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 Treating blindness by stem cells 

- Culture, storage, transport, and transplantation of corneal 
epithelial cells 

 

1. Research group 

 
(Main research interests in parentheses) 
 
Torstein Lyberg, Senior Scientist, MD PhD, Center for Clinical Research, Oslo University Hospital 
(Basal cell science) 
 
Tor P. Utheim, MD PhD, Center for Clinical Research, Oslo University Hospital, Department of 
Ophthalmology, Oslo University Hospital, University of Oslo (Tissue engineering, stem cell 
research) 
 
Sten Ræder, MD PhD, Department of Opthalmology, Stavanger University Hospital, Stavanger 
(Tissue engineering, stem cell research) 
 
Oeygunn A. Utheim, MD, Center for Clinical Research, Oslo University Hospital, Department of 
Ophthalmology, Oslo University Hospital, University of Oslo (Tissue engineering, stem cell 
research) 
 
Jon Roger Eidet, MD, Center for Clinical Research, Oslo University Hospital (Tissue engineering, 
stem cell research) 
 
Panagiotis Salvanos, MD, Department of Ophthalmology, Oslo University Hospital, University of 
Oslo (Tissue engineering, stem cell research) 
 
Yiqing Cai, Head Engineer, MD, Institute of Oral biology, Dental Faculty, University of Oslo 
(Transmission electron microscopy) 
 
Edvard Messelt, Associate Professor MD PhD, Institute of Oral biology, Dental Faculty, University 
of Oslo (Transmission electron microscopy) 
 
Ole Kristoffer Olstad, Head Engineer PhD, Department of Clinical Chemistry, Oslo University 
Hospital, University of Oslo (Gene analysis) 
 
Leiv Sandvik, Professor PhD, Center for Clinical Research, Oslo University Hospital (Statistics) 
 
Borghild Roald, Professor PhD, Department of Pathology, Oslo University Hospital, University of 
Oslo (Immunophenotyping) 
 
Ragneidur Bragadottir, Head of the Retinal Unit at the Department of Ophthalmology, Oslo 
University Hospital (Retinal preclinical studies) 
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National collaborating scientists: 
 
Walther Medin, MD, PhD, Department of Opthalmology, Sykehuset Buskerud HF, Drammen, 
Norway. (Corneal storage) 
 
Harald Fredrik, MD, Department of Opthalmology, Stavanger University Hospital, Stavanger 
(Tissue engineering, stem cell research) 
 
International collaborating scientists: 
 
Darlene A. Dartt, Senior Scientist, PhD, The Schepens Eye Research Institute, Harvard Medical 
School, Boston, MA (Tissue engineering, stem cell research, dry eye research) 
 
Joachin Barraquer, MD, PhD, President of the Spanish Society of Ophthalmology and Professor 
at El Centro de Oftalmologia Barrquer, the Universitat Autònoma de Barcelona, Spain (Cornea 
research) 
 
Rafael I. Barraquer, MD, PhD, Medical Director of the Barraquer Ophthalmology Center (BOC), 
Barcelona, Spain, Associate Professor of Ophthalmology at the Autonomous University of 
Barcelona (AUB), Director of the "J. Barraquer Chair for Eye Research" (Cornea research) 
 
Ralph Michael, PhD, Director of Research El Centro de Oftalmologia Barrquer, the 
Universitat Autònoma de Barcelona, Spain (Cornea research) 
 
Maria de la Paz, MD, Scientist and clinician El Centro de Oftalmologia Barrquer, the 
Universitat Autònoma de Barcelona, Spain (Cornea research) 
 
Juan de Alvarez Toledo, MD, Scientist and clinician El Centro de Oftalmologia Barrquer, the 
Universitat Autònoma de Barcelona, Spain (Cornea research) 
 
Elisa Carreras, MD, Scientist and clinician El Centro de Oftalmologia Barrquer, the 
Universitat Autònoma de Barcelona, Spain (Cornea research) 
 
Ricardo P. Casaroli-Marano, MD PhD, Associate Professor of Ophthalmology, Researcher 
IDIBAPS-CIBERDEM, Department of Surgery - University of Barcelona, Spain (Cornea research) 
 
