhibit toxicity of neuron treated with AB and
promote differentiation and maturation of the neurons.

(2) Identifying activity of detected 14 proteins
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Neur obasal (tm culture nmediumincluding 10 mM of Ab for 24 hours. Culture
group 3: Cerebral cortex-derived neurons were cultured in a serumfree
Neur obasawOtznjo/ased7sur e medi um i ncl udi ng 10 M of Ab f or PCZ/KR2009006T1d t hen
co-cultured with human UCB-derived MSCs in the presence of 10mM of Ab for
12 hours. Culture group 4: Human UCB-derived MSCs were cultured in a
serum free Neurobasal (tnm) culture nmediumincluding 10 mM of Ab for 24
hours. Culture groups 5 and 6: Human UCB-derived MSCs were cultured in a

serum-free Ne phasai( bl‘@teifng 'dg”t'h% (ﬁ'éacgbi]'é@‘ i» é)égf'elﬁ‘é)We?e cﬂ(ﬂ?&%sé&‘ﬁoﬁpl(ﬁﬁbe
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gal ectin 3, grow ferentrati
merthr acells ppd IWelceﬂSedThelwﬂeidaam otasi cralccmla)usmgnamadmldf uhamumﬁmfsofaiead

nol ecul e .5 sul i n i ke growth factor binding protein 7 (IGFBP7),
pl at el é’te"ﬁéé W%PHW EPOY-- AA (PDGF- AA), secreted protein acidic and

h i ted
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e
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det ect SAred defled HodBie L, R BRAIHEY Neyed el el RuBE Wbl o
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treated with Ab and cultm
serum-free Neurobasal

culture medium including 10 uM of Ap42 for 24 hours,
Cortex+AB+MSC shows cerebral cortex-derived neurons cultured in a serum-free
Neurobasal™ culture medium including 10 uM of AB42 for 12 hours and then co-cultured
with UCB-derived MSCs in the presence of 10uM of AB42 for 12 hours, and

20 Cortex+tMSC shows cerebral cortex-derived neurons cultured in a serum-free
Neurobasal™ culture medium without AB42 for 12 hours and then co-cultured with
UCB-derived MSCs for 12 hours. AR shows cerebral cortex-derived neurons cultured
in a serum-free Neurobasal™ culture medium including AB42 and each of the 14
proteins having a concentration described above or 24 hours (In FIG. 10, p<0.03 and

25 p<0.01 respectively indicate that error ranges of t-tests are respectively less than 3%
and 1%).

As shown in FIG. 10, each of the 14 proteins inhibited the death of neuron caused
by AB42. The degree of inhibiting the cell death decreases in the order of
Cortex+AB+MSC, galectin 3, WISP1, and MFRP. This indicates that the co-culture with

30 the MSCs, i.e., the combination of the 14 proteins has the greatest effect on inhibiting
toxicity of AR.

In order to measure effects of protein on maturation of the neurons, the length of
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in a serumfree Neurobasal (tm culture mediumrespectively containing 25
ng/m of activin A, 25 ng/m of PF4, 3 ng/m of galectin 3, 100 ng/m of
decorin, 8O0 20gvasbo7ef GDF15, 50 ng/m of glypican 3, 50 mgTmMR2009/00FR2, 50
ng/ M of I CAVb, 30 ng/m of IGBP7, 50 ng/m of PDGF-AA, 50 ng/m of
SPARCL1 , 50 ng/m of TSP1, 50 ng/m of WSP1 and 50 ng/m of progranulin,
for 24 hours. Then, the death of neuron was neasured by fl uorescent
staining using a LIVE/ DEAD(tm viability/cytotoxicity assay kit (Signmma,
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Neur ob ' ' 4 r 12 hours and then
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t he or (o) + : | ect SP1 and RP. This indicates
that ¢ HEerecuied P b e 9. BvAIGHR bmimafialred PR g BRI ns
hasist hdnfgicttag esitrogfislalis of ai buse Witha/-fximiyt YedmbiBant ret@VIES ahd dpresy e
effects of protein on maturation of the neurons, the length ofneurites in

the culltalis«f acévaiedmisroglighgelsy. Theecoreultwiesvar perfetmed bycultiring 8\eh aells
in a DMEM supplemented with 5% FBS in the lower chamber 40, adding UCB-derived

