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Isolation of Mesenchymal Stem Cells from the Mononuclear Cells
Remaining in the Bone Marrow Processing Kit

Sinyoung Kim', June Seok Heo®, Han-Soo Kim'?, Hyun Ok Kim'?
Department of Laboratory Medicine', Yonsei Cell Therapy Center’, Yonsei University College of Medicine, Seoul, Korea

Background: Mesenchymal stem cells (MSCs) that are capable of extensive self renewal and differentiation
have attracted great attention as a promising tool for regenerative medicine and tissue engineering. Although
MSCs can be isolated from various tissues, bone marrow currently represents one of the most reliable sources
for providing a sufficient yield of cells in a good quality. Herein, used bone marrow processing kits were
evaluated as a valuable source of MSCs.

Methods: Bone marrow mononuclear cells (MNCs) were recovered from used bone marrow processing kits
after routine bone marrow processing by using the COBE 2991 Cell Processor (CaridianBCT Inc.). The MSCs
were isolated from the recovered MNCs using a standard plastic adherence method. Immunophenotyping and
differentiation assays were performed to clarify the characteristics of the isolated MSCs.

Results: An average of 1x10° bone marrow MNCs was collected, and the MSCs were successfully isolated
from the recovered bone marrow MNCs in all case. The isolated MSCs were positive for essential MSC surface
molecules (CD29, CD44, CD73, CD90, CD105) and they were negative for most hematopoietic and endothelial
cell markers (CD34, CD45, CD31, CDI14). The isolated MSCs were capable of differentiation along the
osteogenic, adipogenic and chondrogenic pathways.

Conclusion: MSCs isolated from used bone marrow processing kits are an alternative and ethical source of
bone marrow derived MSCs, and they can be used for research purposes. (Korean J Blood Transfus 2010;
21:280-8)
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A4 20109 119 18Y, =AY 20104 129 109, 2012 : 20104 129 12¥

HMOIXA}L : 7 & & 120-752 A EA] ST AR 250 A oAue Ak sta A
TEL: 02) 2228-2444, FAX: 02) 364-1583, E-mail: hyunok1019@yuhs.ac

B oAFE 20099 383 CaridianBCT AT7AHS] AY o2 o] Fo]H S

- 280 —



ME

%7+ = 7] Al FE(mesenchymal stem cell)T #| 1t
2001 QA7 zHAB S, 25 W A X 59
ARl AFEANE FHS wrom W A7t
Z3YE| 5L Qlek. o] = FHAE VNI AIEH )R]
2171 2 A Ak (self renewal) 522} 01'711] A BHA £
(adipocyte), 15 A3 (chondrocyte) 2 = A 3¥(os-
teocyte)2] FENFAER 23S + glom, o] £
ol AZA| ¥ (cardiomyocyte) ¥ A E(myocyte),
H vroprh vlg el G A 2EQ] A7 A 2E (neuron) 7t A
23 7 A= 794 (plasticity) & 7HAIAL 9171
wlZolehY FRAEINAEE F52 AL,
Al 7 ZELS 8) 01:*9 =0 ure z Aol A B
2lg o Sk 53] $79 25

B 223 A Folle ohE Z2F o vlsl] 43 7

ol e AZ 7H FEd ¥ FTHAEVINEE
o °"41°)

A, 25 AHs] ANAE AFH
Algol Feostd, 5 il THAEVIAE
A 2ol A] w2 A FA S| RE 53] o] & AlrHul

3% 7 3 SRS 2ob5S w4

710l Eelgk %-2}0 %7]1{]—1--% ] £Hog LI

S o] QdFollAl 77 ol 48] 27
olc}. SAR AT NZAZRE s AT
EHdog F4E dHsy|e ddH o7 n$ of
gt 2 Aol HArEE AT E W
ol Holdle FTFAEREREH FUHASTIANEE

2ol o wlekstant seick

Isolation of MSCs in the Bone Marrow Processing Kit

Alasiod o ae] A% B Fole
FE it Z4Z COBE 2991 Cell
Processor (CaridianBCT Inc., Lakewood, CO, USA)
g ol &3fo] thawt ol YT ol el
AAE Aselgic. A 2Hue ugn F
242 ol gajo] 24 Aulol FE 24A)
Eol] A& % 3,000 rppmeoll A §E-7+ A E-2] 313
o URASEE FUHA FAsk ] w7
gelstol BAHE o

o

r
2
y
&
O]
ok

q g

TAFE WS W) Bk AR 24
Pl e 9] A sl A3don
QeI A5 ol gato] Foulol Yok Y= B4
R el dnsdn. A5 Yoty

