A method of producing neurons from stem cells, the neurons and uses thereof Technical Field 5 The
present invention belongs to the field of cell transplantation. Particularly, the present invention is
related to a method of producing neurons that may be used to treat injuries with the loss of neuron
function, and the use of said method and the neurons obtained in the treatment of injuries with the loss
of neuron funciqReHya B veian-bn R dRiAteES MORIRshefikaaINg iRikise with the loss
of neuron function. 10 Background of the Invention Parkinson's disease is a degenerative disease of
the central nervous system, which is usually caused by the degeneration or lesions of dopamine
produfgﬁs- the midbrain. The clinical and 15 pathological manifestation of Parkinson's
disease is the lack of dopamine. Theoretically, the symptoms of Parkinson's disease may be alleviated
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reachin the effective part of the central nervous system. The metabolism of the remaining
95% S Al%gﬁge%l}ﬁ}g?iety of side effects, and further reduces the production of dopamine in the
H(S)dy from a feedback mechanism. Therefore, the long-term administration of L-DOPA has been
aekignounshofhthe bavehtiotiect for Parkinson's disease. 25 Another process tried in the clinical is
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yaunger patients. The cells transplanted in this research could secret nerve factor such as dopamine
as proviestieripryiteasaulddrastHd QIVRNAL il (8 iRPassilento£amEal theh as bromocriptine, pergolide or
perxole and the like, which may bind to the dopamine acceptors in the central neuron, and therefore
simulating the effect of dopamine. However, research shows that such dopamine analogs usually

make the dopamine acceptors gradually lose the sensitivity to dopamine and the analogs thereof,
30 therefore the long-term administration of such dopamine analogs may aggravate rather than reduce
the symptoms of Parkinson’s disease.

Due to the reasons above, currently Parkinson’s disease could only be clinically reduced, rather than
cured.
35
Spinal cord injury is another disease with the loss of central neural function, and usually caused by
sport injury, local ischemic injury, nerve degenerative disease and myelitis with the clinical symptom
of loss of the motor neuron function, thus leading to part or all of the body below the injured area
paralysis. Currently there is no therapeutic method to recover the function of the injured motor
40 neuron, so this injury could not be cured at present.

Recent researches show that cell transplant may provide an effective method for treating Parkinson’s
disease and spinal cord injury (Freed et al., 2001; Kumar et al., 2009). Freed et al. transplanted the
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5 amount of effective cells in such cell transplantations, and so it is unable to control the level of
dopamine because the fetal central nervous tissue is a mixture of many different types of cells with the
unknown proportion of the nerve factor secreting cells. Therefore, this research shows nerve factor
secreting cells may be used in the treatment of Parkinson's disease by means of cell transplantation,
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cells into dopamine secreting cells and motor neurons. The defect of such method is that it is
30 required to culture the human embryonic stem cells with the nutrient cells of mice origin, and the
cells obtained by such method thus are not suitable for clinical use because of contamination caused
by animal original proteins and possible animal original pathogeny.

In order to solve the problems described above, an existing invention (US Patent Application No.
35 20030162290) provided a method without using nutrient layer cells of an animal origin. In this
invention, leukocyte inhibition factor (LIF) and fibroblast growth factor are used to induce the
embryonic stem cells into embryoid bodies, and then the embryoid body cells are differentiated into
nerve cells with nicotinamide and insulin. In this method embryonic stem cells are successfully
differentiated into cells with neuron functions, however it does not produce cells with neuron
40 functions from other cells, like adult stem cells. Limitations of the cells for clinical use produced by
such method are that the cells of embryonic stem cell origin are all allosomal cells and thus
immunological rejection and corresponding immunological reaction syndromes may occur after the
cell transplantation. Also, the use of embryonic stem cells will along with well-accepted ethical
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issues. Therefore, currently one of the problems to be solved on the treatment of stem cells for
Parkinson's disease and spinal cord injury is how to produce the neurons with properties of secreting
nerve 5 factors and properties of motor neurons from adult stem cells. Summary of the Invention
Aiming at the deficiency of the prior art, the main object of the present invention is to provide a 10
methggd ofproducing neurons with properties of secreting nerve factors and properties of motor
neurons from mesenchymal stem cells including human derived placental mesenchymal stem cells,
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aspect of the invention is to provide the uses of said method and the cells produced by said method.

Technical solutions are provided below to achieve the above object.
20
In one aspect, the present invention provides a method of producing the cells with neuron functions
from stem cells, the method comprises the following steps:
1) culturing the obtained stem cells in a medium with high serum content;
2) transferring the cells cultured in the first step into a medium having low serum content and
25 containing cell growth factors and neurotrophic factors;
3) transferring the cells cultured in the second step into a differentiation medium and continue to
culture the cells;
4) transferring the cells cultured in the third step into a medium containing nerve cell maturation
factors and continue to culture the cells;
30 5) transferring the cells cultured in the fourth step into a medium containing nerve factors.

In the method described above, the stem cells used are preferably human derived placental
mesenchymal stem cells and marrow mesenchymal stem cells, and other stem cells suitable for the
method of the present invention include adult derived adipose mesenchymal stem cells, adult liver

35 mesenchymal stem cells and other sources of adult mesenchymal stem cells; and further preferably,
the stem cells are placental mesenchymal stem cells.

The obtained cells with neuron functions are neurons with the properties of secreting nerve factor
and properties of motor neurons.

40
Preferably, the medium used in Step 1) is DMEM supplemented with 15-25% serum, wherein the
serum is preferably 20% FBS; the culture time of the cells is 8-24 hours, preferably 16 hours.



35 mesenchymal stem cells and other sources of adult mesenchymal stem cells; and further
preferably, the stem cells are placental mesenchymal stem cells. The obtained cells with neuron
functions are neurons with the properties of secreting nerve factor and properties of motor neurons. 40
Preferably, the medium used in Step 2) is an initial differentiation medium, which is a DMEM/F12
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25 1% of N2 mixed cofactor, 2 pg/ml of heparin, 20nM of RA, and 500 ng/ml of Shh, and the culture

time of the cells is preferably 3 days.