MSCs cultured in a a-MEM supplemented with 5% FBS to the upper chamber 10, and
replacing the culture medium with a serum-free DMEM. The cells were co-cultured in a
20  serum-free DMEM for 24 hours. Then, the MSCs were collected from the upper
chamber 10, and total RNA was obtained using a trizol reagent, and then RT-PCR was
performed using the total RNA as a template. Primers that amplify genes of IL-4 (SEQ
ID NOS: 22 and 23), IL-6 (SEQ ID NOS: 24 and 25), IL-8 (SEQ ID NOS: 26 and 27) and
monocyte chemoattractant protein-1 (MCP-1, SEQ ID NOS: 28 and 29) were used. As
25 a control group, B-actin was amplified using primers (SEQ ID NOS: 17 and 18). In the
control group, UCB-derived MSCs (UCB-MSC) cultured in the same conditions
described above, except that the UCB-derived MSCs were not co-cultured with
microglial cells (BV2), were used.
FIG. 12 shows the results of RT-PCR using the total RNA isolated from
30 UCB-MSC after co-culturing microglial cells with UCB-MSC as a template. As shown in
FIG. 12, if the microglial cells and UCB-MSC are co-cultured, the expression of IL-4, IL-6,
IL-8, and MCP-1 in UCB-MSC increased.
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conditions described with reference to FIG 10. 100 cells were randomnly

sel ected fromeach culture group, and the length of neurites was neasured
usi ng i - swbubicosewsftware (i Mlechnol ogy). FIG 11 is a gCamRr2édmstizat i ng
the length of neurites of neurons cultured with Ab42 and proteins secreted
fromMCs. In FIG 11, the culture groups are the sane as those in FIG 10,
and the length of neurites are an average length. As shown in FIG 11, each
of the 14 proteins or a conbination of the 14 proteins significantly
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by infecting mcroglial a nouse wth v-raf/v-nyc reconnl nant
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ree e cells were co-cultured in a serumfree
BEI;/E:\/qu (#Yl(’i\ﬂsﬁbuﬁr e%e%Y5YW§”We§@W@%W@|&9@§ from the upper chanber 10,
d total R\gwess BER
ggrfo?rrgd usi ng th(%h%)gdtsgﬁ% d;% gfbnéénsg%at e%?%@h@l?&ﬂ}%%@ ﬁ?,rre g'ﬁ‘ﬁgge of
| L-14 ( SEQredioi0st NER veimeh B&)ronkland roiBEsgliaDedidSareuiltarat RShe ﬂrés@wdeﬁﬂlcubléllios
7 d t h ttr cta t
25 and F30) Taby L I1e OGS 6 e LG ong ch.reBrada eI P litreg in
pri mer DNIBFRAINCR 1oi1a /rﬁm 1L forl 2u hBGrsCO'ﬁlGO'mg Sitys H@Bré&%h‘svcﬁ%y%é?&%}
(UCB- I\/BC) cul tur he same conditions desc e ove, except he
UCB- detilotéing w@o@um(%SY&Y cells) nudidred tmO(-IMENbIgbILBiIng:éOMQ/nQIWZL 4 fozrad

used @Ig( 12 shows the results of RT-PCR using the total RNA isolated from
Yer co- culturing mcroglial cells with UCB-MSC as a tenplate. As