3 Tlﬂ F<E Ficoll-Hypaque (H1% 1.077,
Pharmacia Biotech, Uppsala, Sweden)S ©]-&-3}o]
Wi & Lol Z-5 F-2] 513l phosphate buffered saline
(PBS)C. 2 F W AF 3 1x10 cells/dish®] 5%
X 100 mm culture dish (BD Biosciences, San Jose,
CA, USA)ollA uljoFsteich. wljoFel-2 DMEM-LG
(GibcoBRL, Grand Island, NY, USA) ¥ 10% fetal
bovine serum (FBS; PAA laboratories, Ontario,

Canada)& AH-&3tleh. wlek A2k 24417 3= v 5

- 281 -



oigtdEs] A - A2 A3s

]

hal

bl

AANEER Q3 SIS NE B2
o] ZAAFE AL ] $J5te] nEHA 3
olsted A ASATH? WA= 1320 F WA w2
sgon] BAAEe MEZATI} 70~80%7F
+ 7% 0.05% Trypsin/EDTA (Gibco)S A+-8-3}
o 3]ste] AltuedstArt Aol W B
Hakgict

=
o
=
=

&
ol ooy

2l et S EIAIES A et
at7] Slsll 24 AleneF 3 F FAEEA 7]
(Cytomics FC500; Beckman Coulter, Fullerton, CA,
USA)E AH&ste] oh53t 222 Wl 9ste] &
Aakgich. et SHAE7IAEY wekdS Al
A &b, PBSi AL 0.05% Trypsin/EDTAZ
w28k & 2,000 rpmell A 5E7F AAEEEkA
0.2% bovine serum albumin (Sigma-Aldrich, St.
Louis, MO, USA)o| 7}5 PBSE A|d3s}a 7tz
o] FEFAE vHAIZ F B4 AHE
H HZESAE CD14, CD29, CD31, CD34,
CD44, CD45, CD73, CD90, CD105, CD106 (all
from Beckman Coulter)|git}. HHS- & BEAL
WinMDI (Scripps Institute, La Jolla, CA, USA)2}
CXP software (Beckman Coulter)E A3t}

3. SUYEIIMEE 0|88 2ERE

Lo
e

47 733t FegolA R e R F7+
HAE7INE 455 o2 g3 2
AAE, dZAERS] B35 FE313th

1) SME 25

ZNAZI| AT ZTH TR B35S go]

317] $18 12 well plate (Nunc, Rochester, NY,
USA)ell 5x10° cells/well®] S22 F7H3E 714
EE BT T wisiolch NMESAHEI}L oF

70%7}F =™ 0.1 M dexamethasone, 50 /M ascorbic

acid 2 10 mM /3 -glycerophosphate S &3t osteo-
genic induction medium (Lonza, Walkersville, MD,
UsME2 WA S sAlele] 27 Eet 3~4clulel
AHE—% 2 2 m3telgich FALRS BIGE

ZF Boll MlE U] calcium phosphated] =4 o H-5
"ﬂr t}s}7] $18ko] von Kossa stainingS A]3§35}o]
A ERY F3to] RS gl

2) N|HNZE 235}

FHAETIAESY ABAERS] Biteg &
o137 $Jall 12 well plate (Nunc)oll 5x10 cells/
welld 52 Z7AEZ7HES BE3 T uljok
sk AESAE7E 100%7F =W 0.1 1 g/mL
insulin, 0.5 mM 1-methyl-3-isobutylxanthine, 50 g/
mL indomethacin, 1 #M dexamethasoneS H-f-3+
adipogenic induction medium (Lonza)o- 2 HlZ| &
A} 25 Fol 3~4Ywr} xﬂj—gpr A2 2
gtk ALAEZY] E3HFE 25 ol AlE
W A8l FE(vacuole)d els -1*]01—04 Oil Red
O (Fluka, Taufkirchen, Germany) %4 A]ej3}o]
AGAEZ ] F3to] RS Flstqich