May Griffith, PhD, MBA, Professor of Regenerative Medicine, Director, Integrative Regenerative 
Medicine (IGEN) Centre, Linköping University (Tissue engineering, artificial corneas, stem cell 
research) 
 
Per Fagerholm, MD, PhD, Professor at Deptartment of Ophthalmology, University Hospital, 
Linköping (Tissue engineering, artificial corneas, stem cell research) 
 
Takahiro Nakamura MD, PhD, Research Center for Inflammation and Regenerative Medicine, 
Faculty of Life and Medical Sciences Doshisha University; Department of Ophthalmology, Kyoto 
Prefectural University of Medicine (corneal tissue engineering) 
 
Shigeru Kinoshita, MD, PhD, Professor and Chair of Ophthalmology, Kyoto Prefectural University 
of Medicine, Kyoto, Japan (corneal tissue engineering) 
Tatfong Ng, PhD, The Schepens Eye Research Institute, Harvard Medical School, Boston, MA 
(Retinal tissue engineering) 
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2. Abstract 

Corneal diseases constitute the second most common cause of blindness worldwide. The 
corneal stem cells, which are located in the periphery of the cornea (limbus), are important for 
normal vision by keeping the cornea transparent and are also needed to repair corneal damage.  
Injuries of the eye caused by ultraviolet radiation, chemical burns and some diseases such as 
pterygium, Stevens–Johnson syndrome and ocular infections can cause limbal stem cell 
deficiency (LSCD), which can lead to blindness as the cornea is becoming opaque (Figure 1). 
Other symptoms include irritation, epiphora, blepharospasms, photophobia, and pain. The latter 
is explained by the fact that the cornea is one of the most heavily innervated tissue in the body 
with a density of nerve endings 300-400 times higher than the skin.  
 

 
Figur 1. Blindness due to opacity of the cornea caused by limbal stem cell deficiency 
 
LSCD can be treated by transplantation of ex vivo expanded human limbal epithelial cells 
(HLECs).  However, this procedure has limited use since the transplant cannot be stored before 
use. Dr. Lyberg’s group at the Department of Ophthalmology at Ulleval University Hospital (Oslo, 
Norway), have invented a method for storage of HLECs for as long as one week at room 
temperature. This great achievement may enable worldwide distribution of HLECs and 
dramatically increase the availability for this treatment.  

3.1 Current technology 
Transplantation of ex vivo expanded human limbal epithelial cells (HLECs) was described in “The 
Lancet” in 19973  and the method has demonstrated very promising results4 . However, there 
are some disadvantages: 
There is a scant supply of cultivated corneal epithelium, as the process is complicated and 
requires knowledge and experience of culturing HLECs.  
Large scale production of HLECs has not been possible due to the lack of a method to store the 
HLECs. 
Planning of the treatment has been difficult because not all cultures can be used due to lack of 
growth or infections. 

3.2 New technology 
The Department of Ophthalmology at Ulleval University Hospital (Oslo, Norway) is the first 
center in the world showing that cultured corneal epithelium may be stored for as long as one 
week at room temperature. This new technology is likely to increase the supply of the valuable 
tissue worldwide and will also make possible treatment of patients in developing countries.  
The production of cultured corneal epithelium at few centers of expertise is cost effective and 
may improve the quality of corneal tissues. European Union Directives* (on setting standards of 
quality and safety for the donation, procurement, testing, processing, preservation, storage, and 
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distribution of human tissues and cells) make strict demands on tissue transplantation 
laboratories and will contribute to the centralisation of tissue production and hence increase 
the demand for tissue storage and transportation. (*DIRECTIVE 2004/23/EC of the European 
Parliament and of the Council of 31 March 2004, COMMISION DIRECTIVE 2006/17/EC of 8 
February 2006, and COMMISION DIRECTIVE 2006/86/EC of 24 October 2006). 
Transplantation of stored ex vivo expanded tissue offers several advantages, e.g.: 1) flexibility in 
scheduling the transplantation is ensured. The timing of surgery may be complicated as the 
engineering of multilayered epithelia requires culture periods of 3-4 weeks. 2) Storage 
receptacle developed by the group enables microbiological sampling during storage, thus 
minimizing the risk of postoperative infections. 3) In vitro studies suggest that the need for 
immunosuppression after transplantation may be reduced.  
 

