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Preface 
 

 
Welcome to the 7th Annual Boshell Diabetes and Metabolic Diseases Research Day at 
Auburn University!  This forum was designed to highlight the outstanding research in the 
areas of diabetes, obesity, cardiovascular disease, inflammation and other metabolic 
diseases by investigators in the Boshell Program at Auburn University and other 
institutions throughout the United States. 
 
The success of this meeting is due to the efforts of many people.  Many thanks are 
extended to members of the planning committee for their endless work:  Drs. Doug 
White and Suresh Mathews.  We also thank Drs. Raj Amin, Chris Easley, Chad 
Foradori, Michael Greene, Ramesh Jeganathan, Satya Pondugula, and John Quindry 
for judging the presentations. In addition, we would like to thank the College of 
Veterinary Medicine for their financial support of this meeting. Special thanks to Dr. 
Edward Morrison, Head of the Department of Anatomy, Physiology and Pharmacology 
for administrative and financial support of the Boshell program. 
 
This conference would not be possible without the work of Debbie Allgood as our 
conference administrator.  Thanks to Hattie Alvis for coordinating the financial aspects 
of the meeting and Leanne Greene and Heath Landrum for web design and conference 
registration. Special thanks goes to Kathy White for her work in designing the program 
logo, advertisements and award certificates.  Thanks are also extended to the Auburn-
Opelika Tourism Bureau for providing the meeting badges.  We greatly appreciate the 
staff and management of the Auburn University Hotel and Dixon Conference Center.  
Special thanks to our event planner, Lynn Huggins, for her tireless dedication to the 
success of this meeting.  We would also like to thank the students, mentors and 
attendees for their participation.  You are what make this meeting such a success. 
 
We hope that you find this meeting productive and enjoyable! 
 
 
Dr. Kevin W. Huggins and Dr. Robert L. Judd 
Boshell Diabetes and Metabolic Diseases Research Program 
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 Boshell Diabetes and Metabolic Diseases Research Program 
 

 
The Boshell Diabetes and Metabolic Diseases Research Program 
at Auburn University was established through an endowment by the 
Birmingham-based Diabetes Trust Fund in honor of its founder, Dr. 
Buris R. Boshell in 2001. 
 
Dr. Boshell was a 1947 graduate of the Auburn Polytechnic Institute 
(Auburn University) in Agriculture and attended the AU College of 
Veterinary Medicine for two years before transferring to Harvard 
Medical School and obtaining his M.D. degree in 1953.  Dr. Boshell 
joined the faculty at the University of Alabama at Birmingham 
Medical Center in 1959 and became Chief of the Division of 

Endocrinology and Metabolism in 1963.  During this time, Dr. Boshell established the 
Diabetes Research and Education Hospital and the Boshell Diabetes and Endocrine 
Research Center in Birmingham. 
 
Dr. Boshell published more than ninety scientific papers related to diabetes and 
authored several books including The Diabetic at Work and Play (1971) and Diabetes 
Mellitus Case Studies (1976).  Dr. Boshell passed away on December 9, 1995. 
 
 
MISSION STATEMENT 
 
The mission of the Boshell Diabetes and Metabolic Diseases Research Program is to 
enhance the opportunities for diabetes and metabolic disease research at Auburn 
University by facilitating cross-disciplinary scientific discussion, supporting the study of 
new ideas, fostering the development of investigators new to the field of diabetes, and 
expanding the overall base of diabetes investigation at the University. More than thirty-
five investigators from across the AU campus are members of the program and actively 
involved in diabetes research. Specifically, these investigators are addressing many 
facets of both type 1 and 2 diabetes, with particular focus on the cardiac, neurological 
and metabolic aspects of the disease. 
 
VISION 
 
The vision of the Boshell Diabetes and Metabolic Diseases Research Program is to 
improve the life of all people with diabetes through world-class investigation performed 
at Auburn University into the prevention, cure, and management of diabetes and its 
complications. 
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GOALS 
 
In order to accomplish the mission of the program, specific goals have been 
established: 
 

• Develop effective mechanisms through which diabetes researchers at Auburn 
University may collaborate with each other and outside institutions. 
 

• Support the exploration of new research ideas through a small grants program. 
 

• Foster the development of new investigators through a travel grant program. 
 

• Obtain external funding to support new multidisciplinary investigation and 
ongoing program activities.  
 

• Develop relationships with community leaders interested in diabetes investigation 
to increase public support for diabetes programs. 

 
BOSHELL INVESTIGATORS 
 

• Dr. Benson Akingbemi, DVM, PhD; Department of Anatomy, Physiology and 
Pharmacology, College of Veterinary Medicine; akingbt@auburn.edu  
 

• Rajesh Amin, PhD; Department of Pharmacal Sciences, Harrison School of 
Pharmacy; rha0003@auburn.edu 
 

• Frank Bartol, PhD; Associate Dean for Research, College of Veterinary Medicine; 
bartoff@auburn.edu 
 

• Ellen Behrend, VMD, PhD; Department of Clinical Sciences, College of 
Veterinary Medicine; behreen@auburn.edu   
 

• Werner Bergen, PhD; Department of Animal Sciences, College of Agriculture; 
bergewg@auburn.edu 
 

• Terry Brandebourg, PhD; Department of Animal Sciences, College of Agriculture; 
brandetd@auburn.edu 
 

• Elaine Coleman, DVM, PhD; Department of Anatomy, Physiology and 
Pharmacology, College of Veterinary Medicine; colemes@auburn.edu 
 

• Christopher J. Easley, PhD; Department of Chemistry and Biochemistry, College 
of Science and Mathematics; chris.easley@auburn.edu 
 

• Kathy Jo Ellison, DSN; School of Nursing; elliskj@auburn.edu 
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BOSHELL INVESTIGATORS (continued) 
 

• Chad Foradori, PhD; Department of Anatomy, Physiology and Pharmacology, 
College of Veterinary Medicine; cdf0008@auburn.edu 
 

• Bruce Gladden, PhD; Department of Kinesiology, College of Education; 
gladdlb@auburn.edu 
 

• Michael Greene, PhD; Department of Nutrition, Dietetics and Hospitality 
Management, College of Human Sciences; mng0006@auburn.edu 
 

• Kevin Huggins, PhD; Department of Nutrition, Dietetics and Hospitality 
Management, College of Human Sciences; huggikw@auburn.edu 
 

• Caralise Hunt, PhD, RN; School of Nursing; huntcar@auburn.edu 
 

• Ramesh Jeganathan, PhD; Department of Nutrition, Dietetics and Hospitality 
Management, College of Human Sciences; jeganrb@auburn.edu  
 

• Robert Judd, PhD; Department of Anatomy, Physiology and Pharmacology, 
College of Veterinary Medicine; juddrob@auburn.edu  
 

• SeungWoo Jung, PhD, DVM; Department of Clinical Sciences, College of 
Veterinary Medicine; szj0026@auburn.edu  
 

• Robert Kemppainen, DVM, PhD; Department of Anatomy, Physiology and 
Pharmacology, College of Veterinary Medicine; kempprj@auburn.edu 
 

• Jan Kavookjian, PhD; Department of Pharmacy Care Systems, Harrison School 
of Pharmacy; kavooja@auburn.edu  
 

• Joonyul Kim, PhD; Department of Chemistry and Biochemistry, College of 
Science and Mathematics; jzk0015@auburn.edu  
 

• Tekla Lee-Fowler, MS, DVM; Department of Clinical Sciences, College of 
Veterinary Medicine; tml0005@auburn.edu  
 

• Elizabeth Lipke, PhD; Department of Chemical Engineering, College of 
Engineering; elipke@auburn.edu 
 

• Mahmoud Mansour, DVM, PhD; Department of Anatomy, Physiology and 
Pharmacology, College of Veterinary Medicine; mansoma@auburn.edu 
 

• Suresh Mathews, PhD; Department of Nutrition, Dietetics and Hospitality 
Management, College of Human Sciences; mathest@auburn.edu  
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BOSHELL INVESTIGATORS (continued) 
 

• Edward Morrison, PhD; Head, Department of Anatomy, Physiology and 
Pharmacology, College of Veterinary Medicine; morriee@auburn.edu 
 

• Chris Newland, PhD; Department of Physiology, College of Liberal Arts; 
newlamc@auburn.edu 
 

• Satyanarayana Pondugula, DVM, PhD; Department of Anatomy, Physiology and 
Pharmacology, College of Veterinary Medicine; srp0010@auburn.edu 
 

• John Quindry, PhD; Department of Kinesiology, College of Education; 
jcq0001@auburn.edu 
 

• Leah Robinson, PhD; Department of Kinesiology, College of Education; 
ler0004@auburn.edu 
 

• Bonnie Sanderson, PhD, RN; School of Nursing; bks0010@auburn.edu  
 

• Dean Schwartz, PhD; Department of Anatomy, Physiology and Pharmacology, 
College of Veterinary Medicine; schwadd@auburn.edu  
 

• Jianzhong Shen, PhD; Department of Pharmacal Sciences, Harrison School of 
Pharmacy; jzs0019@auburn.edu  
 

• Vishnu Suppiramaniam, DVM, PhD; Department of Pharmacal Sciences, 
Harrison School of Pharmacy; suppivd@auburn.edu  
 

• Ya-Xiong Tao, PhD; Department of Anatomy, Physiology and Pharmacology, 
College of Veterinary Medicine; taoyaxi@auburn.edu  
 

• Geetha Thangiah, PhD; Auburn University of Montgomery, Department of 
Physical Science; gthangia@aum.edu 
 

• Danielle Wadsworth, PhD; Department of Kinesiology, College of Education; 
dwadsworth@auburn.edu 
 

• Doug White, PhD; Department of Nutrition, Dietetics and Hospitality 
Management, College of Human Sciences; whitebd@auburn.edu  
 

• Anne Wooldridge, DVM, PhD; Department of  Clinical Sciences, College of 
Veterinary Medicine; aaw0002@vetmed.auburn.edu  
 

• Juming Zhong, PhD; Department of Anatomy, Physiology and Pharmacology, 
College of Veterinary Medicine; zhongju@auburn.edu 
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Meeting Schedule 

Time Event Location 

7:30 - 8:30 am Registration, Poster Setup and Continental 
Breakfast 

Prefunction Foyer 

8:30 - 8:45 am Welcome and Opening Remarks 

Dr. Zhanjiang Liu 
Associate Vice President for Research 

Dr. Robert Judd 
Chair, Boshell Diabetes and Metabolic 
Diseases Research Program 

Auditorium 

8:45 - 10:30 am Oral Presentations (Morning) 

Dr. Ramesh Jeganathan, Moderator 
Department of Nutrition, Dietetics and 
Hospitality Management 

Auditorium 

10:30 - 10:45 am Mid-Morning Break Prefunction Foyer 

10:45 - 11:45 am Keynote Address: 

Dr. Gerald Shulman 
George R. Cowgill Professor of Physiological 
Chemistry, Yale University 
“Mechanisms of Insulin Resistance in 
Obesity and Type 2 Diabetes” 

Auditorium 

11:45 - 1:30 pm Lunch and Poster Presentations: 

(Presenters need to be at their posters 
 by 12:00 pm) 

Ballroom A and B 
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Meeting Schedule 
Time Event Location 

 
1:45 - 2:45 pm 

 
Plenary Lecture: 
 
Dr. Thomas Gettys 
Professor of Nutrient Sensing and Adipocyte 
Signaling 
"Transcriptional and Biochemical 
Underpinnings of the Physiological Reponses 
to Dietary Methionine Restriction" 

 

Auditorium 

 
2:45 - 3:00 pm 

 
Mid-Afternoon Break 
 
 

 

3:00 - 5:00 pm Oral Presentations (Afternoon) 
 
Dr. Doug White, Moderator 
Department of Nutrition, Dietetics and Hospitality 
Management 
 
 

Auditorium 

5:00 - 6:30 pm Reception 
 
 

Prefunction Foyer 

6:30 - 8:30 pm Banquet 
 
Opening Remarks: 
Dr. Frank Bartol 
Professor and Associate Dean, Research and 
Graduate Studies, College of Veterinary Medicine 
 
Introduction: 
Dr. Kevin Huggins 
Department of Nutrition, Dietetics and Hospitality 
Management 
 
Dr. Neil Schaffner 
Endocrinologist, Primary Medicine Associates 
Director, EAMC Diabetes and Nutrition Center 
"Put Down that Donut!” - Straight Talk on 
Diabetes from the Sugar Doc 
 
 
 

Ballroom B 
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Keynote Address 

"Mechanisms of Insulin Resistance in Obesity 
and Type 2 Diabetes" 

Dr. Gerald Shulman 
George R. Cowgill Professor of Physiological Chemistry 

Yale University 

NOTES: 
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Plenary Lecture 
 

 
 

"Transcriptional and Biochemical Underpinnings 
of the Physiological Responses to Dietary 

Methionine Restriction" 
Dr. Thomas Gettys 

Professor of Nutrient Sensing and Adipocyte Signaling 
Pennington Biomedical Research Center 

 

 
NOTES: 
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Banquet Presentation 
 

 
 

"Put Down That Donut!” 
Straight Talk on Diabetes from the Sugar Doc 

Dr. Neil Schaffner 
Endocrinologist, Primary Medicine Associates 
Director, EAMC Diabetes and Nutrition Center 

 
 
 
 

 
NOTES: 
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Oral Presentation Schedule 
(Morning) 

 
 

Auditorium 
Moderator:  Dr. Ramesh Jeganathan 

 
 
8:45 am Development and Characterization of a Novel Congenic Rat Strain for Obesity and 

Cancer Research.  Michael W. Greene
1,2,3

, Erin Gillaspie
4
, Christine M. Burrington

3
, Darin 

T. Lynch
3
, Robert T. Dauchy

6
, David E. Blask

6
, Paul C. Tirrell

5
, Brian Reis

3
, Ann Marie 

O’Neill
2
, and Melissa J. Horsman

3
.  

1 
Boshell Metabolic Diseases and Diabetes Program and 

2 
Department of Nutrition, Dietetics, and Hospitality Management, Auburn University, 

Auburn, AL 36849; 
3 
Bassett Research Institute, 

4 
Department of Surgery, and 

5 
Department 

of Internal Medicine, Bassett Medical Center, Cooperstown, NY 13326-1301 and 
6 
Department of Structural and Cellular Biology, Tulane University School of Medicine and 

Tulane Cancer Center, Tulane, LA 70112-2699. 
 

