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UNAAHa mesenchymal stem cells (MSC) Wlumadaumiianidnamwlumsasaduladumaduasiiiadiame
latiaunnaiialusumeiiaagluannziuanzan msdnwniliitngussadlumaiTeuszWannnszuiumsesan DMSc
Stem Pro Zaidlu MSC anlanszgneahnsunannissnungihe retinitis pigmentosa (RP) losdnwanmzimanzanluy
M3ANELEEN MSC 9ININMIATINF0UANINYNABNUBINTEUIUNIHEN (process validation) AaungmsIvennaiin
M5LNLeE9 DMSe Stem Pro v lusasazana (clean room) 5264 class 100 lagld DMEM 5130y 109% FBS iy
g ¢ 1 A 0 ) Vav 1w s v ' a a a
aIMNatheaad Unil 37°C, 5% CO, WU 36:+4.69 Ju (MidBINAY 31-42) wadnlalsuiameaEeuven windule
FAMENUFINNFAN JNIUIU 8.67+2.23 ULAS (MINFLINAY 6.00-10.62) BATINITNTININNNINTDEAE 90 RILUBE
fimsuaniaanuads CD9o, CD105 waz CD73 ualiiimsuaasaanzas CD34, CD45 waz HLA-DR sansosaiule
& o s s ' v <& . a & PUIPEE |
Wuwadlusiy wadnszgn uaziwadnszgnasuld Unannmsluiau endotoxin uazgain MLuaiiGy wae uaz
TuTawanan nszwiumsmunamiumsmunaninaeitazismslumsudasuuutagiy (GMP) uazdamnue

anasmsumsnanne v (INDs) ad1aa39nsa DMSe Stem Pro filasanannvasjuamswasauniiinua
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International Society for Cellular Therapy
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CD105, CD90 waz CD73 weliinmsuaniaanzad
CD34, CD45, CD11b, CD14, CD19 sz HLA-DR
a a I o/ <
3) awsasgduloumadlody wadnszgn
u,a::maﬁﬂix@ﬂaiau (trilineage in vitro
differentiation) MSC #i2a@vN N U)NANNWINEN
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oy graft versus host disease (GVHD) tu1%u
Tsndu lsaead lsamessuudszam lsamedny
auKaL3a3e wasunannmagnlulne wwad
Furiiiasiio MSC Suiunillunguizaddumiiio
fenahazannsawanngmadanimilumsinmnlse
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retinitis pigmentosa (RP) w3alsaaaail
asdfdemaameiugnssy Wulsamaiugnasu
fifigtiimanimaialsauastszansmian Ussanm
1§18 3,000 94 4,000 TeegniennanuiinUndvasdiy
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human mesenchymal stem cells: HMSC (cell

applications, Canada)
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aaaeelanszgnuIliaaeey sterile
PBS pH 7.4 (Invitrogen, USA) uddiluily
LenAIBLAI It uMI B (Hitachi, Japan) tie
thudiuzed buffy coat ﬁﬂml,wwmgﬂﬂum%uz
tWeiAsegiie T75¢m? (Corning, USA) e
Msiaeaad Usznaume Dulbecco’s Modified
Eagle Medium (DMEM) (Invitrogen, USA)
fetal bovine serum (Lonza, USA) antibiotic/
antimycotic (Sigma, USA) i lunee CO,
incubator 'éu NU-5100E (NuAire, Inc, USA)
Wasummadsagednn 3-4 Tu untigadasd
anavALLUsEaNEL 909 BIRUAINZLEEY Nty
M 508LEadpan NN RUTIMBUL LN LA IR

