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Fig. 1 Surface structure of collagen/chitosan-plasmid
DNA complex was observed by SEM
(a) Collagen/chitosan scaffold without plasmid DNA as control, the
surface was smooth. (b) Some bead-like complexes were shown on the

surface of scaffold, some even in the scaffold (white arrow).
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Fig. 2 In vitro release profiles of plasmid DNA
IGF-1 from collagen/chitosan scaffold
In the first three days, plasmid DNA were released from scaffold
quickly, after the fourth day, plasmid in static environment were released
slowly, while under dynamic environment, plasmid were released
continuously, over 90% plasmid were released by the end of two weeks.

e— e: Dynamic; m—n: Static.
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Fig. 3 In vitro IGF-1 expression in ADSCs cultured
by static and stirring methods
After plasmid DNA IGF-1 impregnated into collagen/chitosan scaffold
and transfected ADSCs, there is a highest expression of IGF-1 protein in
ADSCs under static environment, while under dynamic environment,
higer expression of IGF-1 protein was continued several days. ‘P < 0.05,
“P<0.01: Significant relative to the expression level of static group. W :

Dynamic;[] : Static.
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Fig. 4 Observation of IGF-1 protein expression in ADSCs under multi-photon microscope
After two days transfection, majority of ADSCs expressed IGF-1 protein (b, ¢, green), stirring culture significantly increased the expression of IGF-1

protein (c). Scaffold without plasmid DNA used as control (a). Collagen showed blue under MPM.
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Fig. 5 The viability of ADSCs in collagen/chitosan scaffold with or without plasmid DNA IGF-1

After two weeks culture, ADSCs in scaffold were dyed with Calcein-AM and propidium iodide, live cells (green) and dead cells (red) were shown in the

scaffold (Collagen showed blue under MPM). (a) ADSC cultured in naked collagen/chitosan scaffold. (b) ADSC cultured in scaffold with plasmid DNA
IGF-1. (¢c) ADSC cultured in scaffold with plasmid DNA IGF-1 under dynamic environment.
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Fig. 6 Total protein contents of cells
after two weeks culture
Total protein contents of cells were measured with BCA kit. S: ADSC+
scaffold group; S+P: ADSC+scaffold-plasmid group; S+P +S: ADSC +
scaffold-plasmid +spinner group. *P < 0.05: significant relative to the

other group.

Fig. 7 The expressions of cardiac specific proteins Tnl and Cx43 were observed by multi-photon microscope
Some cells expressed cardiac specific proteins Tn] (7a, 7b and 7c, red) and Cx43 (7d, 7e and 7f, red) in collagen/chitosan scaffold (Collagen showed
blue under MPM). Cardiomyocyte-like cells appeared elongated morphology, gap junction protein Cx43 between cells were also shown, although the
cross-striations could not be seen clearly. (a), (d) ADSC cultured in naked collagen/chitosan scaffold. (b), (¢) ADSC cultured in scaffold with plasmid
DNA IGF-1. (c), (f) ADSC cultured in scaffold with plasmid DNA IGF-1 under dynamic environment.
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Fig. 8 Western blot analysis of cardiac proteins Tnl

and Cx43 in the differentiated ADSCs
After two weeks differentiation with the impregnation of plasmid DNA
IGF-1, some cariomyocytes-like cells expression cardiac specific proteins
Tn] and Cx43, dynamic environment promoted the effect of IGF-1
significantly. B-Actin was as an internal control. S: ADSC + scaffold
group; S +P: ADSC+scaffold-plasmid group; S+ P +S: ADSC + scaffold-
plasmid +spinner group. *P < 0.05: Significant relative to the other
group. [1 : Tnl; M : Cx43.
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Fig. 9 RT-PCR analysis of cardiac specific genes
in the differentiated ADSCs
Cardiac specific genes a-skA, B-MHC, Tnl, Cx43, ANP, GATA-4 and
Nkx2.5 were expressed with the effect of IGF-1, the expressions were
promoted significantly by the effect of dynamic environment. GAPDH
was used as internal control. S: ADSC + scaffold group; S + P: ADSC +
scaffold-plasmid group; S + P + S: ADSC + scaffold-plasmid + spinner
group. *P < 0.05: Significant relative to the other group. [1: a-skA; [:
B-MHC; l: Tn [ ; A: Cx43; [E: ANP; El: GATA-4; E: Nkx2.5.
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Differentiation Enhancement of ADSC in Scaffolds With IGF-1 Gene
Impregnation Under Dynamic Microenvironment®

ZHU Yan-Xia", LIU Tian-Qing"™, SONG Ke-Dong", MA Xue-Hu", CUI Zhan-Feng?
(" Dalian R&D Center for Stem Cell and Tissue Engineering, Dalian University of Technology, Dalian 116024, China;
? Institute of Biomedical Engineering, Department of Engineering Science, Oxford University, Oxford OX1 3PJ, UK)

Abstract Biochemical and mechanical signals enabling cardiac regeneration can be elucidated by using in vitro
tissue engineering models. It was hypothesized that human insulin-like growth factor-1 (IGF-1) and three
dimensional dynamic microenvironment could act independently and interactively to enhance the survival and
differentiation of adipose tissue-derived stem cells (ADSCs) and hence the construction of engineered cardiac
grafts. IGF-1 can be expressed by the ADSCs through genetic modification, which can be conveniently realized by
incorporating the relevant genes into the three dimensional scaffold. ADSCs were cultured on three dimensional
porous scaffolds with or without plasmid DNA PIRES2-IGF-1 in cardiac media, in dishes and in a spinning flask
bioreactor respectively. Cell viability, formation of cardiac like structure, expression of functional proteins, and
gene expressions were testified to the cultured constructs on day 14. The results showed that dynamic
microenvironment enhanced the release of plasmid DNA; the ADSCs can be transfected by the released plasmid
DNA PIRES2-IGF-1 in scaffold; IGF-1 had beneficial effects on the cellular viability and the increase of total
protein; and it also increased the expressions of cardiac specific proteins and genes in the grafts. It was also
demonstrated that dynamic stirring environment could promote the proliferation of ADSCs. Therefore, IGF-1,
expressed by ADSCs transfected by DNA PIRES2-IGF-1 incorporated into scaffold, and hydrodynamic
microenvironment can independently and interactively increase cellular viability, and interactively increased the
expressions of cardiac specific proteins and genes in the grafts. The results would be useful for developing tissue

engineered grafts for myocardial repair.

Key words adipose tissue-derived stem cells (ADSCs), cardiomyocyte, scaffold, IGF-1, bioreactor, tissue
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