9:00 am Fibroblast Growth Factor 21 Mediates the Beneficial Effects of Exercise on Diet-
Induced Glucose Intolerance.  Christine Loyd

1
, I. Jack Magrisso

1
, Michael Haas

1
,
 
Sowmya 

Balusu
1
, Nobuyuki Itoh

2
, Darleen A. Sandoval

1
, Diego Perez-Tilve

1
,
 
Silvana Obici

1
, and Kirk 

M. Habegger
3
.  

1  
Metabolic Disease Institute, Div. of Endocrinology, Diabetes and 

Metabolism, Dept. of Medicine, University of Cincinnati, Cincinnati OH; 
2 
Department of 

Genetic Biochemistry, Kyoto University Graduate School of Pharmaceutical Sciences; 
3 
Dept 

of Medicine - Endocrinology, Diabetes & and Metabolism, University of Alabama at 
Birmingham, Birmingham, AL. 
 

9:15 am Obesity Induced Insulin Resistance Contributes to Increased Tumor Growth in a 
Mouse Model of Human Colon Cancer.  Ann Marie O’Neill

1
, Michael W. Greene

1,2
, Erin 

Gillaspie
3
, Christine M. Burrington

2
.  

1 
Department of Nutrition, Auburn University, Auburn, 

AL 36849; 
2 
Bassett Research Institute and 

3 
Department of Surgery, Bassett Medical 

Center, Cooperstown, NY 13326-1301. 
 

9:30  am Effects of Dietary Methionine Restriction on Energy Balance:  Roles of UCP1 and 
FGF21.  Desiree Wanders

1
, Cory C. Cortez

1
, Nancy T. Van

1
, Kirsten P. Stone

1
, Mollye 

Baker
1
, David H. Burk

2
, Tamra Mendoza

3
, Randall L. Mynatt

3
, and Thomas W. Gettys

1
.  

1 
Laboratory of Nutrient Sensing and Adipocyte Signaling; 

2 
Cell Biology, Imaging and 

Culture Core, 
3 
Gene Nutrient Interactions, Pennington Biomedical Research Center, Baton 

Rouge, LA 70808. 
 

9:45 am Thioredoxin-Interacting Protein (TXNIP) Regulates Beta Cell Function Through 
miRNAs.   Guanlan Xu, Junqin Chen, Gu Jing and Anath Shalev.  Comprehensive Diabetes 
Center and Department of Medicine, Division of Endocrinology, Diabetes and Metabolism, 
University of Alabama at Birmingham, Birmingham, AL 35294. 
 

10:00 am Antimicrobial Peptide and Mucin Expression Differ Between the Diabetic NOD Mouse 
and Non-Eiabetic NOR Mouse.  Joseph G Daft, Robin G Lorenz M.D, PhD.  UAB 

Department of Pathology, UAB Comprehensive Diabetes Center. 
 

10:15 am Are Food Insecure Adults More Likely to Report Sleep Complaints?  Meng Ding, Claire 
A. Zizza.  Nutrition, Dietetics and Hospitality Management, Auburn University, AL. 
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Oral Presentation Abstracts 
(Morning) 
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Development and Characterization of a Novel Congenic Rat Strain for 
Obesity and Cancer Research.  Michael W. Greene1,2,3, Erin Gillaspie4, 
Christine M. Burrington3, Darin T. Lynch3, Robert T. Dauchy6, David E. 

Blask6, Paul C. Tirrell5, Brian Reis3, Ann Marie O’Neill2, Melissa J. Horsman3.  1 Boshell 
Metabolic Diseases and Diabetes Program and 2 Department of Nutrition, Dietetics, and 
Hospitality Management, Auburn University, Auburn, AL 36849; 3 Bassett Research 
Institute; 4 Department of Surgery, and 5 Department of Internal Medicine, Bassett 
Medical Center, Cooperstown, NY 13326-1301; 6 Department of Structural and Cellular 
Biology, Tulane University School of Medicine and Tulane Cancer Center, Tulane, LA 
70112-2699.  
 
Epidemiological studies have established a strong link between obesity and certain 
forms of cancer including colon, endometrial, and breast cancer. Yet, there is a paucity 
of models to study human cancer in obese animals. Therefore, we sought to develop a 
new animal model of obesity in which human cancer can be investigated. A novel 
congenic rat strain was established by introducing the fa allele from the Zucker rat into 
the Rowett Nude rat to generate a “fatty nude rat”. Male and female fatty nude rats are 
visibly obese. Hyperphagia was accompanied by insulin resistance in both genders. 
Male fatty nude rats developed glucose intolerance earlier than female fatty nude rats 
(14 vs. 21 weeks). Similar to Zucker fatty rats, fatty nude rats did not develop fasting 
hyperglycemia. No differences in fasting insulin levels or Quicki Index score were 
observed between fatty nude and fatty non-nude rats. To examine the utility of the fatty 
nude rat to investigate obesity and human cancer, we implanted fatty nude, hetero 
nude, and nude rats of both sexes with tissue-isolated BRAF mutant HT-29 human 
colon cancer xenografts and monitored the tumor growth. Tumor growth rate and final 
tumor weight were significantly increased in fatty nude rats compared to hetero nude or 
nude rats. These results are consistent with the epidemiological data linking obesity and 
colon cancer. Cell signaling pathways regulating the increased human colon cancer 
tumor growth observed in fatty nude rats were investigated in a quantitative protein 
array. Consistent with the BRAF mutation in HT-29 cells, ERK 1/2 phosphorylation was 
unchanged in tumors grown in fatty nude rats compared to lean rats. A significant 
increase in EGFR, ErbB2, ErbB3, insulin, and IGF-1 receptor tyrosine phosphorylation, 
but surprisingly not Akt phosphorylation, was observed in the colon cancer tumors 
grown in fatty nude rats compared to lean rats, suggesting that enhanced EGF and 
insulin family ligand signaling may be Akt-independent. VEGFR2 and Tie2 receptor 
tyrosine phosphorylation was also elevated in colon cancer tumors grown in fatty nude 
rats compared to lean rats suggesting an upregulation in angiogenesis in tumors from 
obese rats. In conclusion, we have established a novel model of obesity that was used 
to investigate human colon cancer and has the potential to investigate other human 
cancers and conditions associated with obesity. 
 
 

O01 
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Fibroblast Growth Factor 21 Mediates the Beneficial Effects of Exercise 
on Diet-Induced Glucose Intolerance.  Christine Loyd1, I. Jack Magrisso1, 
Michael Haas1, Sowmya Balusu1, Nobuyuki Itoh2, Darleen A. Sandoval1, 

Diego Perez-Tilve1, Silvana Obici1, Kirk M Habegger3.  1 Metabolic Disease Institute, 
Div. of Endocrinology, Diabetes and Metabolism, Dept. of Medicine, University of 
Cincinnati, Cincinnati OH; 2 Department of Genetic Biochemistry, Kyoto University 
Graduate School of Pharmaceutical Sciences; 3 Dept of Medicine - Endocrinology, 
Diabetes and Metabolism, University of Alabama at Birmingham, Birmingham, AL. 
 
Exercise is a well-defined preventative and therapeutic intervention against metabolic 
syndrome.  Yet, the molecular pathways underlying the beneficial effects of exercise are 
unclear.  Recent evidence indicates that glucagon signaling in the liver plays an 
important role in the metabolic benefits associated with exercise. We have previously 
shown that fibroblast growth factor 21 (FGF21) mediates some of the beneficial 
metabolic effects of glucagon. Thus, we aimed to test the role of FGF21 in mediating 
benefits of chronic exercise on glucose and lipid metabolism.  Wildtype (wt) and FGF21-
deficient (fgf21-/-) mice were fed high-fat diet (HFD) and allowed access to inoperable 
(sedentary) or operable (exercise) running wheels for 12 weeks.  Exercise was effective 
in suppressing body weight and fat mass gain, and improving plasma lipidemia in wt 
and fgf21-/- mice.  Exercise likewise improved glucose tolerance in wt mice; however 
this effect was lost in fgf21-/- mice. We identified that fgf21-/- mice exhibited reduced 
adaptations to chronic exercise in skeletal muscle.  Exercise stimulated a notable 
increase in AMPK activation in skeletal muscle of wt mice, but strikingly, not in that of 
fgf21-/- mice.   These results clearly show that systemic FGF21 activity is required for 
exercise benefits on glucose tolerance by stimulating AMPK activation in skeletal 
muscle. 
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Obesity Induced Insulin Resistance Contributes to Increased Tumor 
Growth in a Mouse Model of Human Colon Cancer.  Ann Marie O’Neill1, 
Michael W. Greene1,2, Erin Gillaspie3, Christine M. Burrington2.  1 Department 

of Nutrition, Auburn University, Auburn, AL 36849; 2 Bassett Research Institute and 
3 Department of Surgery, Bassett Medical Center, Cooperstown, NY 13326-1301. 
 
Strong epidemiological evidence links colon cancer to obesity. Increasingly, there is 
evidence to suggest that obesity induced insulin resistance is associated with the 
increased cancer incidence.  In this study, we aimed to establish a new mouse model of 
obesity and human colon cancer, assess the effects of obesity on the growth of human 
colon cancer tumor xenografts, and examine potential mechanisms driving obesity-
linked human colon cancer tumor growth.  Rag1 mice were fed either a low fat Western 
diet (LFWD) or a high fat Western diet (HFWD) for 12 weeks. After 4, 8, and 12 weeks 
on the diets, body weight, glucose tolerance, and insulin tolerance were measured in 
the mice. After 4 weeks on the diet, tissue-isolated human colon cancer xenografts 
derived from BRAF mutant HT-29 cells were implanted subcutaneously into the mice 
and tumor growth measured every 2-3 days.  After 28 days, mice were sacrificed, 
tumors harvested and metabolic changes associated with insulin resistance, including 
plasma glucose and serum insulin, IGF-1, free fatty acid (FFA), leptin and adiponectin 
levels, were determined. In addition, insulin sensitivity, assessed by calculating the 
QUICKI (quantitative insulin sensitivity check index) score, was determined. Correlation 
analysis was performed using the Spearman correlation coefficient test.  Compared to 
the LFWD group, mice on the HFWD weighed more, had increased intra-abdominal fat 
and  displayed progressive impairment of both glucose and insulin tolerance over time, 
validating the Rag1 strain as an obesity and insulin resistance model. Human colon 
cancer growth rate from HFWD mice was significantly greater than that in the LFWD. In 
agreement, final tumor weights were significantly greater in the HFWD fed mice. Tumor 
bearing mice in the HFWD group also displayed significantly decreased insulin 
sensitivity, and showed significantly increased glucose and leptin levels. Correlation 
analysis revealed a significant positive correlation with human colon cancer tumor 
growth and insulin levels, but not IGF-1, FFA, or leptin, and a negative correlation with 
Quicki score in mice fed a HFWD. Surprisingly, human colon cancer tumor growth in the 
LFWD group was negatively correlated with insulin levels.  These results demonstrate 
the Rag 1 mice fed HFWD develop obesity and insulin resistance and suggest that 
insulin resistance contributes to increased tumor growth in a novel obesity model of 
human colon cancer. 
 

O03 
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Effects of Dietary Methionine Restriction on Energy Balance:  
Roles of UCP1 and FGF21.  Desiree Wanders1, Cory C. Cortez1, Nancy T. 
Van1, Kirsten P. Stone1, Mollye Baker1, David H. Burk2, Tamra Mendoza3, 

Randall L. Mynatt3, Thomas W. Gettys1.  1 Laboratory of Nutrient Sensing and Adipocyte 
Signaling; 2 Cell Biology, Imaging and Culture Core; 3 Gene Nutrient Interactions, 
Pennington Biomedical Research Center, Baton Rouge, LA 70808. 
 
Introduction:  Dietary restriction of the essential amino acid, methionine, by ~80% of normal 
intake extends lifespan across species, reduces body weight and adiposity in rodents, and 
improves their insulin sensitivity.  Methionine restriction (MR) produces these responses by 
increasing energy expenditure in the face of hyperphagia.  We have shown that MR increases 
energy expenditure, core body temperature, and uncoupling protein 1 (UCP1) expression in 
white and brown adipose tissues (WAT and BAT, respectively) through increases in sympathetic 
outflow.  UCP1 expression is specific to brown adipocytes where it uncouples substrate 
oxidation from ATP production to generate heat by nonshivering thermogenesis.  Recent 
studies show that MR increases hepatic expression and serum levels of fibroblast growth factor 
21 (FGF21), a protein that increases insulin sensitivity, browning of WAT, and 24h energy 
expenditure.  Here, we examined the roles of UCP1 and FGF21 in the effects of dietary MR on 
energy balance and glucose homeostasis. 
 
Methods:  48 male wild-type (WT) C57BL/6J were assigned, 12 mice per group, to the Control 
diet at 23°C, to Control diet at 28°C, to the MR diet at 23°C, or to the MR diet at 28°C.  Housing 
at 28°C (near thermoneutrality) removes the sympathetic nervous system stimulation present in 
mice at 23°C.  An identical study was conducted using UCP1-/- mice (n=44).  Eight weeks into 
the feeding regimen, energy expenditure was determined by indirect calorimetry.  Mice were 
sacrificed after 11 weeks on the diets.   
 
Results:  MR reduced body weight in WT and UCP1-/- mice at both housing temperatures, 
although the WT mice had reduced body weight despite elevated energy intake, while UCP1-/- 
mice weighed less due to an unexpected initial reduction in food intake.  MR increased UCP1 
gene and protein expression in WAT and BAT at both housing temperatures.  MR produced a 
similar improvement in HOMA-IR (index of insulin resistance) at both temperatures in WT mice, 
while MR improved HOMA-IR to a greater extent in UCP1-/- mice at 28°C.  At 23°C, MR 
increased the % of brown-like cells in IWAT from 12.8% to 29.1% in WT mice.  MR produced a 
comparable remodeling in UCP1-/- mice at 28°C (8.6% to 28.5%), whereas WAT in UCP1-/- mice 
on the Control diet at 23°C showed substantial browning (47%) that was modestly remodeled by 
MR (56%).  MR also induced thermogenic gene expression in WAT and BAT.  Dietary MR 
increased energy expenditure in WT mice at both housing temperatures, but failed to induce an 
increase in UCP1-/- mice.  Given that FGF21 has been shown to induce browning of WAT, 
enhance thermogenic capacity of WAT and BAT, and increase energy expenditure, FGF21 
mRNA and serum concentrations were determined.  MR increased FGF21 serum 
concentrations and mRNA in liver, IWAT and BAT of WT mice, but only increased FGF21 serum 
concentrations and mRNA in liver of UCP1-/- mice at both housing temperatures.     
 