0.25% trypsin/EDTA (Invitrogen, USA) wazi)

saln v & ' ' 2 o a
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Mele laminar air flow biological safety cabinets
51 NU-430 (NuAire, Inc., USA)
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NAFBUANNFINITOVDITAOUN IR (potency)
msmaaummu’%qwgﬂmmaa"(ﬁuﬁnﬁﬂ (purity)
msmmm‘sﬂmﬁauf\gaﬁw (sterility) wazmsansIa
FaUMSHTIAYead (viability) Gl
msfigattenanyaligasaumiile laawmeile
flow cytometry® 1demMInTIAAAMNBUALDUALAY
firnwzuuiiged MSC wazasalasiuiuwad
ToslFuauaiasnasdu fluorescent Mdnaainly
#i antibody l¥tiamsSewuas Tagld anti-CD9o
APC (BD Bioscience, USA) anti-CD105
PE (Miltenyi Biotec, USA) anti-CD73
APC (Biolegend®, Canada) anti-CD34 PE
(Biolegend®, Canada) anti-CD45 PE
(Biolegend®, Canada) anti-HLA-DR
APC (Biolegend®, Canada) 7-AAD (BD
Pharmingen™, USA) ¥MM5a5123tA51e% Llag
\A384 FACSCanto II (BD Bioscience, USA)
ASNATDUANNEINITOVILTBIAUNILHA
Tumswsadulailugasau q ldagaias s »ila
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\wadnszan wasadnszgnaay Taauwnsians MSC
Tuawnadssadidanudime: mansanszauly
wiyiuladhumadaiinea q lalugnmsiimainza
Imﬂslfff“qm}’ﬁm mesenchymal stem cell adipo-
genesis kit (Chemicon, Canada) Usgnauaie
adipogenesis medium oil red o solution #%®
When mesenchymal stem cell osteogenesis kit
(Chemicon, Canada) Usznaueie osteogenesis
medium alizarin red solution LLax?gﬂ‘li'lil'] NH
chondrodiff (Miltenyi, Germany) Usznauas
chondrodiff medium
MsnadeuANNUTINSrauEadduLila
mfiumsasiamusana endotoxin TagAs limulus
amebocyte lysate (LAL) tuu kinetic turbidi-
metric method® a1davanMIMUNNIENT=WINGS
ANOYDUIDAUNIMNZLANUENT bacterial endotoxin
wineaeail bacterial endotoxin Uuiilauagas
n3sauly proenzyme wWasuulauily coagulase
figu50 hydrolyses coagulin F4fidnuwazadiaias
MIAAMNANNLUYBIMSLNALRA IUeuanTNUTINN
msﬂm“ﬁau bacterial endotoxin 16 Iﬂﬂiﬁ'ﬁﬂﬁ"lﬂ’l
Pyrogent® 5000 test kit (Lonza, USA) mﬂﬁ?u
ﬁwlﬂﬁmwﬁﬁ'smﬂém microplate reader model
ELX808 TM (Bio Tek® Instrument, USA)
msanamatuiaugadn®® duiumsaaa
mstudlaurauuaiidauazidos Tasd8 micro-
organism culture Tuems L?;IENL%  tryptic soybean
broth medium (soybean-casein digest medium)
(Difco, USA) dwiudauuaiiids uay fluid
thioglycolate medium (Difco, USA) d%35u Has
dhumsasramsiuiloulalanmaan® ¢1e33 PCR
Iﬂﬂi‘l’iﬁ”lm Venor Gem OneStep (Minerva Biolabs,
Germany) Lﬁ'uﬂ%mmmiﬁuqﬂssu feiaIaaiiiy
USauasWugnssu GeneAmp 5700 (Applied
Biosystems, USA) aniusihliasiagau PCR
product Togld 29 agarose gel electrophoresis
meldiniaschammaamelduagidu Bio-Doc-It™
System (UVP Laboratory Products, USA)
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M58ana28 trypan blue stain (Invitrogen, USA)
danamsaadaeldndssyanssed ju TE2000S
(Nikon, Japan) logumadiiizinaslidadinGy
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trypan blue lev

mﬁtmwﬁﬁ'agammﬁa
1y IeTNVim@ae (mean) + dandieaiuy
110531 (Standard Deviation: SD)

