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Welcoming Remarks

We are pleased to present the 2009 annual report for the Center of Excellence in Livestock Diseases 
and Human Health. Along with benchmark data for fiscal years 2005-2009, this report includes 
highlights of faculty research projects funded by the center in fiscal year 2009.

The center is adapting to the changing extramural funding environment. With the precipitous increase 
in competition for decreasing federal research funds, the center has concentrated on maintaining 
competitiveness of active research programs, providing bridging funds to keep important research 
programs viable, and promoting the start-up of new College of Veterinary Medicine (UTCVM) 
investigators. In addition, the center is investing in initiatives that promote translational research, 
the coordinated movement of bench-level research to the clinic. Thus, even though the number of 
center faculty has decreased, the areas of active research in the UTCVM impacted by the center have 
increased.

During 2009, the center supported the efforts of 15 faculty members. These faculty have made 
significant advancements in cancer biology, molecular pathophysiology, host defense, and disease 
transmission. Center faculty also made significant advancements in the prevention and treatment of 
infectious and non-infectious livestock diseases that affect agricultural productivity. Research funding 
remained stable even with fewer center faculty. In addition, the return on investment, as the ratio of 
research expenditures to the state appropriation for the center, was a slightly improved 5.8:1. Key 
performance indicators predict a very strong upsurge in extramural funding for fiscal year 2010.

Center faculty continue to garner national and international recognition for their research and 
scholarship. During calendar year 2009, center faculty published 59 peer-reviewed articles and gave 26 
invited presentations at regional, national, and international meetings.

We are proud of the progress made by center faculty, and we hope you enjoy this summary 
presentation of center activities and accomplishments.

Jim Thompson, Dean

Robert N. Moore, Director

Misty R. Bailey, Editor

L-R: Moore, Thompson, Bailey
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Comparative Summary of Accomplishments

* Based on calendar year through publication date of this report.
† Based on fiscal year. 

Benchmark 2009
(15 faculty in center)

2008
(20 faculty in center)

Publications*

Peer-reviewed articles 59 60
Books or book chapters 8 16

Abstracts or posters 26 53
Presentations
International 9 7
National 15 24
State or local 2 13
Research monies†

External funding $3,030,150 $2,900,319
Research expenditures $3,167,426 $3,118,056
Return on investment 5.8:1 5.5:1
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Dissemination of Research
The UTCVM distributes two publications to the public—the magazine Veterinary Vision and the newslet-
ter Volunteer Vet—and one in-house newsletter, Discovery. In addition, Center of Excellence faculty share 
their research with a worldwide audience through scientific conferences. The map showcases where their 
research has been presented in 2009. 

The quarterly, in-house 
newsletter Discovery 
keeps UTCVM 
researchers informed 
about each other’s 
work and research-
related policies and 
resources.  www.vet.
utk.edu/research/
newsletters/

The annual magazine 
Veterinary Vision 
carries features 
concerning ongoing 
research activities 
and the results of 
concluded research 
studies. It is written 
for a general 
audience.

The quarterly 
newsletter Volunteer 
Vet features research 
activities and results 
and is distributed 
to donors and 
employees.

Discovery is published four times each year by the TCVM Office of Research and Graduate Programs.  Comments and suggestions may 
be forwarded to the office in care of Misty Bailey:  mrbailey utk.edu or 86 -9 - 6.

T is an EEO/AA/Title IX/Section 0 /ADA/ADEA Institution
PA   E181 0 -00-001-10

China/US Veter inar y Exchange

Research at the University of Tennessee College of Veterinary Medicine

D I S C O V E R Y
Vol.  4, Issue 1
Summer 2009

In this Issue

As part of UTCVM’s 
International Mul-

titask Alliance Program, 
Hwa-Chain Robert 

Wang recently visited the Northwest 
Agricultural and Forestry niversity 
College of Animal Science and Veteri-
nary Medicine in anglin City, Jilin ni-
versity College of Animal Science and 
Veterinary Medicine in Chungchun City, 
and China Agricultural niversity Col-
lege of Veterinary Medicine in Bei ing, 
China. 
 Wang is shown (top) explaining 
the American veterinary education mod-
el and veterinary licensing and (bottom, 
far right) attending the Seventh Annual 
Meeting for Deans of Chinese Veteri-
nary Medical Colleges.  Deans and asso-
ciate deans at Northwest A  F niver-
sity expressed strong interest in inviting 
CVM s speciality, counterpart faculty 
members to support their teaching and 
research missions. 