Conclusions: We propose that the MR-induced increase in FGF21, remodeling of WAT and 
induction of UCP1 play complementary roles in the MR-induced improvement in energy balance 
and glucose homeostasis. 
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Thioredoxin-Interacting Protein (TXNIP) Regulates Beta Cell Function 
Through miRNAs.  Guanlan Xu, Junqin Chen, Gu Jing, Anath Shalev. 
Comprehensive Diabetes Center and Department of Medicine, Division of 

Endocrinology, Diabetes and Metabolism, University of Alabama at Birmingham, 
Birmingham, AL 35294. 
 
Thioredoxin-interacting protein (TXNIP) plays important roles in pancreatic beta cells 
and we previously showed that TXNIP is increased in diabetic islets, whereas the 
genetic deficiency or pharmacological inhibition of TXNIP protects against diabetes by 
preventing beta cell loss. Our gene expression profiling study demonstrated that 95% of 
the genes altered by TXNIP overexpression were downregulated even though TXNIP is 
not known to act as a transcriptional repressor, suggesting that TXNIP might confer its 
effects via miRNAs. In the present study, we performed miRNA microarray assays 
comparing TXNIP-overexpressing and LacZ-expressing INS-1 beta cells. By setting 1.6 
fold as a threshold, we found that five miRNAs (miR-139-5p, 193, 204, 200c, 141) were 
upregulated in response to TXNIP overexpression, and confirmed this by real-time RT-
PCR. Interestingly, diabetic B6-obese mouse islets, in which TXNIP was significantly 
increased, also showed significantly higher expression of these miRNAs. In contrast, 
miRNA levels were significantly lower in TXNIP-deficient mouse islets as compared to 
controls. When studying the potential function of these miRNAs, we found that only 
miR-204 overexpression significantly inhibited insulin expression. However, miR-204 did 
so at the transcriptional level rather than targeting insulin directly. Using 3’UTR reporter 
assays, real-time RT-PCR, immunoblotting and chromatin immunoprecipitation studies, 
as well as primary human islets we demonstrated that miR-204 instead targets and 
downregulates the expression of the insulin transcription factor MAFA, which in turn 
inhibits insulin transcription and results in reduced beta cell insulin content. Taken 
together, we found that TXNIP and diabetes induce the expression of distinct miRNAs, 
which in turn control important beta cell functions, such as insulin transcription. The 
present study thereby sheds new light on the role of miRNAs in TXNIP signaling and 
diabetes and their effects on beta cell biology. 
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Antimicrobial Peptide and Mucin Expression Differ Between the 
Diabetic NOD Mouse and Non-Diabetic NOR Mouse.  Joseph G. Daft, 
Robin G. Lorenz M.D, PhD.  University of Alabama at Birmingham, 

Department of Pathology, UAB Comprehensive Diabetes Center. 
 
Type 1 Diabetes (T1D) is defined as the selective immune destruction of insulin 
producing β-cells within the islet.  Alterations in the intestinal microbiota, increased 
intestinal permeability, and an aberrant immune system are thought to play key roles in 
the development of T1D.  Recent studies have shown that mice that develop T1D have 
a different microbiota compared to mice that do not develop T1D.  However why mice 
that are on the same diet in the same facilities have different microbiota is unknown.  
We hypothesize that altered antimicrobial peptide (AMP) and mucin production early in 
life determines ones microbiota, protecting some, but not others from T1D. 
Non-obese diabetic (NOD) female mice were compared to age and sex matched Non-
obese diabetic resistant (NOR) mice.  AMP and mucin gene expression was measured 
in the ileum and colon of the two strains and protein expression was examined by 
immunohistochemistry.  At 2 weeks of age there is a significant increase in the AMP, 
defcr-4, in the ileum of NOD mice compared to NOR mice.  In addition a decrease in the 
mucins, Muc 1, 2, and 3 was measured in the colons of NOD mice compared to NOR 
mice.  This correlates with alterations that we have measured in Bacteroidetes and 
Firmicutes between the two strains of mice.  We postulate that these differences in AMP 
and mucin expression between the two strains leads to alterations in microbiota, which 
leads to differences in disease outcome.
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Are Food Insecure Adults More Likely to Report Sleep Complaints?  
Meng Ding, Claire A. Zizza.  Nutrition, Dietetics and Hospitality Management, 
Auburn University. 

 
Although food insecure adults are at risk for diabetes mellitus, little research attention 
has been given to their health behaviors. Thus, we examined the association between 
adult food security status and sleep complaints. Our population-based sample included 
6070 men and 5578 women (≥22 y) who participated in the NHANES 2005-2010. Food 
security status was assessed with USDA’s Food Security Survey Module and was 
released by NHANES in four food security categories: fully food secure (FFS), 
marginally food secure (MFS), low food secure (LFS), and very low food secure (VLFS).  
Questions on sleep were asked during the household interview using the Computer-
Assisted Personal Interview system. Sleep complaints was based on participants’ 
responses on whether they had ever told a doctor or health care professional that they 
were having trouble sleeping. Participants also reported usual hours of sleep. Healthy 
People 2020 recommends ≥ 7h as sufficient sleep. Logistic regression models 
controlling for multiple confounders were used to examine the association between food 
security status and sleep complaints. Those reporting less than seven hours of sleep 
ranged from 38% in FFS to 49% in VLFS men. The percentage ranged from 32% in 
FFS to 56% in VLFS women. MFS, LFS and VLFS men and women were more likely to 
have sleep complaints than their FFS counterparts in all three model specifications 
(P < 0.05). In conclusion, regardless of food security status, a considerable proportion of 
both men and women had inadequate sleep and sleep complaints, which may lead to 
adverse health consequences. 
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Incidence of Type 1 Diabetes is Reduced Following Neonatal 
Administration of a Fluoroketone Inhibitor of Ca2+-independent 
Phospholipase A2β.  Robert N. Bone1,2, Ying Gai2,3, Victoria Magrioti4, 

Hubert M. Tse2,5, George Kokotos4, Sasanka Ramanadham2,3.  Departments of 1 

Pathology, 3 Cell, Developmental and Integrative Biology, 5 Microbiology, and the 2 

Comprehensive Diabetes Center, University of Alabama at Birmingham, Birmingham, 
AL; 4 Laboratory of Organic Chemistry, Department of Chemistry, University of Athens, 
Athens, Greece. 
 
Type 1 diabetes (T1D) is an autoimmune mediated disease that leads to ablation of 
insulin producing pancreatic islet β-cells, however, the mechanisms involved are not 
fully defined.  Our findings that the group VIA Ca2+-independent phospholipase A2 beta 
(iPLA2β)-derived signals contribute to β-cell apoptosis and that iPLA2β expression is 
increased in islets of diabetes-prone non-obese diabetic (NOD) mice prompted us to 
assess whether iPLA2β activation contributes to the development of diabetes in the 
NOD mouse, a widely used model that spontaneously develops T1D.  FKGK18, a 
potent and reversible fluoroketone-based inhibitor of iPLA2β amenable for in vivo usage, 
was administered to NOD mice and diabetes outcomes were monitored.  Our ongoing 
studies reveal that the tri-weekly administration of FKGK18, beginning at 10 d of age, 
reduces the incidence of T1D versus vehicle-treated (control) mice.  FKGK18-treated 
mice had reduced insulitis, greater β-cell area, higher circulating insulin levels, better 
glucose tolerance, and reduced populations of B-cells and CD4+ T-cells in the islet 
infiltrate.  Further, we see reduced TNFα secretion from FKGK18 treated CD4+ T-cells, 
suggesting a blunting of the immune response.  Since T1D development begins early in 
life in the NOD mouse, with insulitis beginning around 6 wk of age, we next assessed if 
FKGK18administration to adults (8 wk of age) would be as effective as neonatal (10 d of 
age) administration.  We find that adult administration of FKGK18 also reduces T1D 
incidence, however, the neonatal administration group still had the lowest incidence, 
versus vehicle-treated controls.  Interestingly, while the adult administration group did 
had reduced incidence, the glucose tolerance was similar to control.  Taken together, 
our findings suggest that age-dependent generation of iPLA2β-derived lipid signals play 
important roles in processes that lead to development of autoimmune-mediated T1D.  
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Characterization of Molecular Mechanisms Mediating Anti-Inflammatory 
and Blood Glucose Lowering Properties of Tridax procumbens. 
Gauri S. Desai1,2, Shirish V. Desai2, Suresh T. Mathews1. 1 Department of 

Nutrition, Auburn University, AL 36830; 2 Bhagawati Industrial and Organic Products, 
Kolhapur, Maharashtra, India. 
 
Traditional knowledge and anecdotal evidence suggest that Tridax procumbens Linn 
may have anti-inflammatory and blood glucose lowering properties. Recent studies 
have shown that T. procumbens extract was effective in lowering blood glucose (42-
71% blood glucose reduction at 250-500 mg/kg body weight) in alloxan-induced diabetic 
rats. In our previous study, we demonstrated that oral administration of T. procumbens 
extract (prepared following guidelines of Ayurveda), for a period of 4 weeks, significantly 
lowers fasting blood glucose levels (~11% in men and ~20% in women) in individuals 
with type 2 diabetes. Further, the study showed significant reduction in post-prandial 
blood glucose levels (~26% in men and ~29% in women) compared to the pre-treatment 
values. T. procumbens extract has a strong antioxidant potential in vitro as evidenced 
through Trolox equivalent antioxidant capacity, ferric-ion reducing potential, hydrogen 
peroxide scavenging activity, and metal ion chelating effect. The chemical and microbial 
analyses of T. procumbens extract demonstrated presence of phenolics, carotenoids 
and flavonoids, and absence of microbial contamination, aflatoxins, and heavy metals. 
The goal of this study was to characterize molecular mechanisms underlying the anti-
inflammatory and blood glucose lowering properties of T. procumbens extract using cell 
culture techniques. T. procumbens extract significantly increased AMPK 
phosphorylation (Thr 172), compared to basal, in H4IIE rat hepatoma cells. Also, the 
extract suppressed dexamethasone-induced phosphoenol pyruvate carboxykinase 
(PEPCK) and glucose-6-phosphatase (G6Pase) gene expression with a concomitant 
decrease in hepatic glucose production in H4IIE cells. However, T. procumbens extract 
did not exert direct effects on insulin signaling via phosphorylation of Akt (Ser 473) and 
MAPK (p44/42) in L6-GLUT4myc rat skeletal muscle cells and HIRcB cells (rat-1 
fibroblasts overexpressing human insulin receptor).The anti-inflammatory potential of T. 
procumbens extract was demonstrated by inhibition of NFκB and IκBα activation in LPS-
stimulated RAW 264.7 murine macrophages. T. procumbens extract also suppressed 
LPS-stimulated NFκB transcriptional activity, measured by decrease in luciferase 
activity, in NFκB Luciferase Reporter HeLa cell line. Our studies indicate that T. 
procumbens extract exhibits strong antioxidant and anti-inflammatory properties. 
Activation of AMPK, together with the suppression of hepatic glucose production, may 
be the potential mechanisms that contribute to the glucose-lowering property of T. 
procumbens. 
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Superoxide Production Potentiates the Anti-Viral Response of Non-
Obese Diabetic Macrophages During Diabetogenic Coxsackie B4 Virus 
Infection.  Ashley R. Burg, Lindsey Padgett, Hubert M. Tse, PhD.  

Department of Microbiology, Comprehensive Diabetes Center, University of Alabama at 
Birmingham, Birmingham, AL. 
 
Type 1 diabetes (T1D) is defined by the autoimmune destruction of pancreatic β-cells. 
While the events that initiate the autoimmune attack remain elusive, studies have 
suggested that pancreatic viral infections may trigger this destructive process. The 
innate immune anti-viral response can create an inflamed environment, producing 
reactive oxygen species (ROS) and pro-inflammatory cytokines. We recently 
demonstrated a critical role for NADPH oxidase (NOX)-derived ROS production in T1D 
pathogenesis, as superoxide-deficient Non-Obese Diabetic (NOD.Ncf1m1J) mice are 
highly T1D-resistant. Interestingly, bone marrow-derived macrophages (BMMΦ) from 
these mice have reduced viral RNA sensing capacity against the viral dsRNA-mimic, 
poly(I:C). Therefore, we hypothesize that the absence of NOX-derived ROS will reduce 
the diabetogenicity of viral infections by dampening innate immune anti-viral responses 
that contribute to T1D and pancreatic β-cell destruction. We performed both in vivo and 
in vitro viral infection studies with Coxsackie B4 virus (CB4), a hypothesized viral trigger 
of T1D in both humans and rodents. Following a 6-hour infection with CB4 in vitro, 
NOD.Ncf1m1J BMMΦ displayed significant 1.4- and 2-fold decreases in protein 
expression of the viral RNA sensors, TLR3 and RIG-I, respectively, compared to NOD 
BMMΦ. By 24 hours this resulted in a 2-fold decrease (p<0.0005) in TNFα production, 
and a dramatic 11-fold decrease (p<0.0001) in IFNβ release by NOD.Ncf1m1J BMMΦ. 
This defective response by NOD.Ncf1m1J BMMΦ was recapitulated in vivo, as CB4-
infected NOD.Ncf1m1J mice had a 2.5-fold decrease in the percentages of both TNFα- 
and IL-1β-producing macrophages infiltrating the pancreas. These results suggest that 
depletion of ROS may curtail the viral-induced initiating events in T1D. Future studies 
will further define this role of ROS in potentiating the innate immune response to 
diabetogenic viral infections that trigger T1D onset.
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Reaching Out for Better Health Program.  Gladys Ekong1, Jan 
Kavookjian1, Amie Hardin2.  1 Department of Health Outcomes Research and 
Policy, Harrison School of Pharmacy, Auburn University; 2 East Alabama 

Medical Center (EAMC), Diabetes and Nutrition Center, Opelika, AL. 
 
