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ABSTRACT

Compared to embryonic stem cells, mesenchymal stem cells (MSCs) are more

suitable for clinical cell therapy due to the low immunogenicity, low tumorigenic risk
and better accessibility. In this study, two kinds of MSCs with different anatomical
origins from canine body donations after euthanasia were investigated, aiming to
establish a procedure to effectively expand and maintain the stem cell inventory for the
potential clinical applications.

The cells from aspirated bone marrow were separated by density gradient
centrifugation. Mononuclear cells were harvested from plasma interface and seeded in
culture dish, while non-attached cells were removed by changing medium.

Epiphysis-derived mesenchymal stem cells (EMSCs) can be harvested from epiphysis

by directly culturing in dish without enzymatic digestion. In confirming that the cells
isolated from the body donors are MSCs, the isolated cells were successfully induced
differentiation into three lineages: osteocytes, adipocytes and chondrocytes. The flow

cytometry of the surface markers showed consistent profiles as MSCs markers ( CD44",
CD90%,CD34", CD45R") . To elucidate the influence of age and anatomical origins on

the harvest of MSCs, we collected MSCs from both humerus and femur with different

ages. No difference in the numbers of colony-forming units (CFUs) as well as

population doubling time between two anatomical locations and two age groups
indicated that these factors do not affect the harvest efficiency of BMMSCs. Several
tri-lineage marker genes were investigated by gPCR to assess the tri-lineage
differentiation between age groups and no significant difference is detected. However,
in old group, the number of CFUs in P12 is significantly decreased compared to P1 and

P4 implying the clonogenicity is losing though passage. Among the surface markers, a
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higher percentage of positive cells of CD44, which was associated with cell
transformation, can be observed in passage 12 compared to passage 4 implying the
higher tumorigenic risk in P12. To evaluate the potential tumor promoting effects on

endogenous tumors in the recipients, the expression of chemokine ligand 5 (CCL5)

was detected by qPCR, and there is no difference in the expression of CCL5 between
age groups and various passages.

In summary, we successfully purified BMMSCs and EMSCs from canine after
euthanasia in animal hospital and shelter.  Our results indicated that age and
anatomical origin do not affect the isolation efficiency, cell proliferations and potential
of tri-lineage differentiation in MSCs. For clinical application, more studies such as
nude mice inoculation are needed to confirm the tumorigenic risk of MSCs in the future.
Furthermore, pathogen screening methods and profiles will be established as part of the

cell donation protocol.

Key words: euthanasia, canine, bone marrow-derived mesenchymal stem cells,

epiphysis-derived mesenchymal stem cells
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13 #3

1.1 s¢im¥%

iimie (stemcells) ¥ iZfl- #¥a ALt enimie > H RRT & F T
*z (embryonic stem cells) #2 = #8137 ‘w2 (adult stem cells) - H @ 327553 ‘m ¥ §_d
2705 7 1 %2 (blastocyst) #p /¥ 2- 0 im¥e 3% (inner cell mass) SRt % &
Ko HFT AL ﬁ_;ﬂ * LAY dmfe > X LS i §7 Jove (pluripotent stem cells) o
AR Tl AR REB T AR BT AL S PSS -
faimre > x FL2_4F v §% ' (multipotent stem cells ) ~ % it #% ‘m*# (oligopotent stem
cells) % ¥ it ## ‘w2 (unipotent stem cells) -

T E S VR nim e FE T LR AR d 4 1 2 8 ] j(Caplan, 1991;
Caplan and Bruder, 2001) @ # 2 $+44 2 (symmetric cell division) {7 p 2% { #72 it
4o aEEir e it (stemness ) & & 2 7 #H4E 4 A (asymmetric cell division )
AR - B A B w2 (specialized cells) -

K,éft TR PR 03 3 i 4G4 £ (ethical considerations) @ R E AT T R FL

m)

LR EENE S EEI S £ R e SR S IR R R Ry R
(Ben-Porath et al., 2008; Chiou et al., 2008; Sperger et al., 2003; Wong et al., 2008) - =5
T fEs Soal e vl R G T R A 9 MR e fe 22 4 A (Knoepfler, 2009) o g #
2T A (AR A FE me gAY

SR IRwrE 2 AT G Bt S R _9_35‘« BE RN o e %85 (peripheral blood)

(Till and McCulloch, 1980) ~ # %% (bone marrow ) (Caplan, 1991) ~ »~¢ (‘muscle)

(Williams et al., 1999) ~ 75 %5 ‘e (adlpose tissue ) (Wickham et al., 2003; Zuk et al.,
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2001) ~ ¥ 1 g4 15 % % (nervous system) (Alexanian and Sieber-Blum, 2003; Bottai
etal., 2003; Gohetal.,2003) % » £ d »t 4 = fen— 4 ¥ > ‘w2 7 Yk E i P F {7

FHAFLEL BT A GRE S FIP TR I P AEEL SRR e R s

~i

BE PN dme iR ATE o

EA ko XREiFm - BARTA NS L O RS BN T - e B
PlITE RA L ER - LR LR SRR T A LAY e o A
AR TI S R LR LR X ( hematopoietic stem cells; HSCs)
K,éft 7oA A 1= w3k Pz (blood cells )¢k o & 7 4 it =0 BT R 2t Rz (Chepatic oval cells )
(Petersen et al., 1999) ; #¢ ¥z % (neural stem cells) =% & i* 2 i o o Splm?e
(hematopoietic progenitors ) (Bjornson etal., 1999) » 3§ 7 = #iz kw % 30 7 o o
B - IRe R R G AF e i a4 o @ B E iR e (mesenchymal stem

cells, MSCs) 5 H ¥ 2 - o

1.1.1 R #EEzwmre

#7223 1970 # 7 =t 4% Friedenstein & < »* 4 &g+ “73 3. Friedenstein et
al., 1970) > % - 2 # flpkrqd (plastic-attached ) * ic p 74 H# 4 chlmre 3 > T
B #EA,= 0 4 (clonogenicity) - #7314 0 BREdrwie ¢ AHEF R LG 02
%% % = (umbilical cord blood ) (Erices et al., 2000)~ % -k (amniotic fluid) (In't Anker
etal, 2003) - 7 #& (dental pulp) (Gronthos et al., 2000) ~ *3 %5 ‘= %% (adipose tissue )
(Zuk et al., 2001) ~ #5 5 (fetal lung) (Fan et al., 2005) ~ #5+( fetal liver ) (Campagnoli

etal., 2001) ~ # %27+ (skeletal muscle) (Williamsetal., 1999)% H i S 8 2 3k ¥ o

=)

d B EFRwe KRR L wme b g NE R FiEE L 2R Fpt o @
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Firwmie hT Rhe M0 & - k4L - 2 ] 2006 £ Dominici & 4 §F g A 27
Eirwe B 1 &7 @ &2 Bixid (L) H w3 2 5 ki (plastic-attached ) »
PV imrE AR e R A (2) Hew d o §AMBARILAR > M
¢ & 152 (flow cytometry ) T & # ‘w## 3%+ CD105~CD73~CD90 % [ {4 (positive,
>05% ) > ® CD34 -~ CD45 ~ CD11b # CD14 - CD19 st CD79a ~ HLA class I & &
t (negative, <2%); (3) T L2 5 WA EL L S H ¥ o¥e ~ g iplnie & ik v
Z_jc 4 (Dominici et al., 2006; Pittenger et al., 1999) -
PmrE R mr AR R AR A Y > TN R e A
(morphology )& 7_# & & & % &84 % %75 (Colter et al., 2000; Jiang et al., 2007) -
95 % o FLk (surface antigen) 2 & I > ip Pif & s FE L H P e 30 @
Fy 34 & E- B ER w2438 (specific marker) » Fpt 3 & - kSRR
MRz P o 2@ CD105 ~ CD73 ~ CD90 ¥ ‘e pEMf 45 B > S B2 5 d 30 a0 3 &
fre TG REYERR R 0V Ao T R AN A B iR A 2P CD34 L i a7
wie o f e {38 > CDA5 L v IR iRss ~ CD1lb &2 CD14 % H i3 2 Evllnre
%35~ CD19 2 CD79 5 B ‘mPe izt o @ A v o Zf4uk = 4] (human leukocyte
antigen class 1, HLA class 11 ) 2 % £ % 22+ 3 % -y (Interferon gamma, IFN-y
EZ2dap M v ud e REirme £ F 25 F4% Tkm £ R HLAclass 1T -