shawn in Fl Gxahiplel f1:hReduction 6l anlididaplotdi- WRigwé ebyo atkhiniteding he
eXpr esﬂ(?ﬁ c?erlvlela IffllSCs mE%o hippocampus and cortex of a mouse transformed to have
Alzheimer’s disease (thioflavin-S staining and immuno-blotting)
In order to improve effects of the treatment, PBS, 1x10* of UCB-derived MSCs in
PBS, and 200ug/kg (weight) of IL-4 (Peprotech) in PBS were administered into
20 hippocampus of a 10 month-old mouse transformed to have Alzheimer's disease using a
stereotactic frame. After 10 days, the mouse was killed, and brain tissue weres collected
from hippocampus and cerebral cortex thereof. The obtained brain tissues were cut
into slices and stained using thiosulfate (Sigma) to identify the amyloid-beta protein
plague. In order to identify the plague, the brain tissue was reacted with a thioflavin
25  solution (Sigma) dissolved in 50% ethanol for 5 minutes. After the reaction, the slices
of the brain tissue was washed with 50% ethanol and water for 5 minutes. This slices
were observed using a fluorescent microscope to identigy amyloid protein plaque in the
brain tissue.
FIG. 14 shows images of amyloid-beta protein plaque in a brain tissue including
30 hippocampus and cerebral cortex stained using a Thio-S staining. As shown in FIG. 14,
the amyloid-beta protein plaque was significantly reduced in the culture groups into
which UCB-derived MSCs and IL-4 were administered. In FIG. 14, PBS, MSC, and IL-4
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IL-8, and MCP-1 in UCB-MSC increased. Mcroglial cells, BV2 cells, neurons,
and SH SY5Y cells (ATCC) were cultured respectively in the presence of

| L-4, |L-w02bio/B6rnd MCP-1, and then BV2 cells and SH SPEY/KR2009006HR e

coll ected. The collected cells were |ysed and proteins were separated from
the | ysates according to the size, and the resultant was western blotted
using an anti-NEP antibody. As a result, the expression of NEP increased
with time in BV2 cells and SHY-5Y cells cultured in the presence of IL-4

T o B Rl WG PRP POBRIE G U5GF Bnp 4 were

r epr es@tiministeredal cells. FIG 13 shows the results of western blotting
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nouse tgreupsf ornmed to have Al zheiner's di sease (thioflavin-S staining and

I muno- bl ot&:iég) In order to inprove effects of the treatnent, PBS, 1x1 04
of UCB-deri V&d- M&s shawppdhe arrsuits0/0f givgpupebloging ipdicating  {hre pelaargsh) ofi n

PBS wer, LHHsSt [ |0P0 - . stor nmed
Lo hav BB Fofh pRSAUCKPRCER I, B sCrblsB N for S BUREHRERLS IHelTh
nouse \@aphkiof @, 16ndadoatained ssuerdivyg &s treofdlleatresl pfocasshi Ppel; Prowsn ang
cerebral ,cort . The obtained G%i{ﬁll n tissues were cut into slices

t her eof
and st gg(ﬂgateggffq{a qel?fia&{'ﬁ’% g Boyra fndeding d¥rRacamnis and, eefelral costey@idei n
pl aque trebbedifl@het oridifdd Mestitfed|BBYE; uémgo%;rsgma&a Bt ! CAGL R A th

a thioflavin solution (Sigm) dissolved in anol m nutes. After
t he re&xirpeih washseparatask ageording e dhe size susingwedectepinedesis.. hTHBE %exidnated

and el e o, P Seb R B 7 SSleP e b5 an 14
shass images-sbtiagyad petfetmedusingidh aitiedy capablddfaipdciiicamyGetclihy MEA2.
hi ppocq_rrw‘pusm?erl]rc]is (\:Neerreebgéailn g%rt_ex st ai ned blquI ng a Thio-S staining. AS shown
in FI GIhes stained using coomassie blue (bottom part). As shown in FIG. 16,
the amount of AB42 protein was significantly reduced in the culture groups into which
MSCs and IL-4 were administered when compared to the culture group into which PBS
was administered. In FIG. 16, Litter indicates a littermate of a transformed mouse, and
20 APP/PS1 mice indicates a mouse transformed to have Alzhemer's disease. In addition,
PBS, MSC and IL-4 respectively show the culture groups into which PBS, MSC and IL-4
were administered.
Example 12: Effect of UCB-derived MSCs and IL-4 on expression of NEP
(1) Expression of NEP in brain tissue of normal animal and animal
25 transformed to have Alzheimer’s disease
Brain tissues of normal mice and mice transformed to have Alzheimer’s diseases
respectively raised for 6, 9, 12 and 18 months were obtained, and protein was extracted
in the same manner as in Example 11 and separated using electrophoresis. The
separated protein was transferred to a nitrocellulose membrane and reacted with
30 anti-NEP antiboty (R&D systems) to analyze the expression of NEP.
FIG. 17 shows the degree of expression of NEP in a brain tissue of a normal

