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Multipotentiality of CD34 Cells Extracted from Human Cord Blood

Su-Hyang Kim, M.D.*, Ick Hwan Yang, M.D.", Hyun Ok Kim, M.D.}, and Jin Woo Lee, M.D.*

Brain Korea 21 Project for Medical Sciences®, Department Orthopaedic Surgery', and Departmant of Laboratory Medicine?,
Yonsei University College of Medicine, Seoul, Korea

Purpose: We evaluated the differentiation potential of CD34" cells expanded from human cord blood
into several differentiated cells, namely, osteoblasts, chondrocytes and adipocytes.

Materials and Methods: CD34" cells, extracted from cord blood and isolated using a MiniMACS system,
were cultured. Cells labeled with appropriate antibodies were analyzed by FACScan. The phenotypes of
adipogenic and osteogenic differentiation were evaluated by Oil Red O, alkaline phosphatase, and von
Kossa staining. Chondrogenic differentiation was evaluated by RT-PCR using primers for aggrecan, col-
lagen types |, Il and X.

Results: CD34" cells showed a fibroblast-like morphology and expressed CD105, CD29, and CD44 anti-
gens. These cells showed the deposition of a mineralized matrix and the expression of alkaline phos-
phatase in the osteogenic medium, and stained with Oil Red O in the adipogenic medium. In terms of
chondrogenic differentiation, the expressions of aggrecan, and collagen types Il and X showed a gradu-
al increase, whereas the expression of type | collagen gradually decreased.
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Conclusion: Based on their differentiation potentials in at least three different tissue types, i.e., fat, bone,
and cartilage, cord blood-derived CD34" cells can be visualized as attractive target cells for cellular or

gene transfer therapeutic options.

Key Words: Cord blood, CD34" cells, Mesenchymal stem cells, Bone, Cartilage, Fat
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Zof gt A7} o] F || L Qlk, FEo] Aol &
g E71M127E Q1 B E AT Al F oA = W2 vl
T2 2Aeicka g g A= F2 CD34
T P 2R HA| 7} o FE 2Agtha o
g4 loeug CD34 3o 34 Mxes 28 A
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3t 3EFHE|o] QlE Alole} o,
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Aol S E7IAIZE] gt A48 B3l ©l&°] in
vitroo| A o] 2A o g9l H3l5-3 7HA|AL Qltk= A
< Ttz gt &, Al @ollA «¥sk= CD34 3
Holl SN AxZ 5 S4Y 7S Eeste] =4
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1. MCHE S&2t CD34 MIE bt

37-405% 359 abAAN AHEHS ZfFst
of YilEe] & A A2, AE1Y 3 For =
sFth 18] Ficoll (Amersham Pharmacia, Pis—
cataway, NJ, USA)Z &2 thA| Eeglo] A E35 wh
AESE & MiniMACS (Miltenyi Biotech, Auburn,
CA, USA)Z4 CD34 &Y (Miltenyi Biotech)oll &4
o M22E Eefsiltt. o & 7tets] ArgstAbd, Al
human IgG blocker (Miltenyi Biotech)& %7}t
% CD34 &of| %42l microbeadsE 22t 7}s}¢]
labelingd}7| $13ll 4°ColA 30& &<t ¥-SAIF T &
SAI7to] E7] Aol 23 MACS Kitd]l columns

AZIA 7|31 washing bufferZ 13] A|23}% T}, Label—
ing ® AIPZE columnell FIA7|A HH, CD34" Al
252 293} microbead®ll 2J38] columnoll &4 =il
UHZ] CD34™ AlZE2 oo FEE HojA|A| o},
whebA CD34" AlEE-S Ao A columnS Hlofujo]
M2 tubeol] AA| = o} WAL g AEC & Hofifjol
AlZSo] ol ofal 7|ZEsHA| oA =5 skqiet, 1
1 FHEO| WA= CD34” A|Z2ThS 3-4F 53 37T
oA 6-well plated]] 2x10° cells/mLe] A|ZE 7|2
HjQFel (10% $-Ef@A o] 7F Dulbecco's modified
Eagle’'s medium (DMEM; Gibco, Grand Island,
NY))oll A viFstict,