RIpA RS MAEE KR BEAGFLRZRTF MR 0 Fl > BARFLRFEHE

[«

BZRLIFTURERE L FERwe2 2 fme b R Emy > 8
P FHUAES MR RET NG RETE IS g hmie i
R ERRwe TR B 2 A A5x4 B (Dominici et al., 2006) -

" ARz s itgd BT RAERT FEFme T AL
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= %7 13+ *2 (hepatocyte ) (Schwartz et al., 2002) ~ %% & (pancreatic islet) (Tang
etal., 2004) ~ % & %z (neural cell ) (Kopen et al., 1999a; Munoz-Elias et al., 2004) ~
J: Bﬁéﬁ-g ‘m*e (sebaceous ductcell) (Fuetal., 2006)% % | ¢ w*# (renal tubular
cell ) (Morigi et al., 2004) % p "2k 2 *b ok kfm?e 2585 2 # i it > Flpt e 45
B2 ARG ek o

PR AR e S A B B L ¥ R e s kR B R

E b

7“+

o AR E G 2 I R E R BT RGN  3 E A 0

oo R RL B EFE R b R S S e T

WEFFRAEEE 2w PRI EX B EFFN me g o

1.1.2 F 5 £ iz wre
d Fhgm k2 i A &V 4 53w §7w? (hematopoietic stem cells; HSCs)
3 [ # ¥7 %% (bone marrow-derived mesenchymal stem cells, BMMSCs ) » # —‘ﬁ A
fod g o o km e o @ (S i 4 T & i ek B (hematopoietic
microenvironment ) 2 #f 3 fm¥ > et Fgw g LA B e (vascular smooth
muscle-like stromal cells ) (Dezawa et al., 2005; Fujita et al., 2004) ~ = # ‘m*z
(osteoblasts ) ~ 75 %% 'm® (adipocyte) 2 p & ‘w2 (endothelial cells) (Oswald et al.,
2004)> # Whept ' BMMSCs & ¥ i {7 H s Wz 2 & it > ¢ 2R A P 2% (mesoderm )
Z2_ gk fmrz ¥2.wsv (cardiac) 2 #23vimrz (skeletal muscle cells) ; #¢ g #F 52 &
(neuroectoderm) z_# & = (neuron) ~ % ;K% tm*e (astrocytes) % % A3 ¥ imve

(oligodendrocytes ) (Kopen et al., 1999b; Sanchez-Ramos et al., 2000) ; p "2 % 2_ 5+

" (hepatocytes) (Chagraoui et al., 2003; Chivu et al., 2009) -
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IECT T Ei e > B e 2 SR 2 30 5 & LY St E AR R
i A SRR R 15 2 33 % 7 i PR (Thomas, 1982) « @ KR i im i 2 A1 7 (9 A
NIRRT R TR BRI 0 ¢ et B AL T A S wn S AR A REA R

BERE

*ﬂ‘u

v 4% X W 5 3 Jp % 2T % (Hughey et al., 2012; Jung et al., 2009;
Kanazawa et al., 2011; Ozawa et al., 2011; Shimer et al., 2005) - * = = 7 # 7 ¥ &%
REgRwe gt Foe s P BEIRERE T 23 E @8 # i 2 £2(Koc et al,
2000) -

FRHEFEGRE TP BB EET P AL ok Kf TESRC S
£ % (homing) % ¥ %gp (Devine et al., 2001; Wynn et al., 2004) =t :2 5 (migrating )
I 4p % #% = (Herrera et al., 2007; Mahmood et al., 2003; Orlic et al., 2001) - %gv} AL
R EA FF e R AL A T A S e BT R A L
Bk XL BfRE U F ferl R isdE i 424 (Aggarwal and Pittenger, 2005b; Bi et al.,

2007; Di Nicola et al., 2002; Raffaghello et al., 2008) -

1.1.3 F s/ Hizime

#2008 & Uccelli & % 3% 2 % %% % -] #2 (trabecular bone) 7 # w B 5 2.
Ao L BBEIRPBEF TSRS R RN > TP A LT
(pericytes ) ~ 4 i 'm#z  (myofibroblasts ) ~ # &£/ F sn*z (bone marrow stromal
cells) ~ ® ¥ ‘m*¢ (osteocytes) % p & ‘m*z ‘:ﬁﬁdﬁ%ij#&fﬁﬁt fmie o 1A FEiE
# i (Muguruma et al., 2006) - M iE & BB T A 23 A7 F L R 2] kB

(niches)» # ¢ % p -] &8 (endosteal niches) 7 &% - ¥2F N £ 5 > 2 & &

AaFig e iree p AL R T RF - THcE N w0k #p (GO phase ) 0 W £ id
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& ¥ fm?z & it (Calvi et al., 2003; Zhang et al.,, 2003) ; @ = ¢ #%| ¥k 5 (vascular
niches) i+ &3t § (sinusoids) > 2 & a >t g izmie i > A L8 *» 0 R
® (Kiel and Morrison, 2008; Mitsiadis et al., 2007; Sacchetti et al., 2007; Wilson and
Trumpp, 2006) - @ & #t = fafe | BT 2 B Elwmre > d K BEF Fizwore &
LA @Ay o Flgt o FREF Firiere hdd BB TG 2 kA F R e
BAAE B E AR 2 M) BB o F T Eireie Va0 € FIRP T AL R
EAR o $FRAmreipig oL w o ptob s FE IR w2 e o B2 LA
Ho A58 Tl P AL - B BHLnF Mo > - L gt LR

WAt AFRFHEELFER e R QA FTE 0

~

35

’ﬂhﬂ

‘¥ B R
At s HIMRIPEFI L F BT R E o T F 5
z b #d % FH# (compact bone) (Short et al,, 2003; Zhu et al., 2010)¢ % - &
(Sakaguchi et al., 2004; Song et al., 2005) % ~ & ) FF £ #7 o 1 5L PR IR % fmPe =
A E ik LR AT o