Preferably, the medium used in Step 5) is a DMEM/F12 mixture medium supplemented with 5-15%
serum, and contains 5-20 ng/ml of brain-derived neurotrophic factor (BDNF), 10-50 ng/ml of glial

30 cell-derived neurotrophic factor (GDNF) and 20-50 ng/ml of insulinoid growth factor (IGF), and the
culture time of the cells is 5-10 days; preferably, the medium is a DMEM/F12 mixture medium
supplemented with 10% FBS, and contains 10 ng/ml of BDNF, 20 ng/ml of GDNF and 50 ng/ml of
IGF-II, and the culture time of the cells is preferably 7 days.

35 In the method mentioned above, the serum used is selected from human umbilical cord blood serum
or fetal bovine serum; the condition of the incubator is 5% carbon dioxide and 95% air.

In another aspect, the present invention provides cells with neuron functions as prepared by the
methods above, wherein the cells are preferably nerve cells capable of expressing neuron specific
40 enolase (NSE) and neurofilament protein-M (NF-M), as well as secreting neurotrophic factor (NT)
and brain derived neurotrophic factor (BDNF); further preferably, the cells are neurons which are
capable of expressing neuron specific enolase (NSE), glial fibrillary acidic protein (GFAP) , growth
related protein factor 43 (GAP-43), and neurofilament protein-M (NF-M) , as well as secreting
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methods above, wherein the cells are preferably nerve cells capable of expressing neuron specific 40
enolase (NSE) and neurofilament protein-M (NF-M), as well as secreting neurotrophic factor (NT) and
brain derived neurotrophic factor (BDNF); further preferably, the cells are neurons which are capable

of expressing neuron specific enolase (NSE), glial fibrillary acidic protein (GFAP) , growth related
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factor-ﬁISN'lg- , heurotrophic factor-4 (NT-4) , and brain derived neurotrophic factor (B
anoth{er asp%ét, the present invention provides uses of the above mentioned method and the cells 5
with neuron functions produced by the method in the preparation of medicines to treat injuries with the
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Parkinson's disease and spinal cord injury. In addition, the present invention also provides a method
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functispePredddaby the above described method into the injury sites of patients with neurological
diseases, and the 20 neurological disease include, but not limited to Parkinson's disease and spinal
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20 neurological disease include, but not limited to Parkinson’s disease and spinal cord injury; preferably,
the cells with neuron functions express neuron specific enolase (NSE) , neurofilament protein-M
(NF-M) , and secret neurotrophic factor (NT) and brain derived neurotrophic factor (BDNF).

A detailed description of the invention is as follows:

25 One object of the present invention is to provide a method of producing cells with neuron functions
from mesenchymal stem cells, especially a method of producing cells with the properties of secreting
nerve factors and the properties of motor neuron. Another object of the present invention is to
provide nerve cells with the properties of secreting nerve factors and the properties of motor neuron,
wherein the cells may be used for the treatment of Parkinson’s disease and spinal cord injury. Still

30 another object of the invention is to provide a method of treating Parkinson’s disease and spinal cord
injury, which recovers the neuron functions by transplanting the cells with neuron functions.

Now the present invention is described combined with the objects of the invention.

35 The embodiment of the inventive contents described above may comprises the steps as follows:
1. Human derived mesenchymal stem cells are cultured in a medium with high serum content for 16
hours;
2. The cells obtained in the first step are cultured in a medium having low serum content and
containing cell growth factors and neurotrophic factors for 16 hours;

40 3. The cells obtained in the second step are cultured in a differentiation medium for 6 days;
4. The cells obtained in the third step are cultured in a medium containing neuron maturation factors
for 3 days;
5. The cells obtained in the fourth step are cultured in a medium containing nerve factors for 7 days;
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30 another object of the invention is to provide a method of treating Parkinson's disease and spinal
cord injury, which recovers the neuron functions by transplanting the cells with neuron functions. Now
the present invention is described combined with the objects of the invention. 35 The embodiment of
the inventive contents described above may comprises the steps as follows: 1. Human derived
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into amediim, Wit levwhse iR A thicirdvss: e dniiaian ol dbf Aitierantiation Ard S mefiysm
(L){?d W%tﬁeﬁ%&ﬁlxlf 2 lSt{lDMEl\glNutnﬁlnt Mix 1 ‘f) p}llxturedqiglyy ]}/Jhe seru ont nt |s

Clo

oreover um comprises equa? COﬂ en mixed cota

he'm
ﬂbrob?éﬂ&@r‘%%tﬁ%%!t&%*—“@k? e BursARiactenabiheinl gfolRFPRItbErRRE) f}ﬁtﬁ?ﬁgﬁﬁﬁ% 8D, the
cells ebtangmiptisadaibelin] step Arbaetansidited into a differentiation medium. 20 The main
component for induction in such medium is the embryonic brain protein, wherein 50-500m/m1 of pure
proteim ithenmptoysesh, The laisiobrgaddnnusedisdhe saprarasinstcifdiénseaatidsianisxeephébainsuch
mediupd %@a’ilﬂ%ﬁ%ﬂ@ﬂﬂ:@? fide&onNdhizatem g mediumisRfgsRRd BMELY fedaysmRaRGhe

cells %Wﬁﬂﬂéﬁrﬂ ]:9!}%11]6 g@%ﬁl is employed. The basic medium used is the same as that in the second
step except that such medium does not contain FGF or EGF.

In this step the medium is refreshed every two days, and the cells are cultured for 3-15 days.

25
In the fourth step, the cells obtained in the third step are converted to functioning cells in a medium
containing neuron maturation factor. Neuron maturation factor include 20nM of retinoic acid and
500ng/ml of hedgehog homologous protein. The basic medium used here is the same as that in the
third step, except that embryonic brain proteins are not included.

30
In the fifth step, the cells obtained in the fourth step are proliferated in a medium for neuron cells.
The medium employed is a standard DMEM/F12 mixture medium, which comprises 5-15% serum,
5-20ng/mlof brain-derived neurotrophic factor (BDNF) , 10-50ng/ml of glial cell-derived
neurotrophic factor (GDNF) and 20-50 ng/ml of insulinoid growth factor (IGF).