3) HEBME 23}

FHAE7IAEANA AZHERS 3=
114 © 2 pellet culture systemol| A 35 = ul
3127 monolayer culture?tS. 2= FH-3] 1=
AES] B3 2 G0 Fh5a] whito] £ A
o] 4 pellet culture”} o}l 12 well plateol] A|E
£ seeding 3lo] AZAHER E3}E FE3Ach
AZAEL BIGEES sl 5x10° cells Jwell®] &
ER FES7IMESE B33 ekt gk,
MNEZAEI}L ¢F 70%7F =4 0.1 uM dexame-
thasone, 50 «M ascorbic acid, 40 «g/mL proline<
3hF3tF chondrogenic induction medium (Lonza).2-
Z A ZAE Bho] 2F 59t 3~4YUuj) RS
Wiz 2 235}k E5) wiA 23t A AFTAE
29 e E FAse Aoz ¢34 TGF-

to X
H 0% S

- 282 -



A3 (10 ngmL)ES A7FslAch AFAERZS 2
3HrE 25 $oll Safranin-O stainings &34 <

SAE Bl 5 skl

2 o

_/l:

AN EZIE Wl F o 7200] F34E
HAZT| A ES §A4 $5Y 2k TS
2ol HE Ak LAE AEE oA
dtel AdMTE Asslon, A 3
A5 AESo] w2 Z4ae ¥
o}g]

A5

lo =
=
0%

ﬂﬁiﬂ(ﬁg 1. shte] &+ XJB]?]EOH
PN Z R RE] HF 3x10709] F2A
AEE R 5 99l

m%mﬂﬁW%ﬂ

aL
=2

o
_,VL

Isolation of MSCs in the Bone Marrow Processing Kit

2. SUAEIIMZES

F7HAE7IAIEL] FAAZ LElF CD29, CD44,
CD73, CDY0, CD105°| A& B4 733t W=
gom zIRAE FA A CD34, NAHE
o] FAZR] CD45, <l ubAQl CD14, WA
29| uhAQl CD31& WAE A Fgtrh(Fig. 2).

3. SUYEIIM=E B3ts

EX| R HAL

AL L35 T9ATE STRETINES
°] XA El9om, 148 Aol von Kossa staining
2 Sl therel 2ol AAslol TALRY ¥
%7} 5]31%*— glsklchFig. 3A). AA
Ero B3l FAETINEY B3 AE &
74]7} HotAMA T Eoke FHIE v 7] A
ekl om, TUARE A A5 AGEEE0] Al
X gHollA gtFo g 7] AFegin. B35

5 14 A3 Foll Ads] W 4 AT E
o] A=l 2™, Oil Red O stainings

E3lo] x

=

Fig. 1. Isolated mesenchymal stem cells after culturing for 3 weeks grew in colonies that contanined small
spindle-shaped fibroblastoid cells. Light inverted microscope, original magnification 40x (A), 100x (B). The
figure shows a typical example of one donor of four examined.

- 283 —



23R A1 A3

64 CD14 64 CD29 64 CD31 o4 CD34
= 3.08% = 99.8% = =
5] 5 S 2.8% 5
> > ,‘;l > >
m wm FH" m m

0 A o-J %” — 0 0

10° 10" 10*> 10®> 10 10" 10" 10° 10° 10* 10° 10" 10° 10° 10* 10° 10" 10° 10° 10*
o4 CD44 64 CD45 o4 CD73 o4 CD90

99.9%
= 100.0% z - b
(0] (] (4] (0]
> > > >
w w L L fé‘;‘ﬂ'
)

0 0 1 2 3 4 0 0 1 2 3 4 0 0 1 2 3 4 0 %W'ny 2 .3 4

10° 10" 10° 10> 10 10° 10" 10° 10> 10 10° 10' 10° 10> 10 10° 10" 10° 10> 10
o4 CD105 64 CD106
_ 99.5% _ 27%
c [
e | 2
it i it

i
Yy,

4

: 0
10° 10" 10> 10° 10 10° 10" 10> 10° 10

4

Fig. 2. Immunophenotypes of isolated mesenchymal stem cells. Fibroblastoid cells expanded from bone
marrow processing kit were trypsinized, labelled with antibodies against the indicated antigen, and analyzed
by flow cytometry. A representative example is shown. Values represent the mean percentage of all assessed

cells positively stained by the respective antibodies.
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Fig. 3. Multiple in vitro differentiation capacity of
isolated mesenchymal stem cells. Mesenchymal stem
cells were exposed in vitro to differentiation medium
to induce osteogenic, adipogenic, and chondrogenic, and
differentiation, respectively. (A) Osteogenic differen-
tiation. Calcium mineralization detected by von Kossa
stain. Original magnification x40. (B) Adipogenic di-
fferentiation. Lipid vaculoes were detected by Oil Red
O stain. Original magnification x40. (C) Chondrogenic
differentiation. Chondrogenesis was shown by Safranin
O staining. Original magnification x200. A representative
example is shown.