mouse and a mouse transformed to have Alzheimer's disease including hippocampus
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t he anyl oi d-beta protein plaque was significantly reduced in the culture
groups into which UCB-derived MSCs and IL-4 were adm nistered. In FIG 14,
PBS, NMSC wandiodseésysespectively show the cul ture groups POTKRM6ARBS,
UCB- derived MSCs, and IL-4 were admnistered. FIG 15 is a graph
illustrating the total area of anyloid-beta plaque in the inmages of FIG
14. The area was neasured using a Metanorpho software (Ml ecul ar devi ces).
As shown in FIG 15, the anyloid-beta plaque was significantly reduced in
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expressed NEP using an immuno-blotting.

FIG. 19 shows the degree of expression of NEP in a brain tissue of a mouse into
which MSCs and IL-4 are administered and including hippocampus and cerebral cortex.
Coomassie blue was used for staining (bottom part). As shown in FIG. 19, the

20 expression of NEP was reduced in the culture group into which PBS was administered
when compared to the normal mouse as shown in operation (1) described above, and
the expression of NEP in the culture group into which UCB-derived MSCs and IL-4 were
administered was similar to that of the normal mouse.

Example 13: Effect of UCB-derived MSCs and IL-4 on expression of NEP in

25  microglial cells

In Example 8, it was identified that NEP was overexpressed in neurons and
microglial cells when the neurons and microglial cells are respectively co-cultured with
MSCs.

In Example 13, this effect was identified in an animal model. Brain hippocampus

30 fissue of the culture groups into which PBS, UCB-derived MSCs, and IL-4 were
administered described in Example 12 were stained in the same manner as shown in
FIG. 8B. The anti-NEP antibody and the anti-CD40 antibody, as a marker of microglial
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anti-NEP anti boty (R& systens) to anal yze the expression of NEP. FIG 17
shows the degree of expression of NEP in a brain tissue of a nornmal nouse
and a nmouse 20rendsd7’or med to have Al zhei ner's di sease i nclPQ@iKRR009/006712

hi ppocanpusand cerebral cortex. As shown in FIG 17, the expression of NEP
was reduced in the brain tissue of the nouse transforned to have

Al zheinmer's disease. In FIG 17, Litter and APP/PS1L m ce are the sane as

t hose described with reference to FIG 16. In additon, Lanes 6, 9, 12, and
18 res i u r , d nt hs
(M ronehy, CEriealp BloReurlelod) Rphe WRel ahi B G ulre HeroRE: 1 RG
17 nmeasntieNERs antipcglyastaining Otfee setondary afiodpABNd theerdzgeet ibMdingitbytHes a

| ati i nt ity h i FIG 18, th i f NEP . d
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of exprdsBxierivep MatspnshiL-haisadmiaistarad intpian animalpodel; Avergxprassioss of
expressi ; I j Lesue of a nouse into which MSCs and IL-4 are
adlr[:‘i ni Z\%%?e Sa'n ?é\d;‘nﬁgﬁg@%ltg%g%anpus and cerebral cortex. Coonassie blue
wasoused foWhilaithé rgeédot irnvenfianthas Aserhpavticularlyl $hovl?, andh desorivezl svitn  of

NEP was yeduced in the culture group into, which PBS was admj ni stered when
conpar ég{e{%nqq.] %fﬁﬁ'ﬁ%ﬁﬂgb@dgggeﬁotﬁﬁf% ‘BM@'? ?il{ﬂqe(q_t?oﬁgé/g}‘?’%%@?ﬁ 08y and
the exgkasi M aft thPvafbudenald! P PuRd | dbaS idyokRadietnorerh IhsuRng
IL-4 were adm nistered was simTar to that of the nornal nouse. anple 13:
Ef f ect depautr temi thedspiBGandacope ofl thenprespntbwieotionfasNiEfined byi thedgllowing
cells Ic[égg%arrpl e 8, it was identified that NEP was overexpressed in neurons
and mc fal cells when the neurons and mcroglial cells are respectively