0|9} B WEE= FO 2 20-404] A2 3152 Tl A
Percoll (Amersiam Pharmacia)2 5= &2|5}o] £
2ZMAZ S E7IMEE 3-45 538 37T, 5% CO2
HiE7 1o A sttt S E7141 3] ARSI
HjoFol2 CD34™ A|ize} 22 2402 ARE-5IaL, vy

ot Uzl 23 AL

2. MIcHHoj|lM =S¢t CD34 MIZ2| FAIZE 24

A Eof| A 23 CD34™ A2} TpoflA] 353 5
7+ &71H13E 25 phosphate buffered saline (PBS)
& AA}L 50 mM EDTA 1 mLS H718t & 25
< mgojuyjo] PBSZ F-53t ths, 1,200 rpmoA] 58
B AM2E AHAIR AAE A|EZ= 5X10° cells/mL
o] FEE PBS| AFFAIZIAL, 14 FAEHE 271
A o] EA A1 FA2}F CD105 (Ancell, Bayport, MN,
USA); hyaluronic acid 584 CD44 (Santa Cruz,
Santa Cruz, CA, USA); A1 integrin CD29 (Coul-
ter, Miami, FL, USA); TN Z/AIAE FA]A}
CD14; WEE 3+ CD45 (PharMingen, San Diego,
CA, USA)E 20 uL/10° cells Yl 4587t ALof A
HESAIFTE |2 S 2= anti-mouse monoclonal
PA(PharMingen) S 552 Aol ot 22 A7t
& BESAIFATE HESAIRD Z42E] M| = flow buffer
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(1% paraformaldehyde, 0.1% sodium azide, and
0.5% bovine serum albumin in PBS)Z IAA|Z]
% FACScan (Beckton—Dikinson, San Jose, CA,
USA) 2.2 10,00091-& 4235t0] £-A514ict,

3. XM=l ZOofM|xZS} HAEMZZ2| 23
Ao A &3 CD34™ |22} Bl I3l =0 A]
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AR &, ZoM2R 9 Bk= Aazo] 747 ZotA|E
5} vkl (10% $ElEA, 1% antibiotic—antimycotic
49 100 nM dexamethasone (Sigma, St. Louis,
MO, USA), 10 mM B-glycerophosphate (Sigma),
0.2 mM ascorbic acid (Sigma)E %715 DMEM-LG)
0= 149 59 &= vi%F 3, von Kossa@l Alkaline
Phosphatase (ALP) G4& ’6‘}0% B3l A E go]
319tk Von Kossa @A st M2E 7G-S
21 A28kl 3% silver nitrate (Sigma) 84S 2
goto] oA W& abeket A 108 &<t vREAIF
SRR A ARk 24 157 B3t i%’\]i’l
, SIS ALP M-S £ 5409 71412
£ citrate buffered acetone®] 5013+ LK
3027F AAANT T, FRSE 45% EoF A|Hska v)g
ZH]3]| & alkaline—dye mixture (Sigma)& 2t well
Oﬂ 2855t Aol A Bl At A 30+ 53k uF
SAIZ|AL ksl AA| R O] Eol= AAE &
3} ulj kU (10% @A, 1% antibiotic—antimycotic
29l 0.5 mM isobutylmethylaxanthine (Sigma),
1 uM dexamethasone, 10 ¢M insulin (Gibco), 200
#M indomethacin (Sigma)& 37}t DMEM-LG) 2
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=5 Felskyeh Oil Red O @A wijokst Al
e S5e2 A5k 1% Oil Red O (Sigma)
g5to] A2o)A 1087t BEAIHT BRSA

|25 28 B¢ SHTE AT & SEsioin A
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Minneapolis, MN, USA), 1X Insulin—Transfer—
rin—Serenite (ITS: Gibco)7} H7Hd DMEM-HG®]|
A 14971 vl st

