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Vascularization Methods for Tissue Engineers

Myeong Joo Kim*, Byung Hoon Chi*, Min Ji Cho, Young Mi Whang, In Ho Chang

Department of Urology, Chung-Ang University Hospital, Seoul, Korea

Tissue engineering is limited by our inability to adequately vascularize tissues post implantation because all

tissue-engineered substitutes (with the exception of cornea and cartilage) require a vascular network to provide
the nutrient and oxygen supply needed for their survival. This review gives a brief overview of the processes
and factors involved in the vascularization and angiogenesis and summarizes the different strategies to overcome
the issue of slow vascularization and angiogenesis in a range of tissue-engineered substitutes. Moreover, we

will announce some potential future plans. (Korean J Urol Oncol 2017;15:51-58)
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HRAS] YA A B F A (vasculogenesis) T &
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1. €& &M (Vasculogenesis)

¢
A Zxeka %al% TAAEAZ ] Folgirt o] Az}
H

slslwd =¥ % 7] Al E (hematopoietic stem cells)$} W3] A
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A E(erythropoietic stem cells)®] F+ 7}1A] o] A=
o} dolAo] wigtslel wie}l P4 Fetoll gl 2HZE7)

A7 GUAER WA B FHE AA e )
ATFAE} o} Zo 2 Avh A RADTHO 2 BA

= he v =2
#ABo g 4Rl 2] A& B3l APt dd
T X1 A (sprouting angiogenesis)= W] ] A & (endothelial cells,
ECs)7} 7 BEAE F3ll A4 7]&9 BA dfog i
E'] /K]-] ‘5:154& ’5:1/(-]'(’5]_7] _ﬂ—sﬂ HHJO—]L]-7]—J:- 1!]-2—10]1:} o] 5’,}1‘]
<= () 1A g3l 2 FI A E(pericytes) ] -2, (2) W
A Z AE 9] FHe g o5 I W3] A4 (endothelial
sprou) 2] @A, (3) WIAIZ2] 24, (4) Wz A-e] W7t
Y4, () B2 QU A7, @ FAAE D AR
Aoz goFd 4= 9Jr}h? njwtel & 324 (nonsprouting an-
giongensis)<- 3lLbe] EAGRo] 202 FelEe HE S 9

ajsicl o] AL (1) B HIHE 7He] 37 E(in-
traluminal pillar)2] 4, 2) F7l5 A W79 HA, 3)
FIHAE g ZAFOHAES o), 1) EAEHRS Feltt
Az AP’

3. 2X} HI7{LI& Molecular Mechanisms)

23 A4e AT AR 5 odE TR WA
J3leA QlzlEo] B A Qdedl ol E FE Aol BRI
I FEA|, A7 AR, AZ-71E 7 £ Y AR
a2 o]Fo]A glchk(Table 1).

>

v

o

1) AO|E3}oln}
AR A

T&H|(Cytokines and Their Receptors)
T A EA) A A (acidic fibroblast growth factor)2}
AN A EAEA A A (basic  fibroblast  growth factor,
bFGF)& I A|Zol|A] 7] A Eall 4] A& =3t

I EAERS P FEse ERHIAEE 4 713
2 oAtk FGRE B AR obieh 4 GolA)
E 9 HAFIAAEE EA3E uljolgule] 1l 417 2wl edell
A e ol AEoE Agets AEe] 7] HedA

Table 1. Summary of biochemical and mechanical factors that regulate

Event Factor

Description

Angiogenic trigger Hypoxia

Shear stress

Reduction in O, pressure activates transcription of various angiogenesis related genes
Evidence shows that increased shear stresses are related to an increased level of
capillary formation

Destabilization VEGF Leads to increased vessel permeability

Ang-2 Loosens interaction between ECs and pericytes

MMPs Locally breaks down ECM to provide space for migration of cells
Sprouting VEGF Leads to EC proliferation and invasion of hypoxic tissue

Ang-2 Maintains loosened interactions between ECs and pericytes

FGF Induce production of MMPs that break down ECM and allows migration of ECs

MMPs Break down ECM to provide space for migration of cells and releases stored FGF
from ECM

TGF-§ (low Stimulates EC proliferation and migration and upregulates MMPs to breakdown ECM

concentration)

Integrins avp3 upregulated on ECs by action of bFGF and enhances EC survival as well as
localizing degradation proteins to tips of sprouting vessels, helping to increase
migration speed and matrix degradation. avp5 upregulation induced by VEGF
promotes EC migration and invasion

CTFs Aid in pulling cells forwards

ECM Modulus

Compliant matrices allow ECs to reorganize ECM through CTF during network formation

Anastomosis/stabilization ~ TGF-§ (high At high doses TGF-§ inhibits EC growth and promotes reformation of basement
concentration) membrane. It also stimulates recruitment of pericytes to stabilize vessels
PDGF Causes vessels to stabilize and maintain their vascular integrity
Ang-1 Promotes recruitment of pericytes to stabilize and maintain vascular integrity

VEGF: vascular endothelial growth factor, Ang-1: angiopoietin-1,

Ang-2: angiopoietin-2, EC: endothelial cell, MMP: matrix

metalloproteinases, ECM: extracellular matrix, bFGF: basic fibroblast growth factor, CTF: cell traction force, TGF-f: transforming growth

factor-f, PDGF: platelet-derived growth factor.
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B3] A A9 A (vascular endothelial growth factor, VEGF)
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Table 2. Summary of current tissue-engineering approaches and methods that attempt to overcome neovascularization problem

. Approaches to overcome Vascular . Vascular
Tissue N Perfusion . Current status
neovascularization issues cells architecture
Bladder Prevascularization systems Y Y Y Omentum: patients
Scaffold functionalization: applying N N N Animals
growth factors
Harnessing natural vascular architectures Y Y Y Animals
Liver Production of synthetic vascular N Y Y Laboratory
architectures
Harnessing natural vascular architectures Y Y Y Animals
Scaffold functionalization: applying N N N Animals
growth factors
Myocardium  Integrating cellular components Y N N Animals
Prevascularization systems Y Y Y Omentum: animals
Vascular bed/bioreactor: laboratory
Production of synthetic vascular N N Y Animals
architectures
Harnessing natural vascular architectures Y Y Y Laboratory
Skin Scaffold functionalization: applying N N N Animals
growth factors
Integrating cellular components Y N N EPCs: animals
ADMSCs: patients
Prevascularization systems Y Y Y Animals

EPC: Endothelial progenitor cell, AD-MSC: adipose-derived mesenchymal stem cell.
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6) NE M 22 E&l(Integrating Cellular Components)
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