co-cultured with MSCs.
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In Exanple 13, this effect was identified in an animal nodel. Brain

hi ppocanpus tissue of the culture groups into which PBS, UCB-derived MSCs,
and | L-4 were10adni7ni st ered descri bed in Exanpl e 12 wer e PETa{Rze@/G0n712he sane
manner as shown in FIG 8B. The anti-NEP anti body and the anti-CD40

anti body, as a marker of microglialcells (Santacruz Biotechnol ogy) were
used and the results were nerged. | rCltAigisnti-NEP anti body staining, the
secondary anti body and the reagent binding to the secondary anti body are
the sane as those described in Examle 8. Also, in the anti-CD40 anti body

stai ning, the se %‘I%?r g %ﬁnﬁ&‘% L nd| ary
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M5Cs angd | L- re_adm ni stered. . sh ' | G 20, when UCB-derived MSCs
and® | L® @F@ﬁ%mgﬁsgﬁﬂa&c‘ﬁ{‘l‘ﬁ%sﬁ 'SHiCﬁ%}e Mﬁfg? over expressi on of NEP was
induced in mcroglial cells. Wiile the present invention has been

particularly shown and described with reference to exenplary enbodi ments
t hereof , it 2wi || The phad@aseudiichl bpmpoesiiondadf ctaioh havierski the mesenchymal t hat

{rom 1 HETH SRRF B MSCIeOLRR SR A i er TRk TR i e Se Relfimal e RS ' "¢
f ol | owsslgctdirom. tkbAYrdlp tondsiitpoNMBgaLh icPry6QiaReMH $ad) Pldcdntd,Nenbilieaent i on

or treatnent of a neural disease, conprising at |east one selected fromthe
gr dup 6ekkusibilical eprdvloed cekirmperinharaldioed, favrsayprrams adiposettissue sugeleon of

t he M5 r i %@ﬁ"o ol al I
msenc@%ﬁegﬁgﬁsﬁﬁldﬁgf%@&%@ol a gt?tnlfe F g%ﬁé\{lgl rgg@?)}%nnéé%& f’g{élgleﬁlﬂg\/i ng
mes enc Aynradticsinembrahé smeaiseus eahtérioncrubiate igarmeni agticelarrghont rduytes)
enbryoni c, yol k sac, pl acenta, ilical cord, unbilical cord ood, skin,
bor 1 pnapaiibEs Ga beliidra et honss i Satatar b ped csbleduand i

ti ssuegnBR INSES WXpah&RfrofPiHRIMREs. Synovi al nmenbrane, synovial fluid,
ammi otic menbrane, neniscus, anterior cruciate |iganment, articular

chéhdr ocytes, decidous teeth, pericyte, trabecular bone, infra patellar fat
pad, spleen, and4thynus, and/or MSCs expanded fromthe MSCs., 3. The

phar maceut i g’al _ Cgh&prsﬂ"a{rihgﬁe@caéFgmoﬁ:oﬁ,{?grcgqlw {’%h%%WEHV%?”%VETﬁ'cm S
conpri senebild tembris® Uthblic2® dofEblovedotwes Medseithyfiaf Blcte bbifs of bhrane

marrow-derived mesenchymal stem cells.

20 4. The pharmaceutical composition of claim 1, wherein the culture solution
comprises at least one selected from the group consisting of activin A, platelet factor 4
(PF4), decorin, galectin 3, growth differentiation factor 15 (GDF15), glypican 3,
membrane-type frizzled-related protein (MFRP), intercellular adhesion molecule 5
(ICAMS), insulin-like growth factor binding protein 7 (IGFBP7), platelet-derived growth

25  factor-AA (PDGF-AA), secreted protein acidic and rich in cysteine (SPARCL1),
thrombospondin-1, wnt-1 induced secreted protein 1 (WISP1), progranulin, I1L.-4, a factor
inducing expression thereof, and any combination thereof.

