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Experimental culture condition for endothelial and
their progenitor cells from CD34+ hematopoietic stem cells

Hyun Ok Kim, Kwang-Il Park, Jeong Won Shin*, Moon Jeong Kim**, Dong-hee Seo**

Department of Laboratory Medicine, Yonsei University College of Medicine, Department of Laboratory Medicine,
Soonchunhyung University Hospital*, Blood Services Bureau**, Korean Red Cross, Seoul Korea

Background : The concept of “neovascularization”, which was first applied to describe the pathogenesis of
diseases such as diabetic retinopathy or rheumatoid arthritis, has been extended to other fields of study such
as myocardial ischemia and tumorigenesis. Endothelial progenitor cells (EPCs), play a critical role in
neovascularization and have been reported to also be capable of colonizing vascular grafts. In this study,
EPCs were isolated from cord blood, peripheral blood and bone marrow, and then cultured. Various
cytokines, such as vascular endothelial growth factor(VEGF), Insulin growth factor(IGF), endothelial growth
factor(EGF) fibroblast growth factor-basic(FGF-b), stem cell factor(SCF), flt3-ligand(FL), and
thrombopoietin(TPO) were added to the cultures and observed for their effects on endothelial cells for their
potential use in antineoplastic therapy or treatment of regional ischemia.

Methods : The mononuclear cells (MNCs) were isolated from cord blood, peripheral blood bufty coat, and
bone marrow. They were collected from healthy donors using Ficoll-Hypaque. CD34+ cells were isolated by
MACS system. To evaluate the effect of various cytokines, purified CD34+ cells were cultured under
conditions of various cytokine combinations including SCF, Fl, TPO, VEGF, EGF, IGF, and FGF-b. After
four weeks of culture, umbilical cord blood and bone-marrow derived adherent cells were analyzed for
endothelial markers by immunohistochemical stain.

Results : Cultured adherent cells expressed the endothelial specific markers, such as KDR, CD34, CD31,
CD62E, and CD cadherin but did not express vVWF antigen. Typical morphology of endothelial cells was
observed, such as the cord-like structure and cobblestone appearance during the culture period, which
suggested that the adherent cells were consistent with endothelial cells.

Conclusion : We described the experimental conditions in which endothelial progenitors were
differentiated from CD34+ cells isolated from three hematopoietic stem cell sources: bone marrow,
peripheral blood and cord blood. (Korean J Blood Transfusion 15(2) : 220~230, 2004)

Key words: cord blood, bone marrow cells, peripheral blood, endothelial progenitor cells,
differentiation, CD34+ cells
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Hank's balanced salt solution (HBSS) (Bio-
Whittaker, Grand Island, NY)o 2 2uf 3]A &t
2z, 8" 2 RA|E FZ99| Ficoll-Hypaque
(Pharmacia Biotech, Uppsala, Sweden)S =%
H3 900 x g2 A-&X 2083 44l Esto]
DI 7E Esidt £8E 987 E 50 mL
HBSSZ 23] A& 3 & hemocytometerS ©|-&
sl HE5E ARG, AT B Bl T
0.5% bovine serum albumin (BSA)S &-3l+=
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phosphate-buffered saline (PBS), pH 7.4 (Sigma
Chemical Co., St. Louis, MO)dl|] ®-&3}9t}. 2
T4 B¢ 272 B2 & HBSSZ S
A F5x10°9 §8 HEE 10% FCS, 1000
U/mL penicillin, 100 U/mL streptomycinz} 2
mM L-glutamine -3l M199 ulj ol 1
1713, o] & petridisholl A overnight ] %3}o]
¥ AEE AAR F 9A7E A9 vl
Agsigon, Bxdes Agde gaTe 1
2 Asuel AHgaih
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High-grade magnetic field® mini-MACS
column (Miltenyi Biotech, Auburn, CA)S A}&
sto] CD34 ¥4 MEE E3st9lth 2, Ficoll-
Hypaque (Pharmacia, Uppsala, Sweden)©. & &
g3 @3l = HBSSZ 33 Alxstaz MACS
buffer (PBS/0.5% BSA, 5 mM EDTA) 300 Lo
AEZSE 1x 10002 BFo] 24N T,
human IgG (blocking antibody)$} MACS
microbead7} €01%l= M3 H anti-CD34 ©HA| £
T A|(mouse IgG)(Miltenyi Biotec, Bergish-
Gladbach, Germany)E 712} 100 ul 2 2 7}8}<]
W 2294 3083 w847 & 20 mL9
MACS A% £3%94(PBS/SmM EDTA)< A7Vst
1 A3 AMFeAnt &, Txgdgx =
anti-CD34 S| 2 FA 2 1 x 10° A £5 F 50
AA ARG AR % 1x 10vhe] AEE
MACS buffer 500 AL 2 =43}2 o] = nlg] 2
H] g} magnetic sorting system (MiniMACS™,
Miltenyi Biotec)9] column o] 3t & MACS
Ad S4Fd 12 mLE AH3 FrletHA 537}
AA A A8 1, magnetic fieldo| A wo] W
columnel] 1 mLe| AHeE H73hn 3 AEC
2 922 sl BoE AEE 859 7 o2 0

