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The goal of this study was to design and develop a myocardial patch to use in the repair of myocardial
infarctions or to slow down tissue damage and improve long-term heart function. The basic 3D construct
design involved two biodegradable macroporous tubes, to allow transport of growth media to the cells
within the construct, and cell seeded, aligned ﬁber mats wrapped around them. The microﬁbrous mat
housed mesenchymal stem cells (MSCs) from human umbilical cord matrix (Wharton’s Jelly) aligned in
parallel to each other in a similar way to cell organization in native myocardium. Aligned micron-sized
ﬁber mats were obtained by electrospinning a polyester blend (PHBV (5% HV), P(L-D,L)LA (70:30) and
poly(glycerol sebacate) (PGS)). The micron-sized electrospun parallel ﬁbers were effective in Wharton’s
Jelly (WJ) MSCs alignment and the cells were able to retract the mat. The 3D construct was cultured in
a microbioreactor by perfusing the growth media transiently through the macroporous tubing for two
weeks and examined by ﬂuorescence microscopy for cell distribution and preservation of alignment. The
ﬂuorescence images of thin sections of 3D constructs from static and perfused cultures conﬁrmed
enhanced cell viability, uniform cell distribution and alignment due to nutrient provision from inside the
3D structure.
Ó 2011 Elsevier Ltd. All rights reserved.
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1. Introduction
With progress in scaffold development technology, the ﬁeld of
tissue engineering is advancing toward the generation of tissue
substitutes, which better mimic the complexity of the natural
tissues. The availability of materials and processing techniques
suitable for the construction of tissue substitutes with unique
mechanical properties and complex structures is opening the door
for functional tissue replacements. It is now more evident that the
microenvironment where the cells reside is very inﬂuential in
controlling cellular behavior, which in turn is reﬂected in engineered functionality. The mesenchymal stem cells (MSCs), which
are increasingly utilized in tissue engineering applications due to
their pluripotency, are highly sensitive to the chemical, mechanical
and structural properties of the scaffolds they are grown on [1e3].
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With the realization of this fact, many investigators have been
modifying polymer bulk properties through blending of existing
polymers or synthesis of new polymers. Also increasing efforts are
being spent on introducing structural complexity to the scaffolds as
MSCs behave differently in two and three-dimensional (3D) environments [4,5]. In the past decade, electrospinning has gained
popularity over simpler solvent casting and particulate leaching
techniques in the creation of a more natural 3D microenvironment
for the cells. Electrospinning enables the fabrication of highly
porous scaffolds with extensively interconnected pores which
allow cell-to-cell contact, migration in all directions, transportation
of nutrients and metabolites, and encourage blood vessel formation; all of these combined help cell survival and proliferation. The
ﬁbrous scaffolds obtained through electrospinning have a size scale
and architecture similar to those of the native extracellular matrix
and are very useful especially in introducing anisotropy, particularly important in mimicking aligned ﬁbrous tissues like myocardium, skeletal muscle, tendon, ligament and meniscus [6,7].
Both the architecture of native myocardium and its cardiomyocyte arrangement which enable a forceful syncytial
contraction point out the necessity to align cardiomyocytes in the

