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Development of Artificial Vessels with Autologous Bone Marrow Cells and Polymers

Jin Wook Choi, M.D.*, Sang-Hyun Lim, M.D., Ph.D.*, You Sun Hong, M.D.*, Byung Soo Kim, Ph.D.*

Background: To treat anastomosis site stenosis and occlusion of the artificial vessels used in vascular surgery, tis-
sue-engineered artificial vessels using autologous celis have been constructed. We developed artificial vessels using
a polymer scaffold and autologous bone marrow cells and performed an in vivo evaluation. Material and Method:
We manufactured a vascular scaffold using biodegradable PLCL (poly lactide-co- €-caprolactone) and PGA (poly gly-
colic acid) fibers. Then we seeded autologous bone marrow cells onto the scaffold. After implantation of the artifi-
cial vessel into the abdominal aorta, we performed an angiography 3 weeks after surgery. After the dogs were eu-
thanized we retrieved the artificial vessels and performed histological analysis. Resuft: Among the six dogs, 2 dogs
died of massive bleeding due to a crack in the vascular scaffold 10 days after the operation. The remaining four
dogs lived for 3 weeks after the operation. In these dogs, the angiography revealed no stenosis or occlusion at 3
weeks after the operation. Gross examination revealed small thrombi on the inner surface of the vessels and the
histological analysis showed three layers of vessel structure similar to the native vessel. Immunohistochemical anal-
ysis demonstrated regeneration of the endothelial and smooth muscle cell layers. Conclusion: A tissue engineered
vascular graft was manufactured using a polymer scaffold and autologous bone marrow cells that had a structure
similar to that of the native artery. Further research is needed to determine how to accommodate the aortic

pressure.

(Korean J Thorac Cardiovasc Surg 2008;41:160-169)
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Fig. 1. (A, B) PGA/PLCL vascular scaffold. The length was about 4 c¢m and inner diameter was about 7~8 mm. (C) SEM (Scanning
Electron Microscopic) view (inner surface of graft) (x80). (D) SEM view of cut off surface of graft (x100).
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Fig. 2. The stress-strain curve of PGA/PLCL vascular scaffold
(n=3). A stress-strain curve is a graph derived from measuring load
(stress) versus extension (strain} for materials during tensile test,
which can show maximum tensile strength (the stress at break
point), maximum tensile elongation (the strain at break point), and
tensile modulus (the slope of stress-strain curve). Three PGA/PLCL
scaffolds showed similar tensile behavior in tensile tests using
Instron, a mechanical tester.

o, &9 AFEE AN I ARTENLY
(Committee for the Care and Use of Laboratory Animals)
B 8 FEAE B it vl IEH ez A¥sl
ek AY FES RE Aol A A whie
FAL At 3 AQ Yol FAu B Ak
= AlshiA AdE AdEla, sl B Felle

=
GRS} AEAE 797 oD FoHA FE 5
o]
=

2) DX E2|HE 0128 2 XX|AHQ M=

AZA 3 EA AMF Q] poly (lactide-co- &-caprolactone)
(PLCL)& poly (glycolic acid) (PGA) fiberS solvent cast-
ing 3 particle leaching W& A 83le] HFE XA
£ AAstdel. PLCL ZEAE chloroformol] £3]4]7] 12
PGA fiber B sodium chloride (50~ 100 xm) YAt} £3}
g 3 A2ollA castingstdrh P 2ok AAAZ A
st 397 SR AHoFHA GBS AAL
ol 3987k AF sloll Fol &ulE AAsAL chFA
AAAE —20°CollA 6A17F o4 A7l ¥, FAA=z 3}
A3, W7 1 8 mm, Zo] 1 4 cm®] EH AAAE Aol

A ethylene oxide gas2 878l c}.

3.59 r 160
30- - 140
251 - 120
g - 100 @
=20 )
0 80 =
$ 15 2
n 60 ~
101 - 40
0.5 - 20
0.0 T T 0
Tensile Tensile Elongation
strength modulus

Fig. 3. Tensile properties of PGA/PLCL vascular scaffolds ob-
tained from a stress-strain curve (in Fig. 2). Tensile tests in-
dicated that tensile strength, modulus, and elongation of the PGA/
PLCL scaffolds were 3.16+0.05 MPa, 1.91£0.49 MPa, and 145.6%
4.9%, respectively.
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Fig. 4. (A) Endothelial cell derived form bone marrow cell (x100). (B) Immunchistochemical stain for von Willebrand Factor (x100). (C)
Vascular smooth muscle cell derived form bone marrow cell (x100). (D) Immunohistochemical stain for smooth muscle a-actin (x100).
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Fig. 5. (A) PGA/PLCL vascular scaffold seeded with bone mar-
row cells. (B) H&E stain 1 week after cell seeding revealed cel-
lular proliferation into the graft (x40). (C) SEM of inner surface
of scaffold (1 week after cell seeding) (x500).

Fig. 6. Angiographic view 3 weeks after implantation. There is no
stenosis or occlusion.
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Fig. 7. (A) Gross view of retrieved graft, 3 weeks after implantation. (B) Inner surface looks smooth, but there were many small thrombi
on the surface.
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Fig. 8. Histologic analysis. (A) H&E staining (x40). (B) Van
Geeson's elastin staining (x40) shows confluent elastin layer in
mid-layer. (C) Masson's frichrome staining (x40) shows the pres-
ence of collagen layer. (D) Immunohistochemical staining for
smooth muscle a-actin (x100) reveals the presence of smooth
muscle, but the array is not regular. (E) Immunohistochemical
staining for vWF (x100) shows the presence of endothelial cell.
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