¥ A5/ £ 57 w2 (epiphysis-derived mesenchymal stem cells; EMSCs) *+ 2012
EAA L, ERE A ] BORF (tibia) 2w (femurs) FAsAL 2 * TR
% )it iv* (enzymatic digestion) > E BT R > TE A4S RTAF Eir
WP e P T Ap N ARROY ) RERF iRm0 B Apinz &G R AL
ik 2 #xa,5  (clonogenic formation) ~ ‘m®z 3§ 72 (cell proliferation) »z s %
Aib g A~ PR e pErg it s & & 4] (immunosupression ) £ Fug
(anti-inflammatory ) 2. fFF £ ## m®2 F 7 #£4> & &] 84558+ o F 37 (bone fracture )
AR E e i 3F % (ischemic tissue damage ) » ¢ & p (intradermal ) %

o

voph (intramuscular) 3 bfim®e 5 iy § sk iEsEF B 4 BAR G L FATA 0 MR R
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&2 3¢ X3 B amedk (Cheng etal., 2012) -
Boor LG BT ER w2 052 RE G areE ( g
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12 +FERWw2LET R

* B EEr et 1997 £ % - Sd Kadiyala % £ 3 427 4 3 ) %k (Kadiyala et
al. 1997) 5+ B ko LB E e LB Ao LI FR B %0 F AR R
#59%(Neupane et al., 2008) ~ s~pg ~ 4 %= (periosteum ) (Kisiel et al., 2012) ~ 7 % 5
( periodontal ligament) (Wang et al., 2012) ~ ### *% (umbilical cord vein ) (Zucconi et
al., 2010) ~ #**4 < (umbilical cord blood ) (Kang et al., 2012) ~ Wharton's jelly(Seo et
al., 2012) ~ % #= (amniotic membrane ) (Park et al., 2012) ~ % -k (amniotic fluid ) ~
¥ 22 B (umbilical cord matrix )(Filioli Uranio et al., 2011)~#% * 2_ & % (yolk sac )
w1 2 355 (liver) (Wenceslau et al., 2011)# S Edrlmre 2 5 B o H K,ért RN
Paskimie s AR dwre s Bk dmre eh o W p A 1Y L S92 (hepatocyte-like cell)
(Choi etal., 2012) ~ =  + 4 im*¢ (vascular endothelial cell) (Lietal., 2007) » 7 %
A & 4 14 (neural differentiation ) s i: (Park et al., 2012) o & b ¥ v gpd >t A 5F ~
DR AFERmE LG AR A A F AR iR § RS o R

@##i%?}i ,f‘:m’?é:}%;},gﬂi"igﬁio

1.21 @& ih A7
ihm "%z % m Fk (cell surface antigen)m 3 » % * 2 2 & MSCs z_ <k ¢ »CD44
2 stro-1 % F 1 (positive); @ HSCs 2 Fuk CD34 £2 CD45 B % 144 (negative ) »
ZEAAF TR AT F UE LG 7w 2 F 4 (Dominici et al., 2006 ) -
I3 H ¥ MSCs 2 &Mk » 4- CD73~-CD90~CD105~-CD146 % % 1% ]“3‘.—‘}‘;,“ )
& R R e & 3 (canine mesenchymal stem cells, cMSCs) ¢ i & & — 4 5 §)
4 CD90 &2 CD105 7 X B M &M 2 7 5 ;CD73 * A g iz iwre & — &L 3|15
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Mk o 3 cMSCs P ¥ &t 5 F& 44 (Kamishina et al., 2006; Oh et al., 2011; Seo et al.,
2009) ; CD146 »* ] &1 3 4 g fF { §7 fw e 2_ B [H 4Bz 40k » 3 cMSCs B ¥ &t & 1512
(Kisiel et al., 2012) > » * g s iz m® k¥ H CD ~ 3 & B2 7 i
(Lamerato-Kozicki et al., 2006) -

Mk kiR AFEFeeH o ke FRFETF T a0 Bod Vueira & A
32 Oh & A d rgopiri gz BREIFm% » 2 CD34 R 151+ (Ohetal., 2011; Vieira et
al., 2010) - & H KA PrA iz B EiReE > ol B Xk s XX > CD34 R &

£+ (Ohetal., 2011; Vieiraetal.,, 2010) - & A Fm 3 B % 7 > X B Eizlwmre 2

o

Fom RIS AR S - PR T E o ok BRI 2 IR PLR AT A R

VLSRR A 5 g

122 *FEiFweRER* 27 71

ppamie iz Y o ¥ i p Wiz B TS BALTE 040G FILRR AR R A
BREMREREFREFF 0 ER Y BRI B A R e A2 B
AR E o PRI HENIRARY AL H a2 1R R F A H e vt
#& 7 (extracellular matrix ) 1%‘%:* L% % %]+ (trophic factors) % 4% i ¥+
(chemokines) » ® # 2% B4 11575 2 fw%e 2. 3 4 % i3 4% (7 * (Caplan and Dennis,
2006) - F A g At BERme T S A AFT £ B 5 5 (Matrix
Metalloproteinases, MMPs )z % 48 i #cdk 80 #F & % #FE’_%F‘« FAFEE AL PrdF S
At e p o340 2 { 24 (Mias etal., 2009; Won et al., 2007) o { 253t » H @ it
Sd 20 PR ERE S TR AR F]F Pl L L e B4 R S T MR

BF AT Rz g B AR e gk i (Aggarwal and Pittenger, 2005a; Akiyama et

18



al., 2012; Carrade and Borjesson, 2013) - #3 3 £ » * B Eizwz G {5 >
B A e % F 4 F(Arinzeh et al., 2003; Jang et al., 2008; Kang et al., 2012) ~ # %%
3% (Lim et al., 2007) » ¥  Risdp G A2R ~ RaElwie SR EH 4 > E L FE LY
Foag bk X2 AR RBHBAFEG ) B AR ERwe VI i
P e o 0 T MR T 42 8 (Quintanilha et al., 2013) o

EV SRR B R IEEE FEF o (P 8l R L Sk s T

=

LR EAHARBL R RN DTG E Y T AR BT o g I
X fitw o B & (cardiovascular diseases ) (Perin et al., 2008) ~ # 4% Fi( bone defect )
(Cui etal., 2007) ~ 4+ ¥ B & L (chronic osteoarthritis ) (Guercio et al., 2012b) -
%245 4§ (spinal cord injury )(Lim et al., 2007; Nishida et al., 2011; Park et al., 2011; Ryu
etal., 2009) > & B EiFiwre & B F RS A TR > ¥ B w2
FE o #35 134p 7% (Guercio et al., 2012a; Yao et al., 2011) -

¥ oeb s ok oemng @,:ﬁ:)ﬁ;t‘ 73R4 2 A gE e R (Homologous ) » e X (85 i i@
g 4F & Al & & 4 £ g (X-linked severe combined immunodeficiency, XSCID )
(Henthorn et al., 1994) % }\%J\ = % ¥5& (Duchenne muscular dystrophy )
(Childers et al., 2001; Cooper et al., 1988; Sharp et al., 1992) » @ ¥z fm*e ;2 >+ X K %
Sovp E Y § 7 %% oc(Rouger et al., 2011) > ¥ & E i e ATy ¢ A o
HFL Mg e43tn K (Ichim et al., 2010; Markert et al., 2009) o F]yt > & 3% 2 % A 4f

AL ERS R o AT ERee Y HERN
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¥2% ok P

WEK AR AL EL PR AEMBEET KR AR BE S it
R I g e T S 5 0 A O L R RAR Y RES S R
B iz w2 (adult MSCs) o >t H i1 ¢ 5% R t£ (immunogenicity ) ~ M i b *%& ¥ 2
58 i &30 9RA we ok (cell therapy) &% -