Purpose:  Lack of access to accredited DSME/T may be a barrier to positive diabetes 
outcomes among rural, minority patients most at risk for diabetes and its complications. 
The purpose of this study was to assess the impact of a pilot program that brought 
accredited, culturally tailored diabetes education directly into a rural Alabama 
community where diabetes prevalence is 14.2%. 
 
Methods:  A total of 46 people were enrolled to attend either of two 10-session weekly 
classes brought into Tuskegee, Alabama by the diabetes educators at an ADA 
Recognized Education site at a 340-bed regional hospital located in a larger city 30 
miles away. Five Community Advocates (CAs) were formally engaged from the 
community to 1) recruit and retain participants in the classes and the study, and 2) 
advise study personnel on how to tailor the program to be culturally appropriate to 
members of a rural Black community. Participant knowledge, AADE7 behaviors and 
goal setting, clinical outcomes (A1C, weight, blood pressure, and presence of 
depressive symptoms using the CES-D) were collected before and after the DSME/T 
classes. Descriptive statistical analyses (frequencies, means, and correlations) were 
conducted to describe the study participants and associations among their outcomes.  
 
Results:  Of the 46 initial participants who completed the baseline measures, 31 (67%) 
completed the post-class measurements for the program. Baseline participants were 
mostly female (92%), Black (n = 45 of 46), with mean duration of disease of 11.77 years 
(range 1 – 41), had co-morbid hypertension (78%), had a mean 4.3 co-morbid 
conditions, and were a mean 67.1 years of age.  Results for pre and post comparisons 
suggest there was a 15% improvement in participant knowledge and a reduction in 
means for clinical outcome variables including mean weight (182.1 to 179.9 pounds), 
A1C (7.4 to 7.2), blood pressure (141/77 to 136/76), and presence of depressive 
symptoms (10.2 to 9.5). It is important to note that comparisons of baseline data for the 
31 retained participants and the 15 who dropped out revealed differences; the 1/3 who 
dropped out were on average 11.5 pounds heavier, had 4 points higher in the measure 
of depressive symptoms, scored nearly 20 points lower on the pre-class knowledge 
assessment, and had a mean A1C of 8.9 (compared to 7.5 for those retained in the 
study). The Marlowe- Crowne Social Desirability scale (m-CSD), gave a mean score of 
9.5 for the retained participants and 11.2 for those that dropped out. For the retained 
group; the mean waist circumference at the end of the class was 40.2cm. The sample 
size was too small for significance tests of these differences. Results for self-reported 
adherence and confidence for the AADE7 behaviors is also reported. 
 
Conclusion:  The results of this small pilot study suggest that making DSME/T 
accessible to persons in a rural Black community may offer short-term improvement in 
clinical outcomes. Further research is needed to assess long-term outcomes of DSME/T 
and to examine ways to retain participants in the classes and study.
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miR-200 Family Members Are Induced by TXNIP and Increase β Cell 
Apoptosis.   Stephen Filios, Guanlan Xu, Gu Jing, Junqin Chen, Anath 
Shalev.  Comprehensive Diabetes Center and Department of Medicine, 

Division of Endocrinology, Diabetes and Metabolism, University of Alabama at 
Birmingham, AL. 
 
β cell death is a prominent feature of both type 1 and type 2 diabetes and we have 
found that Thioredoxin Interacting Protein (TXNIP), plays a critical role in this process. 
Recently, we also discovered that TXNIP regulates β cell microRNAs (miRs) and a miR 
microarray revealed an increase in members of the miR-200 family.  In the present 
study, we demonstrate that TXNIP positively regulates β cell levels of the miR-200 
family members, miR-200a, miR-200b, miR-200c, miR-141, and miR-429. These results 
were found in INS-1 β cells constitutively overexpressing TXNIP and in primary mouse 
islets, and show that TXNIP deficient HcB-19 mice have decreased levels of miR-200 
family members as measured by qPCR. In contrast, islets of obese diabetic B6 ob/ob 
mice, which have increased TXNIP levels, also exhibit an up-regulation in their 
expression of miR-200 family members.  Furthermore, we determined that 
overexpression of miRNA-200 family members, and in particular miR-200b, caused 
apoptosis in INS-1 β cells as assessed by Bax/Bcl2 mRNA ratio, cleaved caspase-3 
protein levels, and terminal deoxynucleotidyl transferase dUTP nick end labeling. We 
also investigated which downstream targets of miR-200 may cause an increase in β cell 
death. We found that one potential target, Zinc finger E-box binding homeobox 1 (Zeb1) 
mRNA was decreased in response to overexpression of members of the miR-200 family 
in INS-1 β cells. Similar results were also found at the protein level, as measured by 
Western blot. We also discovered that knocking down Zeb1 using small interfering RNA 
induced apoptosis as assessed by an increase in cleaved caspase-3 demonstrating that 
Zeb1 down-regulation can mimic the effects of miR-200 on β cell apoptosis.  Taken 
together, the results of this study indicate that TXNIP causes an increase in the β cell 
expression of miR-200 family members, that these miRs increase β cell apoptosis, and 
that this may be mediated through the targeting of Zeb1. 
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Adipose and Metabolic Dysfunction in a Western Diet-Induced Model of 
NAFLD.  Yuwen Luo1, Christine M. Burrington2, Jian Zhang1, Robert L. 
Judd1, Emily C. Graff1, Michael W. Greene1.  1 Boshell Metabolic Diseases 

and Diabetes Program, Auburn University, Auburn, AL 36849; 2 Bassett Research 
Institute, Cooperstown, NY. 
 
Nonalcoholic steatohepatitis (NASH), a more severe form of nonalcoholic fatty liver 
disease (NAFLD) that is associated with obesity, insulin resistance, and diabetes, is 
characterized by steatosis, inflammation, oxidative stress, apoptosis, and fibrosis. It has 
been postulated that excessive sugary drink consumption may contribute to the 
development and severity of NAFLD. However, its role in adipose tissue expansion and 
dysfunction is not known. To better understand the role of consumption of liquid sugar in 
high fat diet-induced NAFLD progression, we investigated metabolic and histologic 
parameters and gene expression from hepatic and adipose tissues in mice fed a low or 
high fat western diet (HFWD) without or with liquid sugar [fructose and sucrose (F/S)] at 
two time points (2 and 12 week). HFWD+F/S impaired the storage capacity of 
epididymal white adipose tissue (eWAT) and exacerbated HFWD-induced glucose 
intolerance and insulin resistance. Consistent with these results, HWFD+F/S fed mice 
developed more profound eWAT inflammation characterized by macrophage infiltration, 
a dramatic increase in crown-like structures, and upregulated proinflammatory gene 
expression. Hepatic triglyceride, plasma alanine aminotransferase, and normalized liver 
weight were significantly increased only in HFWD+F/S fed mice.  Hepatic oxidative 
stress, assessed by superoxide dismutase activity, 4-hydroxynonenal, NADPH oxidase 
activity, and gene expression was highest in HFWD+F/S fed mice.  HFWD+F/S also 
resulted in increased hepatic fibrosis and elevated collagen I, collagen III and TGFβ 
gene expression. Our results highlight the effect of sugary water consumption in 
adipose tissue dysfunction and NAFLD progression. 
 

O12 O13 



31 

 

Modulation of Autoimmune Diabetes by Innate-Like B Cell Derived 
Antibodies Against N-acetyl Glucosamine.  J. Stewart New, Brian L.P. 
Dizon, MD, PhD, John F. Kearney, PhD.  Department of Microbiology, 

University of Alabama at Birmingham. 1825 University Blvd., Shelby Building Room 
431, Birmingham, Al. 35294. 
 
The immunodominant epitope of Group A Streptococcus (GAS) is the cell wall 
associated N-acetyl-Glucosamine (GlcNAc) of Group A Carbohydrate (GAC). Neonatal 
GAS exposure has been demonstrated to protect in multiple murine models of Type 1 
Diabetes (T1D), and human cases of T1D have been negatively correlated with cases 
of Scarlet fever in several studies. Through serum-transfer experiments from GAS-
immunized to naïve NOD mice, we have found that T1D protection elicited by GAS 
exposure is conferred by the antibody response to GAC. Anti-GAC antibodies recognize 
common GlcNAc components of mammalian glycan chains and are consequently highly 
reactive with epitopes from pancreatic islets of several species, including human. 
Epitopes recognized by GAC-specific IgM include a subset of, likely immature, insulin-
containing granules; this post-translational modification (PTM) is therefore associated 
with granules containing multiple T1D-related auto antigens. We have found that anti-
GAC antibodies are highly reactive with apoptosis-associated β cell neoepitopes in 
mice, and with immature human pancreatic glycans, through open source data available 
to us through the Consortium for Functional Glycomics. Through in vitro and in vivo 
studies, we have discovered that GlcNAc-modified autoantigens generated during β cell 
apoptosis drive lectin-dependent complement pathway initiation, and we find that 
GlcNAc-specific antibodies modulate activation of the complement pathway on dying β 
cells. Opsonization of apoptotic-β cell neoeptitopes reduces the capacity of dendritic 
cells to activate diabetogenic T cells with β cell derived antigen, and protects from T1D 
development. In our preliminary studies with T1D patients, we have observed that T1D 
patients possess significantly lower levels of GAS- but not GlcNAc-reactive IgM 
antibodies, suggesting the involvement of particular natural anti-GlcNAc antibody-
producing clonotypes in T1D prevention. Subsets of anti-GlcNAc antibodies, may serve 
as biomarkers for identifying at risk-patients whose repertoire may lack these idiotype 
positive antibodies. Furthermore, boosting this idiotype may serve as a therapy to 
protect at risk patients from developing T1D. 
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NADPH Oxidase-Deficient Macrophages Display an Elevated M2 
Macrophage Phenotype to Prevent Autoimmune Diabetes.  Lindsey E. 
Padgett, Ashley R. Burg, Weiqi Lei, Hubert M. Tse.  Department of 

Microbiology, Comprehensive Diabetes Center; University of Alabama-Birmingham; 
Birmingham, AL. 
 
Macrophages are indispensible in the pathogenesis of Type 1 diabetes (T1D), 
characterized by the destruction of insulin-secreting pancreatic β-cells. As one of the 
first islet-infiltrating cells, macrophages present antigen to diabetogenic T cells and 
generate reactive oxygen species (ROS) and pro-inflammatory cytokines to directly lyse 
pancreatic β-cells. In contrast to the pathogenicity of pro-inflammatory M1 
macrophages, alternatively activated M2 macrophages, which generate 
immunosuppressive cytokines, protect Non-Obese Diabetic (NOD) mice against 
spontaneous diabetes and represent a promising cellular therapy in T1D; however, the 
environmental cues that govern macrophage polarization and differentiation remain 
largely unknown. Our laboratory previously demonstrated the importance of NADPH 
oxidase (NOX)-derived ROS in T1D pathogenesis, as NOD mice deficient in NOX-
derived superoxide (Ncf1m1J) were protected against spontaneous T1D partly due to 
blunted pro-inflammatory cytokine and Type I interferon synthesis by macrophages. 
Thus, we hypothesized that ROS was essential for M1 macrophage differentiation and 
that ROS dissipation would induce a dampened M1 and/or an elevated M2 phenotype. 
Pre-diabetic NOD.Ncf1m1J islet-resident macrophages displayed a significant (p<0.01) 
decrease in mRNA accumulation of M1 macrophage transcripts (Cxcl10, Ccl5, Tnfa, 
and Nos2) compared to NOD, while a significant (p<0.01) influx in M2 macrophage 
transcripts (Ccl17, Retnla, Arg1, and Cd206) was observed during spontaneous T1D 
progression. To confirm that redox status influenced macrophage differentiation, pre-
activated, diabetogenic BDC-2.5 CD4 T cells, which destroy β-cells by pro-inflammatory 
M1 macrophage recruitment, were transferred into NOD.Rag.Ncf1m1J recipients 
possessing superoxide-deficient antigen presenting cells. Five days post-transfer, a 2-
fold dampening in the percentage of IL-1β-expressing, islet-infiltrating M1 macrophages 
and a concomitant 3-fold increase in the percentage of Arginase-1-expressing M2 
macrophages compared to NOD.Rag recipients were observed. To recapitulate the 
enhanced islet-expressing M2 macrophage differentiation by NOD.Ncf1m1J mice during 
spontaneous progression of T1D, treatment of NOD.Rag and NOD.Rag.Ncf1m1J 

transferred recipients with a potent catalytic antioxidant to dissipate ROS induced a 3- 
and 2-fold elevation in Arginase-1-expressing M2 macrophages within the pancreata, 
respectively, compared to HBSS treatment at 7 days post-transfer. Our results 
demonstrate the importance of superoxide in macrophage differentiation; thus, targeting 
macrophage redox status may represent a promising therapy in halting T1D.  
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Prenatal Exposure of Male Rats to Di (2-ethylhexyl) Phthalate (DEHP) 
Impacts Steroid Hormone Secretion with Implication for Adipose Tissue 
and Testis Development. Fatma M. Abdel-Maksoud, Emily Graff, Robert L. 

Judd, Benson T. Akingbemi.  Department of Anatomy, Physiology and Pharmacology, 
Auburn University, Auburn AL 36849. 
 
