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Biocompatibility of Tissue-Engineered Heart Valve Leaflets
Based on Acellular Xenografts

Weon Yong Lee, M.D.*, Sang Hyun Sung, M.D.***, Won Gon Kim, M.D.**

Background: Current artificial heart valves have several disadvantages, such as thromboembolism, limited durability,
infection, and inability to grow.. The solution to these problems would be to develop a fissue-engineered heart
valves containing autologous cells. The aim of this study was to optimize the protocol to obtain a porcine acellular
matrix and seed goat autologous endothelial cells on it, and to evaluate the biological responses of xenograft and
xeno-autograft heart valves in goats. ‘Material and Method: Fresh porcine pulmonic valves were treated with one
method among 3 representative decellularization protocols (Triton-X, freeze-thawing, and NaCi-SDS). Goat venous endo-
thelial cells were isolated and seeded onto the acellularized xenograft leaflets. Microscopic examinations were done
to select the most effective method of decellularizing xenogeneic cells and seeding autologous endothelial cells.
Two pulmonic vaive leaflets of 6 goats were replaced by acellularized porcine leaflets with or without seeding autol-
ogous endothelial cells while on cardiopulmonary bypass. Goats were sacrificed electively at 6 hours, 1 day, 1
week, 1 month, 3 months, and 6 months. after operation. Morphologic examinations were done to see the bio-
logical responses of replaced valve leaflets. Result: The microscopic examinations showed that porcine cells were
almost completely removed in-the leaflets treated with NaCl-SDS. The seeded endothelial cells were more evenly
preserved in NaCl-SDS treatment. All 6 goats survived the operation without complications. The xeno- autografts
and xenografts showed the appearance, the remodeling process, and the cellular functions of myofibroblasts, 1 day,
1 month, and 3 months after operation, respectively. They were compatible with the native pulmonary leaflet {control
group) except for the increased cellularity at 6 months. The xenografts revealed the new endothelial cell lining at
that time. Conclusion: Treatment with NaCl-SDS was most effective in obtaining decellularized xenografts and
facilitate seeding autologous endothelial cells. The xenografts and xenc-autografts were repopulated with myo-
fibroblasts and endothelial cells in situ serially. Both of grafts served as a matrix for a tissue engineered heart
valve and developed into autologous tissue for 6 months.
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(1) Triton-X A{2|: T=r-& phosphate buffered saline
(PBS)Z AHE %, 37°C, 5% COx95% th7]e] ZZ ol A
0.02% EDTAS} RNase A (20 pg/mL), DNase (0.2 mg/mL),
3] 1% tertoctylphenylpolyoxy-ethylene (Triton-X, Biorad,
Germany) -&-°§o] 37}l PBSof| W3 24417k H.3talgict.

Febd g PBSE 4 AM ¥, 44 A8 i}
A HFs}eIeH4,5).

(2) Freeze-thawing A2|: I=-42 PBSE AXslxm,
PBSe] W& AZ st 20°CS) Wzl 447 B WE
(freeze) 23t ¥, A-2ollA #5AIZ rHthawing). $12] ¥%-
NE AAE 3 whEst A, 7% Dextran- 6% Sucrose- 1
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mL EDTA £ollel] @31 g3 70°CollA] AL-&% wj7hx] B
HaloH6,7].

(3) NaCI-SDS Htgi: 5i=hd-8 PBSE Axslx, 37°Co
.5 M NaCl £Hel] Wi, vkl 37°C g-&7] o)A 3o
A B3sigict. okl PBSE A ¥ 05% SDS (Sodium
dodecyl sulfate, Sigma Chemical Co., St. Louis, Mo, USA)
Follo]] War 37°C g&7]ol|lA 3)A oA 3087 Bl
Wk dubd-g ohekel PBSE AEsla, 7% Dextran-6%
Sucrose-1 mM EDTA £Mol|A] o3} 70°CE WEAA A
& A|7HA] skl vHB 9.
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vk A8 FHell 5 em B9 FRE Aty FHE
uhgjslo] AA M-S 3 om 7HgE A = AN Y E B
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ol A gk o] Y AE RFES THA 75 em’
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kol & wimbA] Al& wioFsl i ch(Fig. 1).

skl o] AE7E Bt e AEQdE Eels)
sAstod A gy WA 0.8 factor VI HHH 3dS 7
Zletgact gk ] A28 g5 o 5-E FA4 9 A A
v o g skl chFg. 2).

AE shE-& A Wb o] 3 wofl 29nk 79 wljopH

QA7) 3, 22pel|A] =5 B
2P 208 HEaw, HEF ol NaCl-SDs #

Ol2g <
243 A Bl e AT

Fig. 1. Endothelial cells from the vein of goats were grown
to confluence, forming a typical cobblestone-shaped monolayer
at day 5 (magnification, x200).
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Fig. 3. Microscopic findings of the normal pulmonary leaflet (A), the leaflet treated by Triton-X (B), by freeze- thawing (C), and
by NaCI-SDS (D). The cells are partly present in leaflets freated by Triton-X, and freeze- thawing. They are almost completely
removed by NaCl-SDS method (hematoxylin and eosin stain, x 100).
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A1

ty the center of leaflets at 3 months (E). Cellularity was increased at 6 months (F) (hematoxylin and eosin stain, > 100)

Fig. 4. Microscopic finding of xeno-autografts: 6 hours after
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operation (A), microscopic thrombi were seen

Fibroblasts and neu-

tophils were found at 1 day (B). Fibroblasts appeared around anastomotic sites at 1 week (C). Neovessles were formed and

mphocytes replaced neutrophils at 1 month (D). Macrophages and hemosiderin pigments appeared and fibroblasts proliferated up
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Fig. 5. Microscopic finding of xenografts (A), and native pulmonary leaflets (B) 6 months after operation: Cellularity was in-
creased in xenografts compared to native leaflets. Endotheliaicell linings were seen in both of leaflets (hematoxylin and eosin

stain, > 100).
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