- g AR A SR /s 2471 (Ostrander et al., 2000; Songsasen and
Wildt, 2007; Travis et al., 2009) ¥ R 3t 37 RIE~ L fTRA AT 2 A2 52
A 370 P A @A kA YR A 0 B Y Sl A B s op B 2 A4 I
(Songsasen and Wildt, 2007) > d g7 8% & X k£ 2 F F &2 qRk 5 o te ik 2

Bl BL e TP o AFEH M X RSB E A WIS HE AR ST
Eirhmre > 0z 2 - RORARS RS BFE T A FiFwEe B 3 RE T A
ek m Ay 2 LR IRR Y TR o

L e R A R A E P e E T

¢

~ FEBGRER D BB B

NEBRER e st s ke R AL SR EPE LB Eirmie > 1Y
F 2 % {8 X B £ 87 e (canine bone marrow derived mesenchymal stem

cells, (BMMSCs) A &gz 2 % B2 5 o APF RS %43 b BT Eizmie 2 A
4= (Hsiao et al., 2011b) » B x & S X L F REF Eizlw?e > SR B £ BB
EARE 5 R e ts > e B BRAp B A 4T o

FoOMERERD DOLNFERA D FHF AN TP P E el R
2R EL LT S LR SR Ak AR E R
PR UBEpR IR R w0 AR AT R ES SR

FEirme B 2 mRAIT ~BFE S04 ~weiamd S~ = e it
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EH P AREF E e SN2 % 2 (FLUEFENFTETRERY 22 o T

)|

P AR R RS B sz X R R Eirme & B p 2 F (humerus) % Ak
(femur) & > T BREFRIEE > U S BAHERBFH 0T 2 3BG o UK
Fhim2z P T TG LA H G RERFAEER (A k) 2%
(=) P BuEi4 2% 3 PA-P8 P12 #> B i £ & (age) % %X
#ic (passage) 7% Fizlmie FE2 TG o
FZIFEERD DA FES T S8 X F 4R £ 8 e (canine epiphysis
derived mesenchymal stem cells, CEMSCs ) z_i= = » ¥t fin H &2 F 85 £ 57 'wre 2.
FPRIATF LR > THABLIE SRR EiRrwe 27 T8 > E 2 TR
SRF AT e A2 RN FRE RN T ER R RE R P REY -
FBATER o FIP 0 AR BERETE G2 AR F Eirwe 0t KRG AT

oo TRBEEMIRE S UEEBAEEETR o
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BEFZ B

m

B AEMP A SRFDEEREFTERT - B Lk
ﬁﬁT’&%{?Fi*@ﬁ%iﬁﬁﬁiE%iéﬁ*gﬁﬁ#%%%*%ﬁ
BRALTE I Agx R a i BREHI NEFRERE - 23R K A
ARApVRE CFCE GRS %5 = (National Taiwan University \eterinary
Hospital ) z_ 47 p¥ ~ %87 - % & 3 %2 i (Taipei Animal Protection Office) p #

PEAEHR2 <8

312 ~» &
WA RE ER L G EE (AN TR)Z2E (V]33 K) A 2 FHE N
dmy FRelegEa  Hadr w7 AR HET BE R

RREEFHG 7 SR RRE ’iﬁﬁﬁ‘?%%ﬁé&(l}%‘] 1Ay F 2 pl s & %2(FB 1B)-
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EELH TR ABRE SR A TR IR ERF RS B ELH T URERE
7T R AR B AT T &R T gl

Fig. 1 The teeth analysis for grouping

(A)The old groups were evaluated more than 8 year-old by serious teeth depletion and
calculus accumulation, and( B )the young groups which were evaluated under 3 year-old

had healthier teeth structure than old groups.

313 = ® XA Eirwmiz2 2 B P04

A¥
3
b

1 R K R R LCESAR. | - A

R EEFE 2 TREFRESHEE A BEHE SRR LR o
sz% (humerus) #2354 (femur) 7483 (proximal ) B & i £ » %R & F &%
BRd R APHEL o L R g ( T-Lok™ Bone Marrow Biopsy Needle,
DBMNJ1104TL ) KM & o -8 £ F » 4592 22— &5 L B S > BN 3 I 8 3
= ]\ % 5000 .U/ mL **% (heparin) ( B.Braun Melsungen AG, D-34209) 0.3 mL z

20mL & F > fU* fBRP D F R o

P12 % R 3 2% FBS 2 PBS ff-f# = %> 1% Ficoll-paque® (17-1440-02,
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GE Healthcare) 1 % & # & &t > Azdedgi# 5 210 g + 30 #/3# 4 30 g 2 510 g
fSHs 25 A TE AT 3 A w F 8 Ficoll-paque® % Ft w2 H % w3
(mononuclear cells, MNCs) o 2~{#2. MNCs ™ ‘w® 3 % ;% ! o-MEM (minimum
essential medium alpha-modification )( Sigma, M0894 )> # i Z 100 ¥ /% = (U/mL)
# # % (penicillin )z 100 g v./% = (pg/mL )é& i % (streptomycin X Gibco, 15140) -
3.7 £ 5./%¥ 2 (mg/mL) s & 2 40 (sodium bicarbonate, NaHCO3) ( Sigma, S5761 ) ~
% 20% 5+ w3 (fetal bovine serum, FBS) (SAFC bioscience, 12003C ) ﬁﬁ$~ [
& 130094 54 g4k Ficoll b is > s 2mL AR R AR
- BEILL0 o4 (em) ZwmE i x ¢ o e & a0 iES 37T R (37C )~
5% = % i* g (Carbondioxide,COz) #£8& - fi{s » & = X { H w2 13 %
PRF AL 4 o Z 2 8 3k hdwmre o Flwmie 2 £ 3 80~90 % BAEARE TV U 1:12~3 2
LRI R
MR ¢ PRfs B 4 e (Phosphate Buffer Saline, PBS ) x4 & 2 % % T
fm¥e S A R (8012 0.25% & 3= fE-o - ke o e trypsin-ethylenediaminetetraacetic
acid, trypsin-EDTA ) ( Gibco, 2500056 ) 37°C {t* X 1 A4 & mre @i m 4% &
T2 A7 2 IF* o e g 300 g a9 T A4k Bwmie B (cell pellet)

MRTEE R & R L X RGE (resuspend) 0 TPE 02 1i2~3 2 BRI AR Y o A lw

=]
oy
E R
bl
hlus
-1
5=
T
A

5
B

RREFHY 2 AR BiE ) 7 10% - ¢ A L (Dimethyl

sulfoxide, DMSQO ) (Sigma, D2650) 2. FBS » & 4 45* 8 1°C2 & & » Fliw e &

“3\‘2

fo ¥ MR R

Smy

CS I I
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3132 Z# X FAsF Eizlme 2 A3

A5tk &2 P 0 IR gE (trephine) FOTMp 2 R £ T A UB A W E

& (spongy bone tissue ) o #-'2 SR T AL B[S K 2 mm 2 BRBIS 0 3 ST A

R TP B/ AR D o-MEM > 20 3 100 U/mL 3 % 2 100ug/mL 48
WE > 3.7mgimL BELE 42 20% PRt R AT Ar Y o W me A
M3TC~5%CO2% ot > *= X {HFHweriid VR BB WLz
Ik hhmie > Fwie £ 3 80~90% & AR R PFTE 0L 1:2~3 2V Bk o