There is a growing consensus that adipose tissue development is regulated by gonadal 
steroids.  Indeed, mice deficient in estrogen or androgen synthesis and/or signaling 
have altered adipose tissue accretion, affecting the number and size of adipocytes and 
resulting in altered metabolic homeostasis.  Although the role of androgens in adipose 
tissue development and function has received much less attention than for estrogens,  
receptors for both, i.e., estrogen and androgen receptors, and steroidogenic enzymes 
are present in adipocytes, whereas receptors for several adipokines, e.g., leptin, 
adiponectin, and glucose-sensitizing insulin are expressed in testicular cells. Although 
still a subject of continuing debate, several chemicals present in our environment are 
thought to affect adipose tissue homeostasis and possibly contribute to and/or alleviate 
symptoms associated with metabolic syndromes. Interestingly, the incidence of 
reproductive diseases has increased in concert with the use of industrial chemicals in 
the last 40 years. For example, daily phthalate exposure levels in the population are 
estimated at 30 µg/kg body weight (bw), which increased to 10-20 mg/day in preterm 
infants undergoing blood transfusions. Because the early period of development is a 
sensitive window of exposure to environmental factors, we investigated the effects of di 
(2-ethylhexyl) phthalate (DEHP) on pubertal development in the male rat.  DEHP is the 
most abundant phthalate in the environment. In the present study, timed-pregnant Long-
Evans female rats were administered DEHP by gavage at 5 and 50 µg/kg bw (4 
dams/group) during the prenatal period, i.e., gestational day 12 to parturition on day 21.  
Serum steroid hormones and development of steroidogenic capacity in testis were 
assessed in cohorts of male offspring at 21, 35 and 90 days of age (4-6 
animals/treatment group). Results showed that serum testosterone (T) concentrations 
(ng/ml) were similar in all animals at 21 days of age but were decreased at 35 days 
(P<0.05) in DEHP-exposed animals (0.57 ±0.1 and 0.58 ± 0.05) compared to control 
unexposed male rats (1.3±0.04).  However, serum T concentrations (ng/ml) at 90 days 
of age were unexpectedly elevated (P<0.05) in male rats exposed to the greater DEHP 
dose (11±0.6) compared to control (6±0.6). Furthermore, DEHP is considered a 
classical anti-androgen but it increased serum 17β-estradiol concentrations (ng/ml), 
which measured 0.47±0.007 in 90 day-old animals from the greater DEHP dose group 
compared to control (0.33±0.004). Together, data demonstrate that developmental 
exposure of male rats to DEHP interferes with differentiation of steroid hormone 
secretion capacity, which persists in the adult rat testis.  Additional studies will 
determine if DEHP-induced changes in steroid hormone secretion impact steroid 
hormone and adipokine signaling pathways that regulate adipose tissue and testicular 
development and function. 
 
Supported in part by Animal Health and Disease Research Program, College of 
Veterinary Medicine, Auburn University.  
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Regulation of Frataxin by HIF-1 in the Ischemic Diabetic Heart.  
Abdullah AlAsmari1, Gayani Nanayakkara1, Shravanthi Mouli1, Xiaoyu Fu1, 
Haitham Eldoumani1, John Quindry2, Rajesh Amin1.  1 Cardiometabolic 

Research Lab, Department of Drug Discovery and Delivery; 2 Cardioprotection Lab, 
Department of Kinesiology, Harrison School of Pharmacy, Auburn University, AL. 
 
Diabetes is at epidemic proportions, with the major form of fatality due to congestive 
heart failure triggered by myocardial infarction (MI). The impaired insulin signalling in 
the diabetic heart leads to myocardial energy dysregulation that compromises the 
cardioprotective mechanism against ischemic injury. We observed that db/db mice 
(leptin deficient, type 2 diabetic mice) have increased infarction size (>30%) compared 
to wild type mice after ischemia/reperfusion (IR) injury by TTC stain. We also found that 

activity of Hypoxia inducible factor-1 (HIF-1), a master transcription factor involved in 

the cardioprotective response to ischemia, is impaired in db/db hearts. HIF-1 is known 
to transcriptionally regulate genes involved in myocardial energetics. We recently found 

that HIF-1 transcriptionally regulates the mitochondrial protein frataxin (Fxn) in 
cardiomyocytes as determined by luciferase assays (>2.4 fold). In vitro studies indicate 
that hypoxic conditions increase Fxn protein expression in cardiomyocytes as 
determined by western analysis (2 fold). Fxn plays an important role in the Fe-S cluster 
biogenesis required for aconitase, succinate dehydrogenase and complexes in the 
mitochondria. Interestingly, we observed decreased expression of Fxn in the ischemic 

diabetic heart. Therefore, we postulate that attenuated HIF-1–Fxn signalling in 
ischemic db/db hearts leads to abnormally enlarged infarction size in response to IR. 

The decline in HIF-1 activity in response to hypoxia was further validated in 
cardiomyocytes cultured in high glucose media. The significance for Fxn against 
hypoxic injury was confirmed by utilizing overexpressed Fxn cardiomyocytes via MTT, 
ATP and aconitase activity assays. Currently we are attempting to identify the hypoxia 
response element (HRE) in Fxn promoter to further validate the transcriptional activity of 

HIF-1. In addition, we are completing the IR surgeries on HIF-1 KO mice to address 

the cardioprotective nature of HIF-1-Fxn signalling against MI. 
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CCR2 Deficiency Leads to Eosinophilia, Alternative Macrophage 
Activation, and TH2 Polarization in Adipose Tissue.  W. Reid Bolus, Dario 
A. Gutierrez, Arion J. Kennedy, Emily K. Anderson, Alyssa H. Hasty.  

Department of Molecular Physiology and Biophysics, 813 Light Hall, Vanderbilt 
University. 
 
Adipose tissue (AT) inflammation during obesity is mediated by inflammatory immune 
cells and closely correlates with systemic insulin resistance and type 2 diabetes. In AT, 
inflammatory status is tightly associated with the number and type of infiltrating 
leukocytes. In lean AT, eosinophils are relatively abundant and are capable of 
promoting macrophage alternative activation via their production of IL4. In wild type 
(CCR2+/+) mice, obesity causes the proportion of eosinophils in AT to decline, potentially 
contributing to the classical activation of inflammatory AT macrophages. In the current 
study we show that CCR2 deficiency leads to eosinophilia in AT and the peritoneal 
cavity.  In contrast to CCR2+/+ mice, eosinophilia in CCR2-/- AT is sustained and even 
amplified during high fat diet feeding. Interestingly, the majority of eosinophils in the AT 
of CCR2-/- mice are localized within crown-like structures.  The accumulation of these 
immune cells was found to be independent of the ability of CCR2-/- precursor cells to 
differentiate into eosinophils.  Rather, the proportion of eosinophils in AT was positively 
correlated with the expression of Il5, a potent eosinophil chemokine.  The eosinophilia in 
CCR2-/- mice was detected in all fat pads, but was not found in bone marrow, blood, 
spleen, or liver.  In CCR2-/- mice, AT eosinophilia coincided with macrophage alternative 
activation and increased TH2 gene expression. This is the first study to provide a link 
between CCR2 function and eosinophilia in AT. 
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Proximity Assays for Quantitation of Insulin and Leptin in Complex 
Matrices.  Jessica C. Brooks, Subramaniam Somasundaram, Joonyul Kim, 
Leah A. Godwin, Christopher J. Easley.  Department of Chemistry and 

Biochemistry, Auburn University, AL.   
 
Bioassays designed using multiple points of recognition allow for increased specificity 
and lower limits of detection (LOD). Inclusion of capture antibody or aptamers pairs 
generates a sandwich-type detection method similar to the enzyme-linked 
immunosorbent assay (ELISA), which is considered the gold standard in protein 
quantitation. Combing these two characteristics, new proximity assays have been 
developed to improve bioanalysis for faster, more accurate, and cheaper detection of 
proteins. The high specificity permits quantitation in complex matrices such as cell 
secretion media or plasma. In this study, insulin and leptin were chosen as target 
proteins for development of two classes of proximity assays. These hormones are both 
strongly associated with metabolic state and are altered significantly in diabetes, 
obesity, and metabolic syndrome. As these diseases and disorders increase worldwide, 
it is imperative to develop methods that help us fully understand these conditions.  
Proximity ligation assays (PLAs) are highly specific, low-volume assays that can be 
completed in a few hours. Specificity arises from the sandwich antibody-oligonucleotide 
capture method, with readout using real-time qPCR. Eliminating washing steps reduces 
complexity, reagents used, and assay time; and protein sample volumes can be as low 
as 1 μL. Initial testing was done with protein standards, giving LODs of 20 pM and 100 
pM for leptin and insulin, respectively. Although PLA offers several advantages, it 
requires PCR reagents for each vial and can become more cumbersome for analyzing 
large sample numbers. To alleviate these issues, our lab developed a similar assay 
using electrochemical readout instead of qPCR.  The electrochemical proximity assay 
(ECPA) is a novel proximity assay which pushes the limits of protein detection. By using 
electrochemical readout, a wider variety of assay designs are now available, and 
measurements can be made with much higher reproducibility and sensitivity. The 
antibody-oligonucleotide probes are similarly designed to those of PLA, but now an 
electrochemically active label is incorporated into the system with uracil replacing 
thiamine on certain strands to allow for reusable electrodes. Rapid cycles of incubations 
and washes can accept 10-30 μL of sample, with quantitative results in under 15 
minutes. Using this method and protein standards, insulin has been quantified with a 
LOD of 20 fM and a dynamic range up to 2 nM (5 orders of magnitude). Insulin was also 
quantified in unspiked mouse serum and in secretion samples from as few as 5 murine 
pancreatic islets. Considering the high assay performance and rapid readout of insulin 
ECPA, the system is ideal for metabolic studies on small animal models such as mice.  
As such, the next goal is to translate the leptin PLA into the electrochemical version 
(ECPA), then to test the combined system for rapid, small-volume metabolic profiling in 
mice.  
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Maternal Obesity Influences Adult Offspring Weight and Gene 
Expression, But Not Through In Utero Epigenetic Reprogramming of 
the Liver.  Matthew V. Cannon, David Serre.  Cleveland Clinic Lerner 

Research Institute, Cleveland, OH. 
 
The fetal origins of adult disease hypothesis posits that in utero exposure to 
environmental factors influences adult health including factors such as metabolism, 
body weight and diabetes. An example of such environmental exposures is maternal 
obesity and nutrition.  We hypothesize that epigenetic changes in offspring from obese 
mothers influence gene expression in adults resulting in altered metabolism. We tested 
this by feeding 3-week-old female mice a high- or low-fat diet for 5 weeks before mating. 
We then fed offspring from each mother either an obesogenic high or low-fat diet post-
weaning and performed extensive phenotypic and molecular characterization of 
offspring.  Our data show the influence of maternal obesity on adult offspring weight and 
metabolism. We used microarrays and RNA-seq to evaluate gene expression at three 
time points (E18.5, 9 weeks and at 6 months of age) in seven tissues (placenta, liver, 
adipose, muscle, brain, heart, and pancreas; n=10/group). Our analyses revealed that 
maternal diet influences a large portion of the genes in some tissues. In particular, many 
genes in the LXR/RXR pathway were differentially expressed in liver of E18.5 and 9 
week old animals, suggesting that in utero conditions induced by a maternal high fat diet 
have long-term influences on cholesterol and fat metabolism.  We also tested whether 
epigenetic changes could underlie transcriptional differences using RRBS (>400,000 
CpGs) and massively parallel bisulfite sequencing of 24 selected loci (n=10/group) in 
offspring liver. This extensive characterization of the influence of maternal obesity of 
adult offspring epigenetic status revealed that epigenetics were not likely an underlying 
cause of observed gene expression changes, contrary to expectations.  Overall, our 
data reveal that maternal diet influences adult body weight and regulation of many 
genes in different tissues in offspring and suggests that the LXR/RXR pathway plays a 
key role in translating intrauterine stress into long-lasting metabolic consequences. 
However, epigenetic patterns in offspring liver are not influenced by maternal diet or 
obesity.  
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SHU9119 and Compound 10 are Biased Ligands at the Melanocortin-4 
Receptor.  Han-Chuan Dai, Ya-Xiong Tao.  Anatomy, Physiology and 
Pharmacology, College of Veterinary Medicine, Auburn University, AL. 

 
The melanocortin-4 (MC4R) is a G protein-coupled receptor critically involved in 
regulating energy homeostasis, including both food intake and energy expenditure. 
More than 170 mutations in the MC4R gene have been identified in different populations 
of patients, causing early-onset severe obesity. In addition to the activation of the 
classical Gs-cAMP pathway, the MC4R also activates mitogen-activated protein 
kinases, especially extracellular signal-regulated kinases 1 and 2 (ERK1/2). We recently 
showed that in wild-type (WT) and six naturally occurring constitutively active (CAM) 
MC4Rs, including H76R, S127L, D146N, P230L, L250Q and F280L, the endogenous 
antagonist Agouti-related protein and three small molecule inverse agonists decrease 
basal signaling in cAMP pathway but are agonists in the ERK1/2 pathway. In the 
present study, we performed detailed pharmacological studies on two peptide 
antagonists (SHU9119 and Compound 10) derived from the endogenous agonist alpha-
melanocyte stimulating hormone on these seven MC4Rs. In ligand binding experiments 
using iodinated NDP-MSH as the tracer, we showed that SHU9119 bound to the seven 
MC4Rs with high affinity, with IC50 ranging from 1.12 to 6.68 nM. However, Compound 
10 could not displace iodinated NDP-MSH in any of the seven MC4Rs studied. In 
signaling experiments measuring cAMP generation, we showed that SHU9119 was a 
very weak agonist, increasing intracellular cAMP levels at very high concentrations 
whereas Compound 10 had negligible agonist activity. We then examined potential 
activation of MC4R in the ERK1/2 pathway by these ligands. We found that upon 
treatment with 1 nM SHU9119 (which did not increase cAMP levels), all seven MC4Rs 
had significantly increased pERK1/2 levels, ranging from 2.3 to 6.2-fold of vehicle-
treated controls.  When treated with 1 nM Compound 10, WT and four mutants (H76R, 
D146N, P230L and F280L) had significantly increased pERK1/2 levels, ranging from 2.5 
to 5.2-fold of vehicle-treated controls. In summary, our study showed SHU9119 and 
Compound 10, MC4R antagonists at the Gs-cAMP pathway, could serve as agonists in 
the MAPK pathway, suggesting that these ligands are biased ligands at the MC4R. 
 
Supported by American Diabetes Association grant 1-12-BS212, and Auburn University 
Intramural Grant Program and Interdisciplinary Grant of College of Veterinary Medicine 
at Auburn University to YXT. 
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Runx2 Inhibits Insulin Signaling Pathway and Adipocyte Differentiation.  
Min Ding, Farah Y. Ghori-Javed, Mitra Adhami, Haiyan Chen, Amjad Javed.  
Department of Oral and Maxillofacial Surgery, School of Dentistry, University 

of Alabama, Birmingham. 
 
Introduction: Alterations in insulin signaling pathways are associated with enhanced fat 
synthesis and a concomitant decrease in bone formation. Fat producing adipocytes and 
bone forming osteoblasts are derived from a common mesenchymal progenitor. Runx2 
is essential for commitment and differentiation of mesenchymal cells (MC) to 
mineralizing cell types, but its roles in regulation of adipogenesis and insulin signaling is 
unknown. 
 