 Those interested in contributing 
to or expanding the international pro-
gram either in China or elsewhere should 
contact Wang.  

Comparative & Experimental Medicine and Public 
Health Research Symposium Results

With 8  new investigator presentations and  featured speakers, the CEMPH 
Research Symposium seems to be doing what the economy can t:  grow.  

In the symposium s third year, it realized a 0  growth from 2008 and quadruple 
growth from 200 . 
 Researchers from 20 different departments all over the Knoxville campuses 
participated in what has become a 2-day calendar event for the Institute of Agricul-
ture. A list of CVM travel award winners follows, and the entire list may be found 
at http://www.vet.utk.edu/research/symposium/. 

p1–research symposium results, new grants coordinator; p2–honors & awards, Recovery Act proposals; p3–publica-
tions; p4–presentations; p5– research Web site, funding;  p6–China/US exchange, Dhar UTORC, publications cont.

Meet New Grants & 
Contracts Coordinator, 
Tammy Berry

In April, the CVM Office of Research 
 Graduate Programs welcomed 

Tammy Berry, the college s new 
grants and contracts coordinator.
 Tammy is the go-to person for 
all proposals, grants, and contracts in-
volving CVM employees or students.  
All graduate student activities have 
transferred to Kim Rutherford and 
Misty Bailey.  The grants and contracts 
office remains in A 01R.  

Tammy came to us from the UT 
Press, where she was the business man-
ager responsible for budgeting, finan-
cial administration, fiscal compliance, 
contracts, and grants.   Prior to oining 
the T Press, she was an assistant co-
ordinator in the T Office of Research, 
assisting faculty with budget develop-
ment; reviewing/approving proposals, 
grants, and contracts; and negotiating 
contracts. 

Phi Zeta Excellence in Veterinary Clinical Research Award 
Angela Lusby (Small Animal Clinical Sciences, Mentor: Dr. Claudia Kirk) 
Research Assistant Professor Category 
Award of Excellence: Seong Ho Lee (Pathobiology, Mentor: Dr. Seung Joon 
Baek) 
Intern/Resident Category 
Award of Excellence: Ferenc Tóth (Large Animal Clinical Sciences, Mentor: 
Dr. Nicholas Frank)
Graduate Student Category 
Awards of Achievement: Mugdha Sukhthankar (Pathobiology, Mentor: Dr. 
Seung Joon Baek); Kelly Chameroy (Large Animal Clinical Sciences, Mentor: Dr. 
Nicholas Frank); Glenis Moore (Rising freshman veterinary student at UT, Mentor: 
Dr. Maria Prado)

The T Obesity Research Cen-
ter  ( TORC) recently selected 

Madhu Dhar s proposal, Molecu-
lar and cellular targets of ATP10C, a 
putative phopholipid translocase, and 
its role in translocation and sequestra-
tion of glucose transporter ,  for a 
1 ,000 pilot and feasibility grant.

 The TORC was established 
in 200  in order to combine the efforts 
of T faculty from various depart-
ments in the quest for developing in-
terdisciplinary approaches to prevent 
and treat overweight and obesity and 
their accompanying complications.  
Dhar is collaborating with John Big-
gerstaff  and John Dunlap (Division 
of Biology).  Sarah Hurst, CEM stu-
dent, is also working on the pro ect.
 The center has three focus 
areas:  basic science, population re-
search, and clinical interventions.  
Dhar s proposal was one of two basic 
science proposals selected and was 
one of five overall.  

UT Obesity Research Center 
Selects Dhar Proposal for 
Funding

Dr. Hildegard Schuller gives her key-
note address about nicotine and cancer.

Mugdha Sukhthankar and Nichelle 
Whitlock share their results with Dr. 
Mike McEntee.Mike McEntee.

Bill Landry and Dr. Bob DeNovo swap 
wild tales at the awards banquet.wild tales at the awards banquet.

