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ABSTRACT 
 
Embedding functionally active genetically engineered mammalian cells in textile fibers 
can have a wide range of application in medical science from screening to drug delivery. 
Growth factors have been proven to stimulate wound healing. Our research effort focuses 
on forming the basis of developing a bio-active bandage that will have genetically 
modified fibroblasts (skin cells) that can secrete growth factors that are of paramount 
importance to the treatment of burn patients. In addition to developing a clinically 
relevant textile product, the project will develop a mechanistic understanding of cell-
fabric interaction and transport of biomolecules across the fabric that will potentially 
form the basis of future drug delivery products that are noninvasive, minimally toxic and 
cost effective. 
 
 
GOAL STATEMENT 
 
The objective of this project is to develop a bandage that will have functionally viable 
genetically engineered mammalian cells embedded in it. This objective falls into two 
steps. The first step is to find an appropriate biomaterial and an appropriate technology to 
make a scaffold that can grow the genetically engineered cells. Also, this scaffold is 
related to a textile product like a bandage or a fabric. The second step is store the 
transfected cells embedded in the fabric in a stable state for extended time periods at 
ambient temperatures. This will be accomplished by desiccation of the cells that will keep 
them in a state of suspended animation without compromising their viability.  
 
INTRODUCTION 
1. Burn injury and wound healing 
Every year in the United States, 1.1 million burn injuries demand medical attention. 
Rapid and proper healing is important in the treatment of severe burn wounds. In cases of 
severe and large amounts of skin loss, immediate coverage of the wound surface with a 
bandage is needed. The bandage achieves the functions of the natural skin by protecting 
the area from the loss of fluid and proteins, preventing infection through bacterial 
invasion, and subsequent tissue damage. The ideal burn bandage should control the 
wound healing environment, protect from healing retardants and enhance the healing 
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process. Most of mature products don�t have the function of accelerating the healing 
process. Wound healing involves a complex interaction between epidermal and dermal 
cells, the extracellular matrix (ECM), controlled angiogenesis and plasma derived 
proteins-all coordinated by an array of cytokines and growth factors. This dynamic 
process is classically, but somewhat artificially, divided into three overlapping phases-
inflammation, proliferation and remodeling. Thrombus formation which requires 
interaction between endothelial cells, platelets and coagulation factors-achieves 
haemostasis after tissue injury. Trapped cells within the clot, predominantly platelets, 
trigger an inflammatory response by the release of vasodilators and chemoattractants and 
activation of the complement cascade. [1] 
 
2. Growth factors 
Previous studies have proven that growth factors stimulate wound healing. The normal 
function of growth factors is to attract various cell types into the wound, stimulate 
cellular proliferation, promote angiogenesis and regulate synthesis and degradation of 
extracellular matrix. For example, epidermal growth factor (EGF) stimulates the growth 
of keratinocytes in vivo, and therefore plays an important role in the process of wound 
healing that depends on mitosis and migration of keratinocytes.[2] There are two methods 
to add growth factors into bio-active bandages. The first method is that adding growth 
factors into matrix of bio-active bandages directly. But because the growth factors are so 
hard to produce and maintain, these bandages are extremely expensive (on the order of 
$1,000 per bandage).  They are in use, therefore, only by the military. The second method 
is that transfected cells are seeded into matrix of the bio-active bandages and then they 
secrete growth factors. Since the problems associated with growth factor purification and 
storage are eliminated, bio-active bandages that produce growth factor would be far less 
expensive than currently available growth factor bandages. A bio-active bandage that 
produces growth factor in-situ, therefore, represents a product whose performance cannot 
be matched by other means and will provide a clear example of the power of the bio-
active fabric concept. Unfortunately, no such a bandage that is cost-effective is available 
in the market. 
 
Research Plan  
1. Electrospinning 

Historically, bio-active bandages have attempted to use a variety of synthetic and 
natural polymers and many processing methods to fabricate fibrous scaffolds, all of 
which have resulted in fiber diameters on the order of 10mm. This is several orders of 
magnitude greater than the fiber in the native extracellular matrix (ECM)[3].  

Electrospinning is a simple, scalable technology that allows the development of 
nanostructured scaffolds, which mimic the native extracellular matrix. Electrospinning is 
a fabrication process that uses an electric field to control the deposition of the polymer 
fibers on the target substrate. It can be used to make ultra-fine fibers with diameter down 
to 100 nm or less. Generally, it can use any kind polymer solutions. When nanofibers are 
deposited randomly on the target layer by layer, various diameters of pores (distances 
between fibers) are formed. 

Although electrospinning has appeared in the literature for several decades and has 
been understood to be the only technique for mass production of continuous polymer 
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nanofibers, our understanding of it is stil l very limited. Little knowledge exists the 
correlation between process parameters and the cell function in the scaffold. To address 
this lack of information, we systematically optimize the processing parameters of 
electrospinning for cell culture in tissue engineering application. 
 
Progress to Date 
1. Optimization of electrospinning process parameter  

 
Figure 1 Schematic of the electrospinning apparatus used in the exper imentation described in this 
study. The key components of the electrospinning system include high voltage supply, syr inge and 
syr inge pump and collector screen. 
     In last annual report, we investigated the pattern of PDMS (Polydimethysiloxane) and 
cell culture on PDMS surface. PDMS is a biocompatible and flexible material which can 
give various amenable micrometer sized geometries using soft lithography. But, they are 
not suitable for electrospinning.  In this study, we use electrospinning to produce 
polycaprolactone (PCL) scaffolds. PCL was chosen as a model polymer due to its lack of 
toxicity, low cost and slow degradation[4][5]. 
     Electrospinning was performed by putting PCL solution in a 10 ml plastic syringe 
fitted with a needle with a tip diameter of 0.8 mm. PCL nanofibers were fabricated by 
electrospinning process at different applied voltage in a range from 10 to 25 kv using a 
high voltage power supply. The ground collection plate was located at a distance from 
7.5cm to 25cm from the needle tip. A syringe pump was used to feed polymer solution 
into needle tip and the feeding rate of syringe pump was fixed at 3ml/h. A schematic 
diagram of the experimental set-up is shown in Fig. 1.  A typical SEM picture of 
electrospun PCL scaffold is shown in Fig.2. 

 

Figure 2 SEM micrograph of electrospun PCL scaffold (scalebar=1mmm). 


