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Brief Biography of Principle Supervisor:  Dr. Tierney has specific expertise in skin cell health research 
in the context of cosmetic product support. Her research experience encompasses the fields of cell 
biology, immunology, infection and disease with applications in biopharmaceutical, medicine and 
veterinary sciences and she has completed a number of postdoctoral positions both in academia and 
industry. She is a Principal Investigator with Shannon Applied Biotechnology Centre on several applied 
research projects for industry, has a wide ranging funding portfolio (Enterprise Ireland, European Union, 
and Science Foundation Ireland) and currently supervises students to Masters and PhD level. Relevant 
to this project, her vast experience in mammalian cell culture applications for SMEs including current 
projects on skin cell analysis of skincare formulations for cosmetic companies.  
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Research Project Abstract 

 
Human skin is the largest organ in the body and serves as a protective barrier against the outside 
environment. Skin is composed of three primary layers, with the upper outer layer contributing to its 
formidable protective barrier functions. Compounds applied on to skin must pass through this outer 
layer with human (in-vivo) studies, the optimal method for assessing the absorption of test compounds 
for dermatology industry needs of evaluating new formulations.  However due to ethical and economic 
considerations associated with in-vivo testing, a laboratory (in-vitro) based approach to measure skin 
absorption is often preferred and is routinely used as an alternative. Today, a variety of skin models are 
available for evaluation of compounds. As these cell models vary in their sensitivity, technical difficulty 
and cost, great interest in the development of artificial membrane platforms to predict compound 
absorption has evolved in recent times. These membranes can be created artificially in the lab and the 
main goal of this project is to employ artificial biomimetic lipid bilayer cell membranes as non-cell 
based skin barrier models to predict percutaneous (skin) absorption amenable to high throughput 
approaches in compound formulation development for a variety of industries including the cosmetic 
sector. 
 

 

Research Context (Technical Merit & Impact) 

 
Human skin is composed of three primary layers and within each layer are mixtures of unique cells that 
provide skin with structure and function. The upper epidermis is responsible for the skin’s barrier 
properties and is highly cellular. The absorption of compounds occurs 
primarily by passive diffusion through the skin’s outer layer, the 
stratum corneum. This process can be slow and dependent on the 
permeability coefficient of the compound, applied concentration and 
surface area which is influenced by many factors including skin 
thickness and lipid composition. The solvent system used in compound 
formulations also has a controlling influence over the rate and extent 
of active ingredient absorption. Percutaneous permeation experiments using excised mammalian skin 
employing diffusion cell systems (e.g. Franz cell or flow through cell) are routinely used to assess 
absorption of compounds across skin. 
The stratum corneum is a bio-membrane and is less permeable to 
lipophilic compounds which pass through its protein/lipid domains. 
Great interest in the development of model membrane platforms 
that enhance membrane biology understanding, especially the lipid 
bilayer environment has evolved due to potential applications as 
tools to investigate cellular and molecular interactions.  Lipid 
bilayers can be created artificially in the lab to enable experiments 
that cannot be done with natural bilayers. These synthetic systems 
are called biomimetic lipid bilayer models which aim to encompass 
lipid complexity, asymmetry, stability and high lateral fluidity. 
The research proposed in this project is to investigate the use of a 
biomimetic membrane platform to predict percutaneous absorption in human skin as an early stage, 
low-cost alternative test to existing cellular models. In-vivo studies are the optimal approach for 
assessing absorption through skin even though there are several ethical and economic considerations 
associated with this form of testing. An in-vitro approach is often preferred with the predominant cell 
forms employed for percutaneous absorption being that of excised mammalian skin including pig which 
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has relevant physiology to that of human skin and monolayer cultures of human keratinocytes the 
predominant cell type in the epidermis. A high throughput alternative is desirable to avoid the cost and 
time exhaustive measures of current testing practices in industry. 
 

 

Research Methodology 

 
Research Location:  
The research programme will be based in IT Tralee. As the project is in collaboration with the National 
Biophotonics and Imaging Platform Ireland, Dublin City University (DCU), secondments to perform 
comparative studies on the biomimetic platform in DCU will be required. 
 
Research objectives: 
Investigate the use of a biomimetic membrane platform to predict percutaneous absorption as an early 
stage alternative test to existing cellular models; 

• Establish and optimise cultures of human keratinocyte cells for barrier formation. 
• Generate characterised skin barrier equivalents that represent stratum corneum epidermis by 

fabrication on artificial membranes in Franz Diffusion cell or cell culture Transwells. 
• Compare an artificial lipid bilayer cell membrane model with a stratum corneum lipid model to 

predict percutaneous absorption of model compounds. 
 

Discipline-specific training:  
• Knowledge of cellular biology and processes in skin health.  
• Understanding of cell interactions within skin and the different in-vitro methods used in cosmetic 

testing methods. 
• Understanding of biomimetic artificial membranes for their ability to predict percutaneous 

absorption. 
• Knowledge of the factors influencing the absorption process for each membrane through the use 

of quantitative structure-permeability relationships. 
 
Other Core training benefits: 

• Good Laboratory Practice in class II facilities set to international best practice. 
• Cell culture: Primary cell culture (keratinocyte cells), cryopreservation and cell proliferation 

assays. Biochemical analysis: enzyme assays, protein assays, protein purification, 
spectrophotometry, ELISA, Flow cytometry, DNA, RNA extraction, PCR, real time PCR. 

• Biomimetic membrane with Langmuir Blodgett methods, microfabrication, electrochemical 
impedance and fluorescence correlation spectroscopy. 

• Educational development; statistical and graphic packages for analysis and dissemination for 
publications/reports. 
 

 

 

 



Project Schedule- Gantt chart 

 
         Milestones   Deliverables  

Task  Months 

3 6 9 12 15 18 21 24 

1.  Introduction to project, literature review 
 
 

                        

2.  Technique training; tissue culture,  
percutaneous absorption, biomimetic 
membrane assays. 

                        

3.  Comparative percutaneous absorption 
assays. 

 

                        

4.  Analysis and dissemination. 
 
 

                        