MR @ % PR R ek (Phosphate Buffer Saline, PBS) i ix o 4 2 4 ¥
fmve ¥ A& R (8012 0.25% % F-v fiF-o = d&w o Ei(trypsin-ethylenediaminetetraacetic
acid, trypsin-EDTA) (Gibco,2500056) 37°C i¥* X5 ~ 45| @& ‘mre @ix > m (8%
Sz ARY i®* > 2 70um w2 iR E (cell strainer 70 pm Nylon) (BD
Falcon™, REF352350) 2 “$ E_%«irm o fmPr R 11 300 g B X T L ds 0 KB-wmie B
AT R RL IRIF 0 TV 12-3 2 BB AR o alwe T L
BRRAFHE Y 7 A% B 5 10%DMSO 2 FBS > 1 E A 4% R 1C

. 2 iy T 44 : o He 4 o =
2@ F o Fae RS TTHERLEF g o

314 N ks 4T

B-F Rl xS 0 300 g A 5 A4 0 £ vk R (washing buffer @ p
% 2% FBS 2. PBS) &&isimre » & 3x10°3Fmre 2 s A ulE e (£ 1)
2 H ¥tz e Al fukE (isotype) (£ 2) iR 3 » ¥ 4CHEE 3044 18 0 12
washing buffer i#i% » oo 2 i o i@ i%“,lf AZEZ Rl Risid Hla g

;% (fixing buffer : 7 1% % % ° p¢ (paraformaldehyde ) 2. washing buffer) & ;5w
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BT RALS cHEE o TRERY ST EFREIFRES w2

im¥2 & 47 % (Beckman Coulter FC500) - # i¢ * FCS express 4 flow research edition

wR AT RS o

2 1w d e fih A2 08P 2

Table 1. The datasheet of antibody for flow cytometric analysis

antibody Cat. No. Application test vender
CD73-FITC 12-0340 SuL (0.25 pg) /10°8 cells eBioscience
CD34-PE 12-5451 S5uL (0.25 pg) /10%8 cells eBioscience
CD45R-PE 11-5440 5uL (0.0075 pg) /1058 cells eBioscience
CD44-FITC 12-5900 SuL (0.125 pg) /10%8 cells eBioscience
CD90-PE 11-1469 SuL (0.5 pg) /10%8 cells eBioscience
2 2% iaLRAPFLFIIFMIED £
Table 2. The datasheet of isotype for flow cytometric analysis

isotype Cat. No. Application test vender

Mouse 1gG1-PE 12-4714 SuL (0.125 pg) /10%8cells  eBioscience
Rat 1gG2b -PE 12-4031 S5uL (0.5 pg) /10°8 cells eBioscience
Rat IgG2a -FITC 553929 SuL (0.5 pg) /10%8 cells eBioscience
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315 mrez kA itz R FEZ L7
3151 H ¥ wwegetFEri 2 44 547

Bixme 3 50% %R HF e s % (osteogenic differentiation
medium) (% 3) B~ilim®2 32 %% » P & = X [ HFTHAS VR T XAV ERI
sz %) 4 =< % ( cell morphology shifting ) =¥ 12 10% * fgi% i% (formaldehyde solution,
10% in aqueous phosphate buffer) (MACRON™ chemicals, H121-08) & z_w* 10
A 4815 11 PBS ifik > 4e ~ 31 B F % &= (Alizarin Red S, ARS) (Sigma, A5533) **

TEFE 204410 > WPBSHAERT AR TR AL o

3.15.2 *ypimie R E A 3 4T

& mie 3 50% % 45 AR R pF Py 9k im i 4 1 % (adipogenic differentiation
medium) (% 3) BxRmPe 2 £ > ¥ & = X { HATELS LR 5 30 % B e A
feeesg > w¥ 0 10% U AR R Bl e 10 A 4818 0 1 ddH0 ik 0 A R
iz (OilRed O) (SIGMA, 09755) »t %/ # & 20 4 455 » 12 ddH20 i+ e F 4

PR LR o

3.153 #H e A EL L E LY

- 2x10%-2_ Jmve B 5k 48 15mL X Adp F 0 12 3009 A 5 A 4TS
i e FAR T E A0 B4 g ¥ 4 it (chondrogenic differentiation medium) (%
3) A 21 X (Sl mre BB o dmre BBLS M2 B {8 2 F 9= E (Toluidine Blue
O) (SIGMA, 19816-1) % ¢ -

”

B B A FAM > 12 7 F (xylene) EiEe A & > A= 10 A4 @ (83T
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ko Bz 100%-95%-90%~80% ~70% 2 FpF & 5 44 0 B8 3 3N PBS
pTF B4R S o Kig £ Toluidine blue O Rt e b » TR = 241 -
PBS i iem § AR T Ld o
%2 3z w2 et 4

Table 3. The composition of differentiation medium

differentiation medium composition

oMEM contain 10% FBS, 10pg/mL insulin, 1uM
Dexamethasone, 0.5mM IBMX, 100uM Indomethacin

oaMEM contain 10% FBS, 0.1uM Dexamethasone,
osteogentic 10mM Glycerol-2-phosphate, 50uM
Ascorbate-2-phosphate

oaMEM contain 1% FBS, 10ng/mL TGF-B1, 6.25ug/mL
insulin, 50nM Ascorbate-2-phosphate

adipogentic

chondrogentic

316 RyipEtipidd B

AR A LD S R RpamA it A X 2 e B W& E 200 uL TRIzol
reagent (ambion, 15596 ) * - Z E#F % 10 ~ 455 4 » 50uL 1-7-3-F p =
( 1-Bromo-3-chloropropane, BCP) (MRC, BP151) & ¢ 15 #) ¥ 12 120000 g > ** 4
C THrs 15 A4 o b FiRis e » 22 R F a5 (isopropanol) (Merck,
1.09634.1000) itk RNA > §gi8 3 3t 3 F# % 5 445 > 12 12000 g &< 15 &
G815 4 kLR 0 der 1 mL T0% PSR (5 0 8500 g At 5 A 4B %
ARG 18R 0 b 505 5 4 487 RNA Uk v % >t nuclease-free water ¢ o

317 F#E&F R

P~ 1 ug 2 4% RNA 2 QuantiTect® Reverse Transcription Kit ( Quiagen, 205314 )
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F ks 3 42§ 15 pE T fa(complementary deoxyribonucleic acid, CDNA ) 12 RNA
(1pg) 12 pL 4e » 2 pL 7x gDNA Wipeout buffer ;2 3 3t 42 C# % 5 » 4517 3
“%rf DNA > f f& 3484 20 uL (14 pL DNA-free RNA, 1 pL Reverse-transcription
master mix, 4 pL 5x Quantiscript RT buffer, 1 pL RT primer mix ) & {7 * #&éF &
(reverse transcription) 42 °C 30 #4595 C 3 ~ 4&{s 2 cDNA A& 4 ¥ 3t -20

C -

318 T IREMmRYEF
iz . DyNAmo™ Flash SYBRR Green qPCR Kit( FINNZYMES, F415) z_.p7 »
#-CDNA #8412 15> 11 48, F e hff 10 uLo 0 7 4 pL 8 {5 2 cDNA-5 pL 2x gPCR
master mix ~ luL 2. 20 uM 313 (primer) (% 4) & F Tz 2R R4 F &
(real-time quantitative polymerase chain reaction, gPCR ) H & 424>+ 95 C 7 &
4 > 312 95 CC10 ) ~ 60 (C30 /& (7 40 B9 » @ (514 60 CF s 1 A4h»

