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Regulation of ALKS5 Receptor Signaling Promotes Differentiation of Endothelial Cells from
Mesenchymal Stem Cells and Its Application to Tissue Engineered Blood Vessel

AT Wen-jia', LI Jie', LI Wen?, LIU Chi-zhuai', WANG Shen-ming', LV Wei-ming'*
(1.Division of Vascular Surgery, 2.Key Laboratory of General Surgery, The First Affiliated Hospital, Sun Yat-sen University,
Guangzhou 510080, China)

Abstract: [Objective] Currently endothelial cells (EC) derived from stem cells for therapeutic vascularization is limited by low-
efficiency, studies show that transforming growth factor 1 (TGFB1) participates in the regulation of differentiation of EC but is
variant for diversity of receptors and context dependent. In this study, we focused on the relationship between TGFB1 main type |
receptor-ALKS and EC differentiation from bone marrow mesenchymal stem cells (rBMSC) and its application to tissue engineered
blood vessel (TEBV). [Method] CD31- rBMSC were acquired by adherent cultivation and flow cytometric sorting and were induced
14 days via VEGF, bFGF, and EGM-2 BulletKit as standard control. ALKS signaling activated by TGFB1 or inhibited by SB431542
for different phases were treated as experimental groups; kinetics expression of endothelial cell markers like vWFE, KDR were detected
by immunofluorescence. Flow cytometry analysis of CD31* percentage of each group to evaluated induction efficiency carried out after
14 days. In addition, vascular formation capability of EC was verified by in vitro experiment. Finally, differentiated ECs were seeded
on acellular matrix vascular to construct TEBV. [Results] According to the expression of ECs markers, differentiation of MSC can be

divided into two stages, vascular progenitor cells differentiation from MSC before the 7" day and ECs differentiation from vascular
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progenitor cells since the 7" day. Compared with the standard group, the percentages of activated ALKS5 (VFT groups) at early phase
and inhibited ALKS (VFS group) at later phase were 7.7 folds (P = 0.006) and 1.8 folds (P = 0.013), respectively. Furthermore
induced cells were shown to have in vitro tube-forming potential function and could be applied to intimal layer reconstruction of TEBV.
[ Conclusion] In differentiation of EC from MSCs, ALKS signaling is stage dependent; At early phase when MSC differentiate into
vascular progenitor cells, activation of ALKS signaling promotes differentiation; While at later phase when vascular progenitor cells
differentiate into endothelial cells, inhibiting ALKS signaling can promote differentiation. The MSC with improved differentiation
efficiency into ECs could be applied to tissue engineered blood vessel endothelialization.

Key words: ALKS receptor; mesenchymal stem cells; endothelial cells differentiation; tissue engineered blood vessel
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Fig.1 Morphology of cultured rat bone marrow mesenchymal stem cells in vitro
A: PO day7 MSC; B: P3 day3 MSC; C: P10 day3 MSC; x 40.
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Fig.2 Identification of MSC
A RBMSC cultured in osteogenic medium 2 weeks were stained by alkaline phosphatase (x 200); B: RBMSC cultured in adipogenic medium for
2 weeks were stained by Oil-red O (x 200). C: Flow cytometry analysis, CD29: 99.91%, CD90: 94.09%, CD45: 0.39%, CD34.0.27%.
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Fig.3 Identification of markers, morphology and tubular formation function in vitro
A; Expression of kinase insert domain receptor (KDR) of MSC in standard induction by immunofluorescence (x 400); B: Expression of von
Willebrand Factor (vWF') of MSC in standard induction by immunofluorescence (x 400); C: VF: MSC in standard induct condition (VEGF+bFGF)
after 14 d, RAEC; rat aortic endothelial cells (x 200); D: Tubular formation was observed when vascular endothelial -like cells differentiated from

MSC were cultured in matrigel for 24 h and 48 h (x 100).
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Fig.4 Effect on EC differentiation and phosphorylation of receptor Smads of each induce group

A ; The percentage of PECAM—positive cells after 14 days induction was quantified by flow cytometry, and the percentage of each group controlled
to standard induct group (VF group); B: Phosphorylation of R—Smads of MSC (at induction of day 3) treated with TGF—-B1, SB-431542 for the

indicated hours. Data are expressed as representative images or as mean = SEM of each group from at least three separate experiments.

VF. VEGF+bFGF; VFT. VEGF+bFGF+TGFBI (day0-7); VFS. VEGF+bFGF +SB431542 (day8-14); PECAM, platelet/endothelial cell

adhesion molecule; 1)P < 0.05,2)P < 0.01.
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Fig.5 Detection of differentiated cells seeded on prosthesis

A: Acellular vascular prosthesis; B: HE stain of acellular vascular prosthesis before seeding (x 40); C: HE stain of acellular vascular prosthesis

after seeding (x 40); D: vWF immunohistochemistry of acellular vascular prosthesis after seeding (x 400).
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