5. The pharmaceutical composition of claim 1, wherein the neural disease is
30 adisease caused by at least one selected from the group consisting of formation of
amyloid-beta plaque in neural tissues, phosphorylation of tau protein in neurons,
damage to neurites, reduction in expression of Neprilysin in neurons, and any
combination thereof,
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mar r ow- deri ved nesenchymal stemcells. 4. The pharmaceutical conposition of
claim1, wherein the culture solution conprises at |east one selected from
t he groupwoanmvessi7ag of activin A platelet factor 4 (PPECN/KRME©OO5TI2
galectin 3, growmh differentiation factor 15 (CGDF15), glypican 3,
menbrane-type frizzled-related protein (MFRP), intercellul ar adhesion
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gr owt hirfidusing eXpkecSIDBRhEOf, sretamt esmpimationtherebtli c and rich in cysteine
(SPARCL1), thronmbospondin-1 , wnt-1 induced secreted protein 1 (WSP1),
progranulin, IL-4, a factor inducing expression thereof, and any

conbi nat i ongt her qpk. p%rmﬂ&@u%ﬁ%ﬁﬁﬁﬂéﬁb@i&f A Sivhérath P r?é@émigeay@% ein
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gr étip acliseass eapssld byangasioneselenieddiam e groupacprsistingraf fomhatidrssfues,
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combination thereof.

20 9. The pharmaceutical composition of claim 7, wherein the neural diseases
comprises at least one selected from the group consisting of Alzheimer’s disease,
Parkinson’s disease, depression, epilepsy, multiple sclerosis, and mania.

10. A kit for preventing neurocytoxicity caused by amyloid-beta, comprising at
25 least one selected from the group consisting of mesenchymal stem cells (MSCs) and a
culture solution of the MSCs.

11.  AKit for preventing phosphorylation of tau protein in neurons, comprising at
least one selected from the group consisting of mesenchymal stem cells (MSCs) and a
30  culture solution of the MSCs.

12.  AKit for inducing expression of neprilysin in neurons and/or microglial cells,
comprising at least one selected from the group consisting of mesenchymal stem cells

(MSCs) and a culture solution of the MSCs.
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conprises at |east one selected fromthe group consisting of Al zheiner's

di sease, Parkinson's disease, depression, epilepsy, multiple sclerosis, and
mani a. 10WOA0IS6G76r preventi ng neurocytoxicity caused P¢TARzZ@/@6het a,
conprising at |east one selected fromthe group consisting of mesenchynal
stemcells (M5Cs) and a culture solution of the MSCs. 11. A kit for
preventi ng phosphorylation of tau protein in neurons, conprising at |east
one sel ected_fromthe oup consi sting of rresenchyrral stemcells (MSCs) and
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pr ogr afhdrest, ahd-ahy crhiBigbion tHetgef. ng expressi on thereof, and any
conbi nation thereof. 14. A kit for the preventing phosphor ylation of tau

pré@ei n in neurons, conprising at |east one selected fromthe group
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frizzled-related protein (MFRP), intercellul ar adhesion nol ecul e
inducing expression thereof, and any combination thereof.

20 16.  Akit for inducing expression of neprilysin in neurons and/or microglial cells,
comprising at least one selected from the group consisting of activin A, platelet factor 4
(PF4), decorin, galectin 3, growth differentiation factor 15 (GDF15), glypican 3,
membrane-type frizzled-related protein (MFRP), intercellular adhesion molecule 5
(ICAMB), insulin-like growth factor binding protein 7 (IGFBP?7), platelet-derived growth

25 factor-AA (PDGF-AA), secreted protein acidic and rich in cysteine (SPARCL1),
thrombospondin-1, wnt-1 induced secreted protein 1 (WISP1), progranulin, I1L-4, a factor

inducing expression thereof, and any combination thereof.

16. A method of preventing or treating a neural disease of an individual, the
30  method comprising administering a pharmaceutical composition comprising at least one
selected from the group consisting of mesenchymal stem cells (MSCs) and a culture
solution of the MSCs to the individual.