05 CHiF k-
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% 4QPCR 313 B34

Table 4. The primer sequence for gPCR

Gene Primer sequence (5-3") Amplicon (bps) Tm (°C)
FABP4 Forward ATCAGTGTAAACGGGGATGTG 117 52.4
Reverse GACTTTTCTGTCATCCGCAGTA 53.0
LPL Forward ACACATTCACAAGAGGGTCAC 132 52.4
Reverse CTCTGCAATCACACGGATG 51.1
Leptin Forward GCTCACCCAAACAAGACCAT 183 60.0
Reverse  AAAACCCAAGCCTCCTTGTT 60.0
PPAR-y  Forword TTCTCCAGCATTTCCACTCC 123 51.8
Reverse AGGCTCCACTTTGATTGCAC 51.8
COL2A  Forward GAAACTCTGCCACCCTGAATG 156 54.1
Reverse GCTCCACCAGTTCTTCTTGG 53.8
SOX9 Forward GCTCGCAGTACGACTACACTGAC 101 58.8
Reverse GTTCATGTAGGTGAAGGTGGAG 54.8
AGC Forward ATCAACAGTGCTTACCAAGACA 122 51.1
Reverse ATAACCTCACAGCGATAGATCC 53.0
OPN Forward CATATGATGGCCGAGGTGATAG 114 54.8
Reverse CAAGTGATGTGAAGTCCTCCTC 54.8
COL1A1 Forword CTGGTGAACAGGGTGTTCCT 158 60.0
Reverse ACCCTTAGCACCATCATTGC 60.0
OPG Forword TGTCTATACTGCAGGCCGGTG 120 56.3
Reverse = TCAGGCAGAACTCAAGCTCCA 54.4
GAPDH Forword AAGGTCATCCCTGAGCTGAA 192 59.8
Reverse ACCACCTGGTCCTCAGTGT 60.1
CCL5 Foword = CACCCACGTCCAGGAGTATT 168 59.8
Reverse TCAGGTTCCAGATGCCCTAC 60.0

FABPA4, fatty acid binding protein 4; PPAR-y, peroxisome proliferator-activated

receptor gamma; COL1AL, collagen type | alpha 1; OPG, osteoprotegerin; OPN,

osteopontin; COL2A, collagen type II alpha; SOX9, SRY (sex determining region Y )

-box 9; AGC, aggrecan; CCL5, chemokine ( C-C motif) ligand 5, also called RANTES
( Regulated upon Activation, Normal T-cell Expressed, and Secreted )

319 #FHiEAj=a 4 AT
M-mre R Eis 0 0 2003 me BAE 6T H Y o R 10X B E B ELRDL
¢ (Giemsa stain) (Invitrogen, 10092-013) i w2 ¥ X 3% ¢ (B 2)> ¥ F

LR E 4T 2mm 2 #55A, 2 8 = (colony-forming unit, CFU) 8 123+ 8k -
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W 2EP ERT AL EFHRIE -

MR RS > TV R PR BT 2mm 2 2 ¥ % A5 B = (colony-forming
unit, CFU) & riz+#c -
Fig. 2 The colony-forming units with Geimsa staining.

The colony-forming units were counted by visual that could indicate the numbers of

stem cells we harvested from primary culture.

3.1.10 rgped g1t 4 2

12 1000 3F fo%e e AE T 96 3 F ¢ FHRB S 2 o F IR 24 ) PRI S (-
(4, 5-dimethylithiazol-2-yl )-2,5-diphenyl tetrazolium bromide, MTT. )( Sigma, M5655 )
10 uL (5 mg/mL) 4% 4] pFis > 12 200 uL 2. DMSO 5332 %% o 1A KL R
LBl E ODsroeg0 B AR F 2 v k@ rv R B Y A w Hip B2 mie o e i
B M2 EfEhod 5 ATT o B FR e b PR 0 H STip) 1 e ok B8 e ik
M AR o Hg kv if -tz 4 LW WF & B £ (log phase) 4 19 -
TP wfz i PR (population doubling time, PDT) » # 2 3% 5 doubling number=

log (Nt—No)

Tog2 Jt o (Nt=t P& {5 fmve #ic® > No=t PF ' o ‘w*2 # & > tunit=days) °
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2 SMTT v d 22 B RBBTLE o

Table 5. Standard curve of MTT assay for cell proliferation

Cell num. (x10%cells) 10%cellssmL ~ 10°cells/mL  10* cells/mL Medium
2 20 - - 80
1 - 100 - -
0.5 - 50 - 50
0.1 - - 100 -
0.05 - - 50 50

unit @ pulL
103 Cells seeding in 96-well.
Treat MTT 10 pL/well/day, after 4hrs was detected under OD s70-690.
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321 B X FEEFEIFWE2ZE BT LAT
PP BRI AN I L7 S X R RT Eirieie 2 0 N fe2 ¥ 74 4]
PR M ER LRI E e L R iR 2 R < R
F it oo A g2 R AL A
3211 X ¥ EFEirwmrez >
TEF R AR 2 BB RIS S (70 0 & AT E
|0 RERY AR w2 A R B h 4
= Fi

fmie 2L B

AR B 3A ATom o KF kTR AR
Ficoll @ R+ R 3w = NB1F 2§ % .fsm'?é'%i“% 1R EE
(lymphocyte) % ¥ %37k (monocyte ) T

2

ORI IR Sl 3
Vet A O RIF I B L R
LI ELEE S NE RS S LA
oo %’g‘] 5 x I+

7".'3\ “\

LpEE 4 £ 2 w?
i pALA

2 % > H wnre A R
7~ F ]

g NGy
iy = 48T

=3 (F 3B)
¢ * » ¥ Friedenstein ¥ 4 (Friedenstein et al., 1970) #7%

=

Wz fmie AR o
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A Consent form for body donation
‘0 Yes

Euthanasia by pentobarbital + KCl or citosol + KCl1
l: Yes
Examination by vital signs (heart beat, respiration and pulse)
l’ No

Bone marrow was collected by bone marrow biopsy
needle from femurs and humurus

v

C.‘
— e 55

v

Change medium every 3 days to remove
non-attached cells

¥

Passage when 80-90% cell confluence

W3ZE&» AP MPERwe LR INER -

(A) (a) B~ ¥ hgr i 3 2%FBS 2 PBS =% (=4 ) (b) fI*
Ficoll-paque® r+ % f& 47 & 3 & 31 73 et w -( ¢ )¥ Ficoll-paque® (% ¢ )
Thwm2ZEPwedE (0d ) (c) PEPwEENE 2ML FHARER - B
PR l0cmzmie A ¥ o & = X { Hiwer R d b 4 L 28 3
gaimie s Hwre £ 3 80~90 %R H AR R PFITE 0L 12~3 2 Mkt o (B) -
BA2ZEP e BV RbE R 3T 5 ¥ e vha ekl A T 5 BMMSCs -
Fig.3 The method flowchart for the preparation of BMMSCs from canine body

donors after euthanasia.