Objective: To investigate the role of Runx2 in regulation of adipocyte differentiation and 
insulin signaling pathway. 
 
Methods: Biochemical, cellular and molecular approaches were used for this study. 
 
Results: The Runx2-null MC exhibited a preferential commitment to the adipocyte 
lineage instead of osteoblast. Robust activation of both early and terminal marker genes 
and adipocyte formation were observed upon stimulation with low dosage of PPARγ 
agonist rosiglitazone. Surprisingly, insulin strongly inhibited adipocyte differentiation in 
Runx2-null MC, which is in sharp contrast to the well-established requirement of insulin 
for the 3T3L1 adipocyte differentiation. This paradoxical effect of insulin in the Runx2-
null MC was associated with a selective utilization of exon 11 splice variant of the insulin 
receptor, and impaired internalization of the activated insulin receptor. Western blotting 
data shows that Akt and ERK pathways were also differentially engaged in Runx2-null 
versus 3T3-L1 adipocytes. Reconstitution of Runx2-null MC by Runx2 inhibited 
rosiglitazone-stimulated adipocyte differentiation, including both the cell number and 
size of the lipid droplets. Interestingly, Runx2 reconstitution also completely inhibited 
expression of both Akt and ERK expression. Thus Runx2 may inhibit adipocyte 
differentiation via negative regulation of the Akt and ERK pathway. 
 
Conclusions: Runx2 inhibits adipocyte differentiation by regulating the insulin and 
ERK/Akt signaling pathways. 
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Role of the HCA2 Receptor During the Physiological Response to 
Fasting in Mice.  Alison R Emmert, Olga Norris, Emily Graff1,2, Robert 
Judd2.  1Dept. of Pathobiology and 2Dept. of Anatomy, Physiology and 

Pharmacology, College of Veterinary Medicine, Auburn University, AL. 
 
Introduction: Hydroxy-carboxylic acid (HCA) receptors, primarily found in adipocytes, 
are a family of G-protein coupled receptors capable of sensing and responding to 
changes in nutrient availability.  The endogenous ligands for HCA1 and HCA2 are lactate 
and beta-hydroxybutyrate (β-OHB), respectively, both of which are hydroxycarboxylic 
acids and intermediates of metabolism.  Intermittent fasting and ketogenic diets have 
been used clinically to treat seizure disorders and obesity, presumably due to their 
ability to increase plasma ketones.  However, the role of the HCA2 receptor in the 
response to fasting in mice is not known. 
 
Methods: Male and female wild type (WT) and HCA2

-/- mice were subjected to a 36 hour 
fast.  Mice were weighed and blood was drawn at 0, 5, 12, 24, and 36 hours. Blood 
samples were used to evaluate β-OHB, glucose, and serum adiponectin concentration. 
White adipose tissue was collected at 36 hours to isolate mRNA for HCA1 and HCA2 
receptor expression analysis. Blood glucose and blood β-OHB were measured using 
blood glucometer and blood ketone meter, respectively. Serum adiponectin 
concentration was measured with a mouse adiponectin ELISA kit. 
 
Results: HCA2

-/- mice (male and female) lost less weight during fasting compared to WT 
mice.  There was no significant change in blood glucose between the WT and HCA2

-/- 
mice during fasting.   However, blood β-OHB was significantly lower in the male HCA2

-/- 
mice after 24 and 36 hrs of fasting compared to the male WT mice.  This was also the 
case in the female mice, but the effect was only significant at 24 hrs.  There was a 
significant difference in serum adiponectin in fed WT and fasted WT males, but no 
significant change was noted in male HCA2

-/- mice.  There was no significant difference 
in HCA1 and HCA2 receptor expression between fasted or fed mice in either 
experimental group. 
 
Conclusions: Lack of the HCA2 receptor decreases the ketogenic response and protects 
against weight loss during prolonged fasting. 
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Diindolylmethane Induces Pregnane Xenobiotic Receptor-Regulated 
CYP3A4 Gene Expression.  Patrick Flannery1,2, Kodye Abott1,2, 
Satyanarayana Pondugula1,2.  1Department of Anatomy, Physiology and 

Pharmacology, Auburn University, AL; 2Auburn University Research Initiative in Cancer, 
Auburn University, Auburn, AL.  
 
Introduction: Cytochrome P450 3A4 (CYP3A4) is the most prevalent drug-metabolizing 
enzyme in human liver and intestine, and is responsible for the metabolism of more than 
55% of clinically used drugs. Pregnane xenobiotic receptor (PXR), which is 
predominantly expressed in liver and intestine, plays a central role in activating the 
expression of CYP3A4. Activation of PXR and, subsequently its target gene CYP3A4, 
not only plays a substantial role in xenobiotic detoxification, but also causes undesired 
drug-drug, food-drug or supplement-drug interactions. Recently, an increased 
awareness has been given to natural dietary supplements for potential induction of 
supplement-drug interactions through activation of PXR. Because CYP3A4 metabolizes 
more than 55% drugs, a natural product induced changes in the levels of CYP3A4 can 
tremendously affect the therapeutic response of co-administered drugs, and can cause 
serious drug interactions. Here, we studied, whether Diindolylmethane (DIM), a natural 
anticancer supplement, could induce PXR-mediated expression of CYP3A4 in 
hepatocytes and intestinal cells. 
 
Methods: PXR transactivation assays were performed to study PXR-mediated CYP3A4 
promoter activity in HepG2 human liver carcinoma cells and LS174T human intestinal 
epithelial cells. Quantitative RT-PCR assays were conducted to examine CYP3A4 gene 
expression in LS174T cells and human primary hepatocytes. 
 
Results: DIM significantly induced PXR transaction of CYP3A4 promoter activity in a 
concentration-dependent manner in both HepG2 and LS174T cells. In addition, DIM 
increased endogenous CYP3A4 gene expression in LS174T cells and human primary 
hepatocytes. Pharmacologic inhibition or genetic knockdown of PXR resulted in 
attenuation of DIM induced CYP3A4 promoter activity and gene expression, suggesting 
that DIM induces CYP3A4 in PXR-dependent manner. 
 
Conclusions: These results are consistent with the conclusion that DIM induces PXR-
regulated CYP3A4 gene expression in human hepatocytes and intestinal cells. Our 
observations indicate that there may be an increased chance of undesired DIM-drug 
interactions caused by the uptake of DIM. Therefore a caution should be taken in using 
DIM supplement while undergoing drug therapies. 
 
The authors would like to thank Drs. Coleman, Judd, Tao and Mansour for sharing their 
facilities. This research was supported by Auburn University Start-up Funds (S.R.P) and 
Auburn University Animal Health and Disease Research Grant (S.R.P).  
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Cardioprotective Nature of PAESe Against Mitochondrial Energy 
Dysregulation and Cardiac Hypertrophy.    Rain Fu, Shravanthi Mouli, 
Gayani Nanayakkara, Mathew Eggert, Ben Nie, Abdullah Afasmari, Haithum 

Eldoumani, Robert Arnold, Forrest Smith, Rajesh Amin.  Cardio-metabolic Research 
Lab, Department of Drug Discovery and Delivery, Harrison School of Pharmacy, Auburn 
University, AL. 
 
The leading cause of fatality associated from Diabetes type 2 is congestive heart failure. 
Thus understanding changes in myocardial energetics as the heart progresses from 
dilated cardiomyopathy to failure is of paramount importance. Doxorubicin (DOX), a 
member of the anthracycline class of anti-cancer chemotherapeutics, has also been 
found to progress the heart to failure by promoting mitochondrial energy dysregulation 
and the ensuing development of cardiac hypertrophy. Although reduction of DOX 
induced reactive oxygen species (ROS) by antioxidants mitigates cardiac hypertrophy, 
clinically approved therapies significantly compromise its antitumor activity. Therefore, 
we developed a series of orally active selenium based compounds with therapeutic 
potential for cardiovascular diseases, termed Phenylaminoethyl selenides (PAESe). 
These compounds reduce DOX mediated ROS formation and cardiac hypertrophy in 
athymic mouse models of human prostate cancer. Thus we hypothesize that PAESe 
prevents DOX mediated cardiac hypertrophy by inhibiting ROS formation. To support 
our hypothesis, we have found by qPCR analysis (>3.5 fold ANP and >2.5 fold MHC) 
and morphometric size measurements (>50%) that PAESe significantly attenuates DOX 
mediated cardiac hypertrophy. Further, PAESe improves the myocardial energetics 
including aconitase activity (6 fold) and protects against DOX mediated attenuation of 
mitochondrial membrane transition pore protein (MPTP) by a real time fluorescence 
assay (TMRE). These findings help define how DOX-mediated ROS attenuates 
mitochondrial energetics leading to the death of the mitochondria and eventually the 
cardiomyocyte. Currently we have found that DOX impedes the activity of the iron sulfur 
cluster protein frataxin, resulting in reduced aconitase and oxidative phosphorylation in 
the mitochondria. Thus we are focusing upon how PAESe protects frataxin from DOX 
mediated damage and its role in the development of cardiac hypertrophy.  
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Defect in MAPK Signaling as a Cause for Monogenic Obesity Caused by 
Inactivating Mutations in the Melanocortin-4 Receptor Gene.  Shan He, 
Ya-Xiong Tao.  Department of Anatomy, Physiology and Pharmacology, 

College of Veterinary Medicine, Auburn University, AL. 
 
The melanocortin-4 receptor (MC4R) is a Family A G protein-coupled receptor that 
plays an essential role in regulating energy homeostasis, including both energy intake 
and expenditure. Defects in MC4R are the most common monogenic form of obesity, 
with more than 170 distinct mutations identified in humans. In addition to the 
conventional Gs-stimulated adenylyl cyclase pathway, it has been recently 
demonstrated that MC4R also activates mitogen-activated protein kinases, especially 
extracellular signal-regulated kinases 1 and 2 (ERK1/2). We also showed there is 
biased signaling in the two signaling pathways, with inverse agonists (negative 
antagonists) in the Gs-cAMP pathway acting as agonists for the ERK1/2 pathway. 
Herein, we investigated the constitutive and ligand-stimulated activation (pERK1/2) in 
wild type and 64 naturally occurring MC4R mutations, including Class IV (mutants that 
have normal cell surface expression and ligand binding but are defective in cAMP 
signaling) and V (mutants that have normal cell surface expression, binding and cAMP 
signaling) mutants. We showed that four mutants (P48S, G55V, I125K and M208V) had 
significantly decreased basal pERK1/2 level, and fifteen mutants (F51L, T112M, N240S, 
N274S and S295P in class V, N62S, P78L, D90N, L106P, S136F, T162I, R165W, 
R165Q, R165G and Y302F in class IV) had impaired ligand-stimulated pERK1/2 
activation. Defective signaling in Class V mutants might be the cause of obesity 
observed in patients harboring these mutations. In summary, our studies demonstrated 
for the first time that the decreased basal or ligand-stimulated ERK1/2 signaling might 
contribute to obesity pathogenesis caused by mutations in the MC4R gene. We also 
observed biased signaling in these naturally occurring mutations in the Gs-cAMP-
protein kinase A and ERK1/2 pathway. 
 
Supported by American Diabetes Association grant 1-12-BS212, and Auburn University 
Intramural Grant Program and Interdisciplinary Grant of College of Veterinary Medicine 
at Auburn University to YXT. 
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Differential Cytokine Effects on β-cell TXNIP Expression.  KyungHee 
Hong1,2, Guanlan Xu1, Anath Shalev1.  1Comprehensive Diabetes Center, 
Department of Medicine, 2 Immunology Theme, University of Alabama at 

Birmingham, Birmingham, AL. 
 
In type 1 diabetes the autoimmune reaction and the release of proinflammatory 
cytokines (interleukin (IL)-1β, tumor necrosis factors (TNF) α, and interferon (IFN) γ) 
leads to β-cell destruction and apoptosis. Recently, we identified thioredoxin-interacting 
protein (TXNIP) as an important regulator of β-cell apoptosis and found that its deletion 
prevented type 1 and type 2 diabetes. TXNIP is highly induced by glucose via the 
carbohydrate response element binding protein (ChREBP), but the effects of cytokines 
on TXNIP expression have remained largely unknown. We therefore cultured INS-1 
β-cells with a cocktail of IL-1β (1 ng/ml), TNFα (5 ng/ml) and INFγ (5 ng/ml) under low 
(5 mM) and high (25 mM) glucose conditions and measured TXNIP by quantitative real-
time RT-PCR. Cytokine cocktail treatment increased TXNIP expression at 5 mM, but not 
at 25 mM glucose. Interestingly, we found that this discrepancy was due to IL-1β, which 
up-regulated TXNIP mRNA at 5 mM glucose, but down-regulated TXNIP at 25 mM 
glucose. To investigate the molecular mechanism involved in this surprising IL-1β effect 
at high glucose, we performed luciferase assays using INS-1 β-cells transfected with a 
TXNIP promoter-driven reporter plasmid containing different truncations and mutations. 
Consistent with the observed decrease in TXNIP mRNA, a 6.7-fold reduction in TXNIP 
promoter activity was observed with IL-1β treatment at 25 mM glucose. Mutation of the 
E-box ChREBP binding site in the TXNIP promoter blunted this effect, indicating that 
IL-1β may inhibit TXNIP expression through ChREBP. Indeed, IL-1β treatment resulted 
in a decrease in ChREBP nuclear localization and ChREBP binding to the TXNIP 
promoter at 25 mM glucose as assessed by nuclear fractionation and ChREBP 
chromatin immunoprecipitation (ChIP). Taken together, these results reveal for the first 
time that cytokines have differential effects on pro-apoptotic β-cell TXNIP expression 
and that the effects are dependent on the concomitant glucose concentration.  
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Elucidating the Role of “MFehi” Macrophages In Adipose Tissue Iron 
Metabolism.  Merla J. Hubler, Jeb Orr, Anders Etzerodt, Alyssa Hasty.  
Department of Molecular Physiology and Biophysics, Vanderbilt University. 