9.6x10°02] HAANEE 3)58t9lom, Dvora-
kova 52 2.0x10°709] wFAEZS 3581l ch
o|¢} o] FFA 7| ERRE 35T F I
A EL Fh AoHoE A > 3 WA,
AP e AR el g o] =7

o] SN EE FEshs Il go] mi$- =
F40|7] uifolm, F WA, T Az o]F<]
A7 E FTFARIE Yol HEF A Fo] 3
t}aslA] Eal5ko] Ficoll-Hypaques 58 H X4l
QAR A ZEshe FHAEE A 2 F
ZA1717] 013 7] wjFolt}. sHAut, Lvke] F
DHAANEZRE FHRAESTAEE 5

- 285 —



a I‘-t-u
Ei
Ao,
£
}~H

off m

RSV EE FTHAE7IAIE F FA(CDT3,
CD105, CD90), integrin =& &l 3 (CD29)
2 matrix T&A T FA(CD44)o] 7sHAl
Hyom, =dRAE #3 FA(CD14, CD34,
CD45), W2 A ZE3<A(CD31)> 3= A kot &
HHA Rl SRS 7L AL FAA A F
FAh” et FRAE7NAEY] 715H
ZHE Hrkstr] Aste] FAE, AGAE 2 o
FAERE] L35 FEsen, Al 7kA] AlE
7 BF B3Pt bede Eelsksich

oz
offt -
ruS
ol

ol
Al

N

N,

2,

o ¢
X

N

ofr

)

I

=

= M

3
o rpr ofN

R
O~

B
©
1>
P
=4
& o

A

ofN rIF
ol O
2

N

N

>

|

ofN
X
N

2 o

Hid: STAE7IAEE AE5H] A7) AR
(self renewal) 522} 37 chokst =2 oz 23}
g e FA4 (plasticity) S 7HA AL Slo] AHAY
27 2 2el WEdel AT

‘cq—‘cﬂ— zzl%l S 7l
=
EME FES on g o7t AFPE A gl

k)

o
Ny

tlo X ﬁ
=3
=
ol, ofN
o 3
0;’ 2
X, m_m
o N
MN 2
o W
o> fifu
L M
i)
o of,
) e
2o

o%
ot
A
st
>
3
I
v
A1)

o &

=)
o
2,
4 -
i
L

2
'l
Lo
R
kg
>,

e
_>|~I_,
o
o

>
J o
2 o hu
ofo il Fru
g )y 2
4r 2 Ho
do T
N
It
2

-

B2 & et X oo
N

gh: 7173 g2 R AHE T
COBE 2991 Cell Processor (CaridianBCT Inc.)
ol-gate] AP o] FElAAE ARt
A7 Eol| o} Sle 25 AR 24
ol Zlatgich. 3 T HETul
L2l o] &5t MPFAFT S FeElstr §
o] Z4]o] Yo & UEE vk,
o

1

5
Ny
7
Al

=

% 7

Al T UES 5o
A E] AEZAET} 70~80%7F =& 7
Fato] Alueksl ALt HA A Lol WER
914. 2l mt A E

otsty] glall AT W FAE, AA
BAEZS] 3 olng Bslslch

A} F5A T E Yol dolles 2 HE
3)5=3) ch AL S .E]ﬁ- 1x108M9g o] &

3%

ey o

7IM 2] A

o

r&ﬂ$£4mi4rﬁ_+mtmmlm

Iz

r°ﬂ1

io
FollA FRRAETNAEE HFe ‘F A
(n=4). T3+ 13] 9] 7411‘41HH°*° S3to] 9
B 3x10719 FRPENHNEE A& :; A
ok FAIEREA 4 FHAETIAIES] EAA
CD29, CD44, CD73, CD90, CD105%= 25 7-5}7]
wasiglon, 2ERALY] A2 CD34%}
CD45, W HE2] FA)#F¢] D313} sF7e] %
A 7231 CD14- WA gkokeh. FAE71A
9] 7154 FHE Brksty] Slste] AL, A
AE 2 AZAERS E3E FEskglon,
Al 7 AEE 25 E3F 7hedhbe ERlEa
t}.