17.  The method of claim 16, wherein the neural disease is a disease caused
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(1CAMB), insulin-like growth factor binding protein 7 (IG-BP7),

pl atel et -derived growh factor-AA (PDG--AA), secreted protein acidic and
rich in cyeteionms6(7SPARCLL ) , thronbospondin-1 , wnt-1 iPadoredosm®eriet ed
protein 1 (WSP1), progranulin, IL-4, a factor inducing expression thereof,
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neural by élesst one salectatl ohuhk,grote comsistin coiophatomgf asiylod-bEer plagua in

h | t | ected f th
Cons ot g B AesHECREROMAT eFR e A B0ilhda fieiiarsa detipoarte neuras svoietione.
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exp?dgsm on o QNegir—lll%ﬁlg&ftﬁBQtr??ﬁ%uHPqﬁn ﬁ'%gﬁ%{nam?/n%%gpﬁgﬁ%ﬁC?'WQF'%?a tJP@StThe
met hod ofie sél@lctedlfﬁomvuwergeomp toRsistng 6ff AlghSRRTSdiISOaRY, IFERRindbN’s ffsdasene

sel ected fromthe group consisting of Al zheimer's disease, Parkinson’s

di sease9CRIESFIOBsPRIIFPSYpMUliiG sCIpisis, ind reanier osi s, and mania. 19. A met hod
of preventing or treating a neural disease of an |ndividual, t he met hod
conprising adm ni stering a pharmaceutical conposition conprising at |east

one sel ect ed19.r orh eghgd wifi prevemsing tor gating aciduradideass 6t 1 Ridivided|othed
rowth di fferent| ation factor 15 (GDF15),

l.ectin .3,
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sel ected géom t he rougﬂcon& sting of formation of anyl ol d- beta pl aque in

neural RIPEIREEidiGy Ry rydteng (SPARGL- Dy Birembospondinglo vent-Tdiaduaged t o

con L?ﬁ"sﬁ‘%ﬁﬁﬁéﬂsﬁﬁ PO PR I o dnd i i ¥Bnio gy and
di seaseanyceombingtion thereebivttherimdisidualct ed from t he group consi sting of

Al zhei nmer' s di sease, Parkinson's disease, depression, epilepsy, multiple
sclerosis, and mani a.

20.  The method of claim 19, wherein the neural disease is a disease caused
20 by at least one selected from the group consisting of formation of amyloid-beta plaque in
neural tissues, phosphorylation of tau protein in neurons, damage to neurites, reduction
in expression of Neprilysin in neurons, and any combination thereof.

21.  The methodof claim 19, wherein the neural diseases comprises at least
25 one selected from the group consisting of Alzheimer’s disease, Parkinson’s disease,

depression, epilepsy, multiple sclerosis, and mania.

22. A method of reducing amyloid plaque in neural tissues, by culturing the
neural tissues in the presence of at least one selected from the group consisting of
30 mesenchymal stem cells (MSCs) and a culture solution of the MSCs.

23. A method of reducing the degree of phosphorylation of tau protein in
neurons, by culturing the neurons in the presence of at least one selected from the group

consisting of mesenchymal stem cells (MSCs) and a culture solution of the MSCs.
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22. A nmethod of reducing anyloid plaque in neural tissues, by culturing the
neural tissues in the presence of at |east one selected fromthe group
consi sti yoabiwssenchymal stem cells (MSCs) and a cul t uPeTa®200v@n71f t he
MSCs. 23. A nethod of reducing the degree of phosphorylation of tau protein
I n neurons, by culturing the neurons in the presence of at |east one

sel ected fromthe group consisting of nesenchymal stemcells (MSCs) and a
culture solytion of the Cs. 24, A nethad of increasing expression of
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frizzl edeserichyarhl ptept eélis (WEBB) and atceitosd solutien afiiesiigTyrol ecul e 5 (| CAMVB)
insulin-like growth factor binding protein 7 (1G-BP7), platelet-derived

grot h factor-AA (PDGF-AA), secreted protein acidic and rich in cysteine

SPARCL1), tiyo | tspdo ik t gi G )
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conbi naeuoal tiskaes of thedtesénceedtatideast onedsetectgd tfifoen theggeeipafonststiagludr yl at i on

ft otein.in rons, cul turing the_neurons.in the presence of at
Ceast - REVodhReBITRGRT & KBPY) lesotB. iletihg, SPVAR Ciftarer OB 'GEF 48 1 act or
4 (PFA)YGDFE®)! dlPpicaA'3efidmbrdned ﬁé‘@ﬁszEJ-Feﬁét%Btdr@lTeirP{M?R GhiekSellfEF15) .
glypican 3, menbrane-type frizzled-related protein (MRP), intercellular
adhesi @dhgsioaguplecsle(d &W@), inssifindlike igrawethgfacter iviricing proteinnti(IGgrBR Gt ei n 7

