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Fig. 1. A gross view of decellularized canine carotid artery (length

= 40 mm, internal diameter = 3 mm). The scale is in centimeters.

ok okth(Fig. 2A). 3% van Gieson's elastin 9% 33

o
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Fig. 2. Histological analysis of decellularized canine carotid artery.
A: H & E staining showed complete removal of cellular
components from canine carotid artery (x100). B: van Gieson
elastin staining showed well-preserved elastin layers in the

decellularized matrix (x100).

FAE AA @vd e ol gkl A EAEE ® d9 2AEE
SA0RE oG Azl FAsn A Sorh] A{E HFA
o F%Z YetlAtH(Fig. 3A). I FA A @ H S o] &350
dAxst | 2= WS AAE 23 3 Wi AEE EA

a2 2SS 2939l tH(Fig. 3B).

Fig. 3A. o Fig. 3B.
Fig. 3. Scanning electron microscopic finding.

A: Scanning electron microscope of the cross-section of the matrix
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(x 200). B: Scanning electron microscopic finding of the luminal

surface of the matrix (x 250). The scale bar indicate 200 gm.
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Mercury porosimetryE ©]83lo] 2 A3 =
s A4 A3 gHxs ' 2E=9 66.8%7F T
Ao FxAew, W AV F=2 AA 20 m o)A tH(Fig. 4).

Be AES0 RAde] o]5an Fow A ol

Pore Number/Tissue mg

; . ;
0-20 20-40 40-60 60-80 80<
Pore Diameter (um)

Fig. 4. Pore size distribution of the decellularized matrix as
determined by mercury porosimetry. The average pore diameter of

the matrix was approximately 17.3 pm.

gMxst ® ¥#g 2AEZ=9 DNA FHS FAH% Ay
Triton-XZ A 239 <
ey =d, X xstd 38 ~EZ =9 DNATHS A A9

Z2 9 DNA g9 1.7% ol A & UdtH(Fig. 5).
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Fig. 5. DNA assay. DNA assay showed that the DNA content in
the decellularized matrices (0.07 + 0.01 g/tissue mg) was about
1.7% of that in native carotid arteries (4.00 + 0.14 g/tissue mg),

which indicated almost cellular components in the matrices were

removed.
2. = 2EH 29d €3 Ax s

vWFe} CD31 A9 AxE5S EBM Bl A oA 8] %3} 3L, smooth
muscle a-actin AU A EXTEL M199 v x| ol A wjksldct. 229
X o] A 3573 wjckst %o EBM v Ao A vl Ystad AEZE2
(Fig. 6A), °] AMXEXEL vWF(Fig. 6B)¢ CD31(Fig. 6C) A& o]

B owel A5 gl 34 Wes e

5]
=
T UM Eze] EAAA EFA cobble stone RS YERU o
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Fig. 6B.

Fig. 6C.

Fig. 6. Characterization of bone marrow-derived cells cultured in
endothelial-like cell culture condition. A: DBone marrow cells
expanded in endothelial-like cell culture condition showed
cobblestone morphology of typical endothelial cells (x100). B:
Cultured endothelial-like cells stained positively for vWF (x100). C:
Cultured endothelial-like cells stained positively for CD31 (x100).

The scale bars indicate 10 um.

3T =EFAE W Fol M199 miA | Al wj ket Ad MEES
g4 H&3 29 fFAS 2okS yERY Yl oW (Fig. 7A), smooth muscle
a-actin(Fig. 7B)¥} smooth muscle myosin heavy chain(Fig. 7C) &

AE ol g Wy =A435ksr dAol A s dEhATh
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Fig. 7C.

Fig. 7. Characterization of bone marrow-derived cells cultured in
smooth muscle-like cell culture condition. A: Bone marrow cells
expanded in smooth muscle-like cell culture condition had
morphologically similar to that of mature smooth muscle cells
(x100). B: Cultured smooth muscle-like cells stained positively for
smooth muscle a-actin (x100). C: Cultured smooth muscle-like
cells stained positively for smooth muscle myosine heavy chain

(x100). The scale bars indicate 10 gm.
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of el day A

after bone marrow cell seeding. The scale is in centimeters.
< st A vH(Fig. 9).

