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Synchronous culture of rabbit bone narrow-derived endothelial progenitor cells and smooth muscle progenitor cells

ZHANG Yong-zhen'”, LI Wen-fang®, FAN Xin-sheng', MA Xiao-hua', WU Xu-min', ZHANG Chuan-sen®"

1. Department of Theory, College of Sports, Taishan University, Taian 271000, Shandong, China

2. Department of Human Anatomy. Histology and Embryology. College of Basic Medical Sciences. Second Military Medical
University, Shanghai 200433, China

3. Department of Child Health Care. Maternity and Child Health Hospital, Taian 271000, Shandong, China

[ Abstract] Objective To induce synchronous differentiation of rabbit bone marrow-derived mononuclear cells into
endothelial progenitor cells (EPCs) and smooth muscle progenitor cells (SPCs), and to study their biological properties and the
possibility of them as seed cells for tissue-engineered venous valves. Methods Gradient density centrifugation was used to
obtain bone marrow blood mononuclear cells, which were separately cultured with EGM-2 complete medium containing 5% FBS
for differentiation of EPCs and with EBM-2 medium without vascular endothelial growth factor (VEGF) containing 5% FBS and
20 ng/mL platelet-derived growth factor-BB (PDGF-BB) for differentiation of SPCs. The differentiation of EPCs and SPCs was
identified by various methods. Results EPCs were cultured for 10 days and the cells fused into monolayer, showing a “stepping
stone” appearance and expressing VEGF receptor-2 (VEGFR-2), von Willebrand factor (vWF) and CD133, but not a-smooth
muscle actin (a-SMA) ; Weibel-Palade bodies were seen within the EPCs cytoplasm under the transmission electron microscope.
Biological function tests showed visible EPCs growing on the matrigel in a blood vessel-like form. SPCs were cultured for 14
days and showed the specific features of the vascular smooth muscle growth, namely, the “peak-valley” growth way. SPCs
expressed CD34 and o-SMA but not vWF and VEGFR-2. Myofilaments, paralleling with the cell longitudinal axis, were seen
under the transmission electron microscope. SPCs could not form vessel-like structures on the matrigel. Conclusion
Mononuclear cells can be obtained through gradient density centrifugation of the bone marrow blood, which can be

synchronously induced into EPCs and SPCs, providing economical and easy seed cells for tissue-engineered venous valves.
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Fig 1 Marrow blood layers before and

after gradient density centrifugation



o 70

R KRR 2014 4F 1 H LB 35 &

1.3 @R pmmpisEess (D
0 M A % e O R  vWE Ml o SMA % ik EPCs/
SPCs K 72 55 10 K, il % € J 40 ML, PBS ¥k % J5 H
2 % WL 2 M3 BT 40 min 23 500 B0 H BB R
1 : 100 BRI vWF Z i BEPiiR N RITA o
SMA Bk 50 pL CBH X B8 LB 4 3 B A% B —
PO AR E AT, BB E . EilR T ER 30
min, PBS Ik, 5 min X 3 W i in xR 9 28 6 4t
IgG, % IR N 30 min; PBS ¥ 5 min X3 ¥ ;H A,
PGB T W vWE/o-SMA MR IKEH ., (2)
Yo 40 Ak 27 e 5 DAB {6 A5 Il CD34, CD133,
VEGFR-2.a-SMA 1)K ik. PBS {H L4 i€ f 3
UL AFIK 3 min; 3 % Ho O, BH W o9 I8 4 2 S AL P 1 10
min; PBS ¥ ¥t 3 ¥, & K 3 min; 48 30 & Bt A
CD34.,CD133, VEGFR-2 #i{& & B4t A o-SMA #it
RGHEEYI R 1 2 100) 100 pL, 37°C##FH 60 min;
PBS ¥k 3 WK, AR 5 min; 20 HMA HRP ARic i F
PUR PR P 100 pL,37°CHEE 30 min; PBS ¥
S5 DAB 8 10 min, Z8 A4S YL 1.5 min, H il B
[ ES DR AT C P UR < (i

1.4 EHEEAERN MR HBEN KRS 10K
) EPCs Ml SPCs £ 0. 25% B2 A B + 0. 01%
EDTAWAL)E ,1 000 r/min &> 6 min, 3+ I %, PBS
EEVEAMITEE 2 K, 1 000 r/min &> 6 min, Y
ULYE # Eppendorf 8 11,2, 5% 1% B [ 52 (4°C)H 2 h,
1Y% R J5 [ 5E 2 h(pH 7. 3); 1 FH 2 wh il % 20
min, B B £ B K, PRS0 i £ 38 8 U0 v (70
nm) , YL 4 f5 AR,

1.5 e fe R R bk fe i 98 R 4°C i
£ L 24 FUARCE T UK B B0 R 2 AR I 3 I e Al
7E 24 FLAR b AR FL 200 pLs ¥ lidr i 24 fLARE T
3TCHEFA I, ¥R F* 1 Ay EPCs Ml SPCs 43
AL O A TTTVE 4390 EPCs B3 32 WA SPCs
Brae i doB L AL 1 mL 20 MR W, A0 B Y 6 X
107 /4L, BT CO, Fr A AR I . 440 i fl & B 3k
80%~90 % . 7E5 B Wi T4 .

