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Epithelium constitution for esophageal tissue engineering
using electrospinning technology
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Abstract: The basement membrane (BM) is crucial in regulating the physical and biological activities of esophageal
epithelial cells which attach to the underlying BM. In order to simulate the natural construction of BM, we prepared the
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fibrous scaffolds using biodegradable polylactide (PLA) and silk fibroin (SF) as the materials via electrospinning
technology. BM’s proteins containing collagen (IV), laminin, entactin and proteoglycan were extracted from porcine
esophagus and coated on the eletrospun fibers. Morphology, mechanical strength, biodegradability and cytocompatibility of
the coated and uncoated scaffolds were tested and evaluated using scanning electron micrography, mechanical test system,
immunofluorescence assay and western blotting with CK14 as the primary antibody. The fibrous scaffold PLA or PLA/SF,
generated from the present protocol had good formation and mechanical and biodegradable properties. After coating with
BM’s proteins, the scaffold could enhance the growth and differentiation of esophageal epithelial cells, which would
contribute to remodel and regenerate the tissue engineered epithelium and further contribute to engineer the whole

esophagus in future.
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Table 1 Electrospinning parameters for PLA and
PLA/SF scaffold

Concentration Voltage Distance Lillon7
Sample Solvent (L) kV) i) rate
& (mL/h)
CH,Cl,
PLA DMF" 0.11 20 10 1.0
PLA/SF TFA 0.13 (1/2)° 25 7 0.8

*PLA/SF, W:W. CH,Cly/DMF, 3:2, V:V.

1 BIAHEZRAMBIER

Fig. 1 Scaffold morphology observed under SEM. (a)
PLA. (b) PLA/SF.
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Table 2 Quantitative results of scaffold’s diameter
(nm) and mechanical properties

Diameter
(nm)
PLA 320.0+£93.1

Sample O (MPa) E (%) E (MPa)

1.8£0.2  11.2+1.2 42.8+2.1

PLA/SF 250.7+101.5 2.4+0.4 13.4£0.9 41.4£3.0
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Fig. 2 Tensile stress-strain curve of electrospinning
scaffolds. 1: PLA; 2: PLA/SF.
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Fig. 3 Weight loss (%) of PLA and PLA/SF as a

function of time. Scaffolds was immersed in PBS (pH

7.4) supplemented with 100 U/mL Penicillin-

o

streptomycin at 37 C
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B 4 coated-PLA XA BIEE
Fig. 4 SEM picture of coated-PLA scaffold.
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Fig. 5 Cell morphology observed under SEM. ECs were seeded on the scaffolds of PLA (a), PLA/SF (b) and
coated-PLA (c). 1 and 2, different magnification. Cells were seeded at the density of 2.6x10* cells /cm*and cultured for
14 dat37 ‘C in humidified air with 5% CO, (The same conditions were followed for all cell culture).
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Fig. 6 Mitochondrial activity of epithelial cells as a
function of culture time.
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FHSRAE A 2 B A iy S0, LA i o
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Fig. 7 Immunofluorescences of epithelial cells seeded on scaffolds. Anti-keratin CK14 was used as the primary
antibody. The nuclei were stained with DAPI to display blue (1) and the keratin was stained with anti-CK14 to display
green (2). (3) is the composite of (1) and (2). (a) PLA, (b) PLA/SF and (c¢) coated-PLA.
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Fig. 8 Relative quantification of CK14 expressed by
epithelial cells cultured on different scaffolds using
Western blotting technology. (a) The stripes from left to
right represent the CK14 expression of cells on PLA,
PLA/SF, coated-PLA scaffolds and TCPS, respectively.
Cells were cultured in vitro for 14 d. (b) Quantitative
analysis of CK14 (results were relatively percented by
TCPS). P values less than 0.05 were considered to be
significant.
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