Fig. 8 A gross view of tissue



Fig. 9. Scanning electron microscopic finding of the

luminal surface of the wvascular graft 1 week after cell seeding

(x500). The scale bar indicates 10 gm.

Fig. 100 H & E staining of the vascular graft 1 week after cell

seeding indicate that most of the seeded cells were distributed near

the intima and adventitia of the scaffold (x 100).
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Fig. 11. Suture retention strength measurement of the
tissue—engineered vascular grafts. The average value of the
tissue-engineered vascular grafts (n=4) is slightly lower than that
of the native canine carotid arteries (n=4), but the difference is not

statistically significant (p>0.05).
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Fig. 13B.

Fig. 13A.

Fig. 13. Carotid artery angiogram of implanted tissue-engineered
grafts. A: Angiogram of the control graft(without bone marrow cell
seeding) revealed occlusion of the graft 2 weeks after implantation.
B: Angiogram of the bone marrow cell seeded vascular graft 8
weeks after implantation: the graft maintain patency without

occlusion.
6. A oA I =24 A

AA el HEdE
e FA ds Bylow, dyke] au Ao Ay

ALl A A o] 919l Th(Fig. 14).
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Fig. 14B.
Fig. 14. Photograph of retrieved implanted vessels 4 weeks after
implantation. A: Control vessel - native canine carotid artery. B:

Experimental vessel - tissue engineered artificial vessel.
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o

%131 (Fig. 15B), Masson’s trichrome 9924 collagen =©

A deste] = A 20 T+ AAHH(Fig. 150).
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Fig. 15C.
Fig. 15. Histologic evaluation of the bone marrow cell seeded
vascular grafts retrieved 8 weeks after implantation. A: H & E
staining of the retrieved grafts demonstrated regeneration of the 3
elements of artery(intima, media, adventitia) (x100). B: van
Gieson's elastin staining showed well-preserved elastin layers

(x100). C: Masson’s trichrome staining showed confluent collagen

(x100).

AA el AAE BBE 7FA 3 smooth muscle a-actin(Fig.
16A)¥ smooth muscle myosin heavy chain(Fig. 16B) A& o] &
sto] W A sst dAS Alder A d@o] Fubo d@ HE

AZEol & A J= AL FAT + AN

2 o] gste] AT W 2AsF AAY, B
g ele Fuduel e PR wea BRES 3
Fogleld dpe UIMMEE 4% A4E AL FAT A

(Fig. 16C).
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Fig. 16A. Fig. 16B.

Fig. 16. Immunohistochemical staining of the bone marrow cell
seeded vascular grafts retrieved 8 weeks after implantation. A, B:
Immunostaining for smooth muscle a-actin and myosin heavy
chain showed the presence of smooth muscle cells in medial layer
(x400). C: Cells lining the lumen of the retrieved grafts stained
positively for vWF (x400).

A tH(Fig. 17).
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Fig. 17. Scanning electron microscopic finding of the lumen of the
retrieved grafts showed for endothelial formation (x800). The scale

bar indicates 30 ym.

7048 25 A AN AE oY
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HoEd 2 Es olAste e S WEL 1FUT FUF Y
= AAGET. dF @ AA o5ty A He d#e dFE
ZhebaAl AR S W, dgor HAE TFAMEEe] dF 3 o
of EATE FAeAHFig. 18A). A& &S A o2 3A 8F
Fol daE AEst QA wole FdForE FAE AEEF

= Ué ar a
dae ¥ (Fig. 18B) ¥ e T F oA 15 iy
(Fig. 18C).
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Fig. 18A.

