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Tissue engineering that involves matrix-specified differentiation of stem cells provides new approaches
for tissue regeneration. In the preliminary study, collagen type I, as an important extracellular matrix
(ECM) component, was found able to support cell proliferation and promote neuroectodermal
commitment in stem cell differentiation [1] [2]. Other studies also showed aligned matrices can provide
guidance for neural cell migration and directional axonal regeneration, which is a promising tissue
engineering strategy for neural repair [3]. To create more suitable biological scaffolds, we used
electrospinning technique to fabricate well-aligned collagen microfibers mimicking the native ECM.
However, fibers made of pure collagen seemed to be too soft and unstable for long-term cell culture.
Considering spider silk’s remarkable tensile strength and superior elasticity, we incorporated silk
proteins into collagen to enhance mechanical properties of e-spun fibers. In this study, we aim to reveal
the role of unidirectionally aligned collagen-silk composite fibers in neural differentiation of human
decidua parietalis placental stem cells (hdpPSCs).

Mechanical properties of the e-spun fibers were measured by stress-strain tests. Matrices with silk
percentages (w/w) of 0% (C), 15% (CS15), 30% (CS30), 60% (CS60) and 100% (S) were stretched
along the fiber direction to generate stress-strain curves. As shown in Figure 1A, with the increase in the
percentage of incorporated silk protein, the Young’s modulus (E) was found to increase from 0.581 +
0.048 GPa for pure collagen to 4.452 + 0.658 GPa for pure silk. The tensile strength also increased
monotonously whereas the stretchability (strain) of fibers declined from 12.4% (C) to 5.4% (S). Thus,
collagen-silk composites represent a compromise and are superior to either pure material.

Matrix stability, as another essential property for cell culture scaffolds, was evaluated by examining the
change of fiber cross-sectional area and E value in cell culture media using an AFM. By Day 7 of
incubation, the cross-sectional area of collagen increased more than 100% with an 80.1% drop in fiber
elasticity, suggesting an unstable matrix for long-term cell culture. On the other hand, the changes are
much smaller in collagen/silk composites at an increased silk ratio (Fig. 1B). This result suggests that
the incorporation of silk protein to collagen increased the matrix stability significantly.

To examine the effectiveness of the matrices to support stem cell differentiation, we grew hdpPSCs on
the matrices. Cells were polarized by well-aligned fibers and developed long filaments along the fiber
direction (Fig. 2A). However, fewer cells were observed on silk dominant fibers, suggesting a difference
in cell adhesion among these fibers. In order to evaluate the cell-matrix adhesion strength, we carried
out the immunostaining of integrin and a trypsin de-adhesion assay, and results showed that C, CS15
and CS30 matrices had higher integrin binding and stronger cell adhesion (Fig. 2B). The
collagen-integrin interaction is known to stimulate neural differentiation of stem cells through a beta
catenin pathway. We then examined the expression of two markers for in early stage of neural
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differentiation (B-III-tubulin and Nestin) and found hdpPSCs had greater differentiation abilities towards
neural cells when cultured on C, CS15 and CS30 e-spun matrices (Fig. 2C). This result was verified by
immunostaining of NeuN - a maker for matured neural cells - at a later stage (data not shown). Taking
the matrix stability into consideration, CS15 and CS30 composite fibers represent the favorable
scaffolds for hdpPSCs neural differentiation.

On e-spun matrices, differentiated cells developed long neural filaments along the unidirectionally
aligned fibers. Strikingly, we observed hdpPSCs experienced a much faster neural commitment (1 day
vs. 3 days) when compared to those on random collagen gels [1]. The accelerated development to neural
progenitors may arise from cell polarization that causes restricted integrin deposition along the fiber
direction. The interplay of a mechanotransductive pathway may also facilitate the neural differentiation.
To further investigate the collagen-integrin interaction, we will apply an AFM affinity measurement to
quantify cell adhesion forces and to explore the distribution and potential structural changes of collagen
within composite fibers. Taken together, collagen dominant composite fibers are mechanically strong,
stable and provide excellent cell adhesion to promote stem cell differentiation. The aligned fibers can
accelerate neural differentiation of stem cells, and promote 1D development of neural filaments which
can be potentially utilized in future nano-bio-devices.
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(A) Mechanical property of electrospun fibers (B) AFM measurement of fiber cross-sectional area
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Figure 1. (A) Young’s modulus, ultimate tensile strength and ultimate strain of e-spun matrices. (B)

AFM measurement of fiber cross-sectional area and elasticity before and after 7 days incubation.

(A) Immunostaining of B-lll-tubulin (red) and DAPI (blue)

Glass Collagen €$30 €S60 silk (B) Cell-matrix adhesion (C) Neural marker expression
s

S

@
8

u
2

w B-lii-tubulin

oH'IIi

Glass Collagen €515  €S30  CS80 Silk

@
8

CRE
Average de-adhesion time / s

«
-
s 8

Integrin expression / a.u.

0
Glass Collagen CS15 (530 (CS60  Silk

=)

Mean fluorescence intensity / a.
5

Figure 2. (A) Immunofluorescent images showing B-III-tubulin (red) positive cells on various matrices
at Day 1, 3 and 5 of differentiation. (B) Cell adhesion characterized by mean fluorescence intensity of
B-1 integrin (blue) and cell de-adhesion time (red). (C) ImagelJ quantification of the expression levels of
B-III-tubulin (red) and Nestin (green) at Day 1.
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