2 # R

2.1 EPCs.SPCs @fa T 56 T4 B A%
I 5 S B SR R R R B T UL AN i B R TR
FEW P, RN — B 6w (| 2A), 48 h A

TR R 7 40 TR 0L 5% ) FB 43 20 i 00 B L 4 i
RANAS— B BITE 40l A7 588 (B 3A) , I B
BLBEWRAME IR X5, EPCs FACR 37 4 d
J5 A v BT L, 40 L 5 A e ) Ay 440 B AT, 440 B AT )
R ARIE . = M8 2 M T4 i, 52 800 T A
(& 2B) 4648 J5 . EPCs R BUHE K 2 06 7% . i it 3
w (E 20) ;3597 10 d &£45, EPCs HESI BU% |, 12 fil
G R A TIRAE 2D) . SPCs 5K 7R 6 d 5, A
240 i e B P Sy e ) A0 250 M AR A, i TR 44 B R
SERKRIE (K 3B). LU SPCs SRR, 40
W, 2 d T B30, ik 14 d &£ 4
SPCs A= K filt & i 52 <-4 IR ( 3D) , £ 2 4l i 52
S Y B W, P i 2 [ 4 R )2 B
BB IR,

2.2 EPCs #= SPCs 20 o, % 9% % 5 | % 9% tw fo AL 5
# & %% EPCs ik vWF(E 4A) , VEGFR-2 ([
4B) .CD133 (¥ 4C), A K ik «-SMA (] 4D); SPCs
Fik «-SMA (K 5A,5B),CD34 (K 5C), A~ ik
vWE (& 5D) 1 VEGFR-2,

2.3 #HH BN EPCs,SPCs w9 MM B4t
HLEE T EPCs S22 AN BN 9 i 79 , 40 A% 52 01 [
240 B A R LR = B BT PN AT DR N i (R
6A) . A ECs $#1FE ¥ A Weibel-Palade /N (W-P /)
Bl 6B) s SPCs W & A 15 20 M 20 %l °F 17 HE 51 19 L
22, 4y A TE A M A% 1 A L B AN 45 (181 6CL6D)
2.4 mBEXRRI LR hE LR EPCs f
SPCs 43l # R 7E HE i e b 15 3% 24 h, EPCs 7£ & i
Je b AR R 5l A8 AR (B 7A) , SPCs 78 8 T i |
A R A R EURHLE A (| 7B)

3 %W i

ECs 1 SMCs Ji 21 20 T 2 fk i Jik o 2 22 1 Fh 1
20 L AR 4 20 TR Ak O e 3R BB 7 41
SR FH A 2P 5 G R 5 3 R Ak v o U B T R LY
JE LA D T A0 0L A0 6T R I B B AE O A BR L T
Tit 1 A ok 2 o7 A0 M % 1T A F I R . EPCs g2 —
e FLA v 4 B TR BR Y R AR A i, B R R T 2 ) 4y Ak
T RE 1T A0 R L A T T AR B AN = T L 7R —
ZMEF AT AL O B ECs, HoA AR R A Y g
JyB L AR A I A0 B B EPCs AR L3
HIW 2 19 EPCs BLUESE BRI TH 885, SPCs J&



51 SKORES AR, TR AR T B R S T SR DA S AR A0 D AT 2 LA 0 e 71 -

SMCs i (Al I, 76 14 P9 S0 RE B HE A0 A 0 LA -3 WLSRAMA A ZUh 3 A7 7671 {H SPCs 1 7 IR ¥ A 58
JULAR B , 75 QAP A1 A L Sl B O R L R R A A

B 2 EPCs ERIBETES
Fig 2 Microscopic morphology of endothelial progenitor cells (EPCs)
A: Newly isolated mononuclear cells; B; Colony-like growth of EPCs 4 d after culture; C: The EPCs was round and grew much bigger

after subculture; D: The EPCs showed the so called stepping-stone appearance. Original magnification: X 10 (A,B,D); X20 (C)

3 SPCs BB TS
Fig 3 Microscopic morphology of smooth muscle progenitor cells (SPCs)
A: Mononuclear cells 48 h after culture; B: Colony-like growth of SPCs 6 d after culture; C: The SPCs were spindle-shaped;
D: The SPCs showed the “peak-valley” appearance. Original magnification: X10 (B,C); X20 (D); X40 (A)
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Fig 4 Immunofluorescence (A) and immunocytochemistry (B-D) identification of endothelial progenitor cells (EPCs)

EPCs were illustrated positive for von Willebrand factor (vWF) (A), vascular endothelial growth factor receptor-2 (VEGFR-2)
(B), and CD133 (C); negative for a-smooth muscle actin (¢-SMA) (D). Original magnification; X 40
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Fig 5 Immunofluorescence (A) and immunocytochemistry (B-D) identification of smooth muscle progenitor cells (SPCs)

SPCs was illustrated positive for a-smooth muscle actin («-SMA) (A,B) and CD34 (C), negative for von Willebrand factor
(vWEF) (D). Original magnification: X 40
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Fig 6 Ultrastructure of EPCs (A,B) and SPCs (C,D) by transmission electron microscopy

EPCs: Endothelial progenitor cells; SPCs: Smooth muscle progenitor cells. A: The arrow indicates phagocytic vesicles in cyto-

plasm of EPCs; B: The arrow indicates Weibel-Palade bodies of EPCs; C,D: The arrows indicate myofilaments paralleling with
the cell longitudinal axis in SPCs. Original magnification: X10 000 (A, D); X20 000 (B, C)

B 7 EPCs (A)# SPCs (B)EERK EMERKRES
Fig 7 Growth state of EPCs (A) and SPCs (B) on matrigel
EPCs: Endothelial progenitor cells; SPCs: Smooth muscle
progenitor cells. A: EPCs grew on the matrigel in blood ves-
sel-like form; B: SPCs grew on the matrigel in an irregular

growth state. Original magnification: X 20
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