Fig. 18C

Fig. 18. Identification of implanted bone marrow cells in the
tissue—-engineered vascular grafts retrieved &8 weeks after
implantation. A: Before implantation, the bone marrow cells labeled
with fluorescent cell tracer (CM-Dil) were layered mainly on the
luminal sides of the vascular grafts (x400). B: The CM-Dil labeled
bone marrow cells were detected on the intimal parts of the grafts
retrieved 8 weeks after implantation (x400). C: The CM-Dil labeled
bone marrow cells were detected in the medial parts of the grafts
retrieved 8 weeks after implantation (x400). The scale bars indicate

50 ym.

_26_



8. eNOS9 =4

GAEsE B AAFEe) A7k BRALE o] Hske] 157 w1
@ ol AAlel o] 4at7] Aol ZHF eNOSe WHEE A A
Agdo) e WA wakel Wi AT aek A o4 5tel
2 Qo] ARe W NOSe HHESF AA oAl wahe] DA
wo) wAgNe o b EAgaan Ao At
Aguel e BAERTGE 05 e AL AT + AAHFig.

19AB).

il
+
32,
2
f
N
M\
o
fr
a2
(e}
O

Right Left

native carotid artery native carotid artery

artificial graft artificial graft

Fig. 19A.

_27_



eNOS (145 kDa) - ﬂ
GAPDH (36 kDa) - -
200

180 |

160 |

140 |

120 |

100 |

80 |

60 |

40 F ‘k‘k,‘k
20 | -

0 . :

control before  after
(native) implantation

Canine carotid artery

eNOS expression density
(% of control)

Fig. 19B.

Fig. 19. eNOS expression in tissue engineered artificial vessel.

A: Schematic diagram of implanted artificial vessel. Comparison of
eNOS expression was performed between native canine -carotid
artery and tissue-engineered artificial graft. B: Comparison of
eNOS expression between before implantation and after
implantation. Eight weeks after implantation, eNOS expression was
much more than pre-implantation. And also, eNOS expression was
much more in artificial vessel graft than native canine carotid
artery. (** vs. control p< 0.005) (* wvs. artificial artery after

implantation p < 0.01)
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Abstract

In vivo test of small diameter artificial vessel made by tissue
engineering technigue using autologous bone marrow cell

Sang Hyun Lim

Department of Medical Science
The Graduate School, Yonsel University

(Directed by Professor Byung Chul Chang)

Artificial vascular grafts are prone to thrombotic occlusion and
reveal poor long-term patency when used in small vessels of less
than 5mm in diameter. In an attempt to solve these problems,
tissue—engineered vascular grafts are being developed recently. In
this study, tissue—engineered vascular grafts wusing acellular
allogenic vascular scaffold and autologous bone marrow cells were
manufactured, and their patency were compared with vascular
grafts made with acellular allogenic vascular scaffold without bone
marrow cells. And in this tissue-engineered vascular grafts, we
performed histological and immunological examination to confirm
the regeneration of endothelial and smooth muscle cells.
Furthermore, mechanical properties of vascular grafts and eNOS
expression were also examined. Through this study, I want to
confirm the feasibility of in vivo application of tissue-engineered

vascular grafts.

Vascular grafts using autologous marrow stem cells showed

better patency for 8 weeks. Microscopic examination of the
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vascular grafts at 8 weeks after implantation showed histological
morphology of virtually normal vessel. In addition, the vascular
lumens were lined by regenerated endothelial cells that were
positive for vWF and CD31 immunohistochemical stains. And the
vessel walls revealed smooth muscle a-actin immunoreactive
smooth muscle cells in the tunica media layer. Immunofluorescence
study revealed the viability of implanted autologous bone marrow
stem cells and migration of implanted cells into the vessel wall
through fenestrated supporting structure, up to 8 weeks. In terms
of mechanical property, tissue-engineered vascular grafts showed
nearly normal level of suture retention strength compared to
normal carotid artery. Although the level of eNOS in vascular
grafts before the engraftment was minuscule, its level raised to the

same as that of normal vessel or even higher.

In conclusion, tissue-engineered vascular grafts using acellular
vascular scaffold and autologous bone marrow stem cells showed

superior bio—-conformity than pre-existing polymer vascular grafts.

Key Words : artificial vessel, tissue-engineering, bone marrow cell,
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