AoAZ= O £33 A=F FRlst] 9isto] Qﬂq;ﬁ*}—
g4 AY-HRT-PCR)S E3o] AZAE &
AxFe] Hatet A7t At whE Jjﬂ?ﬂ—J ks 54
skt 94 ZF A=Y total RNAE #2571 915t
o] RNeasy mini kit (Qiagen, Valencia, CA, USA)
< ol &5l BFFEAE AR 260 nmet 280
nmef A€ JEE 5743 5, =N W9 total RNA
= AFsidt. 2429 total RNA 1 pgs Omniscript
kit (Qiagen)®| A%l §H7} Ebstar, 2 Fuj7}
20 uL7t Hem SHRSE U o 36 CollA 1417,
95T A4 5E7F H-SAIFA ¢cDNAE TAsH3AtE Gen—
BankE ©]&3}o] aggrecan, A1, 1,X3d wHd,
GAPDH2| 97|14 ¥& ulotst 5 primerE 24 (Table
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Table 1. Oligonuclectide primers for PCR amplification and transcript size

Primer Sequences length  anealingtemp. (¢)  cycle Predicted size

Aggrecan 5'-GAATCTAGCAGTGAGACGTC-3 20 40 30 540
5-CTGCAGCAGTTGATTCTGAT-3 20

Collagen type | 5 -TCCGACCTCTCTCCTCTGAA-3' 20 55 30 295
5-GAGTGGGGTTATGGAGGGAT-3’ 20

Collagen type I 5 -TCCGACCTCTCTCCTCTGAA-3’ 20 50 40 368
5-GAGTGGGGTTATGGAGGGAT-3’ 20

Collagen type X 5-GCCCAAGAGGTGCCCCTGGAATAC-3 24 60 30 703
5'-CCTGAGAAAGAGGAGTGGACATAC-3’ 24
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30%, ZF anealing 2=olA 30%, T27TolA 30%7t 1, 6—well plate & 2 wellollA] A1 A3} GARSH
Z

7} primer?] A4 cycle Frof] W50 AET & poly— Azot e Mz7F BEE7] A&kt YA 4
merization< 72CoA T+ &<t vhe-st] AaE o wello A= &3l Alze} fARE T FEju ok A2
251, oF FARE B Ao FEE w4 SItk(Fig.
D). ol H|ILE 51| Q3 E4EHH 253 T =
4 1t 7\M|2Ee] S Rt Ayl A Mot AR 4
1. MM FE35 CD34 MIZ2| 2Rt HiQF &3t e A|ZE TS 4= QST
MiniMACSZ &3t CD34~ AlZ(1.2x1.5%x107
cells/mL)E 6-well plated] 22 2x10° cells/mL 2. MtHEoM FE8t CD34 ME2| RAMIE 24
A sl wjoksid, A & vigol 271 AJtst AfEoA =53 CD34™ A2 F A2 A2t #

Fig. 1. Morphology of CD34" cells derived from cord blood and mesenchymal stem cells (MSCs) derived from bone marrow, (A) MSCs
from bone marrow, (B) MSC-like CD34™ cells from human cord blood, (C) multinuclear CD34™ cells from human cord blood. (Phase

contrast: magnification x200).

