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Bioscience investigators in Ohio are accessing vast 
amounts of genetic, clinical, imaging and environ-
mental data to individualize the diagnosis and treat-
ment of disease. For instance, oncology researchers 
are developing computational techniques to enhance 
the diagnosis of follicular lymphoma. A biomolecular 
engineer is generating complex computer simulations to 
better understand how misfolded proteins contribute to 
Alzheimer's disease. And, a pediatric hospital is lever-
aging advanced computational and storage resources 
to analyze data generated by their next-generation DNA 
sequencing machine. In addition to health care, the appli-
cation of bioscience to energy, industrial products and 
agriculture is growing in importance.  More than 1,250 
bioscience-related organizations in Ohio employ over 
55,000 highly-skilled workers, according to BioOhio, a 
nonprofit industry association.  The following pages illus-
trate just a few examples of cutting-edge research in the 
biosciences supported by the powerful computational 
resources of the Ohio Supercomputer Center.  ■
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	 Follicular Lymphoma (FL) is one of the most 
common forms of non-Hodgkin Lymphoma occurring 
in the United States. FL is a slow-growing cancer of 
the human lymph system that usually spreads into the 
blood, bone marrow and, eventually, internal organs. A 
World Health Organization pathological grading system 
is applied to a biopsy sample; doctors usually avoid 
prescribing severe therapies for lower grades, while 
they usually recommend radiation and chemotherapy 
regimens for more aggressive grades.
	 Accurate grading of the pathological samples 
generally leads to a promising prognosis, but diagnosis 
depends solely upon a labor-intensive process that can 
be affected by human factors such as fatigue, reader 
variation and bias. Pathologists must visually examine 
and grade the specimens through high-powered micro-
scopes. Now, computer-assisted diagnosis tools are 
being developed to provide pathologists with higher 
throughput of specimen analyses and, ultimately, 
quicker, accurate diagnoses.
	 “The advent of digital whole-slide scanners in 
recent years has spurred a revolution in imaging 
technology for histopathology,” according to Metin 
N. Gurcan, Ph.D., an assistant professor of biomedical 
informatics at The Ohio State University Medical Center. 

“The large multi-gigapixel images produced by these 
scanners contain a wealth of information potentially 
useful for computer-assisted disease diagnosis, grading 
and prognosis.”

Designing computer-aided analysis for Lymphoma

above: Metin Gurcan discusses a feature Siddharth Samsi has found on a digitized slide specimen being examined for indications of 
Follicular Lymphoma. Their Ohio State University Medical Center research group has been leveraging Ohio Supercomputer Center 
resources to develop a computer-assisted diagnosis tool to improve grading of the common, slow-growing cancer.

	 Processing and analysis of such high-resolution 
images, Gurcan points out, remain non-trivial tasks, not 
just because of the sheer size of the images but also 
due to complexities of underlying factors involving 
differences in staining, illumination, instrumentation 
and goals. To overcome many of these obstacles to 
automation, Gurcan and medical center colleagues, 
Dr. Gerard Lozanski and Dr. Arwa Shana’ah, turned to 
the Ohio Supercomputer Center. Ashok Krishnamurthy, 
Ph.D., interim co-executive director of the center, and 
Siddharth Samsi, a computational science researcher 
there and an OSU graduate student in Electrical and 
Computer Engineering, put the power of a supercom-
puter behind the process.
	 “Our group has been developing tools for grading 
of follicular lymphoma with promising results,” said 
Samsi. “We developed a new automated method 
for detecting lymph follicles using stained tissue by 
analyzing the morphological and textural features 
of the images, mimicking the process that a human 
expert might use to identify follicle regions. Using 
these results, we developed models to describe tissue 
histology for classification of FL grades.”
	 Histological grading of FL is based on the number 
of large malignant cells counted in within tissue 
samples measuring just 0.159 square millimeters and 
taken from ten different locations. Based on these find-
ings, FL is assigned to one of three increasing grades of 
malignancy: Grade I (0-5 cells), Grade II (6-15 cells) and 
Grade III (more than 15 cells).  
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Project lead: Metin N. Gurcan, The Ohio State University  
Research title: Computer-aided analysis of immunohistochemical slides of follicular lymphoma
Funding source: National Cancer Institute

above: Advances in scanning technology allow researchers to 
automate the identification of potentially malignant regions 
(red boundaries) in tissue samples. The computer-aided 
process delivers very accurate, highly consistent results 
in much less time than identifications made by a trained 
pathologist (blue boundaries).

	 “The first step involves identifying potentially 
malignant regions by combining color and texture 
features,” Samsi explained. “The second step applies 
an iterative watershed algorithm to separate merged 
regions and the final step involves eliminating false 
positives.”
	 The large data sizes and complexity of the algo-
rithms led Gurcan and Samsi to leverage the parallel 
computing resources of OSC’s Glenn Cluster in order to 
reduce the time required to process the images. They 
used MATLAB® and the Parallel Computing Toolbox™ 
to achieve significant speed-ups.
	 Speed is the goal of the research project, but 
accuracy is essential. Gurcan and Samsi compared their 
computer segmentation results with manual segmen-
tation and found an average similarity score of 87.11 
percent. 
	 “This algorithm is the first crucial step in a 
computer-aided grading system for Follicular 
Lymphoma,” Gurcan said. “By identifying all the 
follicles in a digitized image, we can use the entire 
tissue section for grading of the disease, thus providing 
experts with another tool that can help improve the 
accuracy and speed of the diagnosis.”  ■

Modeling retrotransposons’ role in cancer
	 Recently, large-scale sequencing projects have described the complete DNA 
blueprints for humans, the mouse and other organisms. This work highlighted the 
surprising fact that almost half of all mammalian DNA genomes is made up of mobile 
genetic elements called retrotransposons. These virus-like retrotransposons, some-
times called “jumping genes,” can move from one chromosomal location to another, 
causing variation between individuals or lineages and occasional genetic disruptions 
resulting in diseases including cancers. 
	 The controls and consequences of movement by these mobile elements are a 
focus of research for David Symer, M.D., Ph.D., and Keiko Akagi, Ph.D., in the Depart-
ment of Molecular Virology, Immunology and Medical Genetics and the Human 
Cancer Genetics Program at The Ohio State University Comprehensive Cancer Center. 
	 Symer and Akagi access OSC’s Glenn Cluster to run various genomic alignment 
programs to align hundreds of millions of short sequence genomic traces – massive 
datasets generated from previously unsequenced individuals or cells – against the 
enormous reference genome assemblies for human, mouse and other organisms. 
They also utilize RepeatMasker and other data-intensive bioinformatics programs.
	 “Our long-term goal is to understand the biological and evolutionary roles played 
by transposons. These ‘jumping genes’ are major drivers of genomic variation. They 
can affect gene expression and structure, chromatinization and chromosomal struc-
tures,” said Symer. “We’d like to exploit practical applications of this new knowledge, 
to improve diagnosis and treatment of human cancers and other diseases, and by 
modeling such processes in other organisms.”  ■

Project lead: David E. Symer, The Ohio State University
Research title: Identification and analysis of genomic polymorphisms that distinguish mouse and human lineages and populations
Funding sources: National Cancer Institute (National Institutes of Health); The Ohio State University
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