AE: Fo|

e 4o Tt

o]
A
AR

>

A A HA7E = A ER R

- 286 —



1. Makino S, Fukuda K, Miyoshi S, Konishi F,
Kodama H, Pan J, et al. Cardiomyocytes can
be generated from marrow stromal cells in
vitro. J Clin Invest 1999;103:697-705

2. Pittenger MF, Mackay AM, Beck SC, Jaiswal
RK, Douglas R, Mosca JD, et al. Multilineage
potential of adult human mesenchymal stem
cells. Science 1999;284:143-7

3. Ferrari G, Cusella-De Angelis G, Coletta M,
Paolucci E, Stornaiuolo A, Cossu G, et al.
Muscle regeneration by bone marrow-derived
myogenic progenitors. Science 1998;279:1528-
30

4. da Silva Meirelles L, Chagastelles PC, Nardi
NB. Mesenchymal stem cells reside in vir-
tually all post-natal organs and tissues. ] Cell
Sci 2006;119:2204-13

5. Horwitz EM, Prockop D], Fitzpatrick LA, Koo
WW, Gordon PL, Neel M, et al. Transplanta-
bility and therapeutic effects of bone marrow-
derived mesenchymal cells in children with
osteogenesis imperfecta. Nat Med 1999;5:309-
13

6. Bieback K, Kern S, Kliter H, Eichler H.
Critical parameters for the isolation of mesen-
chymal stem cells from umbilical cord blood.
Stem Cells 2004;22:625-34

7. Zuk PA, Zhu M, Ashjian P, De Ugarte DA,
Huang ]I, Mizuno H, et al. Human adipose
tissue is a source of multipotent stem cells.
Mol Biol Cell 2002;13:4279-95

8. In 't Anker PS, Scherjon SA, Kleijburg-van der
Keur C, de Groot-Swings GM, Claas FH, Fibbe

10.

11.

12.

13.

14.

15.

16.

17.

- 287 -

Isolation of MSCs in the Bone Marrow Processing Kit

WE, et al. Isolation of mesenchymal stem cells
of fetal or maternal origin from human pla-
centa. Stem Cells 2004;22:1338-45

. De Coppi P, Bartsch G Jr, Siddiqui MM, Xu

T, Santos CC, Perin L, et al. Isolation of
amniotic stem cell lines with potential for
therapy. Nat Biotechnol 2007;25:100-6

Kemp KC, Hows ], Donaldson C. Bone marrow-
derived mesenchymal stem cells. Leuk Lym-
phoma 2005;46:1531-44

D’Ippolito G, Schiller PC, Ricordi C, Roos BA,
Howard GA. Age-related osteogenic potential
of mesenchymal stromal stem cells from
human vertebral bone marrow. J Bone Miner
Res 1999;14:1115-22

Hung SC, Chen NJ, Hsieh SL, Li H, Ma HL,
Lo WH. Isolation and characterization of size-
sieved stem cells from human bone marrow.
Stem Cells 2002;20:249-58

Cheng SL, Yang JW, Rifas L, Zhang SF, Avioli
LV. Differentiation of human bone marrow
osteogenic stromal cells in vitro: induction of
the osteoblast phenotype by dexamethasone.
Endocrinology 1994;134:277-86

Digirolamo CM, Stokes D, Colter D, Phinney
DG, Class R, Prockop DJ. Propagation and
senescence of human marrow stromal cells in
culture: a simple colony-forming assay iden-
tifies samples with the greatest potential to
propagate and differentiate. Br ] Haematol
1999;107:275-81

Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz
RE, Keene CD, Ortiz-Gonzalez XR, et al. Pluri-
potency of mesenchymal stem cells derived
from adult marrow. Nature 2002;418:41-9
Prockop DJ. Marrow stromal cells as stem cells
for nonhematopoietic tissues. Science 1997;276:
71-4

Mageed AS, Pietryga DW, DeHeer DH, West
RA. Isolation of large numbers of mesen-



g3 A - Al21d A3

18.

chymal stem cells from the washings of bone
marrow collection bags: characterization of
fresh mesenchymal stem cells. Transplantation
2007;83:1019-26

Dvorakova J, Hruba A, Velebny V, Kubala L.
Isolation and characterization of mesenchymal
stem cell population entrapped in bone ma-
rrow collection sets. Cell Biol Int 2008;32:

19.

- 288 —

1116-25

Dominici M, Le Blanc K, Mueller I, Slaper-
Cortenbach I, Marini F, Krause D, et al. Mi-
nimal criteria for defining multipotent mesen-
chymal stromal cells. The International Society
for Cellular Therapy position statement. Cyto-
therapy 2006;8:315-7