Dr. Ferenc Tóth presents his research to 
symposium attendees.

Publications
from p 

Paoloni MC, Tandle A, Mazcko C, Hanna 
E, Kachala S, LeBlanc A, Newman 
S, et al. aunching a novel preclinical 
infrastructure: Comparative oncology 
trials consortium directed therapeutic 
targeting of TNFa to cancer vasculature. 
PLoS One ( ): E 9 2. Doi:10.1 1/
ounrl.pone.000 9 2.

Roach W, Krahwinkel DJ. Obstructive 
lesions and traumatic in uries of the canine 
and feline tracheas. Compend Cont Ed Vet.
2009; 1.

Seddighi MR, Egger CM, Rohrbach BW, 
Cox SK, Doherty TJ. Effects of tramadol 
on the minimum alveolar concentration of 
sevoflurane in dogs. Vet Anaesth Analg.
2009; 6: 0.

Souza CH, Toledo-Piza E, ufer RA, 
Barboza A, Tobias KM. Inflammatory 
mammary carcinoma in 12 dogs: clinical 
features, cyclooxygenase-2 expression, 
and response to piroxicam treatment. Can
Vet J. 2009; 0: 06 10.  

Souza MJ, McLean N, Ward D, 
Newkirk K. Con unctival xanthoma in a 
blue and gold macaw (Ara ararauna). Vet 
Ophthalmol. 2009;12: .  

Wall JS, Richey T, Allen A, Donnell
R, Kennel SJ, Solomon A. Quantitative 
tomography of early-onset spontaneous 
AA amyloidosis in interleukin 6 transgenic 
mice. Comp Med. 2008; 8: 2 0.

Westermeyer H, Tobias KM, Reel
D.  Head and neck swelling due to a 
circumferential cicatricial scar in a dog.  J
Am Anim Hosp Assoc. 2009; : 8 1. 

Xu X. γ-Secretase catalyzes sequentialγ-Secretase catalyzes sequential-Secretase catalyzes sequential 
cleavages of A PP transmembrane domain 
review . J Alzheimers Dis. 2009;16:211

22 .

eargan MR, yons ET, Kania SA, Patton 
S, et al. Incidental isolation of Setaria
equine microfilariae in preparations of 
equine peripheral blood mononuclear 
cells. Vet Parasitol. 2009;161:1 2
1 .
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Pattycake:  
A Love Story 
Last August, Dorothy and Frances �orpe 
put their 5-year-old spotted saddle horse, 
Pattycake, and a miniature horse named 
Stormy up for the night at their Sewanee, 
Tennessee, home. Later that night, they 
heard noises and saw the horses’ building 
ablaze.  

Craig, the �orpe’s son, ran barefoot to 
the burning building to free the horses. 
�e door to Stormy’s stall was open, and 
Dorothy said her son described a “help me” 
look on Stormy’s face. 
Craig led him out and 
returned for Patty-
cake, but the door was 
locked from the in-
side. As he finally was 
able to slip his fingers 
under the door and 
jerk it open, Pattycake burst through with 
her mane on fire. 

Local veterinarian Dr. Christy Young (CVM 
’94) and Megan Taylor with the University 
of the South Equestrian Center (USEC) 
worked with the horses, and made the deci-
sion to send Pattycake to the UT College of 
Veterinary Medicine for treatment. 

When UTCVM’s Dr. Steve Adair first saw 
Pattycake, he couldn’t believe it. “�is is the 
worst burn case I’ve ever seen in my 25-year 
career,” said Adair, an associate professor of 
equine surgery. �ird-degree burns covered 
almost 60 percent of Pattycake’s body, leav-
ing no skin from her neck to her tail. “It’s 
amazing how well she did, considering the 
amount of skin she had lost. Pattycake had 
an incredible will to live.”  

During the course of her treatment, Pat-
tycake was given pain relievers, and her 
wounds were treated with antibiotics. She 
was also treated with another drug: oxygen, 

delivered via a hyperbaric oxygen therapy 
(HBOT) chamber. UTCVM is the only 
veterinary college in the country with an 
onsite HBOT chamber. “Oxygen improves 
the survivability of damaged structures. 
When high levels of oxygen get into the 
bloodstream, it improves circulation and 
enhances the healing process,” said Adair.  