 
Macrophages are the predominant immune cell in adipose tissue (AT) and exhibit 
phenotypic variability dependent on the obesity state of the tissue. Lean AT contains a 
population of anti-inflammatory “M2” AT macrophages (ATMs), whereas, obesity is 
associated with an influx of inflammatory “M1” ATMs. In contrast to M1 ATMs in obesity, 
the role of M2 ATMs in maintenance of a healthy lean state is relatively undefined. A 
recently identified “MFehi” population of M2 ATMs has a two-fold increase in intracellular 
iron content and exhibits increased expression of genes involved in iron uptake (e.g. 
CD163), storage and release. This population composes 25% of M2 ATMs and exists in 
both lean and obese mouse and human AT. It remains unknown whether MFehi ATMs 
contribute to AT iron metabolism. In order to identify possible iron exchange between 
ATMs and adipocytes, we are currently developing methods for co-culture of these cells 
after induced iron uptake. In initial studies, we have quantified increased intracellular 
iron in macrophages after treatment with ferrous ammonium citrate and 8-
hydroxychloroquine. In order to determine the impact of MFehi ATMs on the systemic 
metabolic state, we aim to deplete MFehi ATMs in vivo in mice with CD163-targeted 
clodronate-containing liposomes. Our preliminary studies with fluorescent calcein-
loaded liposomes in the peritoneum have revealed CD163-targeted liposomes as a 
novel technique to specifically target M2 ATMs. These studies will allow us to 
characterize the role of the MFehi population in maintaining healthy adipocyte iron 
concentrations and, thereby, insulin sensitivity.  
 
Graduate Research supported by Vanderbilt MSTP NIH grant T32 GM007347-31. 
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Atorvastatin Inhibits Induction of Chemokine Receptor CXCR7 to 
Reduce Macrophage Migration.  Yiwei Liu, Wanshu Ma, Laura Crocker, 
Jianzhong Shen.  Drug Discovery and Development, Harrison School of 

Pharmacy, Auburn University, AL. 
 
We have recently reported that CXCR7, the alternate high affinity SDF-1 receptor, is 
induced during monocyte-to-macrophage differentiation, leading to increased 
macrophage phagocytosis linked to atherosclerosis. Statins, the most widely used 
medications for atherosclerosis, were shown to have pleiotropic beneficial effects 
independent of their cholesterol-lowering activity. This study aimed to determine 
whether induction of CXCR7 during macrophage differentiation is inhibited by statins 
and its significance on macrophage physiology. Here we show for the first time that 
atorvastatin dose-dependently inhibited CXCR7 mRNA and protein expression in THP-1 
macrophages, without affecting the other SDF-1 receptor, CXCR4. Pharmacotherapy 
relevant dose of atorvastatin affected neither cell viability nor macrophage 
differentiation. Suppression of CXCR7 expression was completely reversed by 
supplementation with mevalonate. Inhibition of squalene synthase, the enzyme 
committed to cholesterol biosynthesis, also decreased CXCR7 induction, albeit not as 
efficacious as atorvastatin. However, the geranylgeranyl transferase inhibitor, GGTI-
286, the farnesyl transferase inhibitor, FTI-276, and the Rho kinase inhibitor, Y-27632, 
all failed to mimic the effect of atorvastatin, suggesting that the protein prenylation 
pathways are not critical for atorvastatin inhibition of CXCR7 induction. Interestingly, the 
dramatic effect of atorvastatin was only partially mimicked by other statins including 
pravastatin, fluvastatin, mevastatin, and simvastatin. Furthermore, activation of CXCR7 
by SDF-1, TC14012, or I-TAC all prompted macrophage migration, which was 
significantly suppressed by atorvastatin treatment, but not by the CXCR4 antagonist. 
We conclude that atorvastatin modulates macrophage migration by down-regulating 
CXCR7 expression, suggesting a new CXCR7-dependent mechanism of atorvastatin to 
benefit atherosclerosis treatment beyond its lipid lowering effect. 
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Role of Frataxin in Doxorubicin Mediated Cardiac Hypertrophy.  
Shravanthi Mouli, Gayani Nanayakkara, Rain Fu, Abdullah Alasmari, Mathew 
Eggert, Ben Nie, Robert D. Arnold, Rajesh Amin.  Cardio-metabolic 

Research Lab, Dept. of Pharmacal Sciences, Harrison School of Pharmacy, Auburn 
University, AL. 
 
Congestive heart failure is a major fatality associated with type 2 diabetes.  Progression 
towards heart failure centrally involves impaired myocardial bioenergetics associated 
with myocardial remodeling and ventricular hypertrophy. We as well as others have 
found that Doxorubicin (DOX) induces a morbid compensatory growth (hypertrophy) in 
the heart that progresses the heart to failure. During the development of DOX mediated 
cardiac hypertrophy, myocardial energetics becomes dysregulated implicating 
mitochondrial damage as an underlying source. Thus understanding at the molecular 
level of how deficits in mitochondrial energetics lead to cardiac hypertrophy, will 
significantly improve outcomes associated with diabetic cardiomyopathy and the 
ensuing congestive heart failure. Frataxin (Fxn) regulates iron sulfur cluster biogenesis 
in the mitochondria and thus is an important regulator of mitochondrial energetics. In the 
current study we hypothesize that attenuation of Fxn by DOX leads to the development 
of cardiac hypertrophy. We have found that DOX (2µM) significantly reduced (> 2 fold) 
the expression of the active form of Fxn, resulting in increased free iron accumulation in 
the mitochondria as demonstrated by our RNP1 FRET assay and Ferrozine colorimetric 
assay. Further as predicted by the Fenton equation, this increased free iron lead to 
elevated ROS levels in the mitochondria. Gene expression studies revealed a 
substantial decrease in outward mitochondrial iron transporters. Overexpression of Fxn 
promoted mitochondrial iron homeostasis leading to a significant improvement in 
oxidative phosphorylation and a substantial decrease in ROS production. These 
findings led us to postulate that Fxn is significantly involved in DOX mediated cardiac 
hypertrophy and overexpression of mitochondrial Fxn is protective against myocardial 
energy dysregulation and congestive heart failure. Future work will investigate novel 
agonists for frataxin and protective mechanism against DOX mediated progression 
towards hypertrophy and heart failure.  
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Mitochondrial DNA and DAMPs Activate NF-KB and Induce Insulin 
Resistance Via Activation of TLR9 in Skeletal Muscle Cells.  Larysa 
Yuzefovych, Glenn Wilson, Lyudmila Rachek. Department of Cell Biology 

and Neuroscience, University of South Alabama, Mobile, Alabama 36688. 
 
Recent data showed that mitochondrial DNA (mtDNA), as a part of mitochondrial 
damage-associated molecular patterns (DAMPs), induces an immune response and 
inflammation via activation of TLR9 signaling in immune, as well, as in  cells of 
nonimmune origin.  In contrast to nuclear DNA, mtDNA, like bacterial DNA from which it 
is evolutionarily linked, contains pro-inflammatory unmethylated CpG motifs which are 
ligands for the pro-inflammatory TLR9. Obese individuals exhibit elevated levels of pro-
inflammatory cytokines, giving the rise to the hypothesis that obesity-induced insulin 
resistance (IR) is an inflammatory condition. As IR and type 2 diabetes are 
characterized by a persistent chronic inflammation, we are proposing an absolutely 
novel and challenging conceptual role for the mtDNA as a sentinel molecule, which 
triggers inflammation in skeletal muscle and thus promotes IR. We have treated primary 
muscle cells with DAMPs and mtDNA and found that mitochondrial DAMPS and mtDNA 
induced NF-kB activation in primary skeletal muscle cell via TLR9 signaling. Also, we 
found that mtDNA, DAMPs and palmitate all increased TLR9 content in muscle cells. 
Additionally, DAMPS and mtDNA induced mitochondrial oxidative stress and reduced 
mitochondrial function in primary skeletal muscle cells. Furthermore, mtDNA and 
DAMPS reduced insulin signaling and insulin stimulated glucose uptake in primary 
muscle cells. Parallel studies in vivo showed that HFD-induced IR mice have elevated 
circulating mtDNA (c-mtDNA) contents which was associated with mtDNA damage, 
increased oxidative stress and content of TLR9 in skeletal muscle. Collectively, this 
study identifies a novel role for mtDNA as a pro-inflammatory molecule which promotes 
IR. Ultimately, this can provide new clinical implications both to design novel therapeutic 
strategies and cost-effective biomarkers of IR progression. 
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Neuroprotective Effect of Resveratrol in the Brain of Obese Diabetic 
Mice.  Shraddha D. Rege1, Geetha Thangiah2, Tom L Broderick3, Ramesh B. 
Jeganathan1.  1 Department of Nutrition, Dietetics, and Hospitality 

Management, Auburn University, Auburn, Alabama 36849; 2 Department of Physical 
Science, Auburn University Montgomery, AL 36124; 3 Department of Physiology, 
Laboratory of Diabetes and Exercise Metabolism, Midwestern University, Glendale, 
Arizona 85308. 
 
Resveratrol is a polyphenolic phytoalexin and known to exert anti-diabetic and anti-
inflammatory actions. Several studies have demonstrated a link between the obese 
diabetic state and Alzheimer’s disease. The present study evaluated the 
neuroprotective action of resveratrol in the ob/ob mouse, a model of severe obesity and 
diabetes. Resveratrol was administered orally at the dose of 25 mg kg-1 body weight 
daily for 3 weeks to male lean and ob/ob mice. Resveratrol did not show any effect on 
body weight or blood glucose levels in ob/ob mice. Formic acid fractions in brain of 
ob/ob mice were found to have increased expression of tau, phosphorylated forms of 
tau (CP-13, S202/205; PHF1, S396/404), and glial fibrillary acidic protein (GFAP), 
whereas expression of phospho glycogen synthase kinase 3 (GSK3β), synaptophysin 
and insulin degrading enzyme (IDE) were decreased compared to brain of lean mice. In 
ob/ob mice, amyloid beta concentration in brain was increased.  Resveratrol treatment 
improved the expression of IDE, synaptophysin and GSK3β level and decreased tau 
phosphorylation and amyloid-beta concentration. Because tau hyperphosphorylation 
and increased amyloid beta content are associated with memory impairment, these 
findings demonstrate a potential neuroprotective effect of resveratrol in brain of obese 
diabetic mice. 
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Alterations in Phosphofetuin-A (Ser312) in Response to a Single Bout 
or Short-Term Repeated Bouts of Exercise in Obese Individuals.  Guang 
Ren1, Xiaoming He1, Peter W. Grandjean3, Robert L. Bowers2, Felipe Araya-

Ramirez2, Laurel A. Littlefield1, Suresh T. Mathews1.  1 Department of Nutrition, Auburn 
University, Auburn, AL; 2 School of Kinesiology, Auburn University, Auburn, AL; 3 Health 
and Human Performance, Baylor University, Waco, TX. 
 
Fetuin-A, primarily secreted by the liver, inhibits insulin-stimulated insulin receptor 
tyrosine kinase (IR-TK) activity, glucose uptake, and links fatty acids to TLR4 activation, 
eliciting a strong proinflammatory response. A growing body of evidence indicates that 
serum concentrations of fetuin-A are elevated in insulin resistant conditions, including 
obesity and diabetes. While the majority of fetuin-A in circulation is dephosphorylated, 
phosphorylation status of fetuin-A has been shown to be critical for its IR-TK inhibitory 
activity. Previously, we have reported that serum phosphofetuin-A (Ser312) 
concentrations were elevated in obese individuals and in individuals with metabolic 
syndrome. Since a single bout of exercise or exercise training improves whole-body 
insulin sensitivity and increases glucose uptake in sedentary adults, it was of significant 
interest to characterize the effects of single and repeated bouts of exercise on serum 
total fetuin-A and phosphofetuin-A (Ser312) in sedentary, obese individuals and 
correlate these with insulin, glucose, and an oral glucose tolerance test. We recruited 31 
obese and 11 normal-weight sedentary men who underwent a single bout of treadmill 
walking expending 500 kcals. As expected serum total fetuin-A and phosphofetuin-A 
concentrations were significantly increased in obese individuals compared to normal 
weight individuals. Following a single bout of exercise, serum insulin, glucose, HOMA, 
QUICKI, and glucose/insulin ratio were not altered immediately after or 24 hours post-
exercise in both normal weight and obese participants. Similar to serum non-esterified 
fatty acids, fetuin-A and phosphofetuin-A concentrations were elevated immediately 
after exercise. However, 24 hours after the single bout of exercise, both fetuin-A and 
phosphofetuin-A levels were restored to pre-exercise levels. The area under the curve 
(AUC) for glucose and insulin during an oral glucose tolerance test were significantly 
decreased 24 hours after a single bout of exercise. Interestingly, fetuinAUC and 
phosphofetuin-AAUC were significantly decreased 24 hours after the single bout of 
exercise and was correlated with insulinAUC. Next, we investigated the influence of 
repeated bouts of exercise, expending 350 kcal each session, on four consecutive days. 
Compared to baseline, serum insulin and HOMA-IR were decreased significantly on 
days 2, 3, and 24 hours following the last bout of exercise. Unlike total fetuin-A, serum 
phosphofetuin-A levels were decreased significantly 24 hours after the last bout of 
exercise. Taken together, these results suggest that the observed lowering of serum 
phosphofetuin-A (Ser312) levels, 24 hours after a single or short-term repeated bout of 
exercise, in obese individuals, may contribute to the improvement of insulin sensitivity. 
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Fetuin-A and Phosphofetuin-A (Ser312) Responses to 8-10% Body 
Weight Loss in Obese Individuals.  Guang Ren1, Peter W. Grandjean3, 
Robert L. Bowers2, Felipe Araya-Ramirez2, Laurel A. Littlefield2, Xiaoming 

He4, Teayoun Kim4, Rebecca Ludvigsen1, A Jack Mahurin2, Suresh T. Mathews1.  
1 Department of Nutrition, Auburn University, Auburn, AL; 2 School of Kinesiology, 
Auburn University, Auburn, AL; 3 Health and Human Performance, Baylor University, 
Waco, TX; 4 Department of Nutrition Sciences, University of Alabama Birmingham, 
Birmingham, AL.  
 