35
The cells obtained in the method described above show the morphology of fibroblast cells (Fig.1),
express nerve cells specific proteins including neuron specific enolase (NSE), nestin, growth
associated factor -43 (GAP-43) , glial fibrillary acidic protein (GFAP) and neurofilament protein
(NF-M) (Fig. 2), and secret neuron specific protein factors, such as neurotrophic factor-3 (NT3),

40 neurotrophic factor-4 (NT4) and brain derived neurotrophic factors (BDNF) (Fig. 3). These results
suggest the cells produced by the method of the present invention possess characteristics of neuronal
functions.



In the fourth step, the cells obtained in the third step are converted to functioning cells in a medium
containing neuron maturation factor. Neuron maturation factor include 20nM of retinoic acid and
500ng/m1 of hedgehog homologous protein. The basic medium used here is the same as that in the
third step, except that embryonic brain proteins are not included. In the fifth step, the cells obtained in

the I‘;OT'I/GE‘ gIQRefP{ SRAQIERRIGH IR AIRASIIN SAE NEUIRK Cei3hNRMAIRT QUlayRAiR @ standard

DM xture medium,,which comprises 5-15% serum, 5-20ng/mlof brain-derived.neurotrophic
et Y g T P R SRR S e S e MR LR e R

insuliﬁB?gcgidWﬁ“fMdP )8y 8 Y HECE O RSRATHRSI N RO e SHSSEF abBY S hds tHgated
morphistBisle obyib il st (Fidakinsenessliterse calls spaelfiePeotBingnclligingHbedofospeddific
enolaseniyBR)tnestimyghowlih smaociatbd factont-dBniGA ReBpdghélckbriitamypdaitho @rdteith(GRmP)
and ngideafdamekd preteime(htd-NMy (Figed) cand. secreimpiunn seeddicapiiokeisctasting, &IBh @S treat

neurqﬁr&ﬁﬂi%ﬁ?@@f@@aﬁ%‘j&) (0 HEHERET h{%ﬁ?eﬁtgf'él.(%Tfﬁll?s%‘l’aﬁf%%%‘éﬁ@\ﬁ%é!%trt%pﬂ?gétf%ﬁiﬁﬁ
(BDNQIQ:%%u%)esThese results suggest the cells produced by the method of the present invention

possess characteristics of neuronal functions. The present invention further provides one method of

treating injuries with the loss of neuron function by using the cells obtained above, which comprises

tnspiditingereatdiis BienHen inclHespresent invention into the injury sites of the patients with
neurolodicalceaikctakes fiime aivnakars trettsaditeipiy idatanoniinsiteg caviarkireso istgseatwdied Gsinal
cord ipjesyntTine amednodhfrgcphodicams pahtatidn manobdithetisass@sxtledinpenhelniaalionettiatls of

cell transpiaotatiarpfereine samp distassmmiikpathensthediby mgeditt @litobanseiant diie sepramine

secreﬂ{ggecgltcametQgpgﬁﬁgﬁﬁnéﬁﬁiga@%@se, or the method by Kumar et al. to transplant bone marrow
Is to treat spinal cord injuries. 10 Advantages of the invention include: 1. The cells taken from

animal are not used to provide an inducing environment in the method of the present invention during

produting SRNGIHRR G fA¥nEseh Byeiadiss SettarmaARBHAST tHEHamaPdhGimpRAgiAL B
possibEcatiNal Prkhdyeny Ading ReaKEIhdBBIYBlnginceiBsions midheeriemendiigbarenelpsial
applications $Hmdromasogenic stem cells may be used to produce cells with neuron functions in the
method of the invention, and thus avoiding possible immunologic rejections and corresponding
'QUWE‘P!Q&'}R r@éﬁi'@@lﬁyﬂﬁ!;?ﬂée%e%pté-p?&dﬂ%ét%ﬁscﬁﬂﬁlfﬂéﬂrgﬁ Hﬁﬁ‘é‘i&ﬁ@f@ﬂ Hﬁﬁi@ﬁ"%wf&ﬁﬁﬁ N
functiggs enicalARelieson b hadil hepreseatinanion. aidna el acirrics Al
issues along with embryonic stem cells. DeScription of the Drawings 25 Fig. 1 represents the nerve
cells ifdticed from human placenta-derived mesenchymal cell. Fig. 2 represents the nerve cells
induced from human placenta-derived mesenchymal cell express nerve cell specific proteins. Wherein:

Fig. 2Deseniption of shenaavings centa-derived mesenchymal cells (200x) , wherein the staining for 30