We

nnsinaIaglanszgn U 4 e
(20.25+1.71 H89aNT) anthuuen buffy coat WU
1#&@ mononuclear cell (MNC) Laﬁlﬂ 26.16+13.45
Sruad deilansewing 7.35-39.15 auwad Lo
nzEes MSC Ty DMEM iy 109 FBS Uil
37°C, 5% CO, uasfamumstasataulaaasas lu
2 MUSN WuLras MSC mmsoﬁmmxﬁﬁyuﬁa
mruznzEes saudaslumuit 1 0 wazdlaimne
Beald 5 Su Thmsiasummsiasesad wuhwad
#laild MSC azlianansatmeiufinmausinzi@es
warnnuaguamsiasradeanazaatamag
MSC Lﬁﬂﬁu LLazLﬁ'BLW’]::LgEN MSC {luszaziim
36+4.69 U (MNFYWNNU 31-42) WUNTDNT
MINFINTDAVDILANIDEAY 96.37+2.68 (ANFY
WU 93.64-98.75) adnimzAldTgUeUae
Benuvan wiaduladamefiufiwaatn fauans
Tumuit 1 ¥ (passage no. 2) Wisuieuiuwad
MSC WZENNGIENadAIgIN Gauda
Tumnii 1 @

msfigatananwaligasaumiile laawmeile
flow cytometry wuniizaganlunszgniinis
wan9eanuad CD34 waz CD45 ua lsinumsianiaan
289 CD90 uay CD105 nasmnziaesliifiu MSC
WuUNAIEaaIMsuEaNeanzas CD9o waz CD105
wo linumMsuanieanzas CD34 waz CD45 Gauand
Tumui 2
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Guwzidesanlunszgn (n) passage no. 2 () Wisuifisuiuwas MSC itWziaeNINGIDE
HAaNINIFIU ()

Count

Count

10° 10° 10" 10*

107 10*
CD90 APC-A

CD105 PE-A

(x 1,000)

Count

10° 107 w* ’ 0%
CD45 PE-A
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Tumswiadulaldumadou suiia laud waslusiu
BAFNILQN UALIBASNIZANBBY HAMIANINUT
iiohdage MSC anmnziEsaly adipogenesis
medium fimsasuulawsamadann MSC {lu
wadlasiy iladandie oil red o solution WU
lipid vacuole Tuwaa lsiudaduas Januvauziniiay
wiodu luasiiinedesdafihidudy G

Tuamwil 3 0 dumsedadulaluiflugadnssgn
wuhiiieheaghe MSC snumnzidaslu osteogenesis
medium §imsiasuulaauzadan MSC v
hugadnssgn adandas alizarin red solution
WU calcium Goddn daudaslumwi 32 dmsums
winiulaluiluwadnszgnsau sansanaaiiule
waah MSC snwnziaesly chondrodiff medium
dauaadlumnii s @
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Chondrocyte (f)

NN 3 1Bed MSC mmimﬁtyLauimlﬂLﬂuL%aaﬂwﬁu (n) L%aéﬂis@ﬂ ) LLaxmaﬁnszgna’au (")

mM3te3aNaNNNSaNuMIWANNTEUINNS
wisuad e lulddmiugihelssnauds
auyaans lagyaanslasumsilnavsnlviiang
ANNEIIID wazlasumsasragumuwuaziaingu
vialiiguewndeiiddulszamnd duaoui
wisnad Wuipsazaaussduuaniiimsaugu
oo waztuiingumwaimauazmstudiou
Muigianulusinaszanstndaiiies Togil
BUMAZUIN 0.5 [NATEU TIUIY 789.14+71.53
auMA (MNWFEWIINY 703.66-867.80) AIINGOY
80.68+4.37 Lama (MNdeAY 77-87) angil
21.53+1.12 BFEaLTad (MNFLLINNY 20.20-22.50)
ANNBUTNING 3080y 59.9842.48 (MNFLINU
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56.70 - 62.70) WAEMINTINAAMNIATWBE LU
Atmue ndiinssauiisugnnizuiedanras
ABUIN MUINAIZIUEINE ISO 14644 (Huiszamnd
MuMsURUGNY IM3I0mManesgIumsU ianu
wasuuutiufin 910U 60 Al ATEUAGENNIUABY
AfenudanlumsieienuazaadouamnIn
as SINHIMsAIuMINaINTTUIUM TR Nad
110U 4 A% tieUszfiunszuumsUNENNEe
Taghamsiasagaganllunszuiumsuaaly
Tnatdssnumsufidnudszar wazfiamua
Us1@antEe wansANEIWUIIBIMISIABITaE S
Snwaelalinuaznou fidduuea Unannmsuudiou