A. (a) Aspirated bone marrow was diluted with PBS containing 2% FBS (red ) which

is on the top of ficoll-paque® (lightblue) . (b) The cells were separated by

centrifugation: plasma ( yellow ) , mononuclear cells (white ) and red cells (dark red ) .
(¢) Mononuclear cells were harvested from plasma interface and seeded in 10

cm-dish/2 mL bone marrow at 37°C with 5% CO.. B. Plastic-attached cells with spindle

shape can be observed in primary culture. Scale bar represents 100 pm.
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3212 X ¥ igEzimre 2. 2047
ORI RRHRATR Y 0 MINR N AT IR Eir e T L IR ke
2 4% o PR 1 CD34 (s irimelie) 22 CD4SR (# = bk ) 2 E i w
fef LA m ik I CDA4 (A FRbrga+ ) & CDI0 (59 a:jz:wéﬁ}ﬁ ) NN e
GAFHLZGFRAT A fAIZ Kimre A LR AR ES VIS B B
2.7 - Oil Red O ~ Alizarin Red S 2 Toluidine Blue O » i % i& #5 ¥ Mm% p b jF & +
Fhd - H T mie it R2 R FF2d s frh mie ot w2 F0 § P
(proteoglycans ) ¢ pEi= % @ (glycosamioglycans) & % ¢ » iz H s 1 =
AR CIERD - F
¥o AR EZRHEAR e SR RE IR 4N A e kRS
FiEd RN ks 2 B % Ao (B 4)CD34(0.02 % of positive cells ) ¥ CD45
(0 % of positive cells) & i » P G hFEk2 A 32 oriB P2 H P mie 3y 2

w I % fmre ;@ CDA44( 97.31 % of positive cells )£z CD90( 98.26 % of positive cells )

AR BPEARRLARZENZE P E R HEF iR L F
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CD44 CD90

100 105
79-
= 97 .31% 1= 98.26%
3 3 53-
S O
26 4
T T 0- y T
10° 10' 10° 10° 10 10° 10' 10° 10° 10"
FL1 Log FL2 Log
100 100
754 75+
IS 0.02% € 0.00%
3 50- | 2 50- |
&) | O |
254 25 4
0- — 0 —
10° 10' 10° 10° 10! 10° 10' 10° 10° 10"
FL2 Log FL2 Log

MAZ B BT RFER DR 223 RAH -

BT kAR RS NP2 H P wmre 2 H CD34 &2 CD45R i A1 CD44
LB PR AGIRRA TS 7 € FIRM AL N mre i A § AR o

Fig.4 Identical immunophenotypes as defined MSCs.

The immunophenotypes were examined by flow cytometric analysis. Both CD90

(thymus cell antigen) and CD44 ( matrix adhesion molecule ) are known as positive
makers in BMMSCs, whereas CD45R (an isoform of CD45 which is lymphocyte
common antigen ) and CD34 ( hematopoietic stem cell marker ) are negative. Our data

showed BMMSCs harvested from euthanized dogs possessed consistent profile pattern

as defined MSCs and identical results throughout individuals and cell passages.
36



.

FEFBEXIRFER o SRR E IR A TANRIEA B AT R T
VAT A E BRI o BRET > s A (L % 30 X > fmre b L AR
B ERD R L 2 OilRedO % ¢ ¥ HFME LR miep 25 35
EEAMAR AT AR FATAREE (B SA)HFwm%e A28 T 2
A s Tk L AlizarinRed S % ¢ FH Mimie b 2 d AHIH 0 A7
Ho 2 gTapssaggatee b AT Y (B 5B): fidh mre A1 % 21 % 51 %

o

f<

& 12 Toluidine Blue O # 3 Rim*e b § R4 % ¢ A& > &7 H »
PEVE S PER A b LY (B 5C) o ww @M d gt o aE 112 B P
—,E—"ﬁ Z Lk mve ARy ST

SFE b AEsR TR Y 2 b R iR ere A g TB I 2 B G R b E
w2 e o G p A ATE EFEFA A G4 0 Eoa AT R e g AR

Bogd ARRAN > VEF L mRHLAGIRAAS T ETERD e

EY

Bl; Ijrg@ﬁ ]\’?5%’47\ 1L ,_:'\; z b = :‘E‘?zm’?é y i*g‘- _H} .'ﬁ |,L ‘m”?"-ﬁ'—i’%‘_}a Féﬂ'-'ﬁ" an/ ;}5}?4’5

Lz AR > TR RMRER TR Y 2 A Mk TP T 2 B P me 3 5 A
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B 5= mehitedd %o

(A) "awmait s ek d 2@ F AT R w0 2 i b AR L FA
(BY R F A 1 5 F20hd 2 4T3 F e b AFY > 2 moe b A% 5 T
PR (COHE AT I EFRERI 2 MR F% AH R ARATY o5 5100
pm °

Fig.5 Tri-lineage differentiation potentials.

BMMSCs collected from euthanized dogs could be induced to differentiate into (A)
adipocytes as stained by Oil Red O,( B )osteocytes as stained by Alizarin Red S, and( C)

chondrocytes as stained by Toluidine Blue O. Scale bar represents 100 um
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322 BRESLIREEH T EizeeFY 53

PR RBSHREA TN FERLE 7 B2 PR AP T Eir w2 B E 5
hES LR > ¥4 gk (isolation efficiency) ~ # & i 4 (cell proliferation)
# m Fu 48 =1 (surface marker stability ) ~ 4 i+ st (differentiation potential )
FrPFEFAY o USRI BHL E PR s R R 2% 28

N o

FHEFUX TP R R B AL RECY BREAHE R T
T Giemsa $F FEHEFVIE AL A ETUANS BT AR Ewivdc? H
B4 p AL AT 4 2w dc® > A 7 3 20 (humerus and femur) 22 i3 48
# (oldandyoung) z_ A #gscF » T 4F 7 P BN BF A N L 3720 4 o

SRR T AP BHELEIRENCZZ RS LT EiR e P T AN
FARH - SiEp RV AT YRR AV F ozt (24.45£4.882

CFUs) % 34 (23.25:4.371 CFUs) #tP~{8 2 F g L iz me H 3 XA/ H 2 #c

=k

AT HFLRE (BOGA) 22 kRl "alFLi8 (B 6B): kel
PP # I H P12 #5528 =3 (6.178+3.847 CFUs) & ¥ i<+t P1(32.8746.210

CFUs) 2 P4 (33.89+10.86 CFUs) -
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20+

CFUs of P1

104

B o

%%
s | .
3 young

w-I I - od

) ¢ ¢ &
passage

B 6xR>E X FRFERWBLFFANN A o
(A) T X PP Eizwe2 ¥ 38F 438 =3 (humerus and femur)
JEANFLBR(B)a BHELT I PR S04 o X E 2P|V F R PI2
2 AN a4 BEE MY P12 P4 (P<0.01) -
Fig.6 Clonogenicity of cBMMSCs
A, The numbers of colony-forming unit from cBMMSCs have no difference among

different sites. B, there is no difference in the number of CFU from cBMMSCs between
ages. However, the CFUs in P12 of old group are significant lower than P1 and P4

(P<0.01) . (meanzSD; A, n=4, unpaired t-test; B, n=3; one way- ANOVA, Tukey's

Multiple Comparison Test, * represent P<0.05 )
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3222 2 £ 5t A7

BuBr P HFERoeM Y223 3 B i#ic (PA-P8-P12): 1 %
v iR AE > T MTT W & 2 A e 2 B B v 2 Sl 7 @ b2
dEd R TF4EE D wre BB pFRF (population doubling time, PDT ) > 124534 %