(1G-BP X % _%c JAA (PDGE-AA)  .secreted protein
aci di caaantgi%rlt ?%ﬁl/lgﬁg ﬁ?gtgg %AR} Pﬁ?@&r%‘f?gogﬁ'@i) q‘lq@c _,a"a/rﬂcg'l'ﬂi nduced
secr et egsteirm (SPARC(YY, Sibmbogpondinuvit! idducéd skcfdted roteMdt (WISP1), _
expression thereof, and any conbination thereof. 28. A nethod of increasing
expr es &regraprlimdbr4. afacior frducing expngysien thereph gndranyedmiination frergpbsence
of at |east one selected fromthe group consisting of activin A,

20 27. A method of reducing the degree of phosphorylation of tau protein in
heurons, by culturing the neurons in the presence of at least one selected from the group
consisting of activin A, platelet factor 4 (PF4), decorin, galectin 3, growth differentiation
factor 15 (GDF15), glypican 3, membrane-type frizzled-related protein (MFRP),
intercellular adhesion molecule 5 (ICAMS), insulin-like growth factor binding protein 7

25  (IGFBP7), platelet-derived growth factor-AA (PDGF-AA), secreted protein acidic and rich
in cysteine (SPARCL1), thrombospondin-1, wnt-1 induced secreted protein 1 (WISP1),

progranulin, IL-4, a factor inducing expression thereof, and any combination thereof.

28. A method of increasing expression of neprilysin of cells, by culturing the
30 cells in the presence of at least one selected from the group consisting of activin A,
platelet factor 4 (PF4), decorin, galectin 3, growth differentiation factor 15 (GDF15),
glypican 3, membrane-type frizzled-related protein (MFRP), intercellular adhesion
molecule 5 (ICAMS5), insulin-like growth factor binding protein 7 (IGFBP7),

platelet-derived growth factor-AA (PDGF-AA), secreted protein acidic and rich in
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pl atel et factor 4 (PF4), decorin, galectin 3, growh differentiation factor
15 (GDF15), glypican 3, nenbrane-type frizzled-related protein (MFRP),

i nt er cel Iwban1oadbesi on nol ecul e 5 (1 CAMb), insulin-I|ikePgTam2no%@etior

bi nding protein 7 (1G-BP7), platelet-derived growh factor-AA (PDG-- AA),
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wnt - 1 icydietresl (SRARELE), thramisospohd(Al Skit-] inducedrsaierdted proteirft1 (WISRaY,or
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neurons, by culturing the neurons Iint St one selected
f rom t Redgnmupgliabesiisti ng of activin A platelet factor 4 (PF4), decorin,
gaLgctin 3, growth differentiation factor 15 (CGDF15), glypican 3,
menbrane-type frizzled-related protein (MFRP), intercellul ar adhesion

nol ecul e 5 (ACAMA meittsdbf iﬂciéa‘é%r%%ﬁ‘ of A6LIMes ﬂ@h%s?b?tcﬁitﬁrir?g tHFBP7)
pl atel et -derived grow h factor- PDG-- AA), secreted protein acidic and
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glypican 3, membrane-type frizzled-related protein (MFRP), intercellular adhesion
10 molecule 5 (ICAMS5), insulin-like growth factor binding protein 7 (IGFBP7),
platelet-derived growth factor-AA (PDGF-AA), secreted protein acidic and rich in
cysteine (SPARCL1), thrombospondin-1, wnt-1 induced secreted protein 1 (WISP1),

progranulin, 1L-4, a factor inducing expression thereof, and any combination thereof.
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