Al A 2E columno] F£3AA B 2L 13
o W o) B Axe Une &
TEE 2437 98] CD34-FITC 2 CD38-PE
(Becton Dickinson, San Jose, CA)Z & A&}o]
FAZRHE ol §3t] AL 558 BA3
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Fibronectin (Sigma-Aldrich, St Louis, MO).2.
2 20Tl 2417 FE 3 48-well Z#|o] Eof|A]
9 CD34 FHAEE FZA)7)7] Y&l stem
cell factor (SCF) (Endogen, Woburn, MA, USA)
10 ng/mL, FLT-3 ligand (FL) (PeptroTEch Inc.,
Rocky Hill, NJ, USA) 10 ng/mL ¥ throm-
bopoietin (TPO) (PeptroTEch Inc.) 5 ng/mLdj|
W 7| 9AE §5 MolEFlOl vascular
endothelial growth factor (VEGF) (BD Bio-
sciences, San Diego, CA, USA) 10 ng/mL,
fibroblast growth factor-basic (FGF-b) (Leinco
Tech., St Louis, MO, USA) 5 ng/mL, insulin
growth factor (IGF) 10 ng/mL. endothelial
grwoth factor (EGF, 2 ng/mL)S 7|2 %3 oz
sto] A E38 fr=siinh Wik 394 1) B
2 A5 3J438ke] A fibronectin®. 2 FEE
microplatecl] 9]} FU W o7 ks,
AN B& A Ze 593 Ao EFRIS 3435}
= WA S A2 F7Fst] 3UzE 27} wjekatdet
Y 6AARE = BE HEE AT vz
A AAG}L EAZ BF AEES VEGF 10
ng/mL, FGF-b 5 ng/mL, IGF 10 ng/mL, EGF 2
ng/mL 2H3 3l A28 w2 w)okslginh
AlE o) 39 Ho2 o5 AoleTlel S B
she WiA2 9 mAch W 471
of WIAHNZER 80% o4 HAAH xS A A
83l 0.25% trypsin-EDTA (Gibco-BRL)< A7}
dfo] LS ZdolE ¥HoaRY A7 o
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Fig. 1. Phase contrast microscopy images that demonstrated different characteristics in cultured CD34+
bone marrow stem cells (A, B) and cocultured CD34+ stem cells with CD34- bone marrow
mononuclear cells. (A) After 3 days in primary culture, the spindle shape adherent cells were
occasionally founded. (B) After 14 days in culture, about 60-70% of adhesion cells were observed
in spindle shape in culture plate. (C) Coculture of bone marrow CD34+ cells and CD34-
mononuclear cells in 1:1 ratio. After 7days in culture, the spindle shaped adherent cells are all
covered in culture plate. (D) The characteristic images of endothelial progenitor like cells after 14

days in culture (unstained x 100).
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Fig. 2. Phase contrast microscopy images that demonstrated different characteristics in cultured CD34+
peripheral blood stem cells (A,B) and cocultured CD34+ peripheral stem cells with CD34-
peripheral monocytes (C.D). The figure shows after 7 days (A, C), 14 days in culture (B, D)

(unstained, x 100).
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Fig. 3. Phase contrast microscopy images that demonstrated different characteristics of CD34+ cord blood
stem cells. After 7-10 days, cord like structure resembling the first stages of vasculogenesis were
occurred in vitro culture (A, B). Typical characteristics of endothelial cobblestone appearance were

founded after 28 days in culture (C, D).
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Fig. 4. Immunohistochemical staining of cultured CD34+ bone marrow stem cells after 7 days in vitro
culture. DAKO DAB with biotinylated secondary antibody showed those spindle shape adherent
cells which were strong immunoreactive to CD34 (B), KDR (C), and weak reactive to CD62 (D),
CD31 (E), CD144 (Cadherin, F) and von Willebrand factor(G). Control is (A).

Fig. 5. Immunohistochemical staining of cultured cord blood cells after 7 days in vitro culture. DAKO
DAB with biotinylated secondary antibody showed those enlongated adherent cells which were

immunoreactive to CD34(A) and KDR(B).
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