" CD105-PE CD29-FITC CD44-PE . CD105-PE CD29-FITC CD44-PE
@ @
£ ﬁ £
v M Eh_ %N,
3 3 N
o o
- CD34-FITC KDM—PE VK CD45-FITC - CD34-FITC CD14-PE CD45-FITC
Fluorescence Intensit; @ Fluorescence Intensity @
CD105-PE CD29-FITC CD44-PE
Q ¥
IS
>
4
o)
o
CD34-FITC CDI4-PE ¢ CDAS-FITC Fig. 2. Flow cytometry of MSCs derived from bone marrow and
| CD34" cells derived from cord blood. (A) MSCs, (B) MSC-like
\| CD34 cells, (C) multinuclear CD34" cells; CD34™ cells derived
from cord blood expressed CD105, CD29 and CD44 antigens
' similar to MSCs derived from bone marrow. And, multinuclear

CD34" cells stained positively for CD14 and CD45, but nega-

= Intensi
uorescence Intensity @ ey for CD105, CD29 and CDA44.
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Fig. 3. Analysis of differentiated MSCs (A-C) and MSC-like CD34" cells (D-F). Results of von Kossa staining (A, D), alkaline phosphatase
staining (B, E), and Qil Red O staining (C, F) in cell cultures grown in osteogenic or adipogenic medium for 1 week, respectively. (Phase
contrast: magnification x 200).

ARRE Al29] A2 B4 Axf F7t
A2 de] 4872 CD105, CD29, CD449] &4 57%
ool A o] Bl &S] A|AFQ] CD45ol|A]
£ 20.9% @™ol =i, F1H SV 34 #A

A E71M12S] 24

A7 g2 CD14ollA = Hat 5% vlvte] HAo] =gl
thFig. 2, Table 2). 0|2} g, thaiA|£9] fA|Z £
A Avt= ghalA|E o] ®2|2F0] CD149] 30% ©)4o] &
ME I CD299T= 20.6%, W& EARHCD45)
o= ¢F 87% =& ANl H Ag AT 4 QUi
au F9) E71M129 AR R Y%l CD105Y
hyaluronic acid 84|¢]1 CD440-= SA4°0=2
%ﬂ"*t}

SRR 2253 Y E7IAES A B4
J+t CD105, CD44, CD290lA1= 24 57% o Atol|A]
Mol N 4 FAARE ¢HZ CD34, CD45,
CD140) 4= Bat 10% wlgto] AME AL s 4=

i,

3. X|LM|ZEs}, SofMIZet, HEMEZ| 23t

AfEellA +&3 CD34™ Al 5 1 %71*1155
OF FARRE Alzrte AElste] olga SAAK F Zot
A, APGAIE, AIAIE] Eols= BRIkt °olF

Table 2. Characterization of MSCs derived from bone mar-
row and MSC-like CD34" cells and multinuclear CD34" cells
derived from cord blood

Origin Bone marrow Cord blood

Cells , _ Multinuclear
Ab MSCs  MSC-like CD34™ cells CD34" cells
CD14 4.3% 0.72% 31.5%
CD29 90.9% 57.4% 20.6%
CD34 8.46% - -
CD44 57.1% 84.8% 0.2%
CD45 0.3% 20.9% 86.7%
CD105 88% 85.2% 0.8%

ZolAqEEz o] el ALP 94 von Kossa B4
ST, 15 & ALPolls AR AMo] =gl &
g A3}t 718 WEE = QAT 3 A 2R
Hohsg $sl] $I5te] Oil Red O |A1S gt A}
155 5 APA R BbE Al2s AR JAE
2] FollA 253 TG 2N 2 SAERE
O] Hoht A A 2R O| HIfol| A B o= HAo]
e WA = USth(Fig. 3). T 7] ujjokol
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Fig. 4. Semi-quantative reverse transcription-polymerase chain
reaction (RT-PCR) analysis of chondrogenic differentiated MSCs
and MSC-like CD34™ cells. Total RNA was prepared from MSCs
and from MSC-like CD34" cells, which were induced to differen-
tiate in vitro for 7, 10, and 14 days. Total RNA was analyzed by
RT-PCR for the expressions of types |, I, and X collagen, aggre-
can and GAPDH. The expressions of aggrecan, and collagen
types Il and X showed slow increases whereas type | collagen
showed a gradual decrease.
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