rsurocytokine is negative;
Fig. 1 represents the nerve cells induced from human placenta-derived mesenchymal cell.
Fig. 2 represents the nerve cells induced from human placenta-derived mesenchymal cell express
nerve cell specific proteins. Wherein:
Fig. 2-1 is un-induced human placenta-derived mesenchymal cells (200x) , wherein the staining for
30 neurocytokine is negative;
Fig. 2-2 is the nerve cells induced from placenta-derived mesenchymal cells (200x), wherein the
brown-yellow color is the staining for Nestin;
Fig. 2-3 is the nerve cells induced from placenta-derived mesenchymal cells (200x), wherein the
brown-yellow color is the staining for NSE;
35 Fig. 2-4 is the nerve cells induced from placenta-derived mesenchymal cells (200x), wherein the
brown-yellow color is the staining for GFAP;
Fig. 2-5 is the nerve cells induced from placenta-derived mesenchymal cells (200x), wherein the
brown-yellow color is the staining for GAP-43;
Fig. 2-6 is the nerve cells induced from placenta-derived mesenchymal cells (200x), wherein the
40 brown-yellow color is the staining for NF-M;
Fig. 3 represents the nerve cells induced from placenta-derived mesenchymal cells secret nerve
factors and neurotrophic factors.
Fig. 3-1 is the secret of neurotrophic factor-3 (NT-3) protein determined by ELISA
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Fig. 2-2 is the nerve cells induced from placenta-derived mesenchymal cells (200x), wherein the
brown-yellow color is the staining for Nestin; Fig. 2-3 is the nerve cells induced from placenta-derived
mesenchymal cells (200x), wherein the brown-yellow color is the staining for NSE; 35 Fig. 2-4 is the
nerve cells induced from placenta-derived mesenchymal cells (200x), wherein the brown-yellow color
is the stgiping far ¢ Ridhid o Jis dhemena calisdnditced f emalagenie-gaiped mereqciyymalcells
(200x), w, arein the brown-yellow color is the staining for GAP-43; ~ Fig. 2-6 is the nerve cells induced
from pr’%%%ta-d,erived mesenchymal cells (200x), wherein the 40 brown-yellow color is the staining for
NF-M2FIGeaproah et hE S IR iHuedy Frmusre Bmpr aiRrsa il rehprsancan e sl
nervecRiltbibaerneitiratiappidYactdpdmRign -1 is the secret of neurotrophic factor-3 (NT-3) protein
détermirde yeBuISAL tellheftonirdhenediurth embvhvchctbeagelpsdteve, ot beececultaoadytel-3 is
concegdgpaipy/ i NT-3 is Opg/ml; 2. The medium of cells in the control group (un-induced human
p|6|1|09Ffit§.'§eii‘i/se@1é‘%%§%@%%&ﬁb&%ﬂi@_@ﬂ%ﬂaﬂﬂqﬂ@?ﬁ%@éiﬁ’B&feh‘fﬁh%fdso Eﬂ@ﬁ,%e?é?ﬁ:meg?umsog
cells [ r hrain pr 0 - g +Fig.. 3-
s the}%“*s%%“ﬁ%%% O R SR S R i e
mediufe 8H>which the cells have not been cultured, the concentration of NT-4 is Opg/ml; 10 2. The
& dicim e CRRMIRE Bkl BrotR) i HRRR SN HNANSAIERHt R e N FFvSd TRRY RS SRS EN),
the conbehtiztiorno¢NRLDSAd Ddirhis?) mHenhedium of cells after inducing with embryonic brain
proteifisTiHeenvaticentrfitielis off tdil iddscoiB 9 ply/entbRign3- Brisi ihe e oret the hrxainedatitien o NE-factor
(BDNé)giegeymined by ELISA, wherein: 15 1. The control medium, on which the cells have not been
culturpd, 818 cofeentAian GhBRNF VS Q97 BINPRMmREGEES IR ComtLalgroup
(po-meERd CUMT RAREZCAZUNRS MECIR NG RIP 68 ShNE L B HAIRRED PN i

10ng/ml;

2. The medium of cells in the control group (un-induced human placenta-derived mesenchymal stem

cells), the concentration of BDNF is 10ng/ml;

3. The medium of cells after inducing with embryonic brain proteins, the concentration of BDNF is

20  55ng/ml.

Best mode for carrying out the invention

Following examples are used to assist the readers to understand the context of the invention rather
25 than limiting the scope of the invention. For example, in the following examples human placental
mesenchymal stem cells are used as the cells to be differentiated, but it is not difficult to understand
for readers skilled in the art that other sources of mesenchymal stem cells including bone marrow
mesenchymal stem cells, adipose mesenchymal stem cells, liver mesenchymal stem cells and so on
are also suitable for the present invention.
30
Example 1: Isolating human placental mesenchymal stem cells

The placentas used in this experiment are term placentas of healthy parturients, and obtained from
the obstetric clinical in the Affiliated Hospital of Ningxia Medical University. Donors donate term

35 placentas voluntarily and signed informed consents. Under sterile conditions, around 20g of fresh
human placenta tissue is cut off from a placenta after delivery. The tissue is kept in a 50ml centrifuge
tube with 20ml solution of 1% human umbilical cord blood serum and 1%
penicillin/streptomycin (Invitrogen, Product code:15140122) . The placenta tissue in the protection
solution above is transferred to the cGMP lab within 30 minutes. The tissue is washed three times in

40 a PBS solution containing 1% penicillin/streptomycin (Invitrogen, Product code:14040133) before
processing.

Nondeciduate placentas are divided from the placenta tissue with a sterile surgical scissors,
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3. The medium of cells after inducing with embryonic brain proteins, the concentration of BDNF is 20
55ng/ml. Best mode for carrying out the invention Following examples are used to assist the readers to
understand the context of the invention rather 25 than limiting the scope of the invention. For example,
in the following examples human placental mesenchymal stem cells are used as the cells to be

d'ffer%%‘&f’ ﬂ%&'bﬁ&%ﬂ%'ﬁ%%@%ﬁ%&a&%&%r?ﬂﬂﬁ sekilled Bé@@g aﬁh@ﬂ‘ié?ﬁlﬁga%&%ﬁﬂf
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cells, (flver mesen % ﬁ {P%l & agenase Vltmﬁ | ? i %L resent mventr%n eé
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placehtassbe manrhgeparindarieccainl sheainals marreisd upataeitscidicaldigendonsihatass peospieuest
Ningxia Medigabturgversitye Ronsi®ddnatz deipri@®placeilas coldntandy the dnsigihe thirfooindd cell
consentpehiioe i stasilecotnelitinnhatousctelDeeaf siiesth v andilaeanta i F=BIS is eqﬁalffvﬁmm@and
placeptaafigsdelivens e I@%Hﬁﬁe%e%dmﬁeﬁqwsﬁﬁ%ﬁ%€ g Mitami tﬁ@ % byrpan
umbiligal gargl Blog céehuﬁh%”goﬁé?ﬁ’%g]‘i@'%%t%ﬁﬁé %‘G}cf’g%?fdp{ Hﬁ fat m 30 }30428)eqThe

| tat t t 1 Th
Heouc T ATHA Y %unz%gé%%e%w SRR S Bromyoin (.n'C.?rﬁéen, ©

fbduct code: 14040133) before processing. Nondeciduate placentas are divided from the placenta
tissucixitmplerdrilEmbryieaicsbraior prateisis daducsethiendiffer R tiondofunerenghyimal istemellsmall
pieceintanaeihencellyested with a combination of 270 Unit/ml collagenase IV (Invitrogen, 17104019)
and 2.4 Unit/ml dispase Il (Roche, Product code: 04942078001) under 37C for 1 hour to isolate
placerfigl amgHGMESRnARYMALA ?aa&sia*m@@mgmmeﬁ@@ﬁmmg%ﬁs%ﬁ{ jgestion, the
uelretl.ls%1 dyes 5a In tlggen gle% gnmhxture are stoeqfis |p|ff tion for, 319 sec ?1 dl[s éhe mlddle
Iayer of the cel éngion IS then collected. The co cte SUSpension istdiiuted wi WI Eﬁgé In

equalSidaid H}?&@é‘hﬁlﬁw {O/%OugBl%)r‘irﬁlmhﬁﬂSgSl&hEﬁ‘ﬁ ?Ft%%qgupernatant is discarded and the

precipitakbel edis apedigasidaiihicetn Ps eoteammny 1% Hoviapcambindsr 8dr§ Bisod Saritefibwed

by wastienh onbeidgainadbsDMEM medium containing 1% human umbilical cord blood serum. 10

Examplais Eanbearoniansraireproteinscinduon thelditereativiionofinesprtbymal giemrogds)iniadagrve

cgJls. Jhe mfﬂggﬁgﬁmmgﬂfgg%pgu%gsmesenchymal stem cells into nerve cells comprise: 15

1. Thg r:THE P?I%/%ﬂh g%@}/ %‘s'hSI*S ﬁﬁl' M%%l%?‘?'@%@%ﬁ%%ﬁ% 18 St s

standia0 1%‘% {ll%gn D 10% PBS) until t nsity reac 0.

5. The cells are cultured in an initial differentiation medium for 16 hours, wherein the initial
differentiation medium is a standard DMEM/F12 medium which comprises equal content of N2

25 mixed cofactor, 2ug/ml heparin (Heparin, Sigma), 1% minimal essential medium (MEM, Invitrogen),
0.2% FBS, 10ng/ml bFGF (R&D Systems) and 10ng/ml EGF (Gibco).

6. The cells are further cultured in the differentiation medium for 6 days, wherein the
differentiation medium is an initial differentiation medium but does not contain FGF or EGF, and
contains 200 ug/ml embryonic brain protein (purchased from Capital Biosciences, Rockville, USA,

30 Product code: TCB-1977). The medium is refreshed with fresh differentiation medium every two
days.

7. The cells are further cultured in the maturing medium for 3 days. The maturing medium is similar
to the initial differentiation medium except that the maturing medium does not comprise FGF or EG,
and comprises 20nM RA (Sigma) and 500ng/ml SHH (Biosource)

35 8. The cells are further cultured in a neuron medium for 7 days, wherein the neuron medium is
similar to the initial differentiation medium except that the neuron medium comprises 10% FBS,
10ng/ml BDNF (Invitrogen), 20ng/ml GDNF (Sigma), 50ng/ml IGF-1I (R&D Systems), and does
not comprise FGF or EFG. During this stage the culture is refreshed with fresh medium every two
days.

40
The nerve-like cells obtained after inducing differentiation is illustrated in Fig. 1.

Example 3: Determination of nerve cell specific proteins
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2. The cells are digested with 200 U/ml collagenase 1V (Invitrogen) under 37C for 3-5 minutes to obtain
individual cells. 3. The cells are transferred into incubation flask coated with collagen protein-IV
(Invitrogen), added 20 with DMEM medium and cultured for 24 hours. 4. The medium is replaced with
fresh medium (DMEM + 20% PBS) and continue to culture the cells for 16 hours. 5. The cells are
cultured in an initial differentiation medium for 16 hours, wherein the initial differentiation medium is a
standard EM/F12 medium ‘i‘”}f@h comprises equal content of N2 25 mixed cofactor, 2ug/m1 heparin

(Hepailr? |gannglfa l%lr%ﬁﬂ?nlgfélsséntial medium (MEM, Invitrogenj,‘ 0.2% PBS IOn%?l bFGF (R&D

System$ et RSRghAEEENGBESS BOFAMELAS RRETTFHE: Il I eHBrlsbAER ARSI WRdARI for
6 day3 cWiteietHstheoyifereHatiy erddaimidasiiga PorHe randisHiredaaitha pRITEBEBCABIRSMEIA FGF
oSE GFitlaick coedains idGD apgprf énvdmpdait) bAdie protedudpd tohase dliam CapsalBioseletoes;ells
RockvitecilaAd3thBspduct sadesoh@iBohS %E) a Taatroedivipisinefiiesoadwiith fteph diffespatiatianal
mediyngyan o dayd1 frolipecalisalg iwthenigyitured in the maturing medium for 3 days. The
matur ium s simjlar t ipitial diff iatl [ c t turg ' es
not Cﬁ%ﬂé@éﬁgﬁ‘%%@%%%’ﬁéﬁ .%%%%E%ﬂ 3*&9%2‘2%@%c?g%%?%hlpi"ﬁ(é%%%%@ﬁ%ﬁ%%?The
colls AFE YTHES SRS A0 a0HEn IR A5 15113 S iETein the neuron medium i similar to the
ifflial SHiffSferriiRhPiGilTRR I8 AT eSABLIRh thélTa i ConhbRaE: aTshp BB B ghh0mei:
(Invitrsg ) nRovey a1l AN P SigghvahsDnded WIORWICER&D Systems), and does not comprise FGF
or EFG Hlurkiggetbid fetagen thi@iagltiiebisviatreshuen pritteifie &S Aedidrippaontiie cdlssaté@ hddeonehee-like
cells ebtaagsafign nducinerdifferantiationdmdiusiatedionigmbexarople 3o Datarinatiomehngsve
cell spegific f?ﬁﬁﬁiﬁ%hm&mﬁﬂ% s include: 1. Cell attached coverslip: The cells obtained
(experimental group) in. Example 3 are transferred into.a culture dish.covered with coverslip at
et o poerery QARG B S R S S T SRR e o)
Also USRS RLMARYMSEERTY MOSERRH)MANERIDCEIRWIS éhﬁtﬂ‘éﬂ‘%fﬁd%‘}t{h%dé%?q?éadBﬂdm% s as
a contYeb ol Hrth STMBWHG MéBe 1t eRpéritndrbinyrang HisceHe dsrivdiuged @bhfe aveameht.
identioalle eeliftee 24 dhedreiéhlPBE qdvérdlips witreetiiseattemthaunindove-likmwels and control cells
respetlivalyycatmdvasaedbyith i B&ldaresdtimessIRndciachtined 1062 M ifduE® mifudesl he coverslips are
theategl ima Mixture alianefi3ess H202:((hRat)@nshrurs: matharal. (50 parts) for 30 minutes and

then \@la§H@&M&hﬂ%‘lﬁlqp‘@f%tﬁfdﬁ’g/éc&mpm (SABC) is added, and the cells attached on the coverslips
are cultured at 37°C for 20 minutes and then washed with PBS four times, each time for 5 minutes.

10. The coverslips are developed with diaminobenzidine (DAB) (DAB kit is employed, which is
supplied by Boster Co., Ltd., China).

25 11. Dehydrate with graded ethanol, vitrification by dimethylbenzene, envelop by balata, and then
observe cells on the slide under a microscope and take photos.
The determined results show the induced nerve-like cells are capable of expressing nerve cell
specific proteins. (See Fig. 2)

30 Example 4: Determination of neurocytokines and neurotrophic factors

The determination steps include:
1. The nerve cells obtained in Example 3 (experimental group) are cultured in the nerve cell medium
(same with the medium in Step 6 of Example 3) with a density of 5x10°. Moreover, un-induced
35 human placental mesenchymal cells are cultured under the same condition as the control group. In
the following steps the experimental group and the control group are treated identically. The cell
medium is collected after 48 hours and centrifuged at 12000r/min under 4°C for 5 minutes.
2. An enzyme linked immunosorbent assay (ELISA) kit (Shanghai Senxiong Technology Industry
Co., Ltd) is balanced to room temperature (20-25°C).
40 3. Establishing Standard Curves: 8 standard wells are set with each 100ul of standard sample with
gradient dilution added.
4. Adding the sample: into each of the testing wells 100ul assay sample is added.
5. The reaction plate is maintained under 37°C for 120 minutes.
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4. Blocking buffer containing 5% bovine serum protein (BSA) is dripped on the cells attached on the
coverslips, and the coverslips are maintained under room temperature for 20 minutes, and then the
excess liquid is shaken off without washing. 15 5. The properly diluted primary antibody is added (each
antibody is diluted according to the instructions of manufactures), wherein the antibody includes the

primagy GARAMISRJIAOSHY %e%?ﬁﬂﬁt@l@@a‘éﬁe@ﬁﬁ?m&‘lﬁWﬁ%‘%%s@ﬂg lefgha FoH02 ARG Wi cells

arec rtluerc?d aitf%C overnlght 6. The cells are washed with" PBS (pH 7.2-7.6) three times, each time
for2 m f& secondary antibody is added and the cells are incubated at 37C for 20

mmut%s % éaeﬁw& giiid pal Wtk g i P B SOf PLEIGR QbR dihaddids #th(esreastion plate is
Streptafiifislytmipet ord da seripmsedmben3d Gof9e@0anmERs cells attached on the coverslips are
clltur@dVeagiiag fie 20amirtbtes anuihgatevashaedhedthu P8 B 1fdyrvithes yeaslcin githe ddiob 4virtutes. add.
The covedsdipsiiaeepapeeloped with diaminobenzidine (DAB) (DAB kit is employed, which is supplied by
Bostes GRo bigh \Qé]ln%OZ&S%k@@%ﬁ%%%ﬁ@&@%ﬂ@%ﬁ%%ﬁﬂ&ﬂ%@%ﬂé& AHGOIRERGE PR
envelgpnp ﬁ@éﬁ’uﬁﬂ%@%%?%&%ﬁ% s,on the slide under a microscope and take photos.
deter ow . the induce ve-like cells are res in rve ceII specific
prote.rﬂi S A e R RN G
dé&erd W%B&?ﬁ@ﬁﬁé 1. The nerve cells obtained in Example 3 (experlmental group) are

culturéd intmeagbrvelbelPma dithsigganeriiny todutiradis asldeds sl shefrixampreadaintd artan ity Of
5x105n Ntoteovencufointil OadiBaduman placental mesenchymal cells are cultured under the same

conditionsag the, FaBIER] G R dBLhgdllRWInG 1S taRp iigeaxRriimen @apUR AL e ¢RNIsLERYP are
treateﬁilégﬁﬂgg%lmgy}ﬁncell medium is collected after 48 hours and centrifuged at 12000r/min under 4C

for 5 minutes. 2. An enzyme linked immunosorbent assay (ELISA) kit (Shanghai Senxiong

echnology Industry Co., Ltd) is balanced to room temperature (20-25C). 40 3. Establishing Standard
Curve®eTEBC R ard wells are set with each 1000 of standard sample with gradient dilution added. 4.
Adding the sample: into each of the testing wells 1000 assay sample is added. 5. The reaction plate is
mainthinedWRdler B7C FREEID, mintités. B. WaBhihYthe RABERE rebictidiRpiEigts washéd sififitiently
with aIRASKSRI_ANG OT O timeg angXBRhapNilEr ppPOFAMINE  NEURONS FOR  SEVERE

20 PARKINSON’S DISEASE. N Engl J Med 2001;344:710-9.

2. Arachiman A. Kumau, Sankaran R. Kumar, Raghavachary Narayanan et al, 2009. Autologous
Bone Marrow Derived Mononuclear Cell Therapy for Spinal Cord Injury: A Phase I/II Clinical
Safety and Primary Efficacy Data. Experimental and Clinical Transplantation 4:241-248.

25
3. Hiroshi Kawasaki, Hirofumi Suemori, Kenji Mizuseki et al, 2002. Generation of dopaminergic
neurons and pigmented epithelia from primate ES cells by stromal cell-derived inducing
activity.PNAS 99(3):1580-1585.

30 4. Inoue, Kazutomo; Kim, Dohoon;; Gu, Yanjun; et al, 2003. Method for inducing differentiation of
embryonic stem cells into functioning cells. United States Patent Application 20030162290.
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7. Into each well, 1000 working solution of primary antibody is added, and the reaction plate is
sufficiently mixed and then maintained under 37C for 60 minutes. 5 8. Washing the plate: the reaction
plate is washed sufficiently with a washing fluid for 4-6 times and dried on filter paper. 9. Into each
well, 1000 working solution of enzyme-labeled antibody is added, and the reaction plate is maintained
under 37C for 60 minutes.  10. Washing the piafgy,ige reaction plate is washed sufficiently with a
washing fluid for 4-6 times 10 and dried on filter paper. 11. Into each well, 1000 substrate working
solution is added, and the plate is maintained under 37C in dark to react for 5-10 minutes. 12. 500
stop sHiAIdH slaupet$into each well and mixed, and then the absorbance of the solution is measured
at 492 nm. 15 Reference 1. CURT R. FREED, PAUL E. GREENE, ROBERT E. BREEZE et al, 2001.
TRANSPLANTHON ON @FdEMBRYON €D ORdviNENEWR GG FRR SENE REIRD RARKIMSOMS
DISEAsBowimEnighd: Med 2001;344:710-9. 2. Arachiman A. Kumau, Sankaran R. Kumar,

Raghg @Eﬂ&%@‘ﬁﬁ'@&%ﬂﬁ@%@h@ﬂ% 1@9%@99%@%%%&9% P&fivged Mononuclear Cell Therapy

for Spigal o Ve Bl anical Saietand KIman: Rllag para. besimenial agd Ginica

Trans Iantat|0n4 awas Hirofumi uemorl Kenji Mizuse |eta

Gene 8{}5%“51?%8 LRI f@ﬁg{fr%i%ﬁ%o fORMHH UBithelia from primate ES cells by stromal
Jli-aédrveasiatiemga ity plinelos (@e) :Sp6el 1585 1 24, JHAUTEN UARJRTG NS SRaERuSEA,

Yanjuwilerakhe@esMethod for inducing differentiation of embryonic stem cells into functioning cells.
United)SiatescRaignhépplisatiomi2d0B0te229d. sClaims \W/hatdtiolatoedinsnd derdensethadhfration

produgingreeiel withinge ke funetianschmm stem cells, which comprises the following steps: 1)
CUIturgjgtltgﬁ%féPltﬂ{EetﬂeSt@éﬁscﬁuﬁdféa megiuTLuiE E’[i@ﬁl%uwlﬁgﬁﬁt&ﬂt;containing nerve factors and
15 continue to culture the cells,
preferably, the stem cells are human derived mesenchymal stem cells; further preferably placental
mesenchymal stem cells, bone marrow mesenhymal stem cells and adipose msesnhymal stem cells;
more preferably placental mesenchymal stem cells;
preferably, the produced cells with neuron functions are nerve cells expressing neuron specific
20 enolase (NSE) and neurofilament protein-M (NF-M), and secreting neurotrophic factor (NT) and
brain derived neurotrophic factor (BDNF).

2. A method according to claim 1, wherein the medium used in Step 1) is DMEM supplemented with
15-25% of serum, wherein the serum is preferably 20% of FBS; the culture time of the cell is 8-24
25 hours, preferably 16 hours.

3. A method according to claim 1 or 2, wherein the medium used in Step 2) is an initial
differentiation medium, which is a DMEM/F12 mixture medium supplemented with 0.1-0.5% of
serum and comprises equal content of N2 mixed cofactor, 5-15 ng/ml of fibroblast growth factor

30 (FGF) and 5-15ng/ml of endothelial growth factor (EGF) and the culture time of the cells is 8-24
hours; said initial differentiation medium  is preferably a DMFM/F12 mixture medium
supplemented with 0.2% of FBS, and contains 1% of N2 mixed cofactor, 2 ng/ml heparin, 1% MEM,
10 ng/ml of bFGF (basic FGF) and 10 ng/ml of EGF, and the culture time of the cells is preferably
16 hours.

35
4. A method according to any one of claims 1-3, wherein the medium used in Step 3) is a
differentiation medium, which is a DMEM/F12 mixture medium supplemented with 0.1-0.5% serum,
and contains equal content of N2 mixed cofactor and 50-500 pg/ml of embryonic brain protein, and
the culture time of the cells is 3-15 days; the differentiation medium is preferably a DMEM/F12

40 mixture medium supplemented with 0.2% of FBS, and contains 1% of N2 mixed cofactor, 2 ug/ml
heparin, 1% MEM and 200 pg/ml CNS protein, and the culture time of the cells is preferably 6 days.

5. A method according to any one of claims 1-4, wherein the medium used in Step 4) is a

-12 -



2) transferring the cells cultured in the first step into a medium having low serum content and
containing cell growth factors and neurotrophic factors; 10 3) transferring the cells cultured in the
second step into a differentiation medium and continue to culture the cells; 4) transferring the cells
cultured in the third step into a medium containing nerve cell maturation factors and continue to culture

the C@MEM@IQarﬁﬁfﬁffé%éﬁﬁﬁeyépﬁ‘fﬁméﬁ%‘m f@‘frﬁ‘s%ef?f' OLPuME %hf’ﬂﬂéaé&ﬁ&@ D5 fagtors
and 19 £QRIYE 5 cture g ﬁ@f‘sfreﬁnen%ngﬁ B ESRARREN dPaied meseneu stem
m-cells S

cells; urtﬁler pre]pera (fy’ placenltlal mesenc one marow meden ‘and

ad|p0§‘é Re SR HEnS o dis: Cﬁ}bgrésp?e e FRWR) Paée'ﬁ‘eﬂlﬂ%gér&fﬁ;fﬁ@ EtQWM@Am&% BHE the
produ‘@éélléﬁlI§%@Wé@ﬂ§h"1‘ﬂh&l%%§0&mW@G&lﬁ%&bﬂgsﬁﬁb}%éw@ﬁ SPEEHE: Qa@ﬁalagéﬂmzse) and
néurcilaertt protend-MQNENMI) o& Aths eoxbtheg nkurotrophi€ dactet §NsSTHrafwlabizin deerived neurotrophic
factor (BDNF). 2. A method according to claim 1, wherein the medium used in Step 1) is DMEM
supplgmgnige Ny ARRarioolSeyMoNherelAha Sers! ”Wﬁe%ﬁfe{ﬁ@%@@f’éhpflf &ﬁlﬂh&@bﬂtﬁr gdie of
the cq) magﬁl%%n e RIEIRIARIY.AS 1@&%ﬁﬁed3v¢°tﬁn thee, a5EaLdlng 1 gfam . 2 ey I%)Hljhgf
med| m us I?eéggg ium W ﬁ)’\% mlxtur %éum
Ol B Gt %% WPk SR TR T