Pattycake received three HBOT treatments 
a week, which prevented infection, helped 
her surviving skin to continue to grow and 
also prepared her back to better accept the 
skin grafts taken from undamaged parts of 
her body. Her recovery took a team effort. 
At least four doctors and eight students 

and a host of visi-
tors worked together 
to mend her body 
and her spirit during 
her five-month stay 
at UT. During that 
time, Pattycake devel-
oped a bit of a crush 

on Adair, always perking up when he was 
nearby. Adair says Pattycake was a dream 
patient: “She was so accepting. She knew 
we were trying to help her.” 

“She’s a tough horse and won over every-
one’s heart while she was here,” Adair con-
tinued with a smile. 

Pattycake is still winning fans as her recov-
ery continues at USEC where she is dedi-
cated to her routine, loves treats and enjoys 
spending her evenings (dusk is best to pre-
vent sun damage to her tender skin) outside 
with her old friend Stormy. 

Donations for Pattycake’s care can be sent 
to:
UTCVM Development Office
2407 River Drive
Knoxville, TN 37996-4550
or at www.vet.utk.edu/giving

UTCVM faculty and staff wish Pattycake well 
on her release from CVM.

Dr. Steve Adair examines Pattycake’s progress. 

Pattycake continues her recovery at the  
University of the South Equestrian Center. 
Photo courtesy of Megan Taylor, USEC.

“She’s a tough horse and won 
over everyone’s heart while 
she was here,” Adair continued 
with a smile.

ÔTrudyÕ

A Publication of the University of Tennessee College of Veterinary Medicine     Volume  5/Number 1

fall  2006

www.vet.utk.edu

Obesity and Disease:  The Growing 
Epidemic Among Animals and
 the Integrated Role of Nutrition

Artherosclerosis:  Paving the 
Way for New Prevention and 
Treatment Approaches

Success Story:  Dog Licks Weight 
Problem.  Swears Off  Table Scraps  
(See TrudyÕs Tale on Page 5)

UTCVM Mounts National Response:  
Helping Communities Prevent and 
Deter Threats to the Agriculture 
and Food Sectors 
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Comparative & Experimental Medicine and Public Health Research Symposium   
The Center of Excellence was a major sponsor of the Comparative & Experimental Medicine and Public 
Health Research Symposium, which brought together researchers from 20 different departments across 
three UT-Knoxville campuses for a 2-day-long event that included special seminars on omega-3 fatty acids, 
polyamines, energy homeostasis, and public health.  Featured was the center’s own Dr. Hildegard Schuller, 
who presented her research on nicotine addiction and cancer.  The symposium culminated with an awards 
banquet and guest speaker Bill Landry, known locally for narrating the lives of East Tennesseeans through 
“The Heartland Series” television feature.  

Fifty researchers from the Institute of Agriculture presented talks at the symposium, including heavy partici-
pation by members of the Department of Animal Science.  These 50 representatives were among 85 new 
scientists to present, and at the end of the day, the institute was able to boast 12 winners of travel awards. 
The center sponsored ten of the 2008 award winners to present at scientific meetings during FY 2009, 
including four international and seven national conferences.

The symposium was designed to allow sharing of research results, promote collaboration, and provide new 
investigators meeting-format experience via 10-minute presentations. 

 http://www.vet.utk.edu/research/symposium/

<
Dean Thompson introduces 
keynote speaker Dr. Hildegard 
Schuller.

<
Interdepartmental sharing 
of ideas.

>
Early morning judges’ 

consultation.

^
One of 85 presentations 
over the 2-day symposium.

^
Ready for speakers’ 
arrival.
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Introduction

The center was created in 1984 to promote interdisciplinary activities designed to improve the quality of 
human life through better animal health; expand livestock disease research capabilities in the College 

of Veterinary Medicine (UTCVM) and the Institute of Agriculture; identify and characterize animal diseases 
that are similar to human diseases; and develop new strategies for the diagnosis, treatment, and preven-
tion of disease.