Fetuin-A (FetA), an inhibitor of insulin receptor tyrosine kinase (IR-TK) activity, was 
recently identified as an adaptor protein linking fatty acids to TLR4 activation, leading to 
generation of proinflammatory cytokines and resulting in insulin resistance. Elevated 
levels of FetA have been shown to be associated with obesity, insulin resistance, and 
incident diabetes. Weight loss has been shown to improve insulin sensitivity by reducing 
fatty acid mobilization and uptake. We hypothesized that moderate weight loss may 
alter FetA and Ser312phosphofetuin-A (pFetA); the latter shown to be critical for its IR-
TK inhibitory properties. Following approval by Auburn University’s Institutional Review 
Board, 31 obese men were recruited for this study. Of these, 16 individuals achieved 
the targeted weight-loss goal of 8-10% of initial body weight over a 6 to 10-month 
period. As expected, weight loss significantly decreased waist circumference, total and 
regional body fat compared to pre-weight loss measurements. Similarly, serum insulin, 
HOMA, QUICKI, and glucose/insulin ratio were significantly improved with the targeted 
weight loss. Serum concentrations of both FetA and pFetA were significantly decreased 
with weight loss. Further, pFetA, but not FetA levels were significantly correlated with 
insulin, HOMA, QUICKI, and glucose/insulin ratio. Additionally, area under the curve 
(AUC) for phosphofetuin-A and insulin during an oral glucose tolerance test were 
significantly decreased after weight loss. Next, we investigated the changes in FetA, 
pFetA, and markers of insulin sensitivity, in response to incremental weight loss. While 
serum glucose, insulin, HOMA, QUICKI, and glucose/insulin ratio were significantly 
altered with 6-8% or 8-10% weight loss, FetA and pFetA were significantly decreased 
with as little as 2-4% weight loss. Concomitantly, serum NEFA concentrations were 
correlated with FetA (r=0.51, p < 0.05) and pFetA (r=0.55, p < 0.05) with 2-4% weight 
loss. Taken together, these results suggest that changes in serum fetuin-A and 
phosphofetuin-A (Ser312) with moderate weight loss may play a role in the 
improvement of insulin sensitivity. 
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Novel Selective PPAR γ/ Agonist Improve Mitochondrial Bioenergetics 
in Hyperglycemic Muscle Cells.  Nina Robinson#1, Gayani Nanayakkara#1, 

Symon Gathiaka2, Orlando Acevedo2, Forrest Smith1, Rajesh Amin#1.  
# Cardio-metabolic Research Lab, 1 Department of Drug Discovery and Delivery, 
Harrison School of Pharmacy, Auburn University, AL; 2 Department of Chemistry and 
Biochemistry, College of Science and Mathematics, Auburn University, AL. 
 
Congestive heart failure triggered by myocardial infarction (MI) is the primary cause of 
death for patients suffering from diabetes. Lipid accumulation and impaired glucose 
utilization resulting from myocardial dysregulation compromises the energy availability 
to respond to ischemia after coronary occlusion, exacerbating post-ischemic damage. 
These mechanisms transition the diabetic heart to failure.  PPAR (peroxisomal 
proliferator-activated receptors), a class of nuclear receptor proteins, are critically 
involved in myocardial energy regulation by controlling the balance between the storage 
and burning of long chain fatty acids. Although PPAR-α and -γ have been extensively 
studied, PPAR-delta is a new and emerging focus of research. Current 
pharmacologically active PPAR-α and -γ agents have been found to be associated with 
severe complications in the diabetic heart such as lipotoxicity and eventual heart failure. 
Hence, information is needed to determine the cause of therapeutic failure. We have 

developed novel PPAR-γ/ agonists which show promise for diabetes therapy and 
found that our compounds selectively activate PPAR-gamma and prevent lipid 
accumulation as well as increase adipocyte size in cell cultures. Further our selective 

PPAR- agonists induced a significant increase in mitochondrial biogenesis and glucose 
transporter expression. We believe that this will greatly benefit diabetic patients by 
possibly increasing fatty acid oxidation and induce a larger capacity to utilize glucose in 
skeletal muscle. Future work will explore the mechanisms involved with improving 
insulin sensitivity and overall circulating glucose levels in diabetic mice.  
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Nerve Growth Factor Receptor TrkA Interacts with Insulin Receptor. 
Geetha Thangiah1, Shraddha D. Rege2, Salome Mathews2, Susan Meakin3, 
Morris White4, Ramesh B. Jeganathan2.  1 Department of Physical Science, 

Auburn University Montgomery, AL 36124; 2 Department of Nutrition, Dietetics and Hotel 
Management, Auburn University, Auburn, AL 36849; 3 Molecular Brain Research Group, 
Laboratory of Neural Signaling, Robarts Research Institute, University of Western 
Ontario, London, ON, Canada, N6A 5K8; 4 Department of Endocrinology, Children’s 
Hospital Boston, The Howard Hughes Medical Institute, Boston, Massachusetts 02115. 
 
Insulin plays a crucial role in brain functions such as memory improvement and energy 
metabolism. Neurons are classified as insulin insensitive, as insulin is incapable of 
increasing glucose uptake in neurons, compared to muscle and fat cells. In this study, 
we report that nerve growth factor (NGF) or insulin induces TrkA to form a molecular 
complex with insulin receptor (INSR). The tyrosine phosphorylation of the INSR requires 
functional TrkA kinase in PC12 cells. Moreover, expression of TrkA kinase–inactive 
mutant blocked the activation of Erk5 in response to insulin or NGF. NGF induced 
differentiation but insulin treated cells failed to develop neuritis. MAPK/Erk5 pathway 
mediates ‘mitogenic’ responses of insulin. Based on these data, we propose that TrkA 
participates in insulin signaling pathway to regulate cell mitogenesis. 
 

P21 



55 

 

Plant-Based Omega-3 Stearidonic Acid (SDA) Enhances Antitumor 
Activity of Doxorubicin (DOX) in Human Prostate Cancer Cell Lines.  
Caitlin Hellmich Trebelhorn1, John C. Dennis1, Satya Pondugula1, Temesgen 

Samuel2, Elaine Coleman1, Patrick Flannery1, Edward Morrison1, Mahmoud Mansour1* 
1 Department of Anatomy, Physiology, and Pharmacology, College of Veterinary 
Medicine, Auburn University, Auburn, AL; 2 Department of Biomedical Sciences, College 
of Veterinary Medicine, Tuskegee University, Tuskegee, AL. 
 
Doxorubicin (DOX) is a first choice cytostatic drug in treatment of many cancers but, 
among its side effects, is cardiac toxicity. Stearidonic omega-3 fatty acid (SDA) has 
cardiac protective qualities and, therefore, we investigated the combinatory effects of 
DOX and SDA on proliferation/viability in the human prostate cancer (PCa) cell lines 
LNCaP, PC3, and DU145 as well as possible modulatory effects on expression of 
androgen receptor (AR), PPARγ, and NF-κB PCa-related nuclear transcription factors. 
The median inhibitory effects (IC50) of SDA were 601, 116, 145 µM and that of DOX 
were 802, 761, 363 nM in LNCaP, PC3 and DU145, respectively. Equipotent 
combinations of DOX and SDA based on 2-fold dilutions and constant combination 
ratios derived from the above IC50 values suggested anticancer synergism with a 
combination index (CI) of less than 1 when determined using the Chou-Talalay method 
based on the median-effect equation and the mass action law. Stearidonic acid strongly 
inhibited TNFα-activated NF-κB in stably transfected LNCaP cells. We used 
immunocytochemistry, real-time PCR, and transfection assays to demonstrate inhibition 
of agonist-activated AR and PPARγ expression following treatment with DOX and SDA 
singly or in combination.  This study provides proof-of-concept for using DOX and SDA 
in combination to reduce dose and toxicity of DOX in PCa clinical translation studies.  
 
Key words: SDA, stearidonic acid; DOX, doxorubicin; PCa, prostate cancer; drug 
combination; PPARγ, peroxisome proliferator-activated receptor;  NF-κB, Nuclear 
Factor kappa-light-chain-enhancer of activated B cells. 
 
* To whom correspondence should be addressed. Phone: 334-844-6741, Fax: 334-844-
4542, e-mail:  mansoma@auburn.edu.  Article submitted to “Prostate Cancer”. 
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(AHDR) to M. Mansour. 
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Does Chronic Leptin Treatment Decrease Glucagon Responsiveness in 
STZ-Induced Type 1 Diabetic Rats?  B. Douglas White, Kristin E. Rowland. 
Department of Nutrition, Dietetics, and Hospitality Management. Auburn 

University, AL, 36849. 
 
Diabetes is epidemic in the United States, as well as, in many parts of the world. The 
currently accepted treatment for type 1 diabetes involves the injection of insulin. 
Interestingly, animal models with type 1 diabetes have been to shown to survive over 
the long-term without the use of insulin by being administered leptin chronically. Our 
laboratory and others have found that leptin administered chronically into the lateral 
ventricles of the brain can normalize blood glucose concentrations of type 1 diabetic 
rats. Furthermore, we have found chronic leptin treatment to normalize the elevated 
hepatic gene expression of the gluconeogenic enzymes, PEPCK and glucose 6-
phosphatase, as well as, two transcription factors important in the process of 
gluconeogenesis, peroxisome proliferator-activated receptor gamma coactivator 1 
(PGC1a) and cAMP-response element binding protein (CREB). These changes 
occurred despite there being no decrease in the circulating concentration of glucagon. 
This suggests that chronic leptin administration normalizes blood glucose 
concentrations by decreasing the responsiveness to glucagon. This study sought to 
determine whether chronic administration of leptin would decrease the responsiveness 
of exogenous glucagon in type 1 diabetic rats.  Twelve male Wistar rats were implanted 
with an intracerebroventricular (ICV) cannula directed into the lateral ventricle of the 
brain. Rats were divided into three groups of 4 rats each.  Two groups received an IP 
injection of streptozotocin (STZ) (50mg/kg) to induced type 1 diabetes. The nondiabetic 
group received an IP injection of vehicle. Once hyperglycemia in the diabetic rats was 
established, one of the diabetic groups received daily ICV injections of leptin (5 ug). The 
nondiabetic group and the other diabetic group received daily ICV injections of vehicle.  
Body weights and blood glucose concentrations were determined daily. After the blood 
glucose concentrations in the leptin-treated diabetic rats were normalized, rats were 
fasted, and a baseline pyruvate challenge was conducted to determine the basal 
gluconeogenic response of the rats in each group. After several days of recovery, rats 
were anesthetized and implanted with cannulas into the jugular vein and carotid artery. 
Somatostain was continuously infused via the jugular vein for 180 minutes to inhibit 
endogenous glucagon. This was followed by 180-minute infusion of somatostatin and 
exogenous glucagon (0.33ug/min). After one hour of this infusion, the pyruvate 
challenge was conducted in the presence of high levels of glucagon. Blood samples 
were collected periodically via the carotid artery to determine glucagon concentrations. 
No significant differences in the baseline response to the pyruvate challenge were found 
between the groups.  Exogenous glucagon increased the response to the pyruvate 
challenge in the nondiabetic, vehicle-treated rats (p=0.0075) and in the diabetic, vehicle-
treated rats (p<0.0001).  However, exogenous glucagon did not increase the response 
to the pyruvate challenge in diabetic, leptin-treated rats. This suggests that chronic 
leptin administration decreases the ability of glucagon to promote gluconeogenesis, 
which contributes to the normalization of blood glucose concentrations in type 1 diabetic 
rats.  This work was supported by an AAES Hatch grant (ALA043-1-08034). 
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Nerve Growth Factor Leads to Ubiquitination and Phosphorylation of 
Akt.  Chen Zheng1, Salome Mathews1, Maryum Qayum2, Geetha Thangiah2, 
Ramesh B. Jeganathan1.  1 Department of Nutrition, Dietetics, and Hospitality 

Management, Auburn University, Auburn, Alabama 36849; 2 Department of Physical 
Science, Auburn University Montgomery, AL 36124. 
 
Akt, a serine/threonine kinase, also known as protein kinase B, is one of the key players 
in the regulation of a wide variety of cellular activities such as growth, glucose 
metabolism, cell proliferation, apoptosis, transcription and cell migration. The Akt 
pathway responds to the stimulation mediated by growth factors, cytokines, hormones, 
and several nutrients. Some of the main hormones and growth factors have the ability to 
stimulate the Akt axis such as nerve growth factor (NGF). NGF is a neurotrophin that 
regulates survival, differentiation, and maintenance of sensory and sympathetic 
neurons. NGF can bind to two classes of cell-surface receptors, a high-affinity tyrosine 
kinase Trk receptor and a low-affinity p75NTR. NGF stimulated formation of a 
TrkA/p75NTR complex through the scaffolding protein p62 and ubiquitin ligase TRAF6. 
Here, we show that TRAF6 interacts with Akt which in turn leads to Akt ubiquitination 
and activation on NGF stimulation. Absence of TRAF6 or p62 impaired the Akt 
ubiquitination and its activation. These results suggest that TRAF6/p62 complex serves 
as a substrate for Akt ubiquitination and activation in NGF signaling. 
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                                      Jim Fyffe Diabetes Research Fund 
 
 

 
 
The late Jim Fyffe, "Voice of the Tigers" for 23 years, continues to influence Auburn 
fans and alumni through a diabetes research fund bearing his name. Fyffe suffered from 
diabetes and died suddenly of a brain aneurysm in May 2003.  
 
The Jim Fyffe Diabetes Research Fund at Auburn University honors the longtime 
broadcaster by supporting graduate students conducting diabetes research and by 
providing funding for diabetes research projects. The fund was established by Auburn 
University, Auburn Network and Jim Fyffe's widow, Rose Fyffe. 
 
"In talking with the university and his family, we felt this would be a great way to honor 
Jim and help others who are searching for a cure to this disease," said Jon Cole, vice 
president of the Auburn Network. 
 
Donations go toward diabetes research in the Boshell Diabetes and Metabolic Diseases 
Research Program. The program is funded through an endowment established in 2001 
by the National Diabetes Association, formerly the Diabetes Trust Fund, in honor of its 
founder, the late Dr. Buris R. Boshell, a noted diabetes researcher who attended the 
veterinary college before enrolling in medical school.  
 
"Jim Fyffe's life and untimely death have greatly increased public awareness of the 
devastating reality of diabetes," said Dr. Robert Judd, the AU Boshell chair. "I was 
always impressed with Jim's love for Auburn and for his devotion to finding a cure for 
diabetes."  
 
 
Donations can be made to the Jim Fyffe Diabetes Research Fund and sent to the 
A.U. Foundation, 317 S. College St., Auburn, AL 36849. 
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