3.3 Production and storage of cultured corneal epithelium 

The figure below shows the steps in preparing limbal epithelial cells for transplantation: 
  

 
Figur 2. Method for preparing HLECs for transplantation 
 

4. Network and achievements 
Supply of donor tissue is often a limiting factor for larger scale studies. However, this is ensured 
for all our planned studies through a unique agreement with Prof. Joachin Barraquer, President 
of the Spanish Society of Ophthalmology, and head of the reputable El Centro de Oftalmologia 
Barraquer in Barcelona. In addition, the renowned Prof. of regenerative medicine May Griffith 
and Prof. Per Fagerholm, at Linköping University have recently agreed to collaborate in 
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developing new and improved storage technology, for which they already have unpublished 
results.  
The team’s achievements and closest collaborators so far:  

 Medinnova’s Idea Prize (1st prize 2008 and 2nd prize 2007) for the best idea with 
commercial potential originating from employees belonging to HSE and DNB Nor 
Innovation prize 2010 (finalist, Oslo). Moreover, two national and one international 
research prize relating to regenerative medicine. 

 First in the world to demonstrate the possibility of storage of cultured HLEC at room 
temperature for one week.  

 The first group in the Nordic region to culture HLEC for transplantation.  

 Development and production of novel protocol/kits for the engineering of cultured cells. 

 Three patent applications (one in collaboration with Harvard Medical School). 

 Approval of the bio-banking and research projects for corneal and conjunctival cells by 
the ethical board of the South-Eastern Norway Regional Health Authority, among 
others, to perform clinical studies based on the novel storage method. 

 Several publications in some of the highest ranked journals of ophthalmology resulting 
in two HSE-based PhD-degrees from the group last year 

 Supply of human eye tissues from El Centro de Oftalmologia Barraquer, Barcelona, in 
accordance with a cooperation agreement between Barraquer and Vice President 
Andreas Moan at Oslo University Hospital. 

 Broadcasting of the novel method on EuroNews television, NRK Dagsrevyen and NRK 
Schrödingers katt (http://www.nrk.no/nett-tv/klipp/663152/). 

 Collaboration with outstanding scientists at Harvard Medical School, Boston, MA where 
six Norwegian scientists have worked on the project; El Centro de Oftalmologia 
Barraquer, Barcelona, Spain; Linköping University, Linköping, Sweden; and Kyoto 
Prefectural University of Medicine, Kyoto, Japan. 

 Requests from several centers in Norway (e.g. Stavanger University Hospital and St. 
Olavs Hospital) and abroad (e.g. Barraquer, Spain; Transplant Services Foundation, 
Spain, and Kyoto Prefectural University of Medicine, Japan) to collaborate on clinical 
studies, thereby laying the ground for global translational research. 

 

5. Future perspectives 
The development of tailored storage media and transport technology for ex vivo expanded eye 
tissues potentially makes treatment available globally, to millions of blind patients. Our research 
group has previously succeeded in filing three patent applications related to our prize-winning 
novel storage technology intended for cultured corneal epithelial cells. The recently initiated 
collaboration with the highly respected Prof. May Griffith and Prof. Per Fagerholm, Linköping 
University, will boost our common progress in this field. Together with outstanding scientists at 
Harvard Medical School we are now perfectly situated to build on the current studies to also 
include other cell types. The impact of tissue storage and transportation technology is likely to 
increase significantly in the future, as regenerative medicine gathers momentum. Our group 
aspires to be at the forefront of this exciting and rapidly evolving field of science in the years to 
come. In addition, several new PhD projects are assumed to result from our common efforts, all 

with a specific focus on innovation. 

http://www.nrk.no/nett-tv/klipp/663152/