endotoxin LLazqa%w
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MIANHINIINYNABIYDINTEUIUNITNER
(process validation) &33glaaanuuunszLIUNS
HANUAZNITAIVANAMMN ATBUAGNAIUANITFU

datalunszgn (initial control) S5WINNTIUMS

production quality control

Na® (in process control) LLazmaﬂﬁ’m“ﬁﬁﬂﬁw
(final product control) Aauaaslumni 4 uay
AMRUANUTNITUS DI UNAAN T Pauanaly

o
MINN 1

e

initial

control

—

bone marrow

/

identity: FCM
cell number/viability
sterility: bacteria/fungus

purity: endotoxin

/

in process

control

—

cell isolation

& expansion

\

identity: monitor morphology
cell number/viability
sterility: bacteria/fungus

purity: endotoxin

final product

control

—

DMSc Stem Pro

-

\

identity: morphology/FCM
cell number/viability
sterility: bacteria/fungus
mycoplasma

purity: endotoxin

potency: trilineage in vitro differentiation

/

AN 4 NTEVIUMTHENLIEMIMNIUANAMNIN DMSe Stem Pro
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A1590 1 1NainsUaasIUNEa N Ead e uniin DMSe Stem Pro

quality control test product release criteria reference
cell dose 10 MULaa maienastuLwng
viability >70% INDs, U.S. FDA 2020
sterility

- bacteria/fungus no growth INDs, U.S. FDA 2020

- mycoplasma negative INDs, U.S. FDA 2020
endotoxin <0.2 EU/kg USP 41. Biological test. (85) “?

flow cytometry

positive: CD90, CD105, CD73

ISCT 2006®

negative: CD34, CD45, HLA-DR

trilineage in vitro
differentiation

adipose, osteocyte

ISCT 2006®

a2 chondrocyte

NNMIANHIANINYNA DIYBINTLUIUNITNES
(process validation) U 4 58U R CIC eI
anuwiaunaudhgmsisemenadin wuh MSC
wnzaealeiiusnaemnas+SD Wiy 8.67+42.23
UL (AINFULVINY 6.00-10.62 SIULTAS )
SanmsiiFindnds+SD Anludanas 96.3742.68
(A ANFNINY 93.64-98.75) MSC ﬁlﬁgﬂs’w
Uanedeauvan daaantdlumsuaaiaanyas
CD90, CD105 waz CD73 e lyiiinisuansasn

289 CD34, CD45 waz HLA-DR ah31350t338Y
a I LY < 4
wulonluwmadlady wadnszgn uazwwasnszgn
gauld Unannmstuiden endotoxin uazgadin
NILUANLSBUaLLEDs) Aeuaaslua1sed 2 lae
ASTUIUNITNINNAALTHUNITAINNAN LA U UL
Bmslumsudeenunuilagiu (GMP) wasdamuue
Snadunsumsnane lud (INDs) aenansensa
a Y el v o ' &
KanAN lednnNazan Uaaane linumsduidleu
HENEREAN

P v a Y o a a °
AIINN 2 Namiﬁlﬁﬁ]aamﬂn’mQﬂ(ﬂaﬂlmﬂiz“lnuﬂ’liwa(ﬂL%aamuﬂﬂtuﬂﬁuﬂ DMSc Stem Pro 374U 4 18

sterility

. . d3nns  szeznan trilineage
MIDYUN 4 3 identity (microorganism mycoplasma endotoxin . . %viability
L. s lunszan fonsides . in vitro
aeun " . (FCM) culture; bacteria (PCR) (LAL) (%)
(Hadams) (W) differentiation
and fungus)
1 22 34 negative: CD34, CD45 no growth negative < 0.25 EU/ml v 93.64
positive: CD90, CD105
2 20 37 negative: CD34, CD45, HLA-DR no growth negative <0.25 EU/ml v 98.60
positive: CD90, CD105, CD73
3 21 42 negative: CD34, CD45, HLA-DR no growth negative < 0.25 EU/ml v 98.75
positive: CD90, CD105, CD73
4 18 31 negative: CD34, CD45, HLA-DR no growth negative < 0.25 EU/ml v 94.49

positive: CD90, CD105, CD73

a 4
AU

Tagmlunszurumsasanwastivai luly
dmsugthe NuiNamsdneiTanedtinuasiive
MITNHNINIFIU WA NEIUMTINEADEDA (trans-