Foip Y& 828 N ¥t MSCs 2 £ ap 4 2 325 o

= s

dimig 2 Ed RV Ir A hHEECE 2 PP Ezwed 2 £ 0 S4p 0 (B

TA) Flitimie PR R L L (B 7B 2 gk hHaL L3 &R Fizme
P4 (B 7C) 2 P8 (W 7D) ¥ adefhil 48 | mRZI|wme B St = - %

\)‘Jfﬁﬁfii{ﬁﬂ »m P12 (B TE) B & T2 ) P s BRI &8 24 og’\_ﬁ#h
A EDIT we BRPET (B TF) 7R P T Eirwe )24 ) pFriz -
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Fig 7. Cell proliferation of cBMMSCs

We can observe the growth curve in BMMSCs between different isolation location ,
ages and passages (A, C, D, E) shared the same trend. According to log phase of
growth curve, the PDT of BMMSC (B, F) , with no difference between locations, ages
and passages. (meantSD; A, n=3, unpaired t-test; B, n=3 unpaired t-test; C, n=3
unpaired t-test; D, n=2, 3 unpaired t-test; D, n=3,3,3 two way- ANOVA )
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Fig.9 The immunophenotyping profile between ages and passages in cBMMSCs
A, The profile of cBMMSCs shows a consistent pattern until passage 12. Both CD45R
and CD34 are negative; CD90 and CD44 are positive. Compare to P12( 89.84+8.858% ),
the percentage of CD44 positive cells in P4 (47.38+20.35% ) was lower than P12. B, the
percentage of CD44 positive cells in cBMMSCs was no difference between ages

( meanzSD, n=6, 6, 5; one way-ANOVA, Tukey's Multiple Comparison Test, *
represent P<0.05 )
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Fig.9 The expression profile of differentiation marker genes in cBMMSCs between

ages.
The data show no difference in the expression profiles of (A) osteogenesis, (B)

adipogenesis, (C) chondrogenesis marker genes between ages. ( mean+SD, n=3,

unpaired t-test )
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Fig.10 The CCLJ5 expression level in cBMMSCs between ages and passages
The result indicates CCL5 expression level of old group is lower than young group, and

there is no difference between ages and passages. ( meanzSD, n= 3; two way-ANOVA )
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ERAEAFYRT F B FRAMCMERL Y v (£ 6) 05 &
5 k£ 11 = 3Fp < 4 > % 3 JEB cBMMSCs 1% 2 4 6 &] (54.55 %) #1485
] (45.45 %) ¥ B B2 p; @ 234 B CEMSCs ch% 24 8 6] (7273 %) » #1
3 6] (27.27T%) PIX FicA 7% -1l =+ R &2 RF]Y > 66 (5455
%) 7 EMEHEE BRI ELDPELF KOG A 6] (1818% ) d a3 T iFX &
A MEET e (£ 7)) 7T X I P > 2 EB cBMMSCs eh% 25 6
(85.79 %)+ #1481 5] (14.28 %) # % B~4 pc ; @ % # EB cEMSCs th% 2 4
5 %] (71.43%) #142 »] (28.57%) R Pt = % o
106 FRATH A W Hebko

Table 6 Background information of the euthanasia case from hospital.
case BMMSC  EMSC The reason of euthanasia

20110115 - + CNS inflammatory disease (NME ) *
20110225 + + Tumor ( Bladder&Testicles )
20111102 - + Spinal fracture and subluxation
20120418 + + spinal subluxation

20110125 + + Brain disease

20111220 - + suspected spinal meningioma*
20111201 - X cryptorchidism, testical tumor
20120712 + X suspected meningioma
20111020 - X tumor ( Brain)

20120830 + + T13 spinal fracture

20121201 + + tumor metastasis

+ represent MSCs isolation is successful, - represent none bone marrow
harvested or isolated, * represent long-term medication, x represent
microorganism contamination.
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Table 7 Information of euthanasia case from shelter.

case BMMSC EMSC
1 + +
2 + +
3 + +
4 - X
5 + +
6 + X
7 + hl

+ represent MSCs isolation is successful, - represent none bone marrow

harvested, x represent microorganism contamination.
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A Consent form for body donation

¢ Yes

Euthanasia by pentobarbital + KCI or citosol + K(| —€€m——
Yes

Examination by vital signs (heart beat. respiration and pulse) — =———

______________ TN—

spongy bone tissue was collected by Bone marrow was collected by bone marrow biopsy
trephine from femurs and humurus needle from femurs and humurus

|
Q—
v : ¥
|
|
|
|
|
|
|
|
|
|
|
|

2% FBS in PBS washed, cutting into
smm diameter pieces

Culture medium washed, cutting
into 2 mm diameter pieces,
and cultured directly without
enzymatic digestion

Change medium every 3 days to remove
non-attached cells

v

Passage when 80-90% cell confluence

Change medium every 3 days to remove
non-attached cells

v

Passage when 80-90% cell confluence

Wl UF& 3+ 8 i PEnee A3 o me e ik o

(B) % - 3 %2 EMSCs &2 BMMSCs § 48 ¢ enlim?e 35 122 4p i el P2 A 1 o
Fig. 11. The comparison of both isolation method and cell morphology in cEMSCs
and cBMMSCs.

A. Dash-line figure: After bone marrow harvest, sponge bone tissue was harvested by
trephine from proximal humerus and femur. Tissue was washed with PBS contained
2% FBS and cut into 2 mm diameter pieces, then cultured directly in culture medium
without enzymatic digestion. B. Plastic-attached cells of primary culture shared the

same morphology of BMMSCs were called EMSCs. Scale bar represents 100 pm.
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Fig.12 The immunophenotype profile of cEMSCs

The surface marker profile of cEMSCs is the same as cBMMSCs.

52

10



3232 X H A5 F BT Firwre 2 L

WhieR Eizwre kg 8 BREFWMR A J1* Glemsa 24 35
FAREEMALBEE AN BT ek Feiedc? HE g p AL AT S 2
R o A A RN AT X AT E R o LR AT
¥ B £ iz mre (30.53£9.010 CFUs) 22 % 4=/ # iz w®e (24.32+8.357 CFUs) #H
HEVGAR AR IEFLE (B 13A) & FAeF Eizwe w3t (F 13B) 2 B

Wed (B 13C) FREBEF SR "5 FLE -

A B C
40 T 404 40-
= % E 30 E 30
g 20 g 20 g 20
o e re
O 10 O 104 O 10
& © CJ & o O
@;90 *9() o‘\) c‘é\ oo(‘ o'
N < Q\o@ € 3

2

FRE PR Erwe B3T3 04 (A) X3 PELE > a3vix (B) 2 BiY
Ed (C) B RIS EG W 2 HEVA0N 4“2 3P E P o

Fig.13 Clonogenicity of cEMSCs

A, There is no difference in clonogenic formation ability between cEMSCs and
cBMMSCs. B, C There is no difference in clonogenicity of cEMSCs from various

anatomical origins ( B ) and ages of donors (C) . (mean+SD; A, n=6,5; unpaired t-test;

B, n=4,4; unpaired t-test; C, n=2,3; unpaired t-test )
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Fig.14 Cell proliferation of cEMSCs

A, After 48 hours, we can observe the growth curve in both cBMMSCs and cEMSCs
the entered log phase. B, According to log phase of growth curve, the PDT is no

difference between cBMMSCs and cEMSCs.( mean+SD; A, n=4; unpaired t-test; B, n=4;

unpaired t-test )
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