Since 1984, the center has developed successful programs that affect the understanding, treatment, and 
prevention of livestock and human diseases.  These programs predominately focus on molecular and 
cellular approaches to research in infectious diseases, toxicology, host defense, molecular genetics, and 
carcinogenesis.

The center has developed investigative strengths along innovative, sophisticated, and contemporary lines 
in two general areas:

 1)  Animal Models and Comparative Medicine
 2)  Mechanisms of Disease, Pathogenesis, and Immunity

These areas are each highly interrelated, and the center plays a critical role in developing these focused 
areas of strength in both the UTCVM and the Institute of Agriculture.  

Personnel
Dr. Robert N. Moore, Professor and Associate Dean for Research and Graduate Studies, continues as 
director of the center.  In October 2008, Dr. Jim Thompson began as dean following Dr. Leon Potgieter as 
interim dean after Dr. Michael Blackwell retired.    

Collaborations

Center faculty pursuing collaborative research between laboratories include Dr. Mei-Zhen Cui and Dr. 
Xuemin Xu, who are doing their part in the worldwide animal research effort known as “Replace, 

Reduce, Refine” by sharing specific strains of laboratory mice.  

Accomplishments

Despite the persisting, dismal funding environment, center faculty continue 
to make excellent progress in ongoing projects, gaining national and inter-

national recognition for their expertise and accomplishments.  Details of current 
faculty research are provided in the Faculty Reports section (pp. 12–26) and 
are excellent in terms of benchmarks for 2009.  Center faculty have success-
fully adapted to the increased competition for federal and corporate funds. To 
balance the loss of federal funds, center faculty aggressively and successfully sought more awards from 
foundations and other private sources.  Figure 1 shows the percentage breakdown of external funding by 
source. 
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The 15 center faculty also averaged 4 peer-reviewed publications (67 total) and 2 invited presentations 
(26 total) at prestigious national and international meetings.  See Publications and Presentations (pp. 
27–35) for details. 

The return on the state’s investment in the center was 5.8:1, calculated as ratio of expenditures from extra-
mural funding to center appropriation.  Extramural funding totaled $3,030,150 this year, while expendi-
tures for the year were $3,167,426.  The total funding includes new, multi-year awards for Drs. Wang and 
Xu, totaling $293,421; and new, one-year awards for Drs. Frank, Kania, and Oliver, totaling $121,960.  
Research expenditures continued to stabilize at $3,167,426.  See “Research Funded Externally” and “Re-
search Expenditures” on p. 3 for the fiscal year 2009 data summary. 

Federal
62%

Industry
5%

Foundation/
Private
33%

State
<1%

Fig. 1. FY 09 external funding by type.
Total = $3,030,150
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Research Funded* Externally FY 2009

Research Expenditures FY 2009

Investigator  Federal  Industry  Foundation/
Private  State  Totals 

Baek, Seung Joon $199,929 $180,000 $379,929

Brian, David $355,750 $355,750

Cui, Mei-Zhen † †

Dhar, Madhu $12,960 $12,960

Frank, Nicholas $25,982 $12,440 $38,422

Kania, Stephen $20,000 $4,000 $24,000

Oliver, Stephen $121,425 $115,520 $13,000 $249,945

Rouse, Barry $661,756 $661,756

Sangster, Mark $75,492 $75,492

Schuller, Hildegard $50,000 $50,000

Schrick, F. Neal $524,670 $524,670

Wang, Hwa-Chain Robert $232,588 $232,588

Xu, Xuemin $291,305 $133,333 $424,638

Totals $1,862,753 $161,502 $992,895 $13,000 $3,030,150 
*Represents FY 2009 receipts for active grants
†Award was granted a no-cost extension

Investigator  Federal  Industry 
Foundation/

Private  State  Totals 
Baek, Seung Joon $307,078 $172,031 $479,109

Brian, David $395,471 $395,471

Cui, Mei-Zhen $12,716 $12,716

Dhar, Madhu $11,234 $11,234

Frank, Nicholas $47,038 $66,367 $113,405

Kania, Stephen $14,169 $38,601 $23,991 $76,761

Oliver, Stephen $138,805 $323,907 $15,000 $12,018 $489,730

Rouse, Barry $755,756 $755,756

Sangster, Mark $28,828 $73,024 $