]
P~

lational research) tialvinulalnaanasiadn
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daedaldiiyaains a1ans danui dazIedan
a P ~ ¥ Ao & A wa
t309iia Jaq ased wasine nandulumsu i
NUYITIUUAMTRENUMINZTN YUAINTA DN Y
BINNENG HAMENTR ANNS UazANNENITNBEN
VNENID ANSERNLUUFIIUNUAZENNILWINBDN U
a £4 [d L7 v o ts'
mswdadautulumunannsuazdamvuaissy
Tunaninawiuazdsmslumsudna mungrang
eEE) W.A. 2559 MANUIN 1 NINENE
Us1ANLEe LNBLARNSZAURULTNAIINANVAY
P29anaaaNluMIMNu wazinasmslumsaiuau
d' c{' L4 ] v Y a q'q [ Id
Miendaeathuvinzdy 0a9lgusnuniusiauily
wnlugunaumsude insmuan Gaan waz
v = N AP
vunnqamMwaimMawazmsdudaunuinujunny
a Id o d‘ = g{' Y v Yo
TuuSnaazaialulszan wesaeianldaaalasu
nMsupSnmldazarauazinisaauiiisuagi
gauiae Jaq a15tedl wazielunssuIumInEe
LAZNISLAUSNEINAOA DY GDINTLAUNITHEN
Mmuanzduamsulineediin (clinical grade)
wialfisuh minliammnsedamle Jag aswadl
¥ o o % ¥ v % a va
wazinenMhan lgazaassnumsnedauneviasjiue
‘ﬂ' = 4 \ = e lﬂ' v a vYa
M5 weduduiiauansasmuniesljuans
mviua nawhlUlflunszuumsudauaztdusnen

a [ L

HANA NI wazia Ay swamunszuIum sl
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ABSTRACT Mesenchymal stem cells (MSC) are multipotent stem cells with the potential to differ-
entiate into various tissue lineages. This study aimed to research and develop a manufacturing process
for DMSc Stem Pro, a clinical grade bone marrow MSC for the development of a treatment for retinitis
pigmentosa (RP) patients. Optimal conditions for MSC and process validation were studied prior to clinical
trials. MSC were isolated and then cultured under GMP conditions with the classical media composition
consisting of basal medium DMEM and 10% FBS, and incubated at 37°C with 5% COZ. The resulting MSC
“DMSc Stem Pro” showed fibroblast-like cells which adhered to plastic culture flask. After expansion for
36+4.69 days (range = 31-42), cell numbers were 8.67+2.23 million (range = 6.00-10.62) with more than 90% cell
viability. Cell surface antigen test revealed positive expression of CD90, CD105 and CD73, but negative for
CD34, CD45 and HLA-DR. Expanded cells revealed multilineage differentiation into adipocyte, osteocyte
and chondrocyte. Microbiological assays were demonstrated the absence of bacteria, fungus and
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mycoplasma. Endotoxin level was under the critical limit. All the manufacturing processes of
DMSc Stem Pro prepared from Stem cell facility of the Department of Medical Sciences were in compliance
with the GMP, INDs and ISCT standards. The DMSc Stem Pro prepared by the stem cells laboratory,
the Department of Medical Sciences, is of high quality as per the regulations of the International Society
for Cellular Therapy (ISCT) and pathogens free. The clinical grade DMSc Stem Pro can be used for

clinical study in retinitis pigmentosa patients.

Keywords: Bone marrow, Mesenchymal stem cells, Process validation
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