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Executive Summary 

As bioscience research leads to more and more discoveries that offer opportunities for market 
applications, increasing numbers of regions, states and countries are targeting the biosciences as a 
potential growth sector.  The key to succeeding in bioscience development lies in identifying targeted 
strategic areas within the overall biosciences in which a region has comparative advantages on which to 
build. A key factor in determining where these comparative advantages lie is the make up of a region’s 
bioscience R&D base.  Because of the importance of academic and non-profit research centers to the 
building of bioscience economies it is necessary that any regional bioscience development strategy be 
grounded in a thorough understanding of the core competencies of this research sector. 

The Greater Oklahoma City Chamber is leading an effort to develop a vision for the biosciences and a set 
of strategies and actions for achieving that vision.  For the purposes of this initiative, the Greater 
Oklahoma City region includes not only the Oklahoma City metropolitan area with its large biomedical 
base but also includes Stillwater, Edmond, Norman, and Ardmore.  The expanded region thus captures the 
agricultural, animal and plant science activities found at Oklahoma State University (OSU), the 
University of Oklahoma (OU), and The Samuel Roberts Noble Foundation (Noble) in addition to the 
biomedical research base of the University of Oklahoma Health Science Center (OUHSC), the Oklahoma 
Medical Research Foundation (OMRF), and Dean McGee Eye Institute (DMEI).  It is the desire of the 
region’s leaders to understand and capture fully the entire breadth of the bioscience sector in the region 
including both the biomedical and agricultural sciences. 

The Chamber has engaged Battelle’s Technology Partnership Practice to conduct analyses to provide the 
necessary inputs to allow the region to identify areas for investment and potential strategies and actions.  
This report presents the findings of Battelle’s assessment of the core bioscience research strengths of the 
region’s research institutions and proposes specific technology platforms that can form the basis (near- 
and long-term) for the future development of the region’s bioscience economy. It presents an overview of 
the region’s bioscience R&D base and the findings of a quantitative and qualitative assessment of the 
region’s bioscience research strengths.   

Battelle’s approach, completed for higher education in the states of Arizona, Colorado, Connecticut, 
Iowa, and Massachusetts and currently underway in Ohio, uses a rigorous methodological approach of 
both quantitative and qualitative analysis.  The quantitative analysis uses the “market place” of academe, 
including peer-driven recognition systems, e.g., citations, federal fund awards, as well as reputation 
analysis to identify targets of opportunity.  This quantitative review is followed by an extensive field 
interview process whereby these targets are subject to interviews by the Battelle team to more precisely 
identify the content, context, and emerging activities, not always picked up in lagging data awards.   This 
combined quantitative and qualitative process identifies both core research competencies and those 
combinations of competencies that represent technology platforms around which market potential exists 
for commercial development by existing and new firms, as well as firms that may be attracted to the 
region.  Given the diversity of the region’s bioscience research base, some platforms build on the 
biomedical base in the Oklahoma City metropolitan area while others seek to leverage the strengths found 
at OSU, OU and the Noble Foundation.  The findings from this rigorous assessment are the subject of this 
report.   
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OVERVIEW OF THE GREATER OKLAHOMA CITY REGION’S BIOSCIENCE R&D 
BASE 
The region’s bioscience R&D base is 
small but growing. Total academic life 
science R&D funding at universities in the 
Greater Oklahoma City region was 
approximately $130 million in FY 2002.  
See Table ES-1.  This figure understates 
the overall size of the bioscience research 
base in the region, however, as it does not 
include OMRF and the Noble Foundation.  
OMRF’s total R&D budget in FY 2004, 
for example, was $43.3 million.  Noble 
Foundation expended approximately 
$28.2 million to fund its R&D in FY 2002 
and $31.5 million in FY 2004.  OUHSC 
received a total of $79 million in research 
awards in FY 2004, $52.9 million of which was NIH funding.  The NIH awards included $40.6 million in 
direct awards and $12.3 million in subcontracts.1  The total bioscience R&D base is still comparatively 
small, however, even if OMRF and Noble Foundation are included.   

NIH awards to the region more 
than doubled between FY 1999 and 
FY 200. The high quality of the 
region’s bioscience research is attested 
to by the growth in NIH funds awarded 
to the region’s research institutions.  The 
region received $79.6 million in NIH 
awards in FY 2004.  This reflects a 
doubling of NIH awards since 1999 
when the region received $37.9 million. 
Total NIH awards grew by 78 percent 
nationally during this time period.  Since 
1998, the OMRF’s NIH funding has 
grown at an annual rate of more than 23 
percent outpacing every major medical 
research institute in the country with the 
exception of one. 2  In addition, DMEI is the 
fastest growing major eye institute in the 
country in NIH funding.  OU’s NIH funding doubled during this time period, growing from $24.6 million 
to $50 million. Figure ES-1 shows growth in NIH funding by Greater Oklahoma City’s research 
institutions. 
                                                      
1 OUHSC Office of Research Administration.  Advances in Research: University of Oklahoma Health Sciences 
Center, Fiscal Year 2004, p. 31-32. (Published 2005) 
2OMRF Press Release, October 14, 2004. 

Field FY 2002 
(millions) 

% of Oklahoma 
Total 

Life Sciences Total $129.6 98.7%
  Agricultural Sciences $33.8 100.0%
  Biological Sciences $50.6 98.8%
  Medical Sciences $42.3 97.4%
  Other Life Sciences $2.6 100.0%
Other Critical Sciences 
Chemical Engineering $6.7 51.3%
Chemistry $15.7 90.7%

Source: Academic R&D Expenditures by Discipline, FY 2002, 
National Science Foundation; Battelle calculations

Figure ES-1:  NIH Awards to Regional Institutions, FY 1999 – FY 2003

Source: NIH Extramural Awards by Institution, FY1999 – FY 2003

Table ES-1: Bioscience R&D Funding at Greater Oklahoma 
City Regional Universities
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The region accounts for virtually all bioscience R&D funding coming to the State of Oklahoma, 
with Stillwater to Ardmore institutions receiving 99 percent of life science R&D funding coming to all 
Oklahoma academic institutions. 

A greater than average percentage of the Greater Oklahoma City region’s academic life science 
R&D is in the agricultural sciences.  Agricultural sciences account for 22 percent of total academic 
R&D funding in the region, which is double the intensity of research in this area as the nation (11%). The 
agricultural research is primarily conducted at OSU in Stillwater and the Noble Foundation in Ardmore.  
The percentage would be even higher if the Noble Foundation was included in the data, which it is not 
because it is not an academic institution.  Biological sciences is another area in which the region has a 
higher percentage of its total life science R&D than does the nation.  Despite the fact that the Greater 
Oklahoma City region is the main hub for medical research in the state, it still falls substantially below 
the average for medical science in the nation.  Nationally, medical sciences account for 49 percent of life-
science R&D; whereas, in the Greater Oklahoma City region, they only account for 28 percent.  This is 
owing to the regional focus in agricultural research and the fact that OUHSC is a fairly small medical 
school compared with medical schools at peer institutions.  A recent analysis by the Oklahoma Board of 
Regents found that OUHSC receives $112 million from state appropriations, tuition, and fees.  Peer 
medical centers in Arkansas, Colorado, Georgia, Kansas, Louisiana, Maryland, Nebraska, Texas, South 
Carolina, and Tennessee receive on average $208 million from these sources. 

The region’s academic life science base is growing but not as rapidly as the nation as a whole.  Total 
academic life science R&D grew from $114.8 million in FY 1998 to $152.0 million in FY 2002, an 
increase of 32 percent.  While the region’s academic R&D base grew significantly from FY 1998 – FY 
2002, the national growth rate was even greater, growing by 45 percent.  This rapid growth was due 
primarily to the federal government’s commitment to double the National Institutes of Health (NIH) 
budget.  Going forward, federal funding for life science research will slow considerable particularly in 
light of demands placed on the federal budget by homeland security and defense. 

FROM RESEARCH STRENGTHS TO RESEARCH CORE COMPETENCIES 
For a research area to be identified as a core 
competency, it must have a concentration of 
activity and excellence, as evidenced by a 
broad base of researchers, a significant 
number of research projects, and a substantial 
level of publications, patents, and/or licenses. 
Battelle examined secondary data on R&D 
grant awards, publications and citations data, 
patents, and interviewed research 
administrators and leaders to identify the 
region’s core competencies. These core 
competencies, by definition, have “line of 
sight” to commercially attractive products and 
services.  This process is depicted in Figure ES-2.   

Market Opportunity

Line of Sight

Technology 
Platform 
Analysis

• Research opportunities & challenges
• Key market trends & drivers

• Niche areas for Oklahoma City region

Basic
Research

Enabling
Technologies

Core Competencies

Basic
Research

Basic
Research

Enabling
Technologies

Enabling
Technologies

Core Competencies

Applied 
Research

Figure ES 2: Focus of Technology Platform Analysis
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Bioscience Research Strengths 

The Greater Oklahoma City region has strengths in a number of bioscience research areas but the 
following fields stand out for having a large cluster of researchers, grants and publications. 

Biomedical Research Strengths 

• Behavioral and neurosciences 

• Cardiovascular research 

• Immunology and auto-immune disorders 

• Microbiology and infectious diseases 

• Vision research 

Agriculture-Related Strengths 

• Agricultural production/agronomy 

• Animal sciences and livestock 

• Food quality and nutrition 

• Plant/crop sciences and genetics 

Research Core Competencies  

Battelle chose to apply an industrially focused core competency definition that is widely used by 
technology-based firms. As defined by Hamel and Prahalad, in “Competing for the Future,”3 a 
competence is a bundle of skills and technologies, rather than a single discrete skill or technology. It 
represents the sum of learning across individual skill sets and individual organizational units. 

Three tests can be used to identify a core competency: 

1. Is it a significant source of competitive differentiation?  (Does it provide a unique signature for 
the region?) 

2. Does it transcend a single business? (Does it cover a range of businesses, both current and new?) 

3. Is it hard for competitors to imitate? (Are there significant barriers to entry). 

Applying these criteria to the region’s research strengths, Battelle identified six established core 
competency areas: 

• Cardiology and Cardiovascular Biology. Cardiology is the branch of medicine dealing with the 
heart and blood vessels.  Cardiovascular more broadly includes the heart and blood vessels as a 
system in the body. The cardiovascular system delivers nutrients (oxygen and energy compounds) to 
tissues, removes waste products from tissues, and helps regulate body temperature. 

• Glycobiology/Carbohydrates. Glycobiology draws from both carbohydrate (sugar) biochemistry 
and molecular biology and involves the study of the structure, chemistry, biosynthesis, and biological 
functions of glycans and their derivatives.  Also known as Glycomics, glycobiology is a discipline of 

                                                      
3 Hamel, G. and Prahalad, C. K.  1994. “Competing for the Future.” Harvard Business School Press: Boston, MA. 
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biology that deals with the structure and function of oligosaccharides (chains of sugars). The identity 
of the entirety of carbohydrates in an organism is collectively referred to as the glycome. 

• Immunology and Autoimmune Disorders. Immunology studies the response of organisms to 
foreign substances (such as viruses and bacteria). Immunologists study the tissues and organs of the 
immune system (bone marrow, spleen, tonsils, thymus, lymphatic system), its specialized cells (e.g., 
B and T lymphocytes and antibodies), and the influence of genetic, nutritional, and other factors on 
the immune system. Also studied are disease-causing organisms to determine host injury mechanisms 
and to develop vaccines. 

• Microbiology and Infectious Diseases.  Includes the study, diagnosis and treatment of acquired 
diseases – diseases that can be spread directly or indirectly from one living thing to another. 
Infectious diseases, or communicable diseases, are diseases caused by a biological agent (e.g., virus, 
bacterium, myco-bacterium, prion or parasite).  Microbiology is the study of microorganisms, 
including viruses, prokaryotes and simple eukaryotes. Today, most of the work in microbiology is 
done using methods from biochemistry and genetics. It is also related to pathology, immunology, and 
epidemiology as many microorganisms are pathogens. 

• Plant/Crop Sciences and Genetics.  Plant sciences (including botany) cover a wide range of 
scientific disciplines that study the growth, reproduction, metabolism, development, diseases, and 
evolution of plants.  In crop applications, acquiring fundamental knowledge in plant sciences and 
genomics can facilitate the development of enhanced crop cultivars, transgenic plants and new 
economic uses for crops. 

• Vision Research/Ophthalmology.  Vision research examines the mechanisms, biology and 
physical structure of the eye and associated neurological systems.  It may also include research 
examining abnormal vision caused by genetic disorders, neurological disorders or injury, and diseases 
and injury to the eye.  Ophthalmology is the medical specialty relating to the treatment of diseases 
and disorders of the eye. 

The following areas have significant levels of research and could develop into research core competencies 
with additional investment and focus: 

 Aging and free-radical biology 

 Agricultural production/agronomy 

 Animal sciences/livestock 

 Cancer/oncology 

 Diabetes, obesity and metabolic disorders 

 Food quality and nutrition 

 Neuroscience/neuro-degenerative diseases 

Other emerging areas of research core competency include sensor technologies, bio-imaging, tissue 
engineering and bio-implants, and bioscience applications of nanotechnology. 
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PROPOSED BIOSCIENCE TECHNOLOGY 
PLATFORMS FOR THE GREATER 
OKLAHOMA CITY REGION 
Identifying a region’s core competencies sets the 
stage for identifying specific opportunities for 
growing the region’s bioscience base around key 
technology niches or “platforms”.  But research 
alone is insufficient to ensure bioscience 
development.  The most likely areas for bioscience 
development can be found where research intersects with a region’s industry base, identified competitive 
advantages, and large-scale market opportunities. 
The criteria for selecting near-term opportunities for technology development include areas in which there 
are: 

• Existing research focus strengths. 

• Bases of commercial activity emerging or established within the region, or a genuine opportunity to 
create a base in the near future. 

• Distinct opportunities to leverage the Greater Oklahoma City region’s comparative advantages to 
create competitive marketplace advantages. 

• Significant product market potential. 

• Links to, or reinforcements of, other bioscience strengths and core research competencies, thereby 
helping to enhance other fields as a platform expands. 

Based on these criteria, the following technology development platforms are identified for near-term 
development, focus, and investment in the Greater Oklahoma City region: 

 Autoimmune Disease and Immunology 

 Cardiology and Cardiovascular Research 

 Glycobiology and Glycomics 

 Infectious Diseases Microbiology 

 Plant Genomics and Transgenics for Crop and Forage Improvement 

 Vision Research and Ophthalmic Neuroscience 

These six platforms represent the base from which a significant R&D, business base, and bioscience 
economy may be built. They each specifically draw upon the Greater Oklahoma City region’s 
institutional expertise in multiple fields, since it is multidisciplinary research that is increasingly gaining 
importance in driving new study areas, technologies, and commercializable innovations and discoveries. 
The assembly of multidisciplinary platforms is also likely to increase the opportunity for winning federal 
agency grant awards. Four of the technology platforms are specific to the Oklahoma City MSA, while the 
fifth, Plant Genomics, is of regional significance. 

Criteria for Selecting Technology Platforms for 
Development 

 Builds on existing strengths 
 Has a base of related emerging or 

established commercial activity 
 Provides opportunity to leverage region’s 

comparative advantages 
 Field with significant product market 

potential 
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In addition to the Near-term Platforms, Battelle identified a number of potential technology platforms that 
represent longer-term bioscience sector development potentials for the Greater Oklahoma City region. 
The identified opportunity areas mainly consist of relatively compact groups of people working in 
leading-edge fields, new formative centers just recently pulled together, or established areas of expertise 
in which investment in infrastructure and/or personnel are required to sustain or accelerate development 
momentum.  

Longer-term potential technology platforms include: 

 Aging and Geriatrics including free radical biology 

 Bioscience Applications of Advanced Sensor Technology  

 Cancer Suppression and Metastasis Control 

 Obesity, Metabolic Disorders and Food Science. 

Each of the main bioscience platforms and opportunity areas noted above are linked to multiple centers of 
bioscience excellence and related disciplines within the Greater Oklahoma City region’s academic and 
private R&D institutions.  

Figure ES-3 shows how the Greater Oklahoma City region’s bioscience research strengths, determined 
through both quantitative and qualitative analyses, lead to the recommended technology platforms. The 
figure graphically illustrates the way in which these platforms are reinforced by the R&D talent across a 
wide range of strength disciplines in the Greater Oklahoma City region. 
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Figure ES 3: Linkage between Core Competencies and Technology Platforms                                                

Each of the near-term platform areas are described in Tables ES-2 – ES-7.  The tables show:  

1. The basic research strength areas on which the platform builds 
2. The specific enabling technologies that enhance these strengths 
3. The applications and products to which the technology relates 
4. Data showing the potential market opportunities for the technology 
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Table ES-2: Technology Platform Linkages from Core Competencies to Markets for the Autoimmune Disease 
and Immunology and Immunology Platform  

Technology Platform: Autoimmune Disease and Immunology 

Basic Research  Molecular biology 
 Cell biology 
 Biochemistry 
 Immunology 
 Proteomics 

Enabling Technology  Glycomics 
 Genomics 
 Proteomics 
 Clinical trials infrastructure 
 Bioinformatics 
 Animal facilities 

Applications and Products  Drugs 
 Biologics 
 Vaccines 
 Diagnostics 
 Sensors 

Markets  Glycoconjugate-based pharmaceuticals are already a multi-
billion industry with sales already exceeding $20 billion 

 Proteomics is projected to grow from a $565 million market in 
2001 to more than $3.3 billion in 2006. This represents an 
average annual growth rate of over 40 percent.  Given the 
potential pathway to drugs, vaccines and other products 
locked within glycobiology there is every reason to believe that 
glycomics offers multi-billion product potential. 

 In 2000 according to IMS Health, the worldwide 
pharmaceutical market was valued at $317 billion and 
projected to grow to $3 trillion by 2020. 

 U.S. demand for biologics will advance almost 12 percent 
annually to over $56 billion in 2006. New product introductions 
evolving from advances in recombinant DNA and monoclonal 
antibodies will spur growth. 
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Table ES-3: Technology Platform Linkages from Core Competencies to Markets for the Cardiology and 
Cardiovascular Research 

Technology Platform: Cardiology and Cardiovascular Research 

Basic Research  Cellular immunology 
 Molecular biology 
 Molecular genetics and 

immunogenetics 

 Cellular biology 
 Rheumatology 
 Microbiology 
 Physiology 

Enabling Technology  Clinical pharmacology 
 Genomics 
 Proteomics 
 Glycomics 
 Functional genomics 
 Gene chips 

 Disease registries and 
serum repositories 

 Bioinformatics 
 Animal facilities 
 Comparative medicine 
 Imaging 

Applications and Products  Drugs 
 Biologics 
 Diagnostics 
 Vaccines 
 Biomedical Equipment 
 Clinical care volume 

Markets  The global market for Autoimmune Disease and Immunology 
therapeutics reached an estimated $11.3 billion in 2000, an increase of 
23.6% since 1996. In 2006, market projections were for estimated 
revenues of $21.1 billion, reflecting a 15.9% increase from 2000 to 
2006 (Theta Reports) 

 The value of biological drugs indicated for Autoimmune Disease and 
Immunology was roughly $6.8 billion in 2003 with the value of biotech 
in Autoimmune Disease and Immunology “set to triple by 2008” (Lead 
Discovery Services) 

 Frost & Sullivan notes that the total European Autoimmune Disease 
and Immunology diagnostics market was worth $440 million in 2004 
and is expected to reach almost $700 million by 2011. 

 The NIH reports that approximately 2.1 million American’s have 
rheumatoid arthritis (probably 64 million worldwide). 

 The Lupus Foundation of America estimates that approximately 1.5 
million Americans have a form of lupus, with about 70% of these cases 
being systemic. Believed to be over 5 million cases worldwide 
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Table ES-4: Technology Platform Linkages from Core Competencies to Markets for the Glycobiology and 
Glycomics Platform  

Technology Platform: Glycobiology and Glycomics 

Basic Research  Molecular biology 
 Cell biology 
 Biochemistry 
 Proteomics 

Enabling Technology  Glycomics 
 Genomics 
 Proteomics 
 Clinical trials infrastructure 
 Mass Spectrometry 
 Bioinformatics 
 Animal facilities 

Applications and Products  Drugs 
 Biologics 
 Vaccines 
 Diagnostics 
 Sensors 

Markets  Glycoconjugate-based pharmaceuticals are already a multi-billion 
industry with sales already exceeding $20 billion 

 Proteomics is projected to grow from a $565 million market in 2001 to 
more than $3.3 billion in 2006. This represents an average annual 
growth rate of over 40 percent.  Given the potential pathway to drugs, 
vaccines and other products locked within glycobiology there is every 
reason to believe that glycomics offers multi-billion product potential. 

 In 2000 according to IMS Health, the worldwide pharmaceutical market 
was valued at $317 billion and projected to grow to $3 trillion by 2020. 

 U.S. demand for biologics will advance almost 12 percent annually to 
over $56 billion in 2006. New product introductions evolving from 
advances in recombinant DNA and monoclonal antibodies will spur 
growth. 
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 Table ES-5: Technology Platform Linkages from Core Competencies to Markets for the Infectious Disease 
Microbiology Platform  

Technology Platform: Infectious Disease Microbiology 

Basic Research  Cellular immunology 
 Molecular biology 
 Molecular genetics and immunogenetics 
 Cellular biology 
 Microbiology 

Enabling Technology  Clinical pharmacology 
 Genomics, Proteomics and Glycomics 
 Functional genomics 
 Gene chips/microarrays 
 Bioinformatics 
 Animal facilities 
 Imaging 

Applications and Products  Drugs 
 Biologics 
 Vaccines 
 Diagnostics 

Markets  Infectious diseases remain the leading cause of death worldwide. In 
1996, infectious diseases killed over 17 million people worldwide.  
Malaria, tuberculosis and AIDS together cause over 300 million 
illnesses annually. 

 In the United States two of the ten leading causes of death are 
infectious diseases (HIV and pneumonia/influenza). The Centers for 
Disease Control and Prevention (CDC) reports that 160,000 
Americans die each year with an infectious disease as the underlying 
cause of death 

 When all infectious disease treatment costs, and lost productivity 
associated with illness, are taken into account it is estimated that the 
annual cost of infectious agents in the US is greater than $120 billion 
each year. 

 There are multiple markets related to infectious diseases that are 
growing in importance. 

 Opportunities exist across multiple product categories including: 
disease diagnostics; vaccines; antibiotics; vector repellants and 
devices (including drug and vaccine delivery systems, and even 
simple devices such as bed nets to prevent malaria). 

 Prophylactic vaccines are currently valued at between $5 and 7 
billion, and are expected to show a compound annual growth rate of 
between 9% and 11%.   

 The total world market for antibiotics in 2002 was estimated at over 
$26 billion. Total market growth rate is predicted to progress at 2.4% 
annually. 

 Diagnostics also represent a substantial potential market 
 



  

 xiii

Table ES-6: Technology Platform Linkages from Core Competencies to Markets for the Plant Genomics and 
Transgenics for Crop and Forage Improvement Platform  

Technology Platform: Plant Genomics and Transgenics for Crop and Forage 

Basic Research  Genomics 
 Proteomics 
 Biology 
 Chemistry 
 Glycomics 

Enabling 
Technology 

 Plant Breeding 
 Plant genomics and transgenics 
 Biochemistry 
 Functional genomics 
 Microarrays 

Applications and 
Products 

 Higher yield forage, legumes and 
other crops 

 Functional food and feed 
 Nutraceuticals, and potentially 
 Biofuels, Biomaterials and 

biocomposites 

 Chemicals  
 Polymers 
 Oils 
 Enzymes 
 Fiber 

Markets  Alfalfa is the fourth most widely grown crop in the United States behind corn, 
wheat and soybeans and double the cotton acreage. Although there is no 
published value for alfalfa hay the estimated value is $8.1 billion (North 
American Alfalfa Improvement Conference) 

 The functional food market in the U.S. was valued at $18.5 billion in 2002 
(Nutrition Business Journal April 2002). 

 The global nutraceutical market grew at an annual rate of 7% between 1999 
and 2002 increasing from $38.2 billion to $46.7 billion. Between 2002–2007 
nutraceuticals are predicted to grow by an average annual rate of 9.9%, 
reaching $74.7 billion by 2007 (BCC March 2003). 

 Worldwide demand for nutraceutical chemicals will increase by 6.2 % annually 
reaching $8.6 billion by 2006. 

 World energy demand is expected to increase by 59% by 2020.  Biofuel and 
bio-based chemicals will also increase in economic viability versus fossil fuels. 

 By 2004 Freedonia Group forecasts that U.S. demand for fermentation 
chemicals will reach 15 billion pounds and be valued at $5.4 billion. Markets 
targeted will be feed, fuel, and pharmaceuticals (Freedonia July 2000). 
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Table ES-7: Technology Platform Linkages from Core Competencies to Markets for the Vision Research and 
Ophthalmic Neuroscience Platform  

Technology Platform: Vision Research and Ophthalmic Neuroscience 

Basic Research  Molecular biology 
 Cell biology 
 Developmental biology 
 Ophthalmology 
 Neuroscience 

Enabling Technology  Vascular biology/angiogenesis 
 Genomics, proteomics, and glycomics 
 Bioinformatics 
 Animal facilities 
 Nanotechnology 

Applications and Products  Drugs 
 Biologics 
 Implants 
 Clinical care volume 

Markets  1.1 million Americans are legally blind (42 million worldwide) and 
6.4 million new cases of eye disease occur each year in the United 
States. 

 Retinal disease causes severe visual impairment in an estimated 
1.8 million Americans. 

 An estimated 100,000 Americans have retinitis pigmentosa (RP), and 
65,000 diabetics each year develop proliferative retinopathy. 

 10 million cases of vision loss are due to macular degeneration, and 
2 million people are visually impaired by glaucoma. 

 The trend toward an aging population will likely increase incidence 
rates. 
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CONCLUSION 
The Greater Oklahoma City region has a notable base of biosciences research, both on the human 
biomedical side and in ag-bioscience with strong programs in plant and animal sciences.  There are 
notable established and emerging centers of excellence in bioscience within the region and, in some 
instances, R&D expertise is resulting in a small, but growing cluster of commercial bioscience 
companies. 

Based on an evaluation of the region’s research base, its centers of excellence in R&D, and opportunities 
for commercialization, it is evident that there are several bioscience platforms that should be considered 
of central importance to the Greater Oklahoma City region’s economic future.  In the near term, five 
platforms form the base upon which considerable progress is already being made and that have substantial 
promise evident for the future.  Four of these platforms build on Oklahoma City’s biomedical base and 
one builds on the region’s agricultural and plant science base found at OSU, OU and the Noble 
Foundation.  These are the platforms that should receive priority development resources because of the 
large-scale opportunities for R&D growth, innovation volume and new business venture formation.  
These Near-term platforms include: 

• Autoimmune Disease and Immunology – Building on the well-recognized strengths of OMRF 
and OUHSC in immunology and autoimmune disorders, especially in the areas of rheumatoid 
arthritis and lupus. 

• Cardiology and Cardiovascular Research – Coordinating cross-disciplinary and cross-
institutional cardiology and cardiovascular research, with special emphasis in two Near-term 
areas: a) cardiac arrhythmia and associated therapeutics, diagnostics and devices, and b) 
cardiovascular work in vascular biology, thrombosis and stroke. 

• Glycobiology and Glycomics – Leveraging and reinforcing the current leadership position of 
OUHSC and OMRF to develop a pre-eminent “Institute for Functional Glycomics” and promote, 
in collaboration with the local and national glycobiology industry, the commercialization of 
regional glycobiology innovations. Collaborations should be established that facilitate work in 
human, animal and plant glycomics thereby leveraging expertise at OSU and the Noble 
Foundation. 

• Infectious Diseases Microbiology - Building particularly on the human infectious disease 
expertise at OUHSC to develop vaccines, antibiotics, therapeutics and diagnostics. 

• Plant Genomics and Transgenics for Crop and Forage Improvement – Using the cross-
institutional and cross-disciplinary strengths of major R&D institutions in plant biosciences 
(especially the Noble Foundation and OSU, but also the University of Oklahoma) to realize 
genomics-based innovation and commercialization of advanced legumes, forage crops and 
associated applications in food, feed, nutraceuticals, and industrial biomass applications. 

• Vision Research and Ophthalmic Neuroscience – With a special emphasis on a) retinal diseases 
and associated vision disorders and b) age-related vision degeneration.  This is a well developed 
strength area with the rapidly growing research base at the Dean McGee Eye Institute 
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In addition to the Near-term Platforms, there are also five longer-term platforms that lend themselves to a 
longer-term development vision, or which have more narrow commercial opportunities. These longer-
term potential technology platforms include: 

• Aging and Geriatrics - With a special emphasis on free-radical biology and healthy aging. 

• Bioscience Applications of Advanced Sensor Technology – Leveraging specific engineering 
talent in sensor technologies to develop new applications in invasive and non-invasive bioscience 
applications. 

• Cancer Suppression and Metastasis Control –Placing a priority on the development of tumor 
growth suppression and control through anti-angiogenesis research and associated approaches. 

• Obesity, Metabolic Disorders and Food Science – With an initial emphasis on obesity and 
diabetes. 

It should be noted that three of the longer-term platforms above (Vision Research, Cancer Suppression 
and Obesity) all lend themselves to research related to angiogenesis (and the development of 
angiogenesis inhibitors).  This also links to the Cardiology and Cardiovascular Research Near-term 
platform and is an area where commercial activity is beginning to take place in the Greater Oklahoma 
City region. 

It should also be noted that much of the exciting science taking place in the platform areas is supported by 
excellence in several key academic departments and research cores.  Maintaining excellence in these 
areas, reinvesting in state of the art infrastructure and equipment, and growing scientific human capital in 
these areas are crucially important.  Key among these supporting areas are molecular and cell biology, 
genetics/genomics, protein structure and proteomics, and imaging/visualization. 

It is imperative that the Greater Oklahoma City region’s research universities and research institutions, in 
collaboration with local government and industry, now begin to organize, structure, and obtain funding 
for collaborative delivery on these technology platforms. Other components of Battelle’s work will help 
address such issues as funding, timeline, and investment strategy for the region developed with the input 
of the regional bioscience leadership. 
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Introduction 

Together with the research teams of private industry, universities and nonprofit research institutes are 
leaders in basic and applied bioscience research.  Without a strong base of academic bioscience research 
it is difficult for any region to initiate and grow major biosciences industry clusters. Largely powered by 
federal bioscience funding, major research institutions drive basic science discoveries that lead to the next 
generation of bioscience knowledge.  These discoveries, in turn, will often be the basis for applied clinical 
and translational work that is the foundation for commercializable discoveries, technology transfer and 
new company formation.  Universities and research institutions also form an advanced resource for 
bioscience industry and partnerships in R&D, testing and training. 

Because of the importance of academic and non-profit research centers to the building of bioscience 
economies it is necessary that any regional bioscience development strategy be grounded in a thorough 
understanding of the core competencies of this research sector. Because of the wide diversity of 
bioscience subject matter and the fact that bioscience research is spread across 125 academic medical 
centers and multiple independent research institutes, pockets of advanced specialization are to be found in 
most institutions and their scientific communities.  In multiple studies throughout the U.S., Battelle has 
found that each state’s major research institutions have their own core research strengths and focus areas, 
and, as will be shown, the Greater Oklahoma City region4 is no exception.  

For the purposes of this initiative, the Greater Oklahoma City region includes not only the Oklahoma City 
metropolitan area with its large biomedical base but also includes Stillwater, Edmond, Norman, and 
Ardmore.  The expanded region thus captures the agricultural, animal and plant science activities found at 
Oklahoma State University (OSU), the University of Oklahoma (OU), and the Noble Foundation in 
addition to the biomedical research base of the University of Oklahoma Health Science Center (OUHSC) 
and the Oklahoma Medical Research Foundation (OMRF).  It is the desire of the region’s leaders to 
capture fully the entire breadth of the bioscience sector in the region including both the biomedical and 
agricultural sciences. 

This analysis was prepared by Battelle for the Greater Oklahoma City Chamber.  This core competency 
and technology platform identification analysis seeks to identify those areas that offer the greatest 
opportunity for future growth of the biosciences in the Greater Oklahoma City region. 

THE SCIENCE-DRIVEN BIO-OPPORTUNITY 
The 21st Century is being viewed by many as the “Bio Century”.  Just as information technology drove 
economic progress in the latter part of the 20th Century, the convergence of advanced technologies in 
information technology, engineering and, of course, biological sciences, are producing widespread 
opportunities for rapid advancements in bioscience knowledge and application.  Looking forward, the 
biosciences offer enormous potential for linking basic research innovations with new market 
opportunities. Table 1 describes many of the potential fundamental breakthrough areas on the horizon for 
the biosciences. 

 

                                                      
4 For the purposes of this report, the Greater Oklahoma City region refers to the region that extends from Stillwater 
in the North to Ardmore in the South.  It includes Oklahoma City, Edmond, Norman, Stillwater and Ardmore. 
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Table 1: Some Potential Bioscience Breakthrough Areas 

Human Biosciences Plant Biosciences Animal Biosciences 
• The prevention of diseases 

with underlying genetic 
causes and relationships 

• The development of early 
stage disease diagnostics  

• The ability to detect genetic 
predisposition to disease 
and develop prevention and 
treatment regimens 

• The production of advanced 
imaging technologies to 
promote new discovery and 
enhance therapeutic delivery 

• The discovery and 
development of new drugs 
and biologics for enhanced 
treatment outcomes 

• Drugs and therapies 
targeted to individual 
genomic characteristics 
leading to greatly improved 
outcomes and reduced side-
effects 

• The development of 
replacement tissue and 
organ systems to replace 
those injured or failing  

• The biological integration of 
advanced technologies, 
such as nanotechnology, 
biomaterials and MEMS 
devices 

• Advanced bioinformatics 
and health informatics tools 
to drive knowledge-based 
medicine. 

• The ability to eradicate, 
inoculate against and more 
effectively treat established 
and emerging infectious 
diseases 

• Enhanced biosecurity 

• Pest and disease resistant 
crops 

• Increased crop yield and 
desirable qualities 
characteristics 

• Lengthened growing 
seasons via cold resistance 
or reduced light 
requirements 

• Enhanced shape, texture, 
flavor and processability 
characteristics 

• Technologies to reduce the 
required application of 
fungicides, herbicides and 
insecticides 

• Functional foods and 
nutraceuticals 

• Plant genetic resources for 
development of biologics, 
drugs and pharmaceuticals 

• Genetic resource 
(germplasm) preservation 
and storage technologies 

• Development of biosensors 
for industrial and commercial 
applications 

• “Biopharming” and the 
production of novel and 
useful chemicals via plant 
pathways 

• Development of sustainable 
bio-based fuels 

• Development of advanced 
biomaterials for use in 
construction and other 
industrial applications 

• Development of degradable 
plastics from plant starch, 
protein and fermentation-
produced monomers 

• Bioremediation and 
environmental protection via 
plants 

• Enhanced biosecurity 

• New approaches to animal 
disease diagnostics, 
prevention and treatment 

• Increased food animal meat 
yield and desirable quality 
characteristics 

• Improved technologies for 
food preservation and the 
prevention of spoilage and 
food-borne diseases 

• Genetic resources for 
development of biologics, 
drugs and pharmaceuticals 
for human and veterinary 
applications 

• Xenotransplantation and 
tissue engineering, providing 
organs and tissue for human 
medical applications via 
animal pathways 

• Development of engineered 
species, such as customized 
predator insects, to control 
pests and diseases 

• Development of biosensors 
for industrial and commercial 
applications 

• Bioremediation and 
environmental protection via 
microbial pathways 

• The use of animal waste 
and byproducts as 
renewable energy and 
chemical production 
resources 

• Enhanced biosecurity 

• The novel application of 
animal and plant genetic 
resources to new 
technologies such as 
biological computing 
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As a result of potential discoveries and innovations in these areas, multiple forms of economic 
development may take place around the biosciences, including but not limited to the following: 

• The formation, growth and attraction of companies engaged in 

o Drug development and manufacturing 

o Biologics development and manufacturing 

o Vaccine production 

o Gene therapy development 

o Diagnostic test development and production 

o Diagnostics and imaging instrumentation manufacturing and development 

o Laboratory and diagnostics services and healthcare services 

o Medical implants and invasive devices 

o Tissue engineering and organ systems development 

o Seed and plant varietal development and production 

o Improved food animal species and enhanced animal health 

o Agricultural and food processing technologies 

o Biomaterials and biocomposites development 

o Biofuels and bio-sourced chemicals 

o Production of novel and useful compounds via plant pathways 

o Agricultural equipment and precision agriculture devices 

o Bioinformatics and health informatics tools and software 

o Biosecurity 

o Waste management and environmental clean-up and protection 

o Nanotechnology and MEMS devices 

o Other bio and bio-related commercial applications yet to be developed or imagined. 

• The diversification of existing commodity producers, such as farms, into enhanced value-added 
products. 

• Direct economic benefits from research itself, brought by the attraction of external research funds and 
the scientists and staff they support. 

• Enhanced education and workforce development in and around biosciences and technology. 

Because research is the driving force behind bioscience innovation and commercialization, it is 
imperative that the Greater Oklahoma City region’s decisions regarding science and technology policy for 
advancing the biosciences be built upon a formal understanding of the region’s bioscience research core 
competencies as well as the technology platforms around which commercialization can succeed. To 
develop a profile for the Greater Oklahoma City region, Battelle performed a formal, in-depth assessment 
and evaluation of the region’s bioscience core competencies as well as the technology platforms around 
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which commercialization can succeed. To develop a profile for the Greater Oklahoma City region, 
Battelle performed a formal, in-depth assessment and evaluation of the region’s bioscience core 
competencies and resulting technology platforms—a task that Battelle has undertaken for other regions, 
states and individual universities.   

METHODOLOGICAL APPROACH TO ASSESSING RESEARCH CORE COMPETENCIES  
Underpinning the successful translation of bioscience research strengths into economic development 
opportunities requires recognition of the importance of “market-driven” processes. The traditional model 
of commercialization assumes a “research-driven” approach to commercialization. This research-driven 
commercialization process proceeds in a pipeline fashion from basic research leading to a major scientific 
breakthrough, to applied research leading to product development, and ending with manufacturing and 
marketing. The shortcomings of the research-driven approach are that it is too divorced from 
commercialization and product development needs and has uncertain economic value. The market-driven 
approach recognizes that commercialization is a highly interactive process involving close ties between 
research activities and business development activities. Success depends, as the Council on Competitive-
ness points out, “on a team effort that includes carefully focused research, design for manufacturing, 
attention to quality and continuous market feedback.”5  

                    As seen in Figure 1, the components of a 
core competency area can bring together 
basic research, enabling technology, and 
applied research activities with a “line of 
sight” that moves seamlessly to address 
clinical needs and market opportunities, 
and can form robust technology 
platforms. Core competency areas that 
lack this linkage and connection to needs 
and market opportunities offer more 
limited development opportunities. 

Defining Core Competencies 

There is no one single source of information that serves to identify core research competencies and focus 
areas. Rather, a variety of integrated and complementary analyses are required to help identify an 
institution’s current position and areas of focus that may lead or contribute to the Greater Oklahoma City 
region’s future bioscience growth. 

In identifying core research focus areas in the biosciences, Battelle’s objective was to identify those fields 
where there is an ongoing critical mass of activity along with some measure of excellence. This does not 
mean, however, that other fields of bioscience excellence may not be present within the region’s 
institutions. What it does mean is that these other bioscience strengths are found in relatively limited 
pockets and so offer more limited opportunities upon which to build—but they may still contribute in 
some manner.  

                                                      
5 Council on Competitiveness, Picking Up the Pace: The Commercial Challenge to American Innovation (Washington, DC: 
Council on Competitiveness), pp. 9-10. 

Market Opportunity

Line of Sight

Technology 
Platform 
Analysis

• Research opportunities & challenges
• Key market trends & drivers

• Niche areas for Oklahoma City region

Basic
Research

Enabling
Technologies

Core Competencies

Basic
Research

Basic
Research

Enabling
Technologies

Enabling
Technologies

Core Competencies

Applied 
Research

Figure 1: Identifying Technology Platforms
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To take the analysis further, Battelle chose to apply an industrially focused core competency definition 
that is widely used by technology-based firms. As defined by Hamel and Prahalad, in “Competing for the 
Future,”6 a competence is a bundle of skills and technologies, rather than a single discrete skill or 
technology. It represents the sum of learning across individual skill sets and individual organizational 
units. 

Three tests can be used to identify a core competency: 

4. Is it a significant source of competitive differentiation? (Does it provide a unique signature for the 
state?) 

5. Does it transcend a single business? (Does it cover a range of businesses, both current and new?) 

6. Is it hard for competitors to imitate? (Are there significant barriers to entry?) 

Approach to Identifying Bioscience Research Core Competencies 

Battelle identifies core research focus areas using both quantitative and qualitative methods (see 
Figure 2). 

                   Quantitative assessment uses statistical 
information on extramural grants, 
publications, and patent activities—as 
well as application of advanced 
analytical tools such as OmniViz.7.   
This leads to a preliminary identification 
of research clusters, helping to develop 
an understanding of the trends and 
characteristics of bioscience research 
within Greater Oklahoma City regional 
institutions. 

Qualitative assessment uses extensive 
field-work interviews with key adminis-
trators, scientists, and researchers across 
the research drivers found in institutions 

within the Greater Oklahoma City region.  This allows the Battelle research team to gather an in-depth 
understanding of the key strengths underlying identified quantitative research clusters, and facilitates the 
identification of developing and emerging strengths that may not yet be evident in quantitative data 
sources. 

The questions that the Battelle team explored in the core competency assessment focused on the 
following: 

• What is the Greater Oklahoma City region’s overall volume of bioscience research and what trends, 
positive or negative, are being demonstrated? 

                                                      
6 Hamel, G. and Prahalad, C. K.  1994.  Competing for the Future. Harvard Business School Press: Boston, MA. 
7 OmniViz is a visual informatics software developed by Battelle.  It is used to identify clusters of research 
strenghts. 

Qualitative Analysis:
Use of extensive field interviews to 
identify how core competencies 
can be translated into sources of 
innovative technologies/products 
for development. 
Key characteristics:

– Applications orientation
– Address current as well as new, 

emerging market opportunities
– Interdisciplinary and often cross-

institutional
Market analysis to link research 
to platforms
Identification of gaps, options 
and opportunities - What is 
needed to strengthen and further 
build platforms

Quantitative Analysis:
Use of “OmniViz” clustering 
analysis of grant awards and 
publications analysis to identify 
research areas where both 
concentration of activity and 
excellence are demonstrated by 
having:

– A significant number of research 
grants awarded. 

– A broad base of principal 
investigators 

– A significant source of competitive 
differentiation

– Covers a range of businesses, both 
current and new

Figure 2: Quantitative/Qualitative Analysis
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• In which fields of bioscience and related activities are regional R&D institutions receiving significant 
levels of funding, especially funding from “gold standard” sources such as the National Institutes of 
Health (NIH), the U.S. Department of Agriculture (USDA), National Science Foundation (NSF), etc.?  

• In what bioscience and related fields do Oklahoma City area academic institutions demonstrate a 
substantive and influential record of publication? 

• In what bioscience areas is the region generating patents and intellectual property? 

• What areas of bioscience and related fields do the Greater Oklahoma City region’s institutions self-
identify as their current and emerging core competencies?  

• Based on identified core competencies, what development opportunities can be identified for the 
near-term (over the next five years) for growing the biosciences and related industries and 
technologies in Oklahoma? 

• Which bioscience core competencies show the most promise for becoming growth poles for 
incorporation into Oklahoma’s statewide technology and economic development policy? 

• Which core areas of bioscience focus require additional investment in order to realize their 
development potential? 

In evaluating the answers to these questions, the Battelle team provides insights into the Greater 
Oklahoma City region’s bioscience research base and draws implications as to how these research 
strengths may best intersect with the region and state’s industry and economic base, economic 
competitiveness factors, as well as the market analysis Battelle undertook for each platform area. 
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Quantitative Assessment of the Region’s Bioscience R&D Base 

As a first step in assessing the bioscience position of the Greater Oklahoma City region, Battelle reviewed 
published statistics that allow the position of regional institutions to be compared to those of other leading 
bioscience institutions.8 Several sources of information typically are accessed by Battelle in assessing 
comparative bioscience positioning: 

• External, national research funding source data, including NSF, USDA, and NIH grant funding 

• Institute for Scientific Information (ISI) science publications citation index statistics 

• Patent data 

• Omniviz cluster analysis tools for mining research abstract information for distinct concentrations of 
research expertise and focus. 

For purposes of this study Battelle used the latest comparative data available from federal agencies. While 
individual universities in Oklahoma may have later data, it could not be used because it would not allow 
us to make comparisons with the nation. In addition, this analysis is affected by the disproportionate 
federal research investments in human/medical research compared to plant, animal and related agriculture 
research. Because of the disproportionate amount of federal research dollars flowing through NIH, as 
compared to, for example, USDA, the reader should not conclude that the University of Oklahoma (OU), 
whose medical school is the state’s largest recipient of NIH funds, is more “successful” than say 
Oklahoma State University (OSU), where USDA has a much smaller research budget to allocate to 
research universities.  It should also be noted that Oklahoma is home to The Samuel Roberts Noble 
Foundation (Noble) which is considered among the national leaders in agricultural bioscience research, 
but Noble shows only a limited profile in federal funding data because it has traditionally self-funded so 
much of its major research through its own endowment sources rather than seeking federal grants, 
although that is now changing.  Since 2000, when Noble scientists began actively seeking federal funding, 
Noble has received federal research support from NSF, USDA, NASA, U.S. Agency for International 
Development and the U.S. Department of Energy, and it continues to progress in this area. 

These statistical sources were used to derive an overview of research core competencies and to give a 
more specific description of the bioscience expertise within Oklahoma’s academic R&D institutions. An 
area is identified as a core competency area when it has the following: 

• A significant number of bioscience-related research grants awarded through rigorous peer-review 
processes such as those at the NSF, USDA and NIH 

• A broad base of principal investigators, along with prominent biomedical researchers who hold 
multiple peer-review grants 

• A substantial level and impact of publications.  

                                                      
8 The region is defined as the area from Stillwater south to Ardmore.  Universities included in this analysis are OU, 
OSU, Langston and University of Central Oklahoma.  Also included are OMRF and the Noble Foundation. 
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OVERVIEW OF THE REGION’S BIOSCIENCE 
RESEARCH BASE 
The region receives approximately 99 percent of life science 
R&D coming to academic institutions within the State of 
Oklahoma.  Total academic life science R&D funding at 
universities in the Greater Oklahoma City region was 
approximately $130 million in FY 2002.  See Table 2.  This 
figure understates the overall size of the bioscience research 
base in the region, however, as it does not include OMRF 
and the Noble Foundation.  OMRF’s total R&D budget in 
FY 2004, for example, was $43.3 million.  Noble 
Foundation expended approximately $28.2 million to fund 
R&D in FY 2002 and $31.5 million in FY 2004.  The total 
bioscience R&D base is still comparatively small, however, 
even if OMRF and Noble Foundation are included.   
 

Table 2: Greater Oklahoma City region Biosciences-Related Funding 

R&D Funding at Greater Oklahoma City region Universities 

Field 
FY 2002 

(thousands) 
% of Oklahoma 

Total 
TOTAL OF ALL ACADEMIC DISCIPLINES  $269,145 95.4%
LIFE SCIENCES TOTAL  $129,567 98.7%
  Agricultural Sciences  $33,842 100.0%
  Biological Sciences  $50,576 98.8%
  Medical Sciences  $42,530 97.4%
  Other Life Sciences  $2,619 100.0%
OTHER CRITICAL SCIENCES    
  Chemical Engineering  $6,716 51.3%
  Chemistry  $15,691 90.7%

Source: Academic R&D Expenditure by Discipline, NSF, FY 2002; Battelle calculations 

A greater than average percentage of the Greater Oklahoma City region’s academic life 
science R&D is in the agricultural sciences.  As the pie charts in Figure 3 illustrate, agricultural 
sciences account for 22 percent of total academic R&D funding in the region, which is double the 
intensity of research in this area as the nation (11%).  The agricultural research is primarily conducted at 
OSU in Stillwater and at the Noble Foundation in Ardmore. Biological sciences is another area in which 
the region has a higher percentage of its total life science R&D than does the nation.  Despite the fact that 
the Greater Oklahoma City region is the main hub for medical research in the state, it still falls 
substantially below the average for medical science in the nation.  Nationally, medical sciences account 
for 49% of life-science R&D, whereas in the Greater Oklahoma City region they only account for 28%. 
This is owing to the regional focus in agricultural research and the fact that OUHSC is a fairly small 
medical school compared with medical schools at peer institutions.  A recent analysis by the Oklahoma 
Board of Regents found that OUHSC receives approximately $112 million annually from state 
appropriations, tuitions, and fees.  Peer medical centers in similar states receive on average $208 million 
from these sources. 

Findings Regarding Greater Oklahoma 
City’s Bioscience Research Base 

 Bioscience R&D base is small but 
growing 

 NIH awards to the region nearly 
doubled between FY 1999 and FY 
2003 

 The region accounts for virtually all 
bioscience R&D funding coming to 
the State of Oklahoma 

 The region has a significant 
concentration of R&D in 
agricultural sciences 

 Growth in academic life science 
R&D has not kept pace with 
national trends 
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Figure 3: Share of Bioscience-Related R&D for Greater Oklahoma City Metro Area and the U.S. 

 

 

 

 

 
 

 

 

 

 

 

 

Source: Academic R&D Expenditure by Discipline, NSF, FY 2002; Battelle calculations 

The region’s academic life science base is growing but not as rapidly as the nation as a 
whole.  Total academic life science R& D grew from $114.8 million in FY 1998 to $152.0 million in FY 
2002, an increase of 32 percent.  While the region’s academic R&D base grew significantly from FY 
1998 – FY 2002 the national growth rate was even greater, growing by 45 percent.  See Table 3. 
Table 3: Recent Bioscience Performance in Greater Oklahoma City region and the U.S. 

R&D Funding at Oklahoma City region Universities 

Metric 
Greater Oklahoma City 

region United States 
Total Academic R&D, FY 2002 $269,145,000 $36,264,060,000 
Total Bioscience R&D, FY 2002 (Includes Chemistry/Chemical 
Engineering) $151,974,000 $22,949,813,000 
Bioscience as a % of All Academic R&D 56% 63% 
% Increase in Academic Bioscience R&D, FY '98-02 32% 45% 

Source: Academic R&D Expenditure by Discipline, NSF, FY 2002; Battelle calculations 

Figure 4 depicts life-science funding to Greater Oklahoma City universities by general category 
(including bioscience funding and funding in chemistry and chemical engineering), for 1998 through 
2002. The figure shows that the region has steadily increased its life-science R&D funding from year to 
year with notable increases occurring in Agricultural Sciences, Biological Sciences and Medical Sciences. 

Share of R&D Expenditures at All U.S. Universities, FY 2002

Biological Sciences, 
$6,575,519, 29%

Agricultural Sciences, 
$2,423,817, 11%

Chemistry,  $1,128,600, 
5%Chemical Engineering, 

$430,019, 2%

Other Life Sciences, 
$887,659, 4%

Medical Sciences, 
$11,504,199, 49%

Share of R&D Expenditures at Oklahoma City Region 
Universities, FY 2002

Chemical Engineering, 
$6,716, 

4%

Other Life Sciences, 
$2,619, 

2%

Medical Sciences, 
$42,530, 

28%

Biological Sciences, 
$50,576,

34%

Agricultural Sciences, 
$33,842,

22%

Chemistry,  $15,691, 
10%
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Figure 4: Academic Life Sciences R&D Spending at Greater Oklahoma City region Institutions, FY 1998-
2002. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Academic R&D Expenditure by Discipline, FY2002, NSF, FY 1998 - 2002; Battelle calculations 

The high quality of the region’s bioscience research is attested to by the growth in NIH funds awarded to 
the region’s research institutions.  The region received $72.6 million in NIH awards in FY 2003.  This 
reflects a near doubling of NIH awards since 1999 when the region received $37.9 million. Total NIH 
awards grew by 67 percent nationally during this time period.  Since 1998, the OMRF’s NIH funding has 
grown at an annual rate of more than 23 percent outpacing every major medical research institute in the 
country with the 
exception of one. 9  Figure 
5 shows growth in NIH 
funding by Greater 
Oklahoma City’s research 
institutions. 
 

While the Greater 
Oklahoma City region has 
been steadily increasing 
its performance in total 
NIH dollars received, it is 
clear, however, that there 
is still room for 
improvement.  Oklahoma 
City ranks 64th among 

                                                      
9: OMRF Press Release, October 14, 2004. 
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cities in receipt of NIH dollars while being the 29th largest US city in 2003. 

Overall, the analysis of bioscience R&D funding shows that the Greater Oklahoma City region has a 
small but growing bioscience R&D base, with a significant base in agricultural sciences.  The increase in 
NIH funding is very positive and suggests that the region has highly qualified and productive researchers.  
While NIH funding has grown faster than the national average, the region’s academic life sciences 
research has not grown as rapidly as it has nationally.  Particularly in light of the size of the R&D base, it 
is particularly important to identify the key niches in which the region is already nationally competitive 
and build on them to develop key areas of excellence within the biosciences. 

CORE COMPETENCY RESEARCH AREAS 
SUGGESTED BY FEDERAL FUNDING 
DATA 
Examining NIH, USDA and NSF funding more 
closely, at the department level, suggests specific 
areas of strength in the Greater Oklahoma City 
region.  In terms of number of NIH awards, the areas 
in which the region received more than 10 awards in 
FY 2003 include biochemistry, internal medicine, 
microbiology/immunology/virology, 
ophthalmology, and physiology. More than a third 
of OUHSC’s NIH funding awards were in the microbiology/immunology/virology focus area, 
15.5 percent was in ophthalmology, 10 percent was in internal medicine, and 9 percent was in 
biochemistry.  See Table 3 and 4. 
Table 3: NIH Awards by University Department (NIH Categorizations), FY 2003 

Greater Oklahoma City Regional Institutions10 # of Awards 

Biochemistry 21 
Internal Medicine 15 
Microbiology/Immunology/Virology 15 
Ophthalmology 13 
Physiology  11 
Anatomy and Cell Biology 9 
Veterinary Science 7 
Psychiatry and Psychology 6 
Chemistry 6 
Pediatrics 5 
Social Science 4 

                                                      
10 These data do not include OMRF, which received 51 NIH awards in FY 2003, as NIH publishes these data only 
for universities. 

Core Competency Areas Suggested by 
Federal Funding Data 

 Agriculture and Animal Sciences 
 Allergies and Infectious Diseases 
 Biochemistry 
 Cancer 
 Heart, Lung and Blood 
 Internal Medicine 
 Microbiology/Immunology/Virology 
 Ophthalmology 
 Physiology 
 Plant crop sciences and Genetics 



 

 12

 

Greater Oklahoma City Regional Institutions11 # of Awards 
Zoology 4 
Pathology 3 
Biostatistics and Other Mathematical Sciences 2 
Obstetrics and Gynecology 2 
Pharmacology 2 
Urology 2 
Engineering 2 
Family Medicine 1 
Source: NIH Extramural Awards by Institution, FY 2003 

Table 4: NIH Awards to OUHSC, FY 2003 

Department or Focus Area $ of Awards % of Total 

Microbiology/Immunology/Virology $13,503,917 36.1 

Ophthalmology $5,790,339 15.5 

Internal Medicine $3,697,199 9.9 

Biochemistry $3,436,624 9.2 

Anatomy/Cell Biology $1,976,517 5.3 

Physiology $1,792,138 4.8 

Pediatrics $1,634,995 4.4 

Psychiatry $1,619,524 4.3 

Veterinary Sciences $1,422,497 3.8 

Urology $1,200,801 3.2 

Other $671,048 3.5 

Source: NIH Extramural Awards to Medical Schools, FY 2003 

 

OMRF received 51 NIH awards in FY 2003, however, NIH does not report awards by research area for 
research institutions, such as OMRF.     
able 5: NSF Awards by NSF Program Areas, FY 2002  

While the NIH is the largest funder of bioscience 
research in the U.S., the National Science 
Foundation (NSF) also provides significant 
bioscience R&D funds.  In FY 2002, Greater 
Oklahoma City regional institutions received 47 
NSF awards in the biosciences.  Slightly more 
than half of these awards were in the molecular 
and cellular biosciences and integrative 
organismal biology.  Approximately 20 percent 

                                                      
11 These data do not include OMRF, which received 51 NIH awards in FY 2003, as NIH publishes these data only 
for universities. 

NSF Organization  
(Program Area) 

NSF 
Awards 

Molecular and Cellular Biosciences 13 
Integrative Organismal Biology 13 
Environmental Biology 9 
Biological Infrastructure 7 
Environmental Biology 9 
Bioengineering and Environmental 
Systems 4 
Emerging Frontiers 1 

Source: NSF funding, FY 2002; Battelle calculations
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were in environmental biology and 15 percent were for biological infrastructure.  See Table 5  

United States Department of Agriculture (USDA) funding is also of importance to bioscience R&D, 
especially in the fields of plant sciences, animal sciences and agronomy.  Table 6 lists USDA grant 
awards to Oklahoma State University in FY2003 

 
Table 6: USDA Awards by Department/Program, 2003 

Oklahoma State University - Stillwater Awards 

Food/Nutrition 4 
Entomology and Plant Pathology 3 
Agricultural Engineering 2 
Animal Sciences 2 
Agronomy 2 
Horticulture and Landscape Architecture 1 
Extension 1 
Veterinary Medicine 1 
University Administration 1 

Source: USDA, FY 2003 

Summary 

Overall, the grants award data suggest that the Greater Oklahoma City region has core competencies in: 

• Agriculture and Animal Sciences 

• Allergies and Infectious Diseases 

• Cancer 

• Heart, Lung and Blood 

• Microbiology/Immunology/Virology 

• Ophthalmology 

CORE COMPETENCY RESEARCH AREAS SUGGESTED BY ISI CITATIONS DATA 
ISI provides specific insight regarding the volume of publications produced by academic departments and 
the influence, in terms of citations, that each department’s work is having within its field. Battelle used 
the ISI data, in addition to extramural funding data, Omniviz cluster analysis, and in-depth interviews, to 
provide an overview of where institutional strengths in science and technology may lie. 

Battelle accessed the ISI data for 1999 through 2003. In determining areas of strength within the 
biosciences, the focus was on bioscience and related fields where the institution has published at least 50 
papers that meet either or both of the following ISI indices parameters: 

• The relative impact of the published papers should be 1.2 or higher, where 1.0 equals the average 
impact of a U.S. paper in the field. “Relative Impact” represents the institution’s citation impact in the 
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field (number of citations its papers receive in a field divided by its total number of papers) divided 
by average national impact of a paper in that field. A number above 1.0 can be read as a percentage, 
i.e., 1.2 equates to a 20 percent higher-than-average impact, while a 0.9 impact is 10 percent lower 
than average. 

• The publication quotient or citation quotient of greater than 2.0 indicates a considerable concentration 
of effort in the area within the institution. The ratio measures the degree of concentration in a field 
within an institution versus the U.S. average. A ratio of 1.0 equals the national average, while greater 
than 1.0 indicates a higher concentration in Oklahoma versus the nation. 

ISI data were only available for OSU and OU. Table 7 illustrates the areas of strength suggested by the 
ISI data within bioscience fields in the Greater Oklahoma City region. 
Table 7: Overall Greater Oklahoma City regional Bioscience Publication Strengths, 1999 - 2003. 

Institution Field Citations Publications 
Citation 
Quotient 

Relative 
Impact 

Publications 
Quotient 

Oklahoma State Univ. Environment/Ecology 737 216 5.55 0.85 3.24 
Oklahoma State Univ. Plant Sciences 588 174 5.97 0.62 4.74 
Oklahoma State Univ. Animal Sciences 389 151 10.31 0.95 5.36 
Oklahoma State Univ. Agriculture/Agronomy 145 131 12.17 0.68 8.94 
Oklahoma State Univ. Microbiology 599 99 2.59 0.66 1.95 
Oklahoma State Univ. Entomology/Pest Control 126 77 7.54 0.76 4.91 
Oklahoma State Univ. Chemistry & Analysis 553 75 2.27 0.89 1.26 
Oklahoma State Univ. Animal & Plant Sciences 487 75 7.75 0.88 4.38 
Oklahoma State Univ. Food Science/Nutrition 146 65 4.77 0.64 3.69 
Univ. of Oklahoma Environment/Ecology 842 174 1.88 1.21 1.26 
Univ. of Oklahoma Chemical Engineering 263 85 3.76 1.18 2.57 
Univ. of Oklahoma General & Internal Medicine 1214 78 1.60 1.28 1.00 
Univ. of Oklahoma Reproductive Medicine 289 70 2.17 1.00 1.74 
Univ. of Oklahoma Dentistry/Oral Surgery & Med 87 61 1.71 0.55 2.50 
Univ. of Oklahoma Hematology 780 60 3.32 1.44 1.86 

Univ. of Oklahoma 
Environmental 
Engineering/Energy 222 58 2.72 1.20 1.82 

Source:  ISI Thomson Scientific Database, 1999- 2003 and Battelle calculations 

The ISI data indicate that the Greater Oklahoma City region is generating significant impact relative to 
the U.S. as a whole in terms of R&D in 

• Hematology (1.44 relative impact) 

• General and Internal Medicine (1.28 relative impact). 

The Agriculture and Agronomy and the Animal Sciences fields demonstrate very strong citations and 
publications quotients. Also of note for high citations and publication quotients are Animal and Plant 
Sciences, Entomology and Pest Control, Plant Sciences, Environment/Ecology, Food Science and 
Nutrition, Chemical Engineering and Hematology. 

The ISI data indicate the comparative strengths of OSU (primarily in plant and animal 
sciences/agriculture) versus OU (primarily human biomedical sciences).  A key area of cross over 
between the two institutions is a focus on the environment, ecology and environmental related issues.  
Notwithstanding that ISI data are not available for the Noble Foundation, the Foundation reports that 
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from 1999 – 2003 Foundation researchers had 153 refereed publications in plant sciences and 22 refereed 
publications in agronomy. 

Additional areas of strength exist in which the region has citation quotients or publication quotients 
greater than 1.0 (the national normative level), but less than 2.0.  At the level of 1.4, additional (but 
perhaps secondary) Oklahoma academic publishing strength include: 

o Animal Sciences 
o Cardiovascular & Hematology Research 
o Cardiovascular & Respiratory Systems 
o Medical Research Organs & Systems 
o Microbiology 
o Pharmacology & Toxicology 
o Psychology 

 
Battelle’s ISI citations analysis highlights several factors relating to the biosciences in Oklahoma: 

• There is significant institutional depth in several bioscience, biomedical and related disciplines. Both 
the OU and OSU contribute to this depth. 

• The region has strengths in the three Near-term components of bioscience—human medicine, animal 
sciences, and plant sciences/agricultural science. 

• OU is particularly strong in the hematology area.  

• OSU has core strengths around plant and animal sciences and agricultural sciences. 

• Environmental science is a strength that cuts across both universities. 

• There are multiple disciplines in which citations 
quotients and/or publications quotients exceed 
national normative levels – however, the relative 
impact score in many of these disciplines is 
lower than the national norm.   

CORE COMPETENCY RESEARCH AREAS 
SUGGESTED BY OMNIVIZ CLUSTER 
ANALYSIS 

OmniViz, Inc., a Battelle spin-off company, 
produces advanced visual informatics software. 
OmniViz solutions are extremely powerful and 
designed to deal with very large data sets (hundreds 
to millions of documents or a billion numeric data 
points), and provide visualization of numeric data, 
categorical data and text documents—all in the same 
visual framework. The Battelle Technology 
Partnership Practice (TPP) uses OmniViz software 
to perform text pattern recognition and clustering 
which provides unique insight into research strength 

Core Competency Areas Suggested by OmviViz 
Cluster Analysis 

Biomedical Domain 
 Autoimmune Disease and Immunologys 
 Behavioral & Neuro Sciences  
 Bioimaging  
 Cancer Treatment 
 Cardiovascular Diseases 
 Cell & Molecular Biology 
 Clinical Research 
 Digestive & Intestinal Disorders 
 Genetics & Genomics  
 Infectious Diseases 
 Metabolism Research 
 Vision Research 

Agricultural Domain 
 Agricultural production 
 Biotechnology-related Education 
 Crop improvement 
 Food quality and nutrition 
 Land management 

Livestock production 
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areas. OmniViz uses pattern recognition algorithms to cluster research fields into grouped strength areas. 
The software is valuable because it allows free association of words and phrases, rather than forcing 
clustering on preselected key words—thus, there is no a priori bias to the clusters identified.  

Battelle performed the OmniViz analysis on research abstract data sources from the National Institutes of 
Health (NIH), Unites States Department of Agriculture (USDA), the Department of Veterans Affairs 
(DVA) and the National Science Foundation (NSF)12.  The data provide an important perspective on key 
Oklahoma research grant strength areas. The performance of the clustering analysis involves the 
following steps depicted in Figure 6: 

Step 1 – Content Development: 
Developing a data set with sufficient 
descriptive content, such as grant 
abstracts. OmniViz works best with 
detailed descriptive text rather than only 
titles or single sentence descriptions. 

Step 2 – Pattern Recognition: The analysis 
generates clusters where patents or grant 
activity have apparent relationships and 

produces a series of words to describe and link these cluster areas. 

Step 3 – Interpretation and Grouping by Expert Review: the identification of key themes and groupings 
that result for OmniViz require an experienced research analyst to interpret and explain the types of 
technologies and specific activities that are represented in the cluster items. 

The Oklahoma grants analysis dataset contained detailed abstract information for 1,407 grants, including 
grant data from the following agencies for FY 1999 through to January 2005: 

• NIH – 437 grants 
• USDA – 419 grants  
• NSF – 23 grants (only bio/agriculture-oriented grants) 
• Department of Veteran’s Affairs (DVA) – 502 grants  
• Other federal agencies – 26 grants  
 
Grants were issued to the following universities and independent research organizations13: 

• VA Medical Center – 503  
• Oklahoma State University – 385  
• University of Oklahoma—313, with 248 at the Medical Center in Oklahoma City. 
• Oklahoma Medical Research Foundation – 128  
• Langston University – 34  
• Oklahoma Agricultural Research Service – 31 
• Noble Foundation14 – 4  
                                                      
12 NSF grants were only accessed for bioscience disciplines. 
13 Though performed within the Greater Oklahoma City region, many of the DVA and USDA grants are internal 
funding mechanisms.  However, these awards must be included to fully understand bioscience-related capacities and 
competencies of the region. 
14 Analysis does not include privately financed internal research funding (a particularly important source of funding 
for Noble Foundation projects). 

Step 1:
Content

Development
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Pattern

Recognition
Results

Step 3:
Interpretation
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Review

Method for Using OmniViz Cluster Analysis

Figure 6
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• Other institutions – 9  
 
OmniViz output is provided to the analyst in both graphical and spreadsheet table formats. This allows for 
visualization of key cluster areas and deeper investigation of the actual grants contained within each 
apparent cluster.  

The OmniViz analysis and subsequent analyst interpretations identified 37 clusters of research grants 
(Figure 7).  (Please note that the numbers on the figure refer to the cluster identification codes, which are 
listed in Table 8, they do not indicate the number of grants in each area.)  Of these, only four were of 
individual grants/single grant context rendering them unsuitable for further analysis (clusters 2, 18, 20 and 
28).  Ultimately, through interpretation a total of 19 “meta-clusters” were identified each consisting of 
one or more individual clusters.  The analytical approach used is multi-dimensional and “nearness” of one 
cluster to another in the above two-dimensional mapping can indicate commonality (but not always).  
 

Figure 7: OmniViz Research Clusters—Grant Data by Agency. 

 

The analysis can be seen to yield two distinct cluster domains, one that is “agriculture” oriented and the 
other “biomedical” oriented.  The agricultural domain contains 6 meta-clusters (comprising 13 individual 
clusters), while the biomedical domain includes 13 meta-clusters (with 20 individual clusters).  It should 
be noted, however, that due to the nature of text-based clustering algorithms these domains and clusters 

Bioscience Research Clusters
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are not 100% mutually exclusive (i.e., it is possible for an agriculture related grant to cluster in a mostly 
biomedical cluster depending on the actual text information provided). 
Table 8: ID codes used in Cluster Analysis 

Research Cluster Corresponding ID codes  

Research Clusters in the Agricultural Domain 

Agricultural Products 5, 7, 19, 22 

Biotechnology-Related Education 15 

Crop Improvement 26,27 

Food Quality and Nutrition 21 

Land Management 7, 29, 34 

Livestock production 4,12 

Research Clusters in the Biomedical Domain  

Autoimmune Disease and Immunology 31 

Behavioral & Neurosciences 1, 35 

Bioimaging 33 

Bioremediation 0 

Cancer 17 

Cardiovascular diseases 10 ,14, 24 

Cell & Molecular Biology 11, 13 

Clinical Research 8 

Digestive $ Intestinal Disorders 6, 32 

Genetics and Genomics  3, 9 

Infectious Diseases 25, 36 

Metabolism Research 23 

Vision Research 30 

The Biomedical Domain 

The biomedical domain consists of 1,069 (76%) of the total grants analyzed.  It is apparent that there are 
significant research efforts in cell & molecular biology—accounting for 322 or 30% of the domain 
grants.  In total the cell & molecular biology area is nearly as large as the entire agricultural domain and it 
is strongly intertwined with other biomedical meta-clusters as a fundamental discipline.  Cell and 
molecular biology is also a “cross-over” area in which multiple grants that are agricultural in nature 
appear. 
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Four additional key components of the biomedical domain identified include: cardiovascular diseases, 
behavioral/neurosciences, digestive & intestinal disorders, and infectious diseases.  Two “supportive” 
clusters are also contained in the biomedical domain (areas that likely reinforce the research contained in 
other clusters), these include: 

– Genetics & genomics identified through commonalities in research context (e.g., genes, 
DNA, etc.) and associated tools.  This area also has strong links to “crop improvement” 
in the agriculture domain 

– Clinical research identified through commonalities in clinical research methodologies 
among grants 

There is also a secondary component in Autoimmune Disease and Immunology – strongly interrelated 
with cell & molecular biology and genetics & genomics through the examination of protein-related 
interactions.  Table 9 shows the number of grants in each cluster area. 

Table 9: Summary of Clusters Contained Within the Biomedical Domain 

Meta-Cluster Number of 
Clusters 

Total # of Grants 
in Clusters 

Key Funding Institutions and 
number of grants from each 

Cell & Molecular Biology 2 322 NIH (213), DVA (51), USDA (51) 
Cardiovascular Diseases 3 150 DVA (141) 
Behavioral & Neuro Sciences 2 131 DVA (68), NIH (49) 
Digestive & Intestinal Disorders 2 104 DVA (74), NIH (23) 
Infectious Diseases 2 104 DVA (48), NIH (31), USDA (23)  
Genetics & Genomics 2 87 NIH (47), USDA (32) 
Clinical Research 1 84 DVA (81) 
Autoimmune Disease and 
Immunology 

1 45 NIH (34) 

Cancer Treatment 1 26 DVA (21) 
Bioimaging 1 11 NIH (10) 
Metabolism Research 1 10 USDA (9) 
Vision Research 1 3 NIH (3) 
Bioremediation 1 2 DOE (2) 

Source: Battelle, 2005. 

The Agricultural Domain 

The agricultural domain consists of 331 or 24% of the total grants analyzed.  Within the domain two key 
components are apparent “agricultural production” and “crop improvement”.  There are also two 
secondary components, these being “land management” and “livestock production”.  Overall, 
Battelle’s interpretation is that the domain is strongly interconnected as demonstrated by commonalities 
among clusters in key overarching terms: “crop”, “food” and “land” (See Table 10). 
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Table 10: Summary of Clusters Contained Within the Agricultural Domain 

Meta-Cluster Number of 
Clusters 

Total # of Grants 
in Clusters 

Key Funding Institutions 

Agricultural Production 4 116 USDA (115) 
Crop Improvement 2 102 USDA (76), NSF (12) 
Land Management 3 47 USDA (44) 
Livestock Production 2 42 USDA (42) 
Food Quality & Nutrition 1 9 USDA (9) 
Biotechnology-related 
Education 

1 5 NSF (2) 

 

Figures 8 through 14 show the individual clustering results for each of the Near-term research institutions 
for which grants abstract data were collected.15  The data show that the University of Oklahoma, the 
Oklahoma Medical Research Foundation and the VA Medical Center have the vast majority of their 
grants in the biomedical domain.  As expected, the Noble Foundation and Oklahoma Agricultural 
Research Service’s work is contained in the agriculture domain.  Oklahoma State University’s research 
grants cut-across both domains, with this cross-cutting facilitated by OSU’s work in animal sciences and 
animal related diseases that are also relevant to biomedical sciences in general. 

 Figure 8         Figure 9 

 

 

 

 

 

 

 

 

 

                                                      
15  The numbers on these figures refer to the research cluster numbers listed in Table 8. 

Oklahoma State University Oklahoma Medical Research Foundation
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Figure 10         Figure 11 

 

  Figure 12         Figure 13 

 
Figure 14 
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 CORE COMPETENCY RESEARCH AREAS SUGGESTED BY REPUTATION 
Examining publications or research grants (either through funding levels or context, as in the case of 
OmniViz analyses) provides a certain perspective for establishing core competencies. However, given 
that some unique bioscience strengths also may exist without a strong direct tie to research publications or 
funding mechanisms it is important to look beyond these types of analyses to determine such strengths. 
One method is to use third-party-based reputation analyses, such as the U.S. News & World Report’s 
Graduate School Rankings and Best Hospitals Rankings.16 These rankings, while typically geared more 
toward the general public, often help establish areas of strength in the less research intensive or clinically 
focused areas.  Table 11 details the rankings of Greater Oklahoma City institutions that appeared in 
published reputation rankings.  
Table 14: Oklahoma Bioscience-Related and Health-Related Academic Reputation17. 

Field Institution Rank Peer 
Assessment 

Score (out of 5) 
Health – Physicians Assistant OU 17th 3.3 
Health – Audiology OU HSC 30th 2.9 
Health – Physical Therapy OU HSC 31st 3.1 
Health – Pharmacy OU HSC 32nd 2.9 
Health – Speech and Language Pathology OU HSC 32nd 3.2 
Engineering – Environmental and 
Environmental Health Engineering 

OU 42nd 2.5 

Health – Occupational Therapy OU HSC 45th 2.8 
Health – Social Work OU 70th 2.7 
Health – Nursing OU HSC 75th 3.2 
Clinical Psychology Oklahoma State Univ. 100th 2.7 
Biological Sciences OU 104th 2.7 

Source: US News and World Reports. 

US News & World Report also produces ratings and rankings of the “best hospitals” in the United States, 
both overall and by certain specialties.  No hospitals in Oklahoma were listed in the top ranked hospitals 
in any category. 

CORE COMPETENCY RESEARCH AREAS SUGGESTED BY PATENTS 
During the last 15 years, 283 bioscience related patents have been awarded to OU, OMRF and Noble 
Foundation. See Table 12. 

                                                      
16 U.S. News &  World Report methodology for identifying “America’s Best Hospitals” was devised in 1993 by the National 

Opinion Research Center at the University of Chicago, which carries it out and refines it each year. The U.S. News Index 
accounts for reputation cited by a random sample of board-certified physicians in each specialty area over the past three years 
as well as data from an annual survey of hospitals by the American Hospital Association, generally covering extensiveness of 
services. 

17 Source = U.S. News & World Reports rankings 
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Table 12: Number of Bioscience Related Patents Invented in Oklahoma and Assigned to a Greater 
Oklahoma City Research Institution, 1990 - 2005 
Institution Number of Patents 
University of Oklahoma 131 
Oklahoma Medical Research Foundation 106 
Samuel Roberts Noble Foundation 6 
Oklahoma State University 40 
Note:  Two patents are assigned to both University of Oklahoma and OMRF 

Source: Analysis of USPTO Patent Data obtained through Delphion Patent Research Service (Thompson 
Corporation) for the years 1990- 2005. 

One hundred and ten of these patents were in the area of molecular biology and microbiology.  Other 
areas in which there were a significant number of patents include Drug, Bio-Affecting & Body Treating 
Compositions, Natural Resins or Derivatives, Organic Compounds and Analytical and Immunological 
Testing.  Table 16 lists those areas in which five or more bioscience patents were issued to the region’s 
research institutions. 

Table 13: Patent Topic Profile for Bioscience Related Patents Invented in Oklahoma and Assigned 
to a Greater Oklahoma City Research Institution 

Key US Patent Class 
(Those with at least 5 patents) 

Number of 
Patents 

Molecular Biology & Microbiology (435) 111 
Drug, Bio-Affecting & Body Treating Compositions (514) 89 
Drug, Bio-Affecting & Body Treating Compositions (424) 68 
Natural Resins or Derivatives (530) 77 
Organic Compounds (536) 44 
Analytical & Immunological Testing (436) 22 
Surgery (604) 10 
Surgery (128) 9 
Chemical Apparatus and Process Disinfecting, Deodorizing, Preserving, or Sterilizing 
(422) 

7 

Surgery (600) 7 
Radiant Energy (250) 7 
Plant Husbandry (047); 6 
Organic Compounds (564) 6 

Multicellular Living Organisms & Unmodified Parts Thereof & Related Processes (800) 5 
Liquid Purification or Separation (210) 5 
Food or Edible Material: Processes, Compositions, and Products (426); 5 
Note: Patents can be assigned to more than one patent class so double counting exists within this table. 

Source: Analysis of USPTO Patent Data obtained through Delphion Patent Research Service (Thompson 
Corporation) for the years 1990- 2005. 

SUMMARY OF CORE COMPETENCY RESEARCH AREAS SUGGESTED BY 
QUANTITATIVE ANALYSIS 
The quantitative data sources (grants data, ISI citations data, cluster analysis data, and patent data) 
provide considerable insight into the R&D strengths of the Greater Oklahoma City region in the 
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biosciences and related fields. Contained within these data are broad themes that serve as “direction 
finders” to the region’s bioscience core competencies.  

Table 14 provides a summary of the bioscience R&D areas within the Greater Oklahoma City region 
highlighted as potential strengths by quantitative data. 
Table 14: Summary of Quantitative Evaluation Sources 

R&D Field Substantial 
Number of 

Grants 
(>40) 

ISI 
Analysis 
(Quotient 

>2) 

ISI 
Analysis 
(Quotient 

>1) 

OmniViz 
Cluster 

Rankings Patents 

Plant/crop sciences       
Animal sciences & livestock       
Agricultural 
production/agronomy       

Environmental science & 
environmental engineering 

      
Cardiovascular       

Immunology & auto-immune 
disorders       

Behavioral/neurosciences       

Microbiology & infectious 
diseases       

Cancer/oncology       
Digestive/intestinal disorders       

Bioimaging       

Metabolism       

Genetics/genomics       

Food quality/nutrition       
Hematology       

Pharmacology/toxicology       
Microbiology       
Cell and molecular biology       
Vision/ophthalmology       
 

Each of the areas listed on the table above may be considered bioscience strengths at some level for the 
Greater Oklahoma City region.  Each of these fields distinguishes itself through one or more metrics such 
as a large volume of research grants, significant publications volume or significant publications influence.  
Among these strength areas certain fields stand out for being confirmed by multiple quantitative metrics 
or having a large cluster of researchers, grants and publications.  These strength stand-outs include: 

• Plant and crop sciences 

• Animal sciences and livestock 
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• Agricultural production/agronomy  

• Food quality & nutrition 

• Cardiovascular research 

• Immunology and auto-immune disorders 

• Microbiology and infectious diseases 

• Behavioral and neurosciences 

• Vision research 

Consideration of a strength area as a full-scale core competency (and even further as a Near-term 
bioscience platform for development) requires consideration of other aspects beyond just the volume and 
quality of the research taking place.  Further issues need to be examined such as institutional commitment 
to growth in the field, existence of similar R&D interests across researchers, multi-disciplinary and multi-
institutional collaborations, specialized in-place R&D infrastructure, scientist and institutional interest in 
commercialization, commercialization potential and the in-place presence of industry and commercial 
interests in the field.  Understanding these issues and their particular dynamics in the Greater Oklahoma 
City region requires further probing, much of which has to be accomplished through on-the-ground 
interviews with researchers, academicians, and senior institutional leadership and industry 
representatives.  To this end, the Battelle research team conducted in-depth qualitative research to further 
refine and narrow the region’s core competencies and identify Near-term bioscience platforms for 
development. 

In effect, the research core competency areas resulting from the quantitative analysis are used to direct the 
focus of field-work interviews for additional investigation, and identify core competencies and 
technology platforms. 

The following section details Battelle’s findings from the qualitative interview research conducted with 
Greater Oklahoma City region bioscience institutions. Both the quantitative and qualitative findings are 
evaluated by Battelle analysts and strategists to determine core technology platforms upon which 
bioscience development may be built. The technology platforms are discussed in detail later in this report 
in the section titled Greater Oklahoma City region Paths to Bioscience Development: Leveraging Core 
Research Competencies and Technology Platforms. 
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Qualitative Assessment of the Region’s Bioscience Base: Interview 
and Fieldwork Findings 

The analysis of grant, publishing, and research abstract data provides a context for understanding where 
the Greater Oklahoma City region’s core competencies in bioscience research are focused. To further 
investigate these fields and deepen our understanding of the core bioscience research competencies in the 
Greater Oklahoma City region, extensive interviews were conducted with university administrators, 
faculty, scientists, clinicians, industry executives, and development agencies in the state and the region.  

In total, face-to-face interviews individually or in small group sessions were conducted with more than 50 
individuals, including senior academic research scientists and faculty at Oklahoma State University, The 
University of Oklahoma (Norman), the University of Oklahoma Health Sciences Center, the Oklahoma 
Medical Research Foundation and the Noble Foundation.  In addition the input from SWOT interviews 
conducted with commercial bioscience-related companies and associated industry promotion and 
economic development groups also provide input to the analysis of core competencies. 

The interviews partly confirmed the areas of research strength in the Greater Oklahoma City region 
identified in the quantitative analysis. They also, however, highlighted several new and emerging areas of 
R&D and some key theme areas that were not readily apparent within the quantitative datasets. One 
challenge in using quantitative data is the rapid rate of change in the scientific enterprise. Peer review 
systems—whether used for federal grant awards, citation analysis, or in reputation rankings—tend to lag 
emerging new fields of inquiry, and may fail to recognize the contributions of younger and new scientific 
talent. One objective of the qualitative interviews was to capture emerging areas, faculty, and fields of 
inquiry at each of the subject institutions. 

The analysis synthesized the core content of the fieldwork interviews and highlighted key areas of 
strength and research expertise. Both these qualitative interviews and the quantitative research are of 
substantial importance in determining core competencies—they go hand-in-hand to facilitate 
identification of: 

• Where the Greater Oklahoma City region is heading in terms of building upon and leveraging its core 
bioscience strengths, and developing and enhancing new and emerging areas of bioscience focus 

• What the current pipeline of bioscience R&D activity is within academic research institutions in the 
region 

• Which areas of bioscience are generating patents and intellectual property that can lead to commercial 
opportunities for the Greater Oklahoma City region 

The field interviews provide information relevant to each of these question categories, but they are most 
important in providing an in-depth understanding of current and emerging R&D strengths and 
opportunities. 

Based on the interviews, and in reference to the quantitative analysis, findings are organized into three 
basic levels: 

Established Strengths in which the Greater Oklahoma City region has considerable presence through at 
least two of the following: 
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• A significant number of well-funded researchers, scientists and/or clinician scientists working in 
basic, applied, or clinical research 

• Recognized clinical expertise 

• Applied science R&D assisting critically important current and/or emerging commercial sectors 

• A number of commercial enterprises with R&D or production facilities working on the delivery 
of products or services 

Significant Presence areas in which the Greater Oklahoma City region has demonstrated strengths that 
are more focused on one dimension or which have lower levels of research activity, clinical expertise, or 
commercial enterprises, or have a more niche focus of activity. In many instances, these include research 
areas that are required to support other areas of strength, or to form platforms for economic development 
from the biosciences. As such, these are highly important strengths to continue building. 

Emerging are smaller or more embryonic programs that show potential for future bioscience development 
in the Greater Oklahoma City region. 

Based on these general parameters, the team identified the following research competency areas: 

Established Strengths include – 

o Cardiovascular research 

o Microbiology and infectious diseases 

o Immunology and auto-immune disorders 

o Behavioral and neurosciences 

o Plant/crop sciences and genetics 

o Animal sciences and livestock 

o Agricultural production/agronomy 

o Food quality and nutrition 

Research areas and practice with Significant Presence include – 

o Aging and Free-radical biology 

o Agricultural production/agronomy 

o Animal sciences/livestock 

o Cancer/oncology 

o Diabetes, obesity and metabolic disorders 

o Food quality and nutrition 

o Neuroscience and neurodegenerative diseases 

Emerging areas include – 

o Bio-imaging 

o Bioscience applications of nanotechnology 
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o Sensor technologies 

o Tissue engineering and bio-implants 

It must also be recognized that many of the established, significant presence and emerging strength 
areas are supported by considerable investment and expertise contained within multiple cross-
cutting areas of science and technology.  Faculty and researchers in areas including “genetics”, 
“molecular, cell and developmental biology,” “biochemistry,” “pharmacology and toxicology,” “protein 
studies,” “informatics,” etc. form distinct clusters of expertise that produce important fundamental and 
applied discoveries in their own right, but also provide foundational support for the core competency 
areas.  Strengths in these areas and the underlying science fabric of Greater Oklahoma City’s 
biosciences must continue to be built in order for core competencies to be sustained, supported and 
exploited. 

It should also be noted that in modern biosciences it is seldom the 
case that an area of focus stands on its own. Rather, just as 
organisms form complex systems, bioscience itself should be viewed 
as a complex system of interrelated disciplines and areas of study 
that support and assist in the advancement of one another. It is for 
this reason that the NIH and similar funding organizations are 
focusing increasing grant-making attention on multidisciplinary 
institutes, centers, and research teams. As such, the formation of 
focused multi-disciplinary teams, centers and institutes should likely 
be an institutional imperative for success in accessing large-scale 
federal grant funding. 

The links that exist and form between strength areas are critical 
to the emergence of bioscience core competencies in Oklahoma. 
As in any system, a change in one of the parameters (strength areas) is likely to affect the operation 
of others. For example, a center for the support of biosensor development may increase the attention of 
various medical, veterinary and botanical sub-disciplines on applications of advanced sensors in their 
work. Likewise a center for the study of free-radicals might stimulate interdisciplinary teams to form 
around applications to cancer, cardiovascular disease or neuro-degenerative diseases, for example. 

The research team examined the main identified bioscience strength areas within the Greater Oklahoma 
City region.  Each of the identified areas of strength and competency are summarized in terms of: 

• A definition of the field or specialty area 

• A general profile of the sub-disciplinary strengths evident in the region 

• Details regarding the strengths in the Greater Oklahoma City region identified by interviewees 

• Supporting quantitative statistics (where available) 

• The names of the Near-term engaged institutions in the Greater Oklahoma City region 
 

 

 

It should also be noted that 
in modern biosciences it is 
seldom the case that an area 
of focus stands on its own. 
Rather, just as organisms 
form complex systems, 
bioscience itself should be 
viewed as a complex system 
of interrelated disciplines 
and areas of study that 
support and assist in the 
advancement of one 
another. 
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Table 15:  Established Strength Area: Cardiology and Cardiovascular Biology 

Cardiology and Cardiovascular Biology 

Definition:  
Cardiology is the branch of 
medicine dealing with the 
heart and blood vessels. 

Cardiovascular more 
broadly includes the heart 
and blood vessels as a 
system in the body. The 
cardiovascular system 
delivers nutrients (oxygen 
and energy compounds) to 
tissues, removes waste 
products from tissues, and 
helps regulate body 
temperature. 

 

Notes: 

• The Cardiovascular Biology Research Program at OMRF “investigates 
fundamental mechanisms involved in blood coagulation, inflammation and 
atherogenesis, with special emphasis on the regulation of these 
processes.”   Working to interrupt inflammation and inflammatory and 
thrombotic diseases – with strong links to OUHSC 
biochemistry/glycobiology. 

• OMRF has a Howard Hughes Medical Institute scholar in cardiovascular 
biology.  Well known for work in inflammation and the clotting system – 
also fundamental work in sepsis and cardiovascular risk and venous 
thrombosis. 

• Linked at OMRF to strong hematology expertise examining blood cells 
and their interaction with the blood vessel wall in host injury/normal 
inflammation (see Separate Hematology section). Famous for discovery 
of cell adhesion molecules. 

• Heart disease is one of five core focus areas for Presbyterian Health 
Foundation (PHF) funding. 

• Substantial opportunities for new diagnostics, drugs and therapies related 
to inflammation, thrombosis and angiogenesis (promotion and 
prevention).  IP being generated and strong corporate linkages in place. 

• World renowned program in neurocontrol of cardiac arrhythmias, with 
inflow of patients accessing clinical diagnostic and treatment expertise. 

• Work in molecular and cellular mechanisms of vasculitis within the free-
radical biology program at OMRF. 

• Lipid and lipoprotein laboratory research facilities at OMRF performing 
research related to arthrosclerosis. 

• University of Oklahoma Health Sciences Center with 60 published papers 
in “hematology” between 1999-2003 with 1.44 relative impact (3.32 
citations quotient). 

Supporting Metrics: 

• OmniViz cluster with 150 grants categorized as “cardiovascular diseases”. 
• University of Oklahoma Health Sciences Center 26 funding awards from National Heart, Lung and 

Blood Institute (NHLBI) in 2003 
• OUHSC with 142 published papers in “cardiovascular and hematology research” between 1999-2003 

(relative impact 1.10, citation quotient 1.75) 
• OUHSC with 126 published papers in “cardiovascular and respiratory systems” between 1999-2003 (citation 

quotient 1.44) 
• OMRF had 8 research grants and 6 program grants from NHLBI in FY 2004 

Primary Greater Oklahoma City regional Institutions: 

• University of Oklahoma Health Sciences Center 
• Oklahoma Medical Research Foundation 
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Table 16:  Established Strength Area: Glycobiology/Carbohydrates 

Glycobiology/Carbohydrates 

Definition:  
Glycobiology draws from 
both carbohydrate 
(sugar) biochemistry and 
molecular biology and 
involves the study of the 
structure, chemistry, 
biosynthesis, and 
biological functions of 
glycans and their 
derivatives. 

Also known as 
Glycomics, glycobiology 
is a discipline of biology 
that deals with the 
structure and function of 
oligosaccharides (chains 
of sugars). The identity of 
the entirety of 
carbohydrates in an 
organism is collectively 
referred to as the 
glycome. 

 

Notes: 

• Coordinating center for the field at OUHSC, the Oklahoma Center for 
Medical Glycobiology (OCMG). Core component of  $25 million NIH multi-
center grant to establish the Consortium for Functional Glycomics – of 
which OUHSC getting $3 million.  10 member scientists of OCMG awarded 
over $16 million in NIH grants since 1997. 

• Rapidly growing field of bioscience with Oklahoma a recognized leader in 
glycobiology and gycomics. Major scientific opportunities in cell 
communications, signaling and growth.  Considerable expertise in micro-
array use for glycomics. 

• Success in glycobiology at OUHSC strongly linked to large department of 
Biochemistry and Molecular Biology.  Department has 120 staff and faculty. 
OMRF also glycobiology expertise. 

• Five biotechnology companies already formed in Greater Oklahoma City 
region through OUHSC research in glycobiology:  

o Hylose (using recombinant technology to produce the 
polysaccharide Hyaluronic Acid and work on novel molecules) 

o Heparinex (recombinant heparin) 
o Selexys (carbohydrate controlling molecules for inflammation 

applications) 
o Choncept (recombinant chondroitin) 
o Genzyme Glycobiology Research (formerly Novazyme 

Pharmaceuticals) focuses on therapeutics for 49 lycosomal 
storage diseases (the first being Pompe disease).  Genzyme 
paid $225 million to acquire Oklahoma City based precursor 
company Novazyme. 

• 20-30 patents generated in last 4-5 years in glycobiology areas.   

• Supported by strong mass-spectrometry resources at the University of 
Oklahoma. 

• Carbohydrate expertise contained in plant science research in the Greater 
Oklahoma City region, but this has not yet been linked to the Center for 
Medical Glycobiology at the OUHSC. 

• Strong market potential for glycoconjugates.  Already at $20 billion in 
worldwide sales for glycoconjugate based pharmaceuticals. 

Supporting Metrics: 

• Cell and Molecular Biology is the leading field at OUHSC in terms of number of grants from federal 
funding sources (322 grants, 213 from the NIH) 

• Two clusters related to cell and molecular biology in OmniViz analysis 

Primary Greater Oklahoma City regional Institutions: 

• University of Oklahoma Health Sciences Center 
• Oklahoma Medical Research Foundation 
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Table 17:  Established Strength Area: Immunology and Auto-Immune Disorders 

Immunology and Auto-Immune Disorders 

Definition:  
Immunology studies the 
response of organisms to 
foreign substances (such as 
viruses and bacteria). 
Immunologists study the tissues 
and organs of the immune 
system (bone marrow, spleen, 
tonsils, thymus, lymphatic 
system), its specialized cells 
(e.g., B and T lymphocytes and 
antibodies), and the influence of 
genetic, nutritional, and other 
factors on the immune system. 
Also studied are disease-
causing organisms to determine 
host injury mechanisms and to 
develop vaccines. 

Immunologists also study 
unwanted immune responses 
such as allergies 
(immunological responses to 
substances or organisms that 
usually do not affect most 
people) and Autoimmune 
Disease and Immunology (e.g., 
rheumatoid arthritis and lupus 
erythematosus) which occur 
when the body reacts 
immunologically to some of its 
own constituents. 

Notes: 

• Some company formation in the region related to R&D in immunology 
and associated fields.  For example, Pure Protein, Inc. working with 
MHC proteins triggering immune response.  Hyalose, Inc. is similarly 
working in the proteins field. 

• Immunology is one of five core focus areas for Presbyterian Health 
Foundation (PHF) funding. 

• Strong OMRF focus in translational work related to human 
inflammatory diseases, especially rheumatoid arthritis.  Also focused 
work at OMRF related to bioinformatics, biomarker identification and 
genomics for immunologic disorders and diseases. 

• 17,000 sq. ft. of dedicated research space and $7-9 million in funding 
for immunology and autoimmune disorder research at OMRF. 

• Principal focus on Lupus supported by strong resources such as 
sample storage (54,000 cu. ft. of freezer space and 2 million data 
point database that includes 5,000 individuals) providing genotyping 
and phenotyping.  Strong array-based research identifying markers. 

• Potential to expend research and applications in pharmacokinetics of 
immune modulating therapies. 

• OMRF home to the Oklahoma Lupus Cohort and Oklahoma 
Phospholipids Program – following patient in and out of flare and 
collecting materials for biomarker identification. 

• OMRF head of clinical pharmacology is the Medical Director for the 
Lupus Foundation of America. 

Supporting Metrics: 

• OmniViz cluster with 45 grants categorized as “Autoimmune Disease and Immunology” (34 from 
NIH). 

• University of Oklahoma Health Sciences Center ranked 9th among US medical schools in NIH funding 
for microbiology/immunology/virology ($13.5 million in 2003 NIH awards). 

• OMRF 7 program grants and 17 research grants from the National Institute of Allergy and Infectious 
Diseases (NIAID) and 11 from the National Institute of Arthritis and Musculoskeletal and Skin 
Diseases (NIAMS) in FY 2004. 

• University of Oklahoma Health Sciences Center with 151 published papers between 1999–2003 in 
“immunology,” with 1.37 publications quotient. 

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma Medical Research Foundation  
• University of Oklahoma Health Sciences Center 
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Table 18:  Established Strength Area: Microbiology and Infectious Diseases 

Microbiology & Infectious Diseases 

Definition:  
Includes the study, 
diagnosis and treatment 
of acquired diseases – 
diseases that can be 
spread directly or 
indirectly from one living 
thing to another.  
Infectious diseases, or 
communicable diseases, 
are disease caused by a 
biological agent (e.g., 
virus, bacterium, myco-
bacterium, prion or 
parasite). 

Microbiology is the study 
of microorganisms, 
including viruses, 
prokaryotes and simple 
eukaryotes. Today, most 
of the work in 
microbiology is done 
using methods from 
biochemistry and 
genetics. It is also related 
to pathology, 
immunology, and 
epidemiology as many 
microorganisms are 
pathogens 

 

Notes: 

• A priority of the Department of Microbiology and Immunology at OUHSC is 
to “promote and conduct research on the molecular mechanisms by which 
these organisms cause disease.” All departmental faculty are involved in 
externally funded research projects analyzing the molecular basis of 
virulence.  The research focus at OUHSC is making important discoveries 
relevant to antibiotic development, vaccines and disease diagnostics. 

• Immunology is another major area of strength and interactive research 
within the Department of Microbiology and Immunology at OUHSC. 
Investigators in this group are researching immunological mechanisms in 
infectious and Autoimmune Disease and Immunology and performing basic 
science work in B lymphocyte development. 

• OMRF expertise in enzymology of proteases, including work on AIDS 
proteases.  Leads to expertise for development of inhibitor drugs for 
protease targets.  Additional OMRF work in Anthrax and the design of a 
protein inhibitor to deactivate toxin in the blood. 

• Major focus in work on sepsis at OMRF, VA Medical Center and OUHSC. 

• Expertise in the Epstein-Barr virus and its links to Autoimmune Disease and 
Immunology, including Lupus and, potentially, rheumatoid arthritis. 

• World class program in Rheumatic Fever at OUHSC (triggered by 
Streptococcal infection). 

• Researchers in the molecular, cell and developmental biology research 
program at OMRF are working to characterize the bacterial infection 
process in living cells (based on Legionella pneumophila). 

• Veterinary medicine at OSU also has a distinctive research focus in 
infectious diseases.  This includes work in pathogenesis of infectious 
respiratory disease, arthropod-borne diseases and zoonoses and bacterial 
and mycobacterial biology. 

• OSU veterinary medicine research resulting in vaccine development and 
work on chemical and biological warfare agent detection. 

Supporting Metrics: 
• Two OmniViz clusters with 104 combined grants categorized as “infectious diseases”.  31 awards from NIH and 

23 from USDA. 
• OUHSC ranked 9th in NIH funding for Microbiology/Immunology/Virology with $13.5 million in grants. 
• 21 current grant awards to OUHSC from the National Institute of Allergy and Infectious Diseases (NIAID)  
• OUHSC 146 publications (1999-2003) in “microbiology” with citation quotient of 1.65 and publications quotient of 

1.39. 
• OSU 99 publications (1999-2003) in “microbiology” with citation quotient of 2.59 and publications quotient of 

1.95. 
Primary Greater Oklahoma City regional Institutions: 

• University of Oklahoma Heath Science Center 
• Oklahoma Medical Research Foundation 

• Oklahoma State University 



 

 33

 

Table 19:  Established Strength Area: Plant Breeding and Genetics 

Plant/Crop Sciences and Genetics 

Definition:  
Plant sciences (including 
botany) cover a wide range of 
scientific disciplines that study 
the growth, reproduction, 
metabolism, development, 
diseases, and evolution of 
plants.  

In crop applications acquiring 
fundamental knowledge in plant 
sciences and genomics can 
facilitate the development of 
enhanced crop cultivars, 
transgenic plants and new 
economic uses for crops. 

Notes: 

• Clear regional core competencies in legumes, alfalfa and forage 
plants – including functional genetics, plant improvement via breeding 
and transgenics, and weed and pest management.  

• Plant science research at OSU focuses on alfalfa and the 
improvement of forage (grasses and legumes) in the state. 

• OSU also has a research focus on pest plant (weed) management in 
forage, brush, row crops and small grains. 

• At the Noble Foundation there is a focus on enhancing plant 
productivity and functional characteristics through fundamental 
research and applied biotechnology.   

• With a plant biology division and forage division, Noble is well-known 
internationally for its work with legumes and forage plants.  Key areas 
of work include developmental biology and functional genomics, plant 
breeding and transgenics, and molecular biology. Special focus 
placed on alfalfa, the model-legume Medicago truncatula, and also on 
cool season grasses for winter forage. 

• Broad Noble expertise in the application of viral vectors in functional 
genomics research for multiple crops, such as wheat, rice, barley and 
corn. 

• Strong genome sequencing facilities and resources at the University 
of Oklahoma in Norman (joint work with Noble Foundation). 

• OSU has multiple R&D projects in plant stress (control genes, viral 
and bacterial stress, oxidative stress and drought). 

• OSU R&D related to biofuels and energy conversion via gasification. 

Supporting Metrics: 

• OmniViz cluster with 45 grants categorized as “crop improvement” (76 from USDA and 12 from NSF). 
• Noble Foundation is the largest private foundation in the U.S. conducting plant science and 

agricultural research. 
• Agricultural sciences receive 22% of Greater Oklahoma City regional university bioscience funding 

($3.8 million) – double the US university average. 
• OSU 174 publications (1999-2000) in plant sciences with citation quotient of 5.97 and publications 

quotient of 4.74. 
• From 1999 – 2003, the noble foundation had 153 refereed publications in plant sciences and 22 

refereed publications in agronomy 

Primary Greater Oklahoma City regional Institutions: 

• Noble Foundation 
• Oklahoma State University 
• University of Oklahoma 
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Table 20:  Established Strength Area: Vision Research/Ophthalmology 

Vision Research/ Ophthalmology 

Definition:  
Vision research 
examines the 
mechanisms, biology 
and physical 
structure of the eye 
and associated 
neurological 
systems.  It may also 
include research 
examining abnormal 
vision caused by 
genetic disorders, 
neurological 
disorders or injury, 
and diseases and 
injury to the eye. 

Ophthalmology is the 
medical specialty 
relating to the 
treatment of 
diseases and 
disorders of the eye. 

Notes: 

• Oklahoma City is home to the 285 employee Dean McGee Eye Institute (DMEI), 
which has a heavy emphasis on vision neurosciences research.  Institute has 
$8.2 million annual research budget and is in the final stages of raising funds to 
add 60,000 sq.ft. of space, of which 30,000 will be expanded laboratory space. 
DMEI houses OUHSC’s Dept. of Ophthalmology. 

• Specialized expertise of the DMEI attracts clinical patients from a worldwide 
market. 

• Rapid growth of the vision research field has occurred during last decade in 
Oklahoma City.  As recently as 1995 the Institute wasn’t even a “blip on the 
radar screen nationally” — now they (with OUHSC) are 6th in NIH funding.  

• Vision research in Oklahoma City is particularly strong at the molecular and 
cellular levels and a leader in molecular manipulations.  Research is facilitated 
by an animal imaging molecular eye core.  

• Particular focus on molecular biology of retinal disease.  Supported by a strong 
imaging core and proteomics/bioinformatics core.  Additional core facilities in 
molecular biology, retinal biochemistry, ocular immunology and microbiology. 

• Vision research at DMEI is supported by a NIH P30 center grant from the 
National Eye Institute and also a COBRE grant as a center of biomedical 
excellence. 

• Some activity in vision discovery commercialization in the Greater Oklahoma 
City region with Inoveon being an Eye Institute spin-out (diagnostic digital 
imaging for diabetic retinopathy).  Regena-Vue, in macular-degeneration drugs, 
is also moving to Oklahoma City from California. 

• Distinctive expertise in angiogenesis and vascularization of the eye, with broad 
application to large-scale problems such as macular degeneration and diabetic 
retinopathy.  Current R&D focused on peptide inhibitors that are delivered to the 
rear of the eye. 

• Major research work in anti-apototic approaches towards lengthening time to 
onset of certain eye diseases/disorders. 

• Nanotechnology research taking place for nanoparticle gene delivery into the 
eye.  

• Vision research is one of five core focus areas for Presbyterian Health 
Foundation (PHF) funding. 

Supporting Metrics: 

• University of Oklahoma Health Sciences Center ranked 6th among US medical schools in NIH funding 
for ophthalmology ($5.8 million in 2003 NIH awards).  Total of over $45 million in extramural grants 
for “vision research” at OUHSC. 

• University of Oklahoma Health Sciences Center 23 NIH funding awards from NEI. 
• OmniViz cluster with 43 grants categorized as “vision research” (all from the NIH). 

Primary Greater Oklahoma City regional Institutions: 

• Dean McGee Eye Institute, includes OUHSC Department of Ophthalmology 
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Table 21:  Significant Presence Area: Aging and Free-Radical Biology 

Aging and Free-Radical Biology 

Definition:  
Aging, also known as 
senescence, involves the 
complex deteriorative processes 
that terminate naturally the 
functional life of an organism. 

Free radical biology is the study 
of the interaction of free radicals 
within biological material. Free 
radicals are atoms or molecules 
with at least one unpaired 
electron, and are being found to 
be agents in a large number of 
diseases and pathological 
states. 

Notes: 

• Specific program in Free Radical Biology and Aging at OMRF, with 
particular strengths associated with in vivo animal models. 

• OMRF research focused in basic biomedical problems associated 
with: 

o Cancer development/carcinogenesis 

o Diabetes 

o Septic shock 

o Neurodegenerative diseases 

o Macular degeneration 

• Strong links to immunology strengths with OMRF focus on 
inflammation processes caused by free-radicals. 

• Assisted by OMRF investment in small animal MRI imaging 
capabilities which facilitates real-time imaging work and analysis.  

• Complementary research taking place in Department of Geriatrics at 
OUHSC, with a focus on health aging (disease prevention, health 
maintenance and restoration) and at the Cancer Center in free 
radicals and intestinal cancer. 

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma Medical Research Foundation 
• University of Oklahoma Health Sciences Center 
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Table 22:  Significant Presence Area: Agricultural Production/Agronomy 

Agricultural Production/Agronomy 

Definition:  
Agronomy is the branch of 
agriculture/horticulture that 
deals with the theory and 
practice of field-crop production 
and the scientific management 
of soil. 

Notes: 

• R&D activities of Noble and OSU facilitated by access to multiple 
research farms and associated resources.  Noble, for example, has 
six research farms with 12,000 acres. 

• Strong outreach by Noble Foundation for applied/translational work 
with Oklahoma farmers and ranchers.  Have approximately 1050 
farmer/rancher collaborations currently.  

• OSU has as a focus on variety improvement of grains, fruits and 
vegetables that are custom fit to Oklahoma’s varied climate. 

• OSU also focuses on storage science to specifically control pests and 
develop product handling and management in storage or on the shelf. 

• Greenseeker is now a product that is an example of the bio sensor 
capability at OSU being adapted to the needs of precision agriculture. 
The device will measure fertilizer needs in crop plants every 4 square 
feet while traveling at 15 mph. It will also simultaneously apply the 
proper amount of fertilizer in the right concentration. 

Supporting Metrics: 

• OmniViz cluster with 116 grants categorized as “agricultural production” (115 from USDA).  Additional 
cluster “land management” with 47 grants (44 from USDA). 

• Oklahoma State University with 131 papers published in “agriculture/agronomy” between 1999–2003 
with a 12.17 citation quotient.  77 papers published in entomology/pest control with 7.54 citations 
quotient. 

• Noble Foundation is the largest private foundation in the U.S. conducting plant science and 
agricultural research.  

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma State University 
• Noble Foundation 
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Table 23:  Significant Presence Area: Animal Sciences/Livestock 

Animal Sciences/ Livestock 

Definition:  
Animal Science is a broad field 
encompassing such sub-
disciplines as animal breeding, 
animal genetics and 
transgenics, animal nutrition and 
veterinary medicine. 

Much of the work in animal 
science involves the breeding 
and development of animals 
with optimized characteristics 
for use by humans. It thus 
includes the genetic 
improvement of livestock and 
other animal species 

Notes: 

• Near-term areas of strength at OSU in infectious diseases of cattle, 
zoonotic diseases (such as tularemia) and tick-borne diseases. 

• BSL level 3 facilities at OSU, including primate facilities.  R&D related 
to vaccine development. OSU has developed shipping fever 
pneumonia and antiplasmosis vaccines that have been 
commercialized. 

• Veterinary Medicine is developing Comparative Medicine competency 
for the state of Oklahoma. Endowed Chairs have brought excellent 
faculty. 

• Noble has cattle management strength in several areas - weaned 
calves time to market, utilizing cool season grasses with other feed 
and stocking rate manipulations. 

• The OUHSC Baboon Research Resource has a population of approximately 
400 baboons and is a resource for researchers nationwide 

 
Supporting Metrics: 

• Oklahoma State University with 151 papers published in “animal sciences” during 1999-2003 with a 
10.31 citations quotient.  Additional 75 papers published in same time period in “animal and plant 
sciences”. 

• University of Oklahoma Health Sciences Center ranked 7th among US medical schools in NIH funding 
for veterinary sciences ($1.4 million in 2003 NIH awards).  OUHSC published 79 papers in animal 
sciences between 1999–2003, with 1.59 citations quotient. 

• Noble Foundation is one of the largest operating foundations in the U.S. with over $1 billion in assets 
(increased $100m in the past year). 

• OmniViz cluster with 42 grants categorized as “livestock production” (all from USDA). 

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma State University 
• Noble Foundation 
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 Table 24:  Significant Presence Area: Cancer/Oncology 

Cancer/Oncology 

Definition:  
Cancer is a general term for 
about 100 diseases 
characterized by abnormal and 
uncontrolled growth of cells. The 
resulting mass, or tumor, can 
invade and destroy surrounding 
normal tissues.  

Oncology is the field of medicine 
devoted to the study of cancer 
and tumors encompassing their 
physical, chemical and 
biological properties. There are 
three Near-term disciplines, 
medical oncology, surgical 
oncology, and radiation 
oncology. 

Notes: 

• $75 million new cancer facility to be developed at OUHSC. 

• OUHSC has added 5 new cancer research positions and plans to add 
another 20 positions. 

• OUHSC constructing 125,000 sq. ft. Biomedical Research Center 
dedicated to cancer and genetics research. 

• Cancer and genetics emphasized in OUHSC 2005-2010 strategic 
plan as one of six Near-term research areas for future institutional 
emphasis. 

• OMRF strengths in immunobiology and cancer.  Basic work aimed at 
providing a platform for understanding leukemia and lymphoma. 

• OUHSC cancer expertise focused in four Near-term areas: 

o Breast cancer 

o Gynecologic oncology 

o Cell cycle control and carcinogenesis 

o Community cancer prevention and control 

• Additional notable OUHSC work in colorectal and liver cancer. 

• Strong program in basic science of cell cycle regulation, mitosis and 
cell division at OMRF.  IP being generated from this research. 

 
Supporting Metrics: 

• OmniViz cluster with 26 grants categorized as “cancer treatment” (34 from NIH). 
• University of Oklahoma Health Sciences Center 23 NIH funding awards from NCI. 
• OUHSC, 68 papers published (99-03) in “oncogenesis and cancer research” and 51 papers in 

“oncology”. 

Primary Greater Oklahoma City regional Institutions: 

• University of Oklahoma Health Sciences Center 
• Oklahoma Medical Research Foundation 
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 Table 25:  Significant Presence Area: Diabetes, Obesity and Metabolic Disorders 

Diabetes, Obesity and Metabolic Disorders 

Definition:  
Diabetes is a disease 
characterized by the inability to 
control blood glucose levels. 
Type II diabetes, also known as 
adult-onset or noninsulin-
dependent diabetes mellitus, 
most frequently occurs in 
overweight individuals and is the 
most common form of the 
disease.  Type I diabetes, often 
known as insulin dependent 
diabetes mellitus (IDDM) is an 
Autoimmune Disease and 
Immunology that targets the ß-
cell destroying these insulin 
producing cells. 

Obesity is an abnormal 
accumulation of body fat 
frequently resulting in an 
impairment of health. Defined by 
the National Institute of Health 
as being more than 20% above 
ideal body weight (30% for 
females). Approximately 34% of 
the adult population is 
overweight.  

In some individuals obesity may 
be related to metabolic 
disorders.  The metabolism is 
the sum of all the physical and 
chemical processes by which 
living organic substance is 
produced and maintained 
(anabolism) and also the 
transformation by which energy 
is made available for the uses of 
the organism (catabolism). 

Notes: 

• Strong and growing diabetes research team at OUHSC. 

• Diabetes research facilitated by large Native American population in 
Oklahoma, and the general obesity problem facing the state. 

• Anticipate links to vascular biology related to angiogenesis and 
vascular complications from diabetes. 

• Growing annual educational and research retreats hosted by 
OUHSC, with over 100 persons attending last event (anticipate 500+ 
at forthcoming event). 

• Breakthrough research finding occurring related to diabetes-related 
angiogenesis in the eye and the discovery of inhibitor peptides. 

• OMRF’s magnetic resonance/imaging facilities and image-guided 
magnetic resonance spectroscopy can be used to measure localized 
metabolic changes. 

• OMRF work in molecular, cell and developmental biology program 
researching peptides associated with obesity, appetitive regulation 
and fat metabolism. 

• OSU’s focus on functional foods has lead to yogurt and non 
fermented acidophilus milk being sold to those who have lactose mal- 
digestion. 

• Yogurt culture developed at OSU that provides serum cholesterol 
control is now being commercialized by Culture Systems, Inc.    

 

Supporting Metrics: 

• OSU, 65 papers published (1999-2003) in “food science/nutrition” with a 4.77 citations quotient and 
3.69 publications quotient. 

• OmniViz cluster with 10 grants categorized as “metabolism research”. 

Primary Greater Oklahoma City regional Institutions: 

• University of Oklahoma Health Sciences Center 
• Oklahoma Medical Research Foundation 
• Oklahoma State University 
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Table 26:  Significant Presence Area: Food Quality and Nutrition 

Food Quality and Nutrition 

Definition:  
Nutrition involves the study of 
the food and liquid requirements 
of humans or animals, 
consisting of the taking in and 
metabolism of food materials 
whereby tissue is built up and 
energy liberated. 

Notes: 

• OSU research in detection of food borne pathogens, builds off of 
sensor strengths. Developing rapid methods and sensor systems for 
early detection with industry support.  

• Strong work at OSU in food microbiology, including R&D on feed 
additives to suppress e-coli. These “biocontrol systems” focus on 
strains that are specific for host animals and humans to enhance 
nutrition and suppress pathogens. 

• R&D at OSU focused on milling and baking qualities for wheat to 
produce specific food products with special emphasis on unique 
qualities of Oklahoma produced wheat. 

• Growing focus at OSU on functional foods, with work related to 
lactobacillus acidophilus and yogurt culture.  Strains originally 
cultured at OSU are now marketed through Nutrition Physiology, Inc. 
Guyman, OK  

• Spin-off company in the incubator in Stillwater, FoodProTech, 
provides services to food processors and establishments to eliminate 
pathogenic microbe contamination. 

• Peanut butter slices developed by OSU are now in stores being 
marketed like single cheese slices.  

 

Supporting Metrics: 

• OSU, 65 papers published (1999–2003) in “food science/nutrition” with a 4.77 citations quotient and 
3.69 publications quotient. 

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma State University 
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Table 27:  Significant Presence Area: Neuroscience/Neuro-Degenerative Diseases 

Neuroscience/Neuro-Degenerative Diseases 

Definition:  
Neuroscience is the discipline 
concerned with the 
development, structure, 
function, chemistry, 
pharmacology, clinical 
assessment, and pathology of 
the nervous system. 

Neurodegenerative diseases 
are progressive neurological 
diseases leading to loss of a 
specific population of nerve cells 
in the brain, spinal cord, or less 
frequently, peripheral nerves or 
muscles. Usually these 
diseases are caused by a 
genetic mutation in a specific 
neuronal protein that leads to a 
loss of function of that protein or 
slow accumulation of insoluble 
material in or around cells.  
Examples of neurodegenerative 
diseases include: Huntington’s 
disease, Parkinson’s disease, 
Alzheimer's disease, 
frontotemporal dementia, 
Creutzfeldt-Jakob disease and 
spinocerebellar ataxias. 

Notes: 

• One of five core focus areas for Presbyterian Health Foundation 
(PHF) funding. 

• Protein Studies program at OMRF examining structure and function of 
aspartic proteases, with a focus towards therapeutic targets for 
Alzheimer’s disease (via inhibitor drugs), working with start—up 
company Zapaq. 

• The Oklahoma Center for Neuroscience (OCNS) is located at 
OUHSC with approximately 100 participating faculty from basic and 
clinical departments on the Health Sciences Center Campus, the 
Norman Campus and area-affiliated institutions.  Near-term focus 
areas include: 

o Drugs of abuse/behavioral neurosciences 

o Neurodegenerative diseases (Alzheimer’s and 
Parkinson’s for example) 

o Visceral dysfunction (looking at areas of brain/gut 
interaction and the autonomic nervous system). 

• This year will be the 14th annual Oklahoma Center for Neuroscience 
Annual Symposium which brings together outstanding clinicians and 
basic scientists from Oklahoma and other parts of the world. 

• Some strong industry funding for non-clinical trials research.  One PI 
bringing in $1.5 million in industry funding. 

•  

• OMRF program in Free-Radical Biology and Aging producing 
important work regarding neuro-inflammation that occurs with 
neurodegenerative diseases. 

• Basic science research at OMRF within molecular, cell and 
developmental biology focused on proteins and presynaptic nerves 
and synapse activity. 

Supporting Metrics: 

• OmniViz cluster with 131 grants categorized as “behavioral and neurosciences” (49 from NIH). 
• OUHSC with 250 papers published (1999–2003) in “neurosciences and behavior” with a 1.04 

publications quotient. 

Primary Greater Oklahoma City regional Institutions: 

• University of Oklahoma Health Sciences Center 
• Oklahoma Medical Research Foundation 
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 Table 28:  Emerging Area: Bio-Imaging 

Bio-Imaging 

Definition:  
Imaging is the capture, storage, 
manipulation, and display of 
visual information or data, which 
in the biosciences may be 
achieved through a variety of 
means such as microscopy, x-
rays, PET scans, fluoroscopy, 
magnetic resonance images, 
etc. 

Notes: 

• OMRF engaged in advanced imaging for cell biology, including live 
cell imaging. OMRF has mathematicians working on imaging 
enhancement algorithms and home to an imaging core serving both 
OMRF and OUHSC. 

• OU – Norman Campus - Phase Contrast X-ray Imaging – detector 
technology and system development. Could lead to revolutionary 
change in X-ray technology.  

• OU – Norman Campus – RF coil design for ultra high field magnets – 
targeting 7-8 tesla strength (can visualize to 100 microns in vivo).  

• OSU is utilizing digital imaging capabilities for plant disease 
diagnostics as part of their regional network including all 77 counties 
in Oklahoma. 

• Nomadics in collaboration with OSU are developing nanoparticle 
medications that would allow for photo imaging of targeted organs 
inside the body. 

 
Supporting Metrics: 

• OmniViz cluster with 11 grants categorized as “bioimaging” (10 from NIH). 

Primary Greater Oklahoma City regional Institutions: 

• University of Oklahoma – Norman campus and OUHSC 
• Oklahoma Medical Research Foundation 
• Oklahoma State University 
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Table 29:  Emerging Area: Bioscience Applications of Nanotechnology 

Bioscience Applications of Nanotechnology 

Definition:  
Nanoscience is the study of the 
principles of molecules and 
structures with at least one 
dimension between 1 and 100 
nanometers (one nanometer is 
one billionth of a meter). 
Nanotechnology is the 
application of the unique 
properties of such objects to 
materials, devices and biological 
systems. 

Notes: 

• Some companies formed in the region around nanotechnologies, 
including NanoBioMagnetics, Inc. in Edmond (three dimensional 
positioning of magnetic nano particles). NanoBioMagnetics has 
received an SBIR award and is working with the Hough Ear Institute 
and OUHSC to investigate the use of nanotechnology in developing 
components for a new generation of implantable hearing devices. SW 
Nanotechnologies is also in the field as is Nomadics at the OSU 
research park. 

• OMRF cell biology research using nanoparticles and magnetic 
manipulations with goal of manipulating proteins in living cells.  
Strong 3D visualization capabilities and imaging at OMRF supporting 
this work.  

• Excellence in manufacturing of carbon nano tubes at OU Norman 
Campus 

• Nanotechnology is one of two focus areas for the OK EPSCoR 
program (the other is genomics) and the Legislature provided 
$100,000 in 2003 to develop a strategic plan for nanotech. 

• Nanotech development has been supported, along with one other 
project, in the most recent EPSCoR grant $9 MM over 3yrs.  

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma State University 

• Oklahoma Medical Research Foundation 
• University of Oklahoma – Norman  
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Table 30: Emerging Area: Sensor Technologies 

Sensor Technologies 

Definition:  
Sensors (in biological 
applications) can include a 
variety of chemical, biological or 
electronic means for detecting 
the state or change in a 
biosystem (e.g., temperature 
change, presence of invading 
microorganisms, increased 
biofluid flow, heart arrhythmia, 
etc.) 

Notes: 

• The OSU Center for Sensors and Sensor Technologies identifies 
needs for future sensor research and technologies, develops sensor 
devices and systems in collaboration with other universities, federal 
agencies and private industry, and transfers the technologies to the 
marketplace. 

• Strong sensor research and applications within OSU College of 
Agriculture.  Applications in precision agriculture (such as 
measurement of nitrogen) through to sensor applications in food 
safety (detecting pathogens in meat, fruits and vegetables). 

• OSU working on applications of sensor technologies in diagnostics 
including detection systems for polymer based florescence that is 
stable, long lived and more sensitive than current methods. Future 
goals include multiplexing to detect multiple pathogens or other 
contaminants for food safety, microbial resistance and environmental 
applications (with Nomadics).     

• Ekips Technologies, a spin-out of OMRF, produces breath analyzers 
(using laser-based sensing technology).  Working with Noble 
Foundation to develop sensors/analyzers for detecting disease in 
animals. 

• Nomadics, at the OSU research park, is developing its own sensor 
products and spinning off companies in the sensors area.  Core 
competencies include sensing and instrumentation, advanced 
materials, and nanotechnology.  They have spun-off 3 companies, 
Vigilink Corp., Engius (sensors to determine when concrete is cured) 
and Strala Materials.  Nomadics itself has developed a technology 
that can detect land mines.  

• OSU working on surface plasma resonance technology to develop 
less expensive detection devices (to detect microorganisms and 
proteins in serum, etc). 

• OSU Engineering and Agriculture have a joint New Products 
Development Center to develop devices with Oklahoma companies 
including sensors.   

 

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma State University 
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Table 31:  Emerging Area: Tissue Engineering and Bio-Implants 

Tissue Engineering and Bio-Implants 

Definition:  
Tissue engineering involves 
the use of a combination of 
cells, engineering materials, 
and suitable biochemical 
factors to improve or replace 
biological functions. Tissue 
engineering may combine 
genetic engineering of cells 
with chemical engineering to 
create artificial organs and 
tissues such as skin, bone, 
heart valves, and cartilage 
for joints. 

Notes: 

• The Hough Ear Institute is utilizing implanted nano particles to try to 
develop hearing amplification in the inner ear. Implanted particles in 
the middle ear are being tested to repair hearing impairment.   

• Excellence in manufacturing of carbon nano tubes at OU Norman 
Campus has led to new research with OSU in developing composites 
that incorporate the strength of nano tubes in new matrices. 

• OSU is developing precision surfaces at the nano scale and below to 
provide atomic level polishes. 

• Mechanical engineers at OSU are developing fundamental models 
that may develop a new branch of nanotechnology that could model 
nano-devices and processes. 

• OUHSC also has two strong groups working in tissue engineering 

Primary Greater Oklahoma City regional Institutions: 

• Oklahoma State University 

• Hough Ear Institute 
• University of Oklahoma – Norman campus 
 

SUMMARY 
The above tables provide significant insight into the research-based bioscience competencies in the 
Greater Oklahoma City region. Conclusions regarding these competencies and strengths are incorporated, 
together with the findings of the quantitative analysis, to develop and refine “technology platforms” upon 
which a bioscience economy may be built in the region. The specific recommended platforms, and the 
research core competencies to leverage in building them, are discussed in detail in the next section. 
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Technology Platforms, Products and Market Niches for the    
Greater Oklahoma City Region 

The purpose of identifying a region’s research strengths and core competencies is to be able to identify 
strategic areas, which we call technology platforms that offer the greatest opportunity for near term 
development.  Technology platforms serve as a bridge between the research core competencies and their 
use in commercial applications and products.  One way to understand these technology platforms is 
through a systems approach in which innovations flow from core competencies resident in a region’s 
research institutions, via the platforms, to commercial products, which then find their way into markets.  
These technology platforms are intended to be robust and evergreen and to integrate several of the core 
competencies to produce a continuous flow of innovative and perhaps disruptive technology or products.  
They also serve to being academic researchers closer to their counterparts in industry. 

The areas of greatest opportunity for developing technology platforms are those in which a region has; 

• Existing research strengths 
• Bases of commercial activity emerging or established within the region with genuine opportunity to 

create a base in the near future 
• Distinct opportunities to leverage the Greater Oklahoma City region’s comparative advantages to 

create competitive marketplace advantages 
• Significant product market potential 
• Links to, or reinforcements of, other bioscience strengths and core research competencies, thereby 

helping to enhance other fields as a platform expands 

Based on these criteria, the following technology development platforms are identified for near-term 
development, focus, and investment in the Greater Oklahoma City region: 

 Autoimmune Disease and Immunology and Immunology 
 Cardiology and Cardiovascular Research 
 Glycobiology and Glycomics 
 Infectious Disease Microbiology 

 Plant Genomics and Transgenics for Crop and Forage Improvement 
 Vision Research and Ophthalmic Neuroscience 

These six platforms represent the base from which a significant R&D, business base, and bioscience 
economy may be built. They each specifically draw upon the Greater Oklahoma City region’s 
institutional expertise in multiple fields, since it is multidisciplinary research that is increasingly gaining 
importance in driving new study areas, technologies, and commercializable innovations and discoveries. 
The assembly of multidisciplinary platforms is likely to increase the opportunity for winning federal 
agency grant awards.  

In addition to the near-term platforms, Battelle identified a number of potential technology platforms that 
represent longer-term bioscience sector development potentials for the Greater Oklahoma City region. 
The identified opportunity areas mainly consist of relatively compact groups of people working in 
leading-edge fields, new formative centers just recently pulled together, or established areas of expertise 
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in which investment in infrastructure and/or personnel are required to sustain or accelerate development 
momentum.  

Longer-term potential technology platforms include: 

 Aging and Geriatrics (including free-radical biology) 
 Bioscience Applications of Advanced Sensor Technologies 

 Cancer Suppression and Metastasis Control 
 Food Science, Obesity and Metabolic Disorders 

Each of the main bioscience platforms and opportunity areas noted above are actually linked to multiple 
centers of bioscience excellence and related disciplines within the Greater Oklahoma City region’s 
academic and private R&D institutions.  

Figure 14 shows how the Greater Oklahoma City region’s bioscience research strengths, determined 
through both quantitative and qualitative analyses, lead to the recommended technology platforms. Each 
of these five platforms, as well as the five emerging opportunity areas, is described in the following 
narratives. Each narrative includes a figure designed to show the specific linkages between the 
quantitatively based and qualitatively based core competency disciplines and recommended platforms and 
opportunity areas. The figures graphically illustrate the way in which these platforms are reinforced by 
the R&D talent across a wide range of strength disciplines in the Greater Oklahoma City region. 

Figure 14: From Core Competencies to Technology Platforms 
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OVERVIEW OF NEAR-TERM PLATFORMS 
An overview of each of the recommended platforms is provided below: 

Autoimmune Disease and Immunology 
Immunology in general is a particularly well-funded focal area of research particularly within OMRF and 
the University of Oklahoma Health Sciences Center.  The biomedical scientists in the Greater Oklahoma 
City region have clearly identifiable strengths in multiple applications of immunology ranging from basic 
sciences through to cancer immunology and Autoimmune Disease and Immunology. 

It is the area of Autoimmune Disease and Immunology that present perhaps the best opportunity for 
platform development around immunology expertise in the Greater Oklahoma City region.  These 
diseases are many and varied and affect millions of people worldwide (there are over 60 autoimmune 
related diseases).  Currently, OMRF and OUHSC have a strong focus on Lupus and Rheumatoid 
Arthritis.  These strengths are multi-dimensional including substantial basic science bench research, 
translational research, therapeutics development, and clinical trials leadership. 

A strengthened Autoimmune Disease and Immunology research platform will benefit from an 
interdisciplinary approach since the diseases can affect many parts of the body, such as nerves, muscles, 
the endocrine system, and digestive system.  This presents the opportunity to develop a cross-institution, 
multi-disciplinary research institute to progress Oklahoma City’s leadership in the field. Figure 15 shows 
the linkages between the region’s core competencies and the Autoimmune Disease and Immunology 
Platform. 

Figure 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tissue 
engineering &
bio-implants

Cancer

Neuro-
science
& neuro-

degenerative
diseases

Vision
research/

Ophthalmology

Immunology
& autoimmune

disorders

Cardiology &
cardiovascular

biology
Bio-imaging

Sensor
technologies

Aging & free-
radical biology

Diabetes,
Obesity &
Metabolic
Disorders

Microbiology
& Infectious

Diseases

Nano-
technology

Plant 
Genetics

and
Genomics

Glycobiology
and

Glycomics

Cardiology 
and

Cardio-
vascular
Research

Autoimmune
diseases

Vision
Research &
Ophthalmic

Neuroscience

Cancer
Suppression
& Metastasis

Control

Obesity,
Metabolic

Disorders &
Food Science

Bioscience
Applications
of Advanced

Sensor
Technologies

Near-term Platforms Longer-term Platforms

Established Strengths Significant Presence Emerging

Infectious
Disease

Microbiology

Aging &
Geriatrics
(including

free-radical
biology)

Potential Linkages Between Core Competency Areas and the 
Autoimmune Disease Platform

Plant/crop
sciences &

genetics

Animal 
sciences/
livestock

Agricultural
production/
agronomy

Glycobiology/
carbohydrates

Food Quality
and Nutrition



 

 49

 

Cardiology and Cardiovascular Research 
Cardiology and cardiovascular research is obviously a broad field – likewise, Oklahoma has established a 
broad spectrum of research foci in cardiology and the cardiovascular system.  Within the Greater 
Oklahoma City region’s research complex, however, certain cardio-research areas stand-out as core 
strengths.  There is notable cardiology expertise focused on cardiac arrythmia, and the international 
reputation of the University of Oklahoma Health Sciences Center in research and clinical care of cardiac 
arryhmia results in the treatment of many of the rarest and most intractable cases.  Research and clinical 
practice around arrythmia shows promise for the development of medical devices (such as catheters), 
instruments, diagnostic devices and biological therapeutics. 

Vascular biology is the second principle strength of this platform within the Greater Oklahoma City 
region.  Considerable progress has been made at OMRF and the University of Oklahoma Health Sciences 
Center in terms of advanced therapies for stroke and in applications related to angiogenesis.  
Angiogenesis research in the Greater Oklahoma City region shows great promise in the prevention and 
treatment of cancers and disorders of the eye (such as diabetic retinopathy), but may have further 
application to areas such as obesity research. 

As envisioned, the Cardiology and Cardiovascular Research platform would serve to coordinate and 
facilitate cross-disciplinary and cross-institutional cardiology and cardiovascular research, with special 
emphasis in two Near-term areas: a) cardiac arrhythmia and associated therapeutics, diagnostics and 
devices, and b) cardiovascular work in vascular biology, thrombosis and stroke.  Figure 16 shows the 
linkages between the region’s core competencies and the Cardiology and Cardiovascular Research 
Platform. 

Figure 16 
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Glycobiology and Glycomics 
The concentration of expertise in glycobiology at the University of Oklahoma Health Sciences Center and 
the Oklahoma Medical Research Foundation presents a substantial opportunity for cementing a leadership 
position in one of the most promising expanding areas of bioscience.  MIT Technology Review has named 
Glycomics as one of ten highly significant emerging technologies, while New Scientist notes that 
“glycomics could fuel a revolution in biology to rival that of the human genome”.  The glycobiology 
expertise contained in the Greater Oklahoma City region has already resulted in the formation of multiple 
companies from local university and research institute R&D, including the formation of Novazyme (now 
Genzyme Glycobiology).  

Glycobiology presents a “must do” opportunity for the Greater Oklahoma City region because the cells 
and proteins of living organisms are partially coated with carbohydrates. As biological recognition 
elements, carbohydrate molecules mediate a host of key biological events including adhesion, immune 
system function, cellular targeting, protein transport, stabilization and half-life.  Because of this, the field 
of glycobiology holds promise for a considerable volume of high impact commercializable discoveries, 
with applications in multiple areas of life science.  Sugar chains, for example, affect the activity of around 
half of the proteins in the body; many of which are related to the onset and severity of disease.  Figure 17 
shows the linkages between the region’s core competencies and the Glycobiology and Glycomics 
Platform. 

Figure 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Applications for glycobiology-based discoveries are still preliminary, but they appear to be extremely 
wide ranging.  Much promising work is focused on the design of carbohydrate-based therapeutics to 
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tuberculosis) and immune dysfunction diseases such as multiple sclerosis.  Thus “glycotherapeutics” are 
one potential avenue to pursue in Greater Oklahoma City regional biosciences.  In addition, glycobiology 
shows promise in vaccine development through glycoconjugate vaccines and also in other applications 
such as food additives (for example, enhancing positive immune responses in baby formula or 
suppressing enteric diseases through cattle food supplements), anti-inflammatories and innate plant 
defense.  There is, therefore, also opportunity to link the glycobiology platform to many of the other 
identified platforms. 

It is clear that the Greater Oklahoma City region and its institutions have established a position among the 
world’s glycobiology pioneers, but it is imperative that this leadership now be sustained and expanded 
through platform support.  Thus this platform should seek to leverage and reinforce the current leadership 
position of OUHSC (and OMRF) in the field to develop a pre-eminent “Institute for Functional 
Glycomics” and promote, in collaboration with the local and national glycobiology industry, the 
commercialization of regional glycobiology innovations. Collaborations should be established that 
facilitate considerable cross-disciplinary work in human, animal and plant glycomics thereby leveraging 
additional expertise at OSU and the Noble Foundation. 
 
Infectious Disease Microbiology 

Microbiology with applications to human biomedicine is a clear strength at OUHSC, which ranks 9th in 
the nation in terms of NIH funding in the area of microbiology and immunology.  With $13.5 million in 
NIH funds, this field of scientific inquiry has the largest base of research funding of OUHSC departments.  
Within OUHSC there are clear strengths focused on microbiology and the study of infectious diseases.   

OUHSC’S Department of Microbiology and Immunology places a distinctive focus on the molecular 
mechanisms by which pathogens cause disease, and there are strong ties across into other areas of 
research strength in the Greater Oklahoma City region such as molecular biology and cell biology.  In 
terms of focus on the molecular basis of microbial virulence, the OUHSC faculty has developed a strong 
international reputation as a leading center. 

Research programs in the Greater Oklahoma City region show distinct promise in the development of 
new and improved antibiotics and for development of vaccines and diagnostic products. 

Several complementary fields of inquiry serve to reinforce the infectious disease strengths in the Greater 
Oklahoma City region.  OUHSC’s work in immunology and disease pathogenesis is of course, central to 
progress in this area, but there is also relevant infectious diseases work occurring at OMRF, and across 
into zoonotic diseases at OSU.  Figure 18 shows the linkages between the region’s core competencies and 
the Infectious Disease Microbiology Platform. 
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Figure 18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plant Genomics and Transgenics for Crop and Forage Improvement 
Plant sciences, and particularly genetic analysis and manipulation of plants, is a clear Oklahoma strength 
that extends across multiple institutions and the region.  Noble Foundation has deep resources and 
expertise in functional genomics and transgenics coupled with an integrated system for translational work 
to bringing new cultivars to the field and an integrated system of resources and personnel to conduct the 
necessary field and animal trials.  Noble and the University of Oklahoma are working well together in 
whole plant genome sequencing taking advantage of the University’s world class sequencing expertise 
and infrastructure.  It is also particularly notable that both the Noble Foundation and Oklahoma State 
University share a strong emphasis on the same research targets (alfalfa, legumes and forage crops) and 
there is considerable opportunity for greater collaboration between these research groups.  As individual 
institutions OSU, OU and Noble have much to contribute in plant science genomics and transgenics, but 
taken together as an integrated platform whereby the Greater Oklahoma City region’s institutions 
collaborate, the whole will be greater than the sum of its parts. 

The market potential for enhanced, high performance forage and legume crops is of course substantial and 
presents economic opportunity around protected intellectual property.  The economic opportunity for the 
Greater Oklahoma City region , however, is much more far reaching if the platform also focuses work on 
functional food, functional feed, nutraceutical applications, biopharming and other advanced applications 
of plant transgenics.  With legumes having high protein production, for example, considerable 
opportunity exists for expression of therapeutic proteins and other high value proteins through plant 
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pathways.  Figure 19 shows the linkages between the region’s core competencies and the Plant Genetics 
and Genomics Platform. 
 
Figure 19 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Near-term role of this platform should be the use of cross-institutional and cross-disciplinary 
strengths of major R&D institutions in plant biosciences (especially the Noble Foundation and OSU, but 
also the University of Oklahoma) to realize genomics-based innovation and commercialization of 
advanced legumes, forage crops and associated applications in advanced/functional food, feed, 
nutraceutical, therapeutics, and industrial biomass applications. 
 
Vision Research and Ophthalmic Neuroscience 

As home to the Dean McGee Eye Institute, Oklahoma City has a distinctive position in ophthalmology 
research and associated areas of neuroscience.  Perhaps one of the most impressive aspects of the Eye 
Institute is how quickly it has grown into one of the leading research programs in the nation.  Those 
interviewed at the Eye Institute noted that as recently as 1995 Oklahoma City was not “on the radar 
screen” as a major center for vision work (it ranked 65th in NIH funding).  Today, however, the Institute 
stands as a clear testimony that a leadership dedicated to excellence and growth can develop world class 
excellence in an important bioscience field in Oklahoma City. 

Today the Eye Institute has 285 employees, operates with an $8.2 million annual research budget ($30.8 
million in active grants) and is embarking on major facilities expansions.  Extramural research funding 
levels for the Eye Institute and affiliated programs at OUHSC have propelled the institution to 6th in the 
nation in terms of NIH funding for ophthalmology, with 23 current funding awards from the National Eye 
Institute.   The scientific and clinical expertise of the Eye Institute/OUHSC is now such that a 
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considerable volume of patients from national and international markets travel to receive Oklahoma City-
based clinical care.  Figure 23 shows the linkages between the region’s core competencies and the Vision 
Research and Ophthalmic Neuroscience Platform. 

 
Figure 23 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vision research in Oklahoma City is strongly linked to OUHSC’s very strong position in molecular and 
cell biology and is supported by superb resources such as the animal imaging molecular eye core.  As a 
result, the Institute and its researchers are considered leaders in molecular manipulations.  This expertise 
has been concentrated to a significant degree to produce a very strong position in the molecular biology of 
retinal diseases, and there are strong links between vision research and the previously mentioned 
angiogenesis and diabetes focus areas in Oklahoma City.  

The growth of Oklahoma City as a center for vision research is now beginning to bear fruit in terms of the 
location of commercial vision research and vision products companies in the City.  

LONGER-TERM PLATFORMS 
 

Aging and Geriatrics (Including free radical biology) 

Geriatric medicine is quite heavily emphasized within the OUHSC medical curriculum, but beyond 
education there is a growing focus on aging and geriatrics related research.  Two areas of research focus 
stand out for their potential to grow and lead to important opportunities for the Greater Oklahoma City 
region, the first being the application of free-radical biology to aging (centered on work at OMRF) and 
the second being work in “healthy aging” (centered in the Department of Geriatrics at OUHSC) 
examining disease prevention, health maintenance, and restorative approaches with seniors. 
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The program in Free Radical Biology and Aging at OMRF shows distinct potential for further growth and 
for making fundamental discoveries with commercial potential.  Indeed, OMRF’s drug, Ceerovine, is 
slated to go to the FDA for approval next year. The OMRF work is also broad with research focused in 
basic biomedical problems associated with: cancer development/carcinogenesis; diabetes; septic shock; 
neurodegenerative diseases, and macular degeneration.  There are also strong links to immunology 
strengths with an OMRF focus on inflammation processes caused by free-radicals. 

Central to progress in free-radicals and aging research are the region’s strong core capabilities in small 
animal MRI imaging and animal models.  The investment in infrastructure at OMRF, for example, 
facilitates real time small animal imaging work and analysis.  Figure 20 shows the linkages between the 
region’s core competencies and the Aging and Geriatrics Platform. 

 

Figure 20 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Bioscience Applications of Advanced Sensor Technologies 

Sensors present a large-scale opportunity for commercial biomedical application, and also to applications 
in agricultural and industrial biosciences and biotechnology.  The application of advanced sensor 
technologies to bioscience needs presents so many areas of potential that it will likely be challenging to 
define specific focus.  In biomedical science, sensors have applications to the measurement, detection and 
even control of, for example: biochemistry, fluid flow and pressure, temperature, nerve action, bone 
density, bio-electrics, gasimetry, and the detection of pathogens.  Within plant and agricultural 
biosciences there are similarly diverse opportunities for both invasive (in plant) sensing and for growth 
conditions and environmental monitoring for precision agriculture and other applications. 
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Sensors themselves are similarly diverse in the technological approaches they use.  Sensor technologies 
may include, for example: solid-state electronics and semiconductor technologies, thin films, ceramics, 
electrochemical cells, membranes, optical fibers, enzymatic biosensors and even living biosensors.  
Technologies may be applied through either invasive or non-invasive techniques. 

As physical devices, sensors obviously present not only an R&D opportunity for the Greater Oklahoma 
City region but also a production opportunity.  Several companies already exist in the region that have a 
business model based around sensor technologies, and the intensity of R&D taking place within regional 
Universities in associated fields bodes well for future opportunities in this area.  Figure 21 shows the 
linkages between the region’s core competencies and the Bioscience Applications of Advanced Sensor 
Technologies Platform. 

Figure 21 
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Cancer Suppression and Metastasis Control 

Cancer has been named in the recent long-range development plan of OUHSC as one of the core focus 
areas for further development at the University.  Indeed, OUHSC is working steadily towards achieving 
designation as an NCI Comprehensive Cancer Institute (CCI). 

While there are already 60 institutions funded under the NCI Cancer Centers program, OUHSC’s research 
strengths are quite tightly defined, serving to provide a distinctive position for the University and related 
work at OMRF. 

Major investments being made in infrastructure for cancer research will serve to reinforce and strengthen 
OUHSC’s position in cancer.  A $75 million cancer facility is to be developed at the Health Sciences 
Center in Oklahoma City, and 125,000 square feet of the Biomedical Research Center under construction 
will be dedicated to cancer and genetics research.  Figure 21 shows the linkages between the region’s core 
competencies and the Cancer Suppression and Metastasis Control Platform. 

 

Figure 21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Within the cancer field, it is likely that Oklahoma City will see particular contributions made in the 
genetics of cancers and in areas of cell cycle control and carcinogenesis.  Links to the strength of the 
OUHSC and OMRF in angiogenesis also show potential to yield important discoveries and commercial 
applications.  Tying into the strengths of the region’s institutions in immunology is also a core area of 
opportunity for facilitation of cancer innovations. 
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Obesity, Metabolic Disorders and Food Science 

This platform encompasses a broad range of R&D and clinical work spread across multiple institutions in 
the Greater Oklahoma City region.  Work is diverse, ranging from concentrated diabetes research at 
OUHSC through to nutrition and food science expertise at Oklahoma State University. 

Obesity, Metabolic Disorders, and Food Science is listed as a longer-term platform because a clearly 
defined focus of work in these fields has not yet become evident in the region.  There are obviously 
considerable strengths in multiple disciplines that may be coordinated to apply rigorous science to 
specific challenges, but that has not yet been accomplished and much coordinating work is required.  
Figure 22 shows the linkages between the region’s core competencies and the Obesity, Metabolic 
Disorders and Food Science Platform. 

 
Figure 22 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Food science, plant science, animal science and associated expertise are contained within the agricultural 
biosciences domain (most notably at Oklahoma State University and also at the Noble Foundation).  
Work on obesity, metabolism and associated diseases and disorders, such as diabetes, is concentrated at 
OUHSC.  Through collaborative efforts it should be possible to coordinate some novel joint research 
programs across these institutions, in key opportunity areas such as functional foods and nutraceuticals 
for regulation of diet and associated health problems.  Oklahoma, as a state, is facing obesity and diabetes 
(both Type I and II) at high incidence rates, and work to provide novel approaches to this through Greater 
Oklahoma City regional research will have considerable local relevance, but also provide access to 
worldwide commercial markets. 
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A focus on obesity and diet also provides links to a number of disease specific focus areas in the Greater 
Oklahoma City region.  Being overweight or obese increases the risk of many diseases and health 
conditions, including the following: 

• Hypertension  
• Dyslipidemia (for example, high total cholesterol or high levels of triglycerides)  
• Type 2 diabetes  
• Coronary heart disease  
• Stroke  
• Gallbladder disease  
• Osteoarthritis  
• Sleep apnea and respiratory problems  
• Some cancers (endometrial, breast, and colon)  

MARKET ANALYSIS  
The ultimate goal for the Greater Oklahoma City region in supporting the development of bioscience 
platforms is economic development. R&D, in and of itself, is economic development in that millions of 
dollars flow into the region each year from federal and other external funding sources to support research. 
These dollars, in turn, create jobs and income for Oklahomans in, and related to, the R&D sector.  The 
goal of technology-based economic development, however, is to move into an integrated model 
where local research feeds a local commercialization and production cluster, thereby capturing 
increased value-added economic gains for the region from its R&D work.  Figure 25 shows the 
increasing returns to commercial development of bioscience R&D into full-scale production of 
bioproducts. 

Figure 25: Increasing Economic Returns Through Production of Bioproducts  
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Given the increasing regional economic returns through the commercialization of R&D innovations it is 
highly important that the development of platforms be made with an eye to markets and 
commercialization opportunities related to each platform. 

In this section, Battelle examines basic market forces and trends related to each of the key Greater 
Oklahoma City region bioscience platforms. 

Market Trends in Autoimmune Disease and Immunology 

Autoimmune Disease and Immunology encompass a range of diseases that affect millions of people 
worldwide.  Among the most widespread Autoimmune Disease and Immunology are: rheumatoid 
arthritis, asthma, psoriasis, multiple sclerosis, inflammatory bowel disease and systemic lupus 
erythematosus. 

According to Theta Reports the global market for Autoimmune Disease and Immunology therapeutics 
reached an estimated $11.3 billion in 200018. This was an increase of 23.6% over an estimated $4.8 billion 
in 1996. In 2006, market projections were for estimated revenues of $21.1 billion, reflecting a 15.9% 
increase from 2000 to 200619. Theta Reports concluded that the largest segment by disease area was the 
rheumatoid arthritis market, with 55.9% share in 2000.  The smallest market segment by disease area in 
2000 was myasthenia gravis, accounting for only 0.6% of the total world market. Although specific 
products are available to treat this condition, prevalence of myasthenia gravis is lower than the other 
Autoimmune Disease and Immunology.  

Biologics have proven to be a significant area of growth for the treatment of Autoimmune Disease and 
Immunology.  According to Lead Discovery Services of the UK20, the value of biological drugs indicated 
for Autoimmune Disease and Immunology was roughly $6.8 billion in 2003. They go on to note that 
“biologics are no doubt transforming the treatment of Autoimmune Disease and Immunology such as 
multiple sclerosis, rheumatoid arthritis, inflammatory bowel disease, and psoriasis.”  Lead Discovery 
Services estimated that the value of biotech in Autoimmune Disease and Immunology is “set to triple by 
2008”. 

There is also significant growth occurring in diagnostics for autoimmune disorders.  Frost & Sullivan 
notes, for example, that the total European Autoimmune Disease and Immunology diagnostics market 
was worth $440 million in 2004 and is set for a sizeable growth to reach almost $700 million by 2011.  

In terms of number of afflicted Americans, the American Autoimmune Related Diseases Association 
estimates that approximately 50 million Americans suffer from Autoimmune Disease and Immunology21. 
Women are more likely than men to be affected. 

As noted previously, Autoimmune Disease and Immunology research in the Greater Oklahoma City 
region is particularly focused on lupus and rheumatoid arthritis.  The NIH reports that approximately 2.1 
million American’s have rheumatoid arthritis.  Some estimates place 1% of the population having 
rheumatoid arthritis, which projected onto a worldwide population (6.4 billion) would equate to over 64 
million persons potentially afflicted worldwide.  The Lupus Foundation of America estimates that 

                                                      
18 Theta Reports. “Autoimmune Disease and Immunology Therapeutics Worldwide: Markets & Developments”.  January 2002. 
19 It is likely that these market projections should be revised downward given the recent events with Cox-2 inhibitors 
such as Vioxx.  These drugs for rheumatoid arthritis comprised a significant part of the market. 
20 http://www.leaddiscovery.co.uk/reports/Biotech%20in%20Autoimmune%20and%20Inflammatory%20 
Disease%202004%20-%20Revolutionizing%20the%20Market.html 
21 http://www.aarda.org/qa_frames.html 
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approximately 1.5 million Americans have a form of lupus, with about 70% of these cases being 
systemic.  Data on the Centers for Disease Control (CDC) Website22 indicate that Lupus affects up to 1.4 
million people in the United States.  The CDC further notes that due to the lack of definitive 
epidemiological information on lupus, the exact number of people with lupus worldwide is unknown— 
however, based on limited existing data, researchers believe at least five million people worldwide have 
lupus and more than 100,000 new cases develop every year, though it is likely that these estimates are 
low. 

Market Trends in Cardiology and Cardiovascular Disease 

American Heart Association (AHA) statistics for 2002 estimate that over 70 million American’s have one 
or more forms of cardiovascular disease.  Leading cardiovascular diseases in the nation include high 
blood pressure (65 million), coronary heart disease (13 million) and stroke (5.4 million).  The AHA 
further estimates that 1 in every 2.6 deaths is from cardiovascular diseases, claiming the lives of over 
927,000 US residents in 2002 (a figure greater than deaths from cancer, accidents and AIDS combined).  
Coronary heart disease is the single leading cause of death, with almost 500,000 caused deaths in 2002, 
and 1.2 million Americans annually suffer a heart attack.  Current estimates of the total cost to the US of 
cardiovascular disease in its entirety stand at $393.5 billion. 

On a Worldwide basis, the impacted population is huge.  According to the World Health Organization 
(WHO)23 7.2 million persons worldwide die each year from coronary heart disease which is now the 
leading cause of death worldwide.  Stroke is similarly devastating on a worldwide basis, causing the 
deaths of 5.5 million.  As the world’s population continues to increase, cardiovascular disease is expected 
to be responsible for 25 million annual deaths by 202024.  Just within the Organization for Economic 
Cooperation and Development (OECD) countries, expenditures on cardiovascular medications account 
for 11% of total annual drug expenditures. 

These statistics clearly highlight the need for cardiovascular disease diagnostics and therapeutics in terms 
of reducing the toll on human life and suffering.  Equally they highlight the huge domestic and 
international market that exists for proven products, therapeutics and associated medical devices. 

According to a published study by Business Communications Co., Inc.25 (BCC), the worldwide sales of 
cardiovascular drugs approached $52 billion in 2000. This expenditure was expected to increase to nearly 
$76.5 billion by 2005, as the market grows at an average annual growth rate of 8.2% over the 5-year 
forecast period. Cardiovascular drugs used to treat hypertension comprise the largest market with 
worldwide sales estimated at over $25 billion in 2005. Expected to grow at an AAGR of 9.2%, this 
market will increase to $39 billion by 2005.  BCC’s projections for worldwide sales of cardiovascular 
drugs are highlighted in Table 32: 

As noted earlier in this report, cardiac arrhythmia is an acknowledged strength at OUHSC, this being a 
disease area (in combination with myocardial infarction), accounting for an estimated $4.36 billion in 
worldwide annual drug sales.  In addition, this area of cardiology and cardiovascular medicine also 

                                                      
22 http://www.cdc.gov/omh/AMH/factsheets/lupus.htm 
23 World Health Organization “The Atlas of Heart Disease and Stroke”.  Online at 
http://www.who.int/cardiovascular_diseases/resources/atlas/en/ 
24 Institute for International Health 
25 “RB-151  Cardiovascular Drugs: Products, Applications and New Developments”  Business Communications Co., 
Inc.  Norwalk, CT.  April, 2001. 
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generates significant sales in diagnostic products and medical devices (such as catheters, pacemakers, 
etc.). 

Table 32: Worldwide Sales of Cardiovascular Drugs by Disease Category, through 2005 ($ millions) 

 2000 2005 AAGR %
2000-2005

Hypertension 25,170 39,060 9.2
Hypercholesterolemia 15,490 21,550 6.8
Angina 3,000 4,730 9.5
Myocardial Infarction & Arrhythmia 3,040 4,360 7.5
Congestive Heart Failure 1,340 2,220 10.6
Others * 3,600 4,540 4.7
Total 51,640 76,460 8.2

* Also includes Edema, Hypotension and Acute Coronary Syndrome 
Source: Business Communications Co. 

Vascular biology is the second principle strength of this platform within the Greater Oklahoma City 
region.  Considerable progress has been made at OMRF and the University of Oklahoma Health Sciences 
Center in terms of advanced therapies for stroke and in applications related to angiogenesis.  According to 
the pharmaceutical company Astra Zeneca, the worldwide market for anti-thrombotic drugs (a leading 
class of drugs used in stroke prevention and treatment) is a substantial $9.6 billion26.   

Angiogenesis research in the Greater Oklahoma City region also shows great promise in the prevention 
and treatment of cancers and disorders of the eye (such as diabetic retinopathy), but may have further 
application to areas such as obesity research, skin disorders and other areas.  Already, OUHSC 
researchers have developed patented discoveries in angiogenesis inhibitors and a company has formed in 
Oklahoma City to commercialize these discoveries in the field of diabetic retinopathy. As the figure 
below27 illustrates, excessive angiogenesis is associated with several major disease areas, while 
insufficient angiogenesis similarly impacts multiple diseases and disorders. 

 

 

 

 

 

 

 

 

 

 

   Source: Universitat Zurich 

                                                      
26 http://www.astrazeneca.com/pressrelease/633.aspx 
27 Source = http://www.unizh.ch/onkwww/angio2.html 
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The market opportunity for anti-angiogenesis therapeutics will be substantial.  Neovascular diseases of 
the eye, for example are the world's leading cause of blindness. Of the various problems caused by 
inappropriate blood vessel growth into the eye, diabetic retinopathy and neovascular glaucoma are two of 
the most serious conditions. In the United States there are approximately 12 million people that suffer 
from diabetes. Of these people, 5 million suffer from diabetic retinopathy. In addition, there are at least 2 
million cases of neovascular glaucoma in the United States.  

Cancer, after cardiovascular disease, is the second leading cause of death in the United States and anti-
angiogenesis approaches to cutting off blood supply and limiting the growth of tumors is among the most 
promising fields of cancer research. The market for cancer treatments in the United States is currently 
$1.65 billion and is growing by 10% per annum. The oncology market is the third largest pharmaceutical 
market, behind the cardiovascular and central nervous system (CNS) therapy areas, and is currently 
experiencing strong growth. Worth an estimated $35 billion in 2004, Datamonitor projects the sector to 
grow to $60 billion by 2008, yielding a compound annual growth rate of 8% over this period28.  In 2004, 
the top 20 cancer drugs in each of the seven major pharmaceutical markets generated combined sales 
exceeding $27 billion. 

Rheumatoid Arthritis (discussed further under the autoimmune disorders platform) also has angiogenesis 
at the core of the damage caused by this disease. The fever, joint inflammation and pain of rheumatoid 
arthritis are symptoms caused by the in-growth of pannus tissue (synoviocytes and new blood vessels) 
which destroys the joint cartilage and behaves somewhat like a localized malignancy.  Thus, anti-

angiogenesis approaches have promise 
in ameliorating the debilitating effects 
of this disease. 

Market Trends in Glycobiology 
and Glycomics 

It was noted earlier that applications for 
Glycobiology-based discoveries are still 
preliminary, but they appear to be 
extremely wide ranging.  On the 
biomedical side “glycotherapeutics” 
show considerable potential – using 
control of carbohydrates for therapeutics 
related to cancer metastasis, muscular 
dystrophy, viral and bacterial induced 
diseases, and immune dysfunction 
diseases for example.  Glycobiology 
also shows promise in vaccine 
development through glycoconjugate 
vaccines and also in other applications 
such as food additives and anti-
inflammatories.  There are also strong 
applications of glycobiology to 

                                                      
28 http://www.pharmaceutical-business-review.com/research.asp?guid=DMHC2050 

Researchers are beginning to see the potential for breakthrough in 
healthcare through glycomics, which studies carbohydrates, proteins 
and their interactions. In fact, these carbohydrates are moving 
beyond their regular roles as sugar storage bins. Carbohydrate-
binding proteins are becoming extremely useful in curing various 
illnesses. 

“The rapid evolution of glycomics as a natural extension of 
proteomics provides a better understanding of glycoproteins, 
glycosylation process, and its role in the protein function,” explains 
Frost & Sullivan Industry Analyst Giridhar Rao. “This in turn 
facilitates the development of novel biodrugs.” 

The rapid progress of glycomics in the biopharmaceutical industry is 
evident from the existence of approximately half a dozen drugs, in 
which manipulation of carbohydrates and proteins provides 
advanced drug properties. For example, Epogen – a 
glycotherapeutic drug – contains two additional carbohydrate groups 
that can extend circulatory half-life and magnify efficiencies. 

Active research on glycosyltransferases to understand the role of 
carbohydrate interactions in a cancerous cell is also likely to provide 
further opportunities for application of glycomics. One such prospect 
lies in the development of protein serum-based cancer diagnostics. 

In fact, glycoprotein therapeutics is the fastest growing segment in 
the biopharmaceuticals industry with an annual growth rate of 24 
percent, which is expected to accelerate further. However, 
maintaining adequate manufacturing capacity is a critical challenge. 

Frost & Sullivan market research consultancy. Protein-
Centric Drug Development and Functional Glycomics 
Enrich Biopharmaceuticals Pipeline.   27 Apr 2004 
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applications in plant biotechnology.   

Given that glycans play an indispensable role in human physiology, it is thus logical that this family of 
biomolecules will have considerable therapeutic potential, both as drugs in their own right and as drug 
targets. Indeed, this has already proven to be the case with several carbohydrate-based drugs already on 
the market, and many others are in various phases of clinical trials29.  It should also be noted that sugars 
hold enormous promise as drugs compared with protein-based therapies—this is because sugars are 
smaller than proteins, more stable and more easily formulated for delivery into the body.  They are also 
probably less likely to trigger an immune response.   

One may look to the growth of other “omics” areas, such as proteomics, to provide insight to the potential 
in the new field of glycomics.  According to Fuji-Keisai Corporation, proteomics is projected to grow 
from a $565 million market in 2001 to more than $3.3 billion in 2006.30 This represents an average annual 
growth rate of over 40 percent.  Given the potential pathway to drugs, vaccines and other products locked 
within glycobiology there is every reason to believe that glycomics offers multi-billion dollar product 
potential. 

Decision Resources, Inc., a market research firm located in Waltham, Massachusetts, has concluded that 
key opportunity areas for drugs developed through glycomics include drugs for: cancer inflammation, 
infection, coagulation, aging and diabetes, congenital disorders of glycosylation, transplantation rejection 
and fertility31.  Such broad applications for glycomics-based drugs imply a multi-billion dollar market 
potential. 

In fact, glycoconjugate-based pharmaceuticals are already a multi-billion dollar industry.  Sales of such 
pharmaceuticals already exceed $20 billion32 and include products from major pharmaceutical multi-
nationals including Amgen, Genentech, Biogen-IDEC, Genzyme, Aventis, Glaxo-SmithKline and Sanofi. 

The U.S. market is already home to multiple glyco-products including, for example, such major products 
as erythropoietin, beta-interferon and blood coagulation factors. 

There is really no question that glycobiology and glycomics will result in a significant volume of 
therapeutics (and potentially vaccines) for a wide range of diseases.  As a result, a number of institutions 
are now investing in major glycobiology research centers (in the U.S., Japan, Europe and Australia, for 
example).  Currently the Greater Oklahoma City region is blessed with a highly productive group of 
glycobiology researchers33, but further investment will be required to realize and reinforce the 
competitive potential that exists in the region. 

Market Trends in Human Infectious Diseases 

Despite advances in diagnostics, vaccines, antibiotics and therapeutics, infectious diseases remain the 
leading cause of death worldwide. In 1996, infectious diseases killed about one third of the more than 52 
                                                      
29 http://web.mit.edu/be/pdf/American%20Scientist%20JM&RS%202003.pdf. 
30 Fuji-Keisai Corporation.  http://www.fuji-keizai.com/j/report/proteomics.html (in Japanese). 
31 Mucke, Herman.  “Glycomics: The Impact of Carbohydrates on Biological Function and the Implications for 
Drug Discovery”.  Decision Resources, Inc.  July 24, 2003. 
32 Cummings, Richard.  “Excitement About Sugars!”  The Department of Biochemistry and Molecular Biology and 
the Oklahoma Center for Medical Glycobiology. 
33 Since 1997 the members of the Oklahoma Center for Medical Glycobiology (OCMG) have received over $16 
million in extramural grants and the ten senior members of OCMG together hold over 40 patents granted during the 
past ten years.  Glycobiology patents currently generate over $5 million in fees for the University of Oklahoma and 
five company start-ups now exist in the state centered on Glycobiology technologies. 
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million people who died that year, while in the United States two of the ten leading causes of death are 
infectious diseases (HIV and pneumonia/influenza). The Centers for Disease Control and Prevention 
(CDC) reports that 160,000 Americans die each year with an infectious disease as the underlying cause of 
death34. Ranging from childhood ear infections to measles to sexually transmitted diseases (STDs), 
infectious illnesses account for 25% of all physician visits each year, and antimicrobial agents are second 
only to pain relievers as the most frequently prescribed class of drugs. 

Both existing and new/emerging infectious diseases are responsible for these widespread human health 
costs.  Pathogens once thought to be controlled are now recognized for their ability to evolve drug 
resistance and established diseases consistently emerge in new and more virulent forms.  Global travel 
and penetration into remote areas is also resulting in exposure to new diseases, and diseases once thought 
endemic to less developed areas of the world have established fronts in developed countries.  

Obviously the societal costs of infectious diseases are extremely large. Consider some of the following 
statistics for annual infectious disease costs in the US alone: 

o Treatment of non-AIDS STDs = $5 billion  

o Intestinal infections = $30 billion  

o Influenza = $17 billion 

o Salmonella = $1 billion 

When all infectious disease treatment costs, and lost productivity associated with illness, are taken into 
account it is estimated that the annual cost of infectious agents in the US is greater than $120 billion each 
year. 

It is clear that a huge domestic and worldwide market exists for products aimed at stopping or reducing 
the human and economic costs of infectious diseases.  Opportunities exist across multiple product 
categories including: disease diagnostics; vaccines; antibiotics; vector repellants and devices (including 
drug and vaccine delivery systems, and even simple devices such as bed nets to prevent malaria).  

The research firm Research and Markets predicts that there are multiple markets related to infectious 
diseases that are growing in importance.  Including: 

o The design of new antibiotics to address drug-resistance 

o Development, commercialization and inventorying of novel vaccines and anti-infective agents for 
biodefense and national health purposes  

o Development of improved technologies for fast, portable, high-sensitivity analysis and detection 
of pathogens 

Following a dramatic decline in the 1980s, the vaccines industry has re-emerged as a fast growth market.  
Growth has been driven by the approval of new and improved combination vaccines and technological 
innovations and the resurgence looks set to continue, with the development of DNA vaccines, progress 
towards an HIV vaccine, and the development of vaccines for major killers such as cardiovascular disease 
and cancer. Prophylactic vaccines are currently valued at between $5 and 7 billion, and are expected to 

                                                      
34 http://www.astdhpphe.org/infect/infectintro.html.  Association of State and Territorial Directors of Health 
Promotion and Public Health Education with support from the Centers for Disease Control and Prevention, National 
Center for Infectious Diseases. 
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show a compound annual growth rate of between 9% and 11%35.  While 90% of the World vaccine 
market is currently dominated by just four major companies, new science and technology has opened up 
the market to new players, with Pharmaprojects currently listing over 150 companies with interests in 
vaccine development and production. 

Once infection takes hold, antibiotics become the Near-term therapeutic approach for many infectious 
diseases.  The total world market for antibiotics in 2002 was estimated at over $26 billion36. Total market 
growth rate is predicted to progress at 2.4% annually. 

Diagnostics also represent a substantial potential market, including diagnostics for both the presence of 
infectious agents in the environment (with broad applicability to biosecurity) through to diagnostics for 
detecting infections in individuals and for specialized applications such as viral load testing.  Advances in 
molecular diagnostics are providing particular opportunities in this field. 

Market Trends in Plant Genetics and Genomics 

There should be little doubt that expertise in plant genetics and genomics provides a platform upon which 
large-scale economic development advances will be made. The question is not “if” there will be a huge 
worldwide market for transgenic plants and related bioproducts (there clearly will be), but rather the core 
questions are “who” and “where” will take leadership in capturing these market opportunities and “what” 
types of transgenic plant-based products will have the greatest economic return.  The potential 
applications of plant biotechnology bulleted below (and this is only a partial list) serves to show the 
wealth of opportunities that advances in plant genetics, genomics, transgenics and associated plant 
biotechnology may bring: 

o Crops with enhanced productivity/yield 

o Crops with greater resistance to stresses 
(e.g., drought, frost, disease and pests)  

o Functional foods/nutraceuticals (foods and 
feed with enhanced inherent health benefits) 

o Food with enhanced quality, flavor, texture, 
shelf-life and marketability 

o Biomass-based bio-renewable energy 
sources 

o Bio-based industrial chemicals 

o Proteins, vaccines and pharmaceutical 
compounds grown inexpensively via plant 
pathways 

o Bio-based commercial fibers and 
construction materials 

                                                      
35 Scrip Reports “The World Vaccine Market”.  PJB Publications Ltd.  2002. 
36 http://www.epharmaceuticalnews.com/ReportDetail/4/2/visiongain/The-World-Antibiotics-Market-
20022009.html 

Biotechnology offers efficient and cost-effective means 
to produce an array of novel, value-added products 
and tools. It has the potential to increase food 
production, reduce the dependency of agriculture on 
chemicals, lower the cost of raw materials, and reduce 
the negative environmental impacts associated with 
traditional production methods. In addition, the new 
knowledge gained through basic research into the 
nature of life and ecosystems at the molecular level 
can lead to improved farming practices and diagnostic 
tools for use in agriculture.  

Agricultural biotechnology has the potential to produce 
billions of dollars in revenue per year in the next 
century. It will play a crucial role in promoting the 
nation's economic growth, improving environmental 
quality, and assuring innovative scientific research.  

U.S. Department of Agriculture 
http://www.nal.usda.gov/bic/bio21/agric.html 
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As home to institutions such as the Noble Foundation and Oklahoma State University, the Greater 
Oklahoma City region is well positioned in terms of plant bioscience R&D resources.  The presence of 
the University of Oklahoma and its genome sequencing capabilities further enhances the cluster of plant 
bioscience expertise.  The depth of expertise in plant bioscience in the Greater Oklahoma City region is 
such that there is potential for focused work on any of the plant biotechnology opportunity areas bulleted 
above.  To begin with, however, it is most likely that the market opportunities to be pursued first in the 
region will be those that are related to the Near-term current focus areas of Noble Foundation and OSU – 
namely legumes and forage plants, with a special emphasis on alfalfa. 

The Noble Foundation has been instrumental in advancing the knowledge and adoption of the model 
plant, Medicago truncatula throughout the legume research community. As a model legume, information 
concerning this plant’s genome will advance research affecting a wide variety of economically significant 
legumes, including alfalfa, soybean and peanuts.  Sequencing efforts at Noble, and more recently at the 
University of Oklahoma (through a Nobel Foundation grant), have created a genomic resource recognized 
and used worldwide.  This effort will ultimately create the first fully sequenced legume. 

Legumes (plants in which the seeds grow to develop into pods) show great promise in agricultural 
biotechnology applications.  Legumes 
have several beneficial characteristics 
and have commercial potential in 
applications such as: enhanced 
functional feed for livestock; food and 
functional foods for humans; and the 
production of commercial substances 
such as proteins, enzymes, fiber and 
oils.  Certain legume species (including 
alfalfa) also have promise as biofuel 
feedstocks (through gasification 
processes) and for bioremediation and 
environmental applications (such as 
removing leached nitrates and providing 
ground cover for reduced soil erosion). 

A focus on alfalfa is also advantageous 
for bioscience research since the plant is 
easily grown and is receptive to 
common transformation vectors such as 
Ti Plasmids for transgenics.  Other 
legumes and forage crops, however, 
may also have broad commercial 
application and be similarly receptive to 
transgenic applications. 

The total market potential for legumes 
and forage crops and their related 
bioproducts is clearly extremely large 
but very difficult to quantify.  However, 
some examples of the size of some 

The forage legume with the greatest ability to assume many roles 
both within and outside of traditional grassland agriculture is 
alfalfa. It is the most widely planted and used forage legume 
species in the world, yet is an excellent model system for 
biotechnology especially in the area of genetic transformation. Its 
traditional use as hay, silage, and dehy crop has recently been 
expanded with the release of grazing tolerant cultivars to include 
a larger role as pasture for direct livestock consumption. Its use 
as a grazing crop has been one of the driving forces in moving 
some sectors of the United States livestock industry into more 
efficient pasture systems with a legume base. At the same time, 
nontraditional roles such as sprouts for salads and nutritional 
supplements for human diets have increased for alfalfa. It is also 
being investigated as a fuel for use in generating electricity, a 
bioremediation system for removal of harmful nitrates, a source of 
pulp for paper manufacturing, and a "factory" for production of 
industrial enzymes.  

Other forage legumes are finding a use as ornamentals. Recent 
successes with developing white clover to be more colorful and 
showy for perennial ground cover and capitalizing on the inherent 
colorful flowers of several species for low-maintenance highway 
beautification demonstrate what can be accomplished.  

Soybean was an important forage crop in the United States. 
However, due to intensive research efforts, soybean is now 
mainly used as an oil seed crop. Similarly, the recent 
development of lupines into a grain crop further demonstrates that 
traditional forage legumes can become important grain and oil 
seed crops.  

The reasons for using old forage legumes in new roles are: (1) 
farmers and the general public are already familiar with them, (2) 
each species is generally served by a successful seed industry, 
and (3) clear methods of successfully planting and managing 
them as crops are already available and practiced. These 
characteristics allow old legumes to assume any new role quicker 
and with less problems than a newly introduced species.  

Bouton, J.H. 1996. New uses for alfalfa and other "old" 
forage legumes. p. 251-259. In: J. Janick (ed.), Progress 
in new crops. ASHS Press, Alexandria, VA 
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potential plant biotechnology markets serve to highlight the opportunity facing the Greater Oklahoma 
City region. 

Functional Foods and Nutraceuticals Market Example 

According to Decision Resources Market Research the markets for functional foods (defined as disease-
fighting, whole or processed food products) and nutraceuticals (defined as bioactive ingredients and 
dietary supplements) are flourishing.37 National Health Interview surveys show that retail sales of dietary 
supplements in the United States exceeded $10 billion in 1996, and consumption grew from 71 million 
users ten years ago to between 94 million and 130 million users by the close of the century.38 Functional 
foods are far outpacing growth in the total food market; with nutritionally improved products accounting 
for 78 percent of total growth in more than 35 major food categories, according to Decision Resources 
Market Research. 

Fry Foods International estimates the total market for functional foods in Japan, the United States, and 
Europe at approximately $38 billion.39 Growth over the next five years has been estimated conservatively 
at 15 percent annually, while some predict the market will double. Functional foods are currently the 
largest growth area in the food industry. 

The U.S. market for functional foods is still developing and also is evolving in a different way from 
Europe and Asia. Of particular interest are products that may improve the functioning of the immune 
system, reduce cancer risks, or help prevent cardiovascular disease and lower cholesterol. It is here that 
legumes show special potential – being low in fat, high in protein, high in fiber and cholesterol free.   

Sloan Trends and Solutions in Food Technology40 identified the world market for functional foods as 
$47.6 billion (having grown from $30 billion in 1995). The U.S. component of the functional foods 
market is estimated at $18.25 billion.  

The global nutraceutical market grew by 7 percent annually between 1999 and 2002, increasing from 
$38.2 billion to $46.7 billion. Between 2002 and 2007, researchers anticipate that the nutraceuticals 
market may increase an average of 9.9 percent annually, reaching $74.7 billion by 2007 (BCC March 
200341).  

Biofuel and Industrial Applications of Plant Products 

The Office of the Chief Economist at the USDA notes that bio-based products have the potential to 
compete in some truly huge markets.42 For example, 

• Lubricant sales is a $5.1 billion market 
• Composite materials are a $14.6 billion market 
• Paints and coatings represent a $43 billion market 
                                                      
37 Decision Resources Market Research.  http://www.dresources.com/home.asp. 
38 National Health Interview (unless cited in above reference). 
39 Fry Foods International.  Fry Food Technologies International. “International Food Industry Trends—Functional 
Foods and Nutriceuticals”.  Available online at: http://www.fryfoodtech.com/images/trends.pdf. 
40 Sloans Trends and Solutions in Food Technology.  http://www.cargilldci.com/news/pdf/top10.pdf. 
41 BCC March 2003.  Business Communications Company, Inc.  “Functional Foods and Beverage Market”.  
February, 2000.  Available online at: http://www.bccresearch.com/editors/RGA-109.html. 
42 USDA, Office of Chief Economist.  Conway, Roger.  “The USDA’s Contribution to the President’s Bioproduct 
and Bioenergy Initiative”.  Office of Energy Policy and New Uses.  Office of the Chief Economist at the United 
States Department of Agriculture.  Available online at: 
http://www.agbiotechnet.com/reports/nabc/nabc12/Conway.pdf 
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• Plastics have a $77 billion market 

As the USDA notes, if the agricultural sector could capture between 5 and 10 percent of each of these 
markets, it would mean major gains in farm income and rural development in the United States. The 
above markets, of course, represent only part of a far larger opportunity for biorenewable resources in 
fuels and energy applications.  

Eventually, the world’s fossil fuels will run out, but before that happens the demand and supply curves 
will cross and price increases will force alternative energy sources to become more prominent. When 
these events will happen is the subject of considerable debate, but it eventually will happen with 
obviously powerful impacts on an Oklahoma economy that is heavily influenced by fossil fuel 
production.  Those economies that can supply renewable energy resources and technologies will be well-
positioned for economic growth. 

According to the United Nations, the impact of plant biotechnology will increase in forthcoming years, 
spreading from the farm to the manufacturing sector.43 Many products are already produced, in one way 
or another for example, using biotechnology-derived reagents. The development of genetic engineering 
and recombinant DNA technology will lead to higher levels of productivity and economic viability. 

The benefits of assuming leadership in industrial plant biotechnology can be significant for agriculturally 
intensive states. A study performed in the State of Iowa, for example, projected that a cluster of 10 
biorefineries would create 22,000 jobs, have an $11.6 billion economic impact, and generate $367 million 
in taxes.44 These statistics are reinforced by the conclusions of BioEconomy Partners in New York, who 
found that one bioeconomy development initiative in California created more than 13,000 jobs, 
commercialized 250 new products, and led to the start-up of 45 new companies within a 5-year period.45  

Rather than limiting its opportunities by focusing on legumes and forage crops, it is likely that a 
concentration of resources in these areas by Greater Oklahoma City regional institutions will lead to 
important advances and potential commercial applications.  Worldwide, alfalfa research has already led to 
significant biotechnology advances. For example, the production of antibodies, edible vaccines and 
industrial enzymes, biotic and abiotic stress tolerance, herbicide resistance, male sterility, are all examples 
of useful biotech traits that have been engineered into the plant. 

Market Trends in the Longer-Term Platforms 

Aging & Geriatrics 

As with food being a ubiquitous need, aging is a ubiquitous event.  Everyone ages, and with aging come 
various associated degenerative diseases and disorders.  Quantifying the market for major discoveries in 
anti-aging and healthy aging applications is extremely hard to accomplish.  Looking at market trends in 
anti-aging products opens the door to a series of opportunities not only in “hard” medicines and therapies, 
but also across into nutraceuticals, anti-oxidants, and a host of specialized drugs and devices targeted at 
the senior market.  With a generally aging population in the developed world, combined with lengthening 

                                                      
43 United Nations.  United Nations Conference on Trade & Development. “The New BioEconomy—Industrial and 
Environmental Biotechnology in Developing Countries”.  Ad Hoc Expert Group Meeting.  Palais de Nations, 
Geneva.  November, 2001. 
44 Institute for Decision Making at University of Northern Iowa.  In Iowa State University. “Biobased Products and 
Bioenergy Vision and Roadmap or Iowa.  October, 2002.  Available online at: 
http://www.ciras.iastate.edu/iof/pdf/IABioVisionRoadmap.pd.f 
45 BioEconomy Partners.  http://www.bioeconomypartners.com/index.htm. 
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life expectancies, the aging market is growing significantly.  For the purposes of determining suitability 
as a potential platform based on market opportunity it is obvious that approaches to aging and geriatric 
medical needs are, and will be, multi-billion dollar markets. 

Bioscience Applications of Advanced Sensor Technologies 

Placing a market figure on sensors for bioscience applications is extremely difficult given the broad range 
of uses that current and emerging sensor technologies have.   

The non-military world market for sensors was placed at $32.5 billion in 1998 by Intechno Consulting46, 
who predicted that the market would grow at an annual rate of 5.3% to reach $42.2 billion by 2003 and 
then $50-51 billion by 2008.  This, of course, includes applications for sensors in all fields, not just the 
biosciences.  Sensor types with the highest demand volumes worldwide are temperature sensors, pressure 
sensors, flow sensors, binary position sensors (proximity switches, light barriers, reflector type 
photosensors), position sensors, chemical sensors for measurement in liquids and gases, filling sensors, 
speed and rpm-sensors, flue gas sensors and fire detectors. The fastest growing types of sensors include 
rain sensors, thickness sensors, sensors that measure the quality of liquids, navigation sensors, tilt sensors, 
photodetectors, glass breakage sensors, biosensors, magnetic field sensors, and motion detectors.  

Fuji-Keizai USA specifically examined the biosensor market and estimates that the market size for 
worldwide biosensors at year end 2003 was about $7.3 billion47. They project a growth rate of 10.4% to 
$10.8 billion in 2007. 

Cancer Suppression and Metastasis Control 

The American Cancer Society tracks new cancer cases on an annual basis and shows that in 2004 almost 
1.4 million new cases of cancer occurred in Americans48.  A point in time estimate conducted by the 
National Cancer Institute in 2000 calculated that 9.6 million Americans had diagnosed cancer(s) at that 
time.  Cancer is the second leading cause of death in the US, with 564,000 deaths in 2004.  In the Greater 
Oklahoma City region both breast cancer and gynecologic cancers are a core focus and statistics for these 
cancers show almost 216,000 new cases of female breast cancer in 2004, almost 11,000 cases of 
uterine/cervix cancer and over 40,000 new cases of uterine corpus cancer.  Notably the World Health 
Organization (WHO) reported in 2000 that global cancer rates are expected to increase 50 percent by the 
year 2020.  WHO’s International Agency for Research on Cancer (IARC) calculates that 10 million 
people developed malignant tumors and 6.2 million died from the disease in the year 2000.  Over 22 
million people in the world were treated for cancer in 2000, representing an increase of approximately 19 
percent in incidence (cases) and 18 percent in mortality since 1990. The trend towards an aging 
population will likely increase cancer incidence rates. 

Food Science, Obesity and Metabolic Disorders 

Clearly, everybody eats so in terms of improved food products there is an extremely large market.  
Focusing in more tightly on obesity related issues, however, still provides large market estimates.  The 
WHO World Health Report for 2003 estimates that 300 million adults worldwide qualify as obese. 
During the past 20 years, obesity among adults has risen significantly in the United States. The latest data 
from the National Center for Health Statistics49 show that 30 percent of U.S. adults 20 years of age and 

                                                      
46 http://www.sensorsportal.com/HTML/Marketplace.htm 
47 Fuji-Keizai USA, Inc. “Biosensor Market, R&D and Commercial Implication”.  April 2004. 
48 http://www.cancer.org/downloads/STT/CAFF_finalPWSecured.pdf 
49 http://www.cdc.gov/nccdphp/dnpa/obesity/ 
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older - over 60 million people - are obese. This increase is not limited to adults. The percentage of young 
people who are overweight has more than tripled since 1980. Among children and teens aged 6-19 years, 
16 percent (over 9 million young people) are considered overweight. 

Datamonitor estimates that there are 127 million obese people in the seven major markets and numbers 
are expected to increase50. The two leading drugs Xenical and Meridia are both associated with 
unpleasant side effects, poor efficacy and high costs. Therefore, there is a huge demand in this market for 
drugs that can address the current unmet needs. 

Freedonia projects that demand for weight control products and services in the US will advance 6.9 
percent annually to over $21 billion in 200851. Weight control products are projected to generate demand 
of $12 billion in 2008, which will represent an average annual gain of 6.3 percent from 2003.  

Metabolic disorders range from acute genetic disorders usually diagnosed in infants, through to major 
metabolic disorders of the carbohydrate metabolism such as Diabetes Mellitus.  Diabetes is a core focus 
of research at OUHSC and is addressing a disease that affects 18.2 million people - 6.3% of the 
population (according to the American Diabetes Association).  The World Health Organization estimates 
that worldwide 177 million persons had diabetes in 2000 and is expected to rise to 300 million by 202552. 

Metabolic Syndrome is a blanket term for a cluster of risk factors for atherosclerotic disease and type 2 
diabetes mellitus comprising obesity, insulin resistance, hypertension, and dyslipidemia. The eligible 
treatment population in the U.S. for these four conditions is currently 40 million patients and will nearly 
double over the next 15 years53 (CHA Reports). 

Vision Research and Ophthalmic Neuroscience  

Statistics provided by Research to Prevent Blindness, Inc. indicate that 1.1 million American’s are legally 
blind (worldwide it is 42 million) and 6.4 million new cases of eye disease occur each year in the US54.  
Retinal disease (a field in which the Dean McGee Eye Institute/OUHSC specializes) causes severe visual 
impairment in an estimated 1.8 million Americans.  Research to Prevent Blindness further states that 
100,000 Americans have retinitis pigmentosa (RP), and 65,000 diabetics each year develop proliferative 
retinopathy.  Furthermore, 10 million cases of visual loss are due to macular degeneration and 2 million 
persons are visually impaired by glaucoma.  The trend towards an aging population will likely increase 
eye disease incidence rates. 

SUMMARY OF THE GREATER OKLAHOMA CITY REGION’S BIOSCIENCE 
TECHNOLOGY PLATFORM OPPORTUNITIES 
Tables 33 – 42 provide summaries of the six near-term platforms and the four longer-term opportunity 
areas upon which to build the Greater Oklahoma City region’s bioscience base. As shown in the tables, 
each of the technology platforms are derived from the region’s foundational strengths in basic research 
areas enhanced through specific enabling technologies and applied research. Each platform is then more 
fully defined and described through a brief summary of technology-based applications and examples of 

                                                      
50 Datamonitor. “Commercial and Pipeline Perspectives: Obesity - Super-sized Epidemic”.  July, 2004 
51 Freedonia.  “Weight Control Products and Services”.  February, 2004. 
52 http://www.who.int/mediacentre/factsheets/fs236/en/ 
53 CHA Advances Reports “Metabolic Syndrome: Pipeline Analysis and U.S. Market Forecast” January, 2005 
54 http://whyfiles.org/003eye/statistics.html 
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products that may stem from the research efforts. Finally, through the market analysis task, specific 
markets are linked to these platforms and opportunity areas—markets that are able to take advantage of 
these new products and spur the development of additional applications. 
Table 33: Technology Platform Linkages from Core Competencies to Markets for the Autoimmune Disease 
and Immunology and Immunology Platform  

Technology Platform: Autoimmune Disease and Immunology and Immunology 

Basic Research  Molecular biology 
 Cell biology 
 Biochemistry 
 Immunology 
 Proteomics 

Enabling Technology  Glycomics 
 Genomics 
 Proteomics 
 Clinical trials infrastructure 
 Bioinformatics 
 Animal facilities 

Applications and Products  Drugs 
 Biologics 
 Vaccines 
 Diagnostics 
 Sensors 

Markets  Glycoconjugate-based pharmaceuticals are already a multi-
billion industry with sales exceeding $20 billion. 

 Sales in proteomics are projected to grow from $565 million in 
2001 to more than $3.3 billion in 2006. This represents an 
average annual growth rate of more than 40 percent. Given 
the potential pathway to drugs, vaccines, and other products 
locked within glycobiology, there is every reason to believe 
that glycomics offer multibillion product potential. 

 In 2000, according to IMS Health, the worldwide 
pharmaceutical market was valued at $317 billion and 
projected to grow to $3 trillion by 2020. 

 U.S. demand for biologics will advance almost 12 percent 
annually to more than $56 billion in 2006. New product 
introductions evolving from advances in recombinant 
deoxyribonucleic acid (DNA) and monoclonal antibodies will 
spur growth. 
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Table 34: Technology Platform Linkages from Core Competencies to Markets for the Cardiology and 
Cardiovascular Research Platform 

Technology Platform: Cardiology and Cardiovascular Research 

Basic Research  Cellular immunology 
 Molecular biology 
 Molecular genetics and 

immunogenetics 

 Cellular biology 
 Rheumatology 
 Microbiology 
 Physiology 

Enabling Technology  Clinical pharmacology 
 Genomics 
 Proteomics 
 Glycomics 
 Functional genomics 
 Gene chips 

 Disease registries and 
serum repositories 

 Bioinformatics 
 Animal facilities 
 Comparative medicine 
 Imaging 

Applications and Products  Drugs 
 Biologics 
 Diagnostics 
 Vaccines 
 Biomedical equipment 
 Clinical care volume 

Markets  The global market for Autoimmune Disease and Immunology 
therapeutics reached an estimated $11.3 billion in 2000, an increase of 
23.6 percent since 1996. In 2006, market projections were for 
estimated revenues of $21.1 billion, reflecting a 15.9 percent increase 
from 2000 to 2006 (Theta Reports). 

 The value of biological drugs indicated for Autoimmune Disease and 
Immunology was roughly $6.8 billion in 2003 with the value of 
biotechnology in Autoimmune Disease and Immunology “set to triple 
by 2008” (Lead Discovery Services). 

 Frost & Sullivan notes that the total European Autoimmune Disease 
and Immunology diagnostics market was worth $440 million in 2004 
and is expected to reach almost $700 million by 2011. 

 The NIH report that approximately 2.1 million Americans have 
rheumatoid arthritis (probably 64 million worldwide). 

 The Lupus Foundation of America estimates that approximately 
1.5 million Americans have a form of lupus, with about 70 percent of 
these cases being systemic. There are believed to be more than 
5 million cases worldwide. 
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Table 35: Technology Platform Linkages from Core Competencies to Markets for the Glycobiology and 
Glycomics Platform  

Technology Platform: Glycobiology and Glycomics 

Basic Research  Molecular biology 
 Cell biology 
 Biochemistry 
 Proteomics 

Enabling Technology  Glycomics 
 Genomics 
 Proteomics 
 Clinical trials infrastructure 
 Mass spectrometry 
 Bioinformatics 
 Animal facilities 

Applications and Products  Drugs 
 Biologics 
 Vaccines 
 Diagnostics 
 Sensors 

Markets  Glycoconjugate-based pharmaceuticals are already a multibillion 
industry, with sales exceeding $20 billion. 

 Sales in proteomics are projected to grow from $565 million in 2001 to 
more than $3.3 billion in 2006. This represents an average annual 
growth rate of more than 40 percent. Given the potential pathway to 
drugs, vaccines, and other products locked within glycobiology, there is 
every reason to believe that glycomics offer multibillion product 
potential. 

 In 2000, according to IMS Health, the worldwide pharmaceutical 
market was valued at $317 billion and projected to grow to $3 trillion by 
2020. 

 U.S. demand for biologics will advance almost 12 percent annually to 
more than $56 billion in 2006. New product introductions evolving from 
advances in recombinant DNA and monoclonal antibodies will spur 
growth. 
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 Table 36: Technology Platform Linkages from Core Competencies to Markets for the Infectious Disease 
Microbiology Platform  

Technology Platform: Infectious Disease Microbiology 

Basic Research  Cellular immunology 
 Molecular biology 
 Molecular genetics and immunogenetics 
 Cellular biology 
 Microbiology 

Enabling Technology  Clinical pharmacology 
 Genomics, proteomics, and glycomics 
 Functional genomics 
 Gene chips/microarrays 
 Bioinformatics 
 Animal facilities 
 Imaging 

Applications and Products  Drugs 
 Biologics 
 Vaccines 
 Diagnostics 

Markets  Infectious diseases remain the leading cause of death worldwide. In 
1996, infectious diseases killed more than 17 million people 
worldwide. Malaria, tuberculosis, and AIDS together cause more than 
300 million illnesses annually. 

 In the United States, two of the 10 leading causes of death are 
infectious diseases (HIV and pneumonia/influenza). The Centers for 
Disease Control and Prevention (CDC) report that 160,000 Americans 
die each year with an infectious disease as the underlying cause of 
death. 

 When all infectious disease treatment costs, and lost productivity 
associated with illness, are taken into account, it is estimated that the 
annual cost of infectious agents in the United States is greater than 
$120 billion. 

 There are multiple markets related to infectious diseases that are 
growing in importance. 

 Opportunities exist across multiple product categories including 
disease diagnostics, vaccines, antibiotics, and vector repellants and 
devices (including drug and vaccine delivery systems and even 
simple devices such as bed nets to prevent malaria). 

 Prophylactic vaccines are currently valued at between $5 billion and 
$7 billion and are expected to show a compound annual growth rate 
of between 9 percent and 11 percent.  

 The total world market for antibiotics in 2002 was estimated at more 
than $26 billion. Total market growth rate is predicted to progress at 
2.4 percent annually. 

 Diagnostics also represent a substantial potential market. 
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Table 37: Technology Platform Linkages from Core Competencies to Markets for the Plant Genomics and 
Transgenics for Crop and Forage Improvement Platform  

Technology Platform: Plant Genomics and Transgenics for Crop and Forage Improvement  

Basic Research  Genomics 
 Proteomics 
 Biology 
 Chemistry 
 Glycomics 

Enabling 
Technology 

 Plant breeding 
 Plant genomics and transgenics 
 Biochemistry 
 Functional genomics 
 Microarrays 

Applications and 
Products 

 Higher-yield forage, legumes, and 
other crops 

 Functional food and feed 
 Nutraceuticals 
 Biofuels, biomaterials, and 

biocomposites 

 Chemicals  
 Polymers 
 Oils 
 Enzymes 
 Fiber 

Markets  Alfalfa is the fourth most widely grown crop in the United States behind corn, 
wheat, and soybeans and accounts for double the cotton acreage. Although 
there is no published value for alfalfa hay, the estimated value is $8.1 billion 
(North American Alfalfa Improvement Conference) 

 The functional food market in the United States was valued at $18.5 billion in 
2002 (Nutrition Business Journal, April 2002). 

 The global nutraceutical market grew at an annual rate of 7 percent between 
1999 and 2002, increasing from $38.2 billion to $46.7 billion. Between 2002 
and 2007, nutraceuticals are predicted to grow by an average annual rate of 
9.9 percent, reaching $74.7 billion by 2007 (BCC, March 2003). 

 Worldwide demand for nutraceutical chemicals will increase by 6.2 percent 
annually, reaching $8.6 billion by 2006. 

 World energy demand is expected to increase by 59 percent by 2020. Biofuel 
and biobased chemicals will also increase in economic viability versus fossil 
fuels. 

 By 2004, Freedonia Group forecasts that U.S. demand for fermentation 
chemicals will reach 15 billion pounds and be valued at $5.4 billion. Markets 
targeted will be feed, fuel, and pharmaceuticals (Freedonia, July 2000). 
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Table 38: Technology Platform Linkages from Core Competencies to Markets for the Vision Research and 
Ophthalmic Neuroscience Platform  

Technology Platform: Vision Research and Ophthalmic Neuroscience 

Basic Research  Molecular biology 
 Cell biology 
 Developmental biology 
 Ophthalmology 
 Neuroscience 

Enabling Technology  Vascular biology/angiogenesis 
 Genomics, proteomics, and glycomics 
 Bioinformatics 
 Animal facilities 
 Nanotechnology 

Applications and Products  Drugs 
 Biologics 
 Implants 
 Clinical care volume 

Markets  1.1 million Americans are legally blind (42 million worldwide) and 
6.4 million new cases of eye disease occur each year in the United 
States. 

 Retinal disease causes severe visual impairment in an estimated 
1.8 million Americans. 

 An estimated 100,000 Americans have retinitis pigmentosa (RP), and 
65,000 diabetics each year develop proliferative retinopathy. 

 10 million cases of vision loss are due to macular degeneration, and 
2 million people are visually impaired by glaucoma. 

 The trend toward an aging population will likely increase incidence 
rates. 
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Table 39: Technology Platform Linkages from Core Competencies to Markets for the Cancer Suppression 
and Metastasis Control Platform 

Technology Platform: Cancer Suppression and Metastasis Control 

Basic Research  Molecular biology 
 Cell biology 
 Cancer immunology 
 Breast cancer 
 Gynecologic cancers 

Enabling Technology  Vascular biology/angiogenesis 
 Imaging 
 Clinical pharmacology 
 Genomics, Proteomics and Glycomics 
 Animal facilities 

Applications and Products  Drugs 
 Biologics 
 Clinical care volume 

Markets  The market for cancer treatments in the United States is currently 
$1.65 billion and is growing by 10% per annum. 

 Worth an estimated $35 billion worldwide in 2004, Datamonitor 
projects the oncology treatment sector to grow to $60 billion by 2008, 
yielding a compound annual growth rate of 8% over this period 

 In 2004, the top 20 cancer drugs in each of the seven major 
pharmaceutical markets generated combined sales exceeding $27 
billion. 

 The American Cancer Society tracks new cancer cases on an annual 
basis and shows that in 2004 almost 1.4 million new cases of cancer 
occurred in Americans 

 A point in time estimate conducted by the National Cancer Institute in 
2000 calculated that 9.6 million Americans had diagnosed cancer(s) 
at that time 

 WHO reported in 2000 that global cancer rates are expected to 
increase 50 percent by the year 2020. Over 22 million people in the 
world were treated for cancer in 2000. 
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Table 40: Technology Platform Linkages from Core Competencies to Markets for the Obesity, Metabolic 
Disorders and Food Science Platform 

Technology Platform: Obesity, Metabolic Disorders and Food Science 

Basic Research  Molecular biology 
 Cell biology 
 Metabolomics 
 Diabetes Research 

Enabling Technology  Nutrition 
 Food Science 
 Genomics, Proteomics and Glycomics 
 Endocrinology 
 Bioinformatics 
 Animal facilities 

Applications and Products  Drugs 
 Biologics 
 Diagnostics 
 Nutraceuticals 
 Functional foods 
 Clinical care volume 

Markets  The WHO World Health Report for 2003 estimates that 300 million 
adults worldwide qualify as obese.  

 Latest data from the National Center for Health Statistics show that 30 
percent of U.S. adults 20 years of age and older - over 60 million 
people - are obese.  

 The World Health Organization estimates that worldwide 177 million 
persons had diabetes in 2000 and is expected to rise to 300 million by 
2025.  In the US diabetes affects 18.2 million people - 6.3% of the 
population (American Diabetes Association). 

 Metabolic Syndrome is a cluster of risk factors for atherosclerotic 
disease and type 2 diabetes mellitus comprising obesity, insulin 
resistance, hypertension, and dyslipidemia. The eligible treatment 
population in the U.S. for these four conditions is currently 40 million 
patients and will nearly double over the next 15 years (CHA Reports). 

 Datamonitor estimates that there are 127 million obese people in the 
seven major markets and numbers are expected to increase. The two 
leading drugs Xenical and Meridia are both associated with 
unpleasant side effects, poor efficacy and high costs. Therefore, there 
is a huge demand in this market for drugs that can address the 
current unmet needs. 

 Demand for weight control products and services in the US will 
advance 6.9 percent annually to over $21 billion in 2008. Weight 
control products are projected to generate demand of $12 billion in 
2008, which will represent an average annual gain of 6.3 percent from 
2003 (Freedonia). 
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Table 41: Technology Platform Linkages from Core Competencies to Markets for the Aging and Geriatrics 
Platform 

Technology Platform: Aging and Geriatrics 

Basic Research  Molecular biology 
 Cell biology 
 Biophysics 
 Biochemistry 
 Geriatric medicine 

Enabling Technology  Genomics, Proteomics and Glycomics 
 Endocrinology 
 Bioinformatics 
 Clinical pharmacology 
 Animal facilities 
 Imaging resources 

Applications and Products  Drugs 
 Biologics 
 Diagnostics 
 Nutraceuticals 
 Medical Devices 
 Assistive Technology 

Markets  Demographic trends predict a growing market for medical approaches 
to meet the needs of an aging population. 

 The current U.S. market for antiaging products and services in 2004 
is expected to exceed $45.5 billion. Growing at an average annual 
growth rate (AAGR) of 9.5%, this market is expected to reach nearly 
$72 billion by 2009. 

 Of 2004 expenditures, about $36.5 billion will be spent on drugs and 
supplements targeted at specific diseases of aging, a segment 
growing at an AAGR of 9.5%. 
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Table 42: Technology Platform Linkages from Core Competencies to Markets for the Bioscience Applications 
of Advanced Sensor Technology Platform 

Technology Platform: Bioscience Applications of Advanced Sensor Technology 

Basic Research  Engineering 
Enabling Technology  Mechanical and electrical engineering 

 Materials science 
 Biomedical engineering 
 Optical science 
 Mathematics 
 Computer science 
 Statistics 
 Nanotechnology 
 MEMS 
 Animal facilities 
 Imaging 

Applications and Products  Biosensors 
 Implantable devices 
 Noninvasive sensing and monitoring devices 
 Autodosing systems 
 Applications in medicine, animal health, agriculture, biosecurity and 

industrial biotechnology 
Markets  The non-military world market for sensors was placed at $32.5 billion 

in 1998 by Intechno Consulting, who predicted that the market would 
grow at an annual rate of 5.3% to reach $42.2 billion by 2003 and 
then $50-51 billion by 2008  

 The fastest growing types of sensors include rain sensors, thickness 
sensors, sensors that measure the quality of liquids, navigation 
sensors, tilt sensors, photodetectors, glass breakage sensors, 
biosensors, magnetic field sensors, and motion detectors.  

 Fuji-Keizei USA specifically examined the biosensor market and 
estimates that the market size for worldwide biosensors at year end 
2003 was about $7.3 billion. They project a growth rate of 10.4% to 
$10.8 billion in 2007. 
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Conclusion 

The biosciences have been identified as one underlying technology platform for the growth of state and 
regional economies in the coming decades. States and regions are realizing that their traditional economic 
bases may undergo significant change and increasingly are embracing the biosciences as a path to future 
economic progress. States such as Michigan, Arizona and Wisconsin, together with city/regions such as 
St. Louis, Pittsburgh and Seattle have recognized the opportunity to leverage their academic and non-
profit bioscience research institutions to form growth hubs of innovation in this dramatically advancing 
field. 

The Greater Oklahoma City region has a notable base of bioscience research, both on the human 
biomedical side and in ag-bioscience, with strong programs in plant and animal sciences.  There are 
notable established and emerging centers of excellence in bioscience within the region and, in some 
instances, R&D expertise is resulting in a small, but growing cluster of commercial bioscience 
companies. 

Based on an evaluation of the region’s research base, its centers of excellence in R&D, and opportunities 
for commercialization it is evident that there are several bioscience platforms that should be considered of 
central importance to the Greater Oklahoma City region’s economic future.  In the near term, five 
platforms form the base upon which considerable progress is already being made and that have substantial 
promise evident for the future.  Four of these platforms build on Oklahoma City’s biomedical base and 
one builds on the agricultural and plant science base found regionally at OSU, OU and the Noble 
Foundation.  These are the platforms that should receive priority development resources because of the 
large-scale opportunities for R&D growth, innovation volume and new business venture formation.  
These near-term platforms include: 

• Autoimmune Disease and Immunology – Building on the well-recognized strengths of OMRF 
and OUHSC in immunology and autoimmune disorders, especially in the areas of rheumatoid 
arthritis and lupus. 

• Cardiology and Cardiovascular Research – Coordinating cross-disciplinary and cross-
institutional cardiology and cardiovascular research, with special emphasis in two Near-term 
areas: a) cardiac arrhythmia and associated therapeutics, diagnostics and devices, and b) 
cardiovascular work in vascular biology, thrombosis and stroke. 

• Glycobiology and Glycomics – Leveraging and reinforcing the current leadership position of 
OUHSC and OMRF to develop a pre-eminent “Institute for Functional Glycomics” and promote, 
in collaboration with the local and national glycobiology industry, the commercialization of 
regional glycobiology innovations. Collaborations should be established that facilitate work in 
human, animal and plant glycomics thereby leveraging expertise at OSU and the Noble 
Foundation. 

• Infectious Disease Microbiology – Building particularly on the human infectious disease 
expertise at OUHSC to develop vaccines, antibiotics, therapeutics and diagnostics. 

• Plant Genomics and Transgenics for Crop and Forage Improvement – Using the cross-
institutional and cross-disciplinary strengths of major R&D institutions in plant biosciences 
(especially the Noble Foundation and OSU, but also the University of Oklahoma) to realize 
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genomics-based innovation and commercialization of advanced legumes, forage crops and 
associated applications in food, feed, and industrial biomass applications. 

These five platforms represent the base from which a significant R&D, business base, and bioscience 
economy may be built. They each specifically draw upon the Greater Oklahoma City region’s 
institutional expertise in multiple fields, since it is multidisciplinary research that is increasingly gaining 
importance in driving new study areas, technologies, and commercializable innovations and discoveries. 
The assembly of multidisciplinary platforms is also likely to increase the opportunity for winning federal 
agency grant awards.  

In addition to the near-term platforms, there are also five additional platforms that lend themselves to a 
longer-term development vision, or which have more narrow commercial opportunities. These longer-
term potential technology platforms include: 

• Aging and Geriatrics – With a special emphasis on free-radical biology and healthy aging. 

• Bioscience Applications of Advanced Sensor Technologies – Leveraging specific engineering 
talent in sensor technologies to develop new applications in invasive and non-invasive bioscience 
applications. 

• Cancer Suppression and Metastasis Control – Placing a priority on the development of tumor 
growth suppression and control through anti-angiogenesis research and associated approaches. 

• Food Science, Obesity and Metabolic Disorders – With an initial emphasis on obesity and 
diabetes. 

• Vision Research and Ophthalmic Neuroscience – With a special emphasis on a) retinal diseases 
and associated vision disorders and b) age-related vision degeneration. 

It should be noted that three of the five longer-term platforms above (Vision Research, Cancer 
Suppression and Obesity) all lend themselves to research related to angiogenesis (and the development 
of angiogenesis inhibitors).  This also links to the Cardiovascular Biology near-term platform and is an 
area where commercial activity is beginning to take place in the Greater Oklahoma City region. 

It should also be noted much of the exciting science taking place in the near-term and longer- platform 
areas is supported by excellence in several key academic departments and research cores.  Maintaining 
excellence in these areas, reinvesting in state of the art infrastructure and equipment, and growing 
scientific human capital in these areas are crucially important.  Key among these supporting areas are 
molecular and cell biology, genetics/genomics, protein structure and proteomics, and 
imaging/visualization. 

In the near term it is likely that five near-term platforms may constitute too broad of a focus for the 
Greater Oklahoma City region and the resources at its disposal.  As such, it will likely be important to 
further prioritize these platforms in developing the strategic roadmap for regional bioscience 
development, which could be decided by those serving on the steering committee for this effort. 

It is imperative that the Greater Oklahoma City region’s research universities and research institutions, in 
collaboration with local government and industry, now begin to organize, structure, and obtain funding 
for collaborative delivery on prioritized technology platforms. Other components of Battelle’s work will 
help address such issues as funding, timeline, and investment strategy for the region, developed with the 
input of the regional bioscience leadership. 