8&%&%5% 85 qé?%s}
1“?. br%wﬁb Ao tRr0i8e0l @orsy el 2w, Binand thrsntitradiee eldhy ?ﬁ%lf ihe dflture

time cfattie pestfsrbBL2hdh oradivsaits |M|W5Méﬁtmtmrm§m@mnsspp@ﬂémmeé BFM%12Ehixande
mediwonsppEmeritddofivVBDBIRY2®h PBS paaiDOdn taid S0 HeohiNZ mdkel, cofécherc @ g/ mhdepdren,
1% MENt 1O raémbef PGk, (basic FOP) and 10 ng/ml of EGF, and the culture time of the cells is
preferably 16 hours. 35 4. A method according to any one of claims 1-3, wherein the medium used in

a differentiati edlum which i is.a [F12 mixture me ement
0 B e O o b TR U gl b
brain Eﬁﬁéi?ﬁf&ﬁﬂaﬂ%oeJﬁfﬁlebﬂmae&ﬂH&lc&&ﬁg@f@faa Ehetﬁ%cahf'é?‘éiﬁé%o?ﬂh%%‘ﬁf‘f&%?&f’e%légfy a
DMENHMF12 40 mixture medium supplemented with 0.2% of PBS, and contains 1% of N2 mixed
cofactor, 2 Rg/m1 heparin, 1% MEM and 200 Rg/m1 CNS protein, and the culture time of the cells is
prefei@ldyfs ays nelroA RGOS acGRegirad 6 nme onaidchaings brt, sWheisiiR the medivin tisedtin Step
Aois ard EfWanl)Z mpuremedi @sﬁﬂ@pﬂﬁ%ﬁ Spbwika Qﬁ’o‘ﬁs@%’l@ B RO SRMRINS 264! gentent
of NZLgH é COE ec}é% HMr%%fa isﬁé"?a%%fj &) ‘E?}H&’ QR%%”H%:?&?O%&'% '}&‘8%?'2%%) ), and

it

the c medium IS era %}(I’égﬁﬁ) g{%nlvl of

me 0

supp IEBRT S g &ﬁ%@ea}% Ve Sl BB R SS &ﬁ%ap%%&spo

RA, aMdBOPHYH SEEAR) andip Uit e im RNt (GatBrérnind aa%oféam% PO EEddrding
to anyl‘éﬁé\@f glathsscreg ng/heedtropbiciadiorm3udel 3o, Seapogpidhie BIBMIENT rbandebrmadidgnved
Sipplesesteghidtta&ak BN Berum, and contains 5-20 ng/ml of

9. The use of the method in any one of claims 1-7 and the cells with neuron functions in claim 8 in

the preparation of medicines for treating injuries with the loss of neuron function;

preferably, the cells with neuron functions are nerve cells expressing neuron specific enolase (NSE),
30 neurofilament protein-M (NF-M), and secreting neurotrophic factor (NT) and brain derived

neurotrophic factor(BDNF);

preferably, the injuries with the loss of neuron function are Parkinson’s disease and spinal cord

injury.

35 10. The use of the method in any one of claims 1-7 and the cells with neuron functions in claim 8 in
the treatment of injuries with the loss of neuron function;
preferably, the injuries are Parkinson’s disease and spinal cord injury.

11. A method of treating injuries with the loss of neuron function, wherein the method comprises
40 transplanting the cells with neuron functions produced by the method of claim 8 into the injury sites

of patients with neurological diseases, and the neurological diseases include, but not limited to

Parkinson’s disease and spinal cord injury;

preferably, the cells with neuron functions express neuron specific enolase (NSE) and neurofilament

_13 -



brain-derived neurotrophic factor (BDNF), 10-50 ng/ml of glial cell-derived neurotrophic factor 10
(GDNF) and 20-50 ng/ml of insulinoid growth factor (TOP), and the culture time of the cells is 5-10
days; preferably, the medium is a DMEM/F12 mixture medium supplemented with 10% PBS, and
contains 10 ng/ml of BDNF, 20 ng/ml of GDNF and 50 ng/ml of TOP-IT, and the culture time of the
cells isprafRiablyNFdays: 1hd7- AmethedAHpEing AR ARy Q0P O H@ins 6. dagvearuptisssripried
from g%g)% r}lcal cord blood serum and/or fetal bovine serum; the condition of the incubator is 5%
carbon dioxide and 95% air. 8. Cells with neuron functions as prepared by the method of any one of
claims 1-7, wherein the cells 20 are preferably nerve cells expressing neuron specific enolase (NSE)
and neurofilament protein-M (NF-M) , and secreting neurotrophic factor (NT) and brain derived
neurotrophic factor (BDNF); further preferably the cells are nerve cells expressing neuron specific
enolase (NSE), glial fibrillary acidic protein (GFAP) , growth related protein factor (GAP-43) and
neurofilament protein-M (NF-M) , and secreting neurotrophic factor-3 (NT-3), neurotrophic factor-4
(NT-4) and brain derived 25 neurotrophic factor (BDNF) . 9. The use of the method in any one of
claims 1-7 and the cells with neuron functions in claim 8 in the preparation of medicines for treating
injuries with the loss of neuron function; preferably, the cells with neuron functions are nerve cells
expressing neuron specific enolase (NSE), 30 neurofilament protein-M (NF-M), and secreting
neurotrophic factor (NT) and brain derived neurotrophic factor(BDNF); preferably, the injuries with the
loss of neuron function are Parkinson's disease and spinal cord injury. 35 10. The use of the method in
any one of claims 1-7 and the cells with neuron functions in claim 8 in the treatment of injuries with the
loss of neuron function; preferably, the injuries are Parkinson's disease and spinal cord injury. 11. A
method of treating injuries with the loss of neuron function, wherein the method comprises 40
transplanting the cells with neuron functions produced by the method of claim 8 into the injury sites of
patients with neurological diseases, and the neurological diseases include, but not limited to
Parkinson's disease and spinal cord injury; preferably, the cells with neuron functions express neuron
specific enolase (NSE) and neurofilament protein-M (NF-M), and secret neurotrophic factor (NT) and
brain derived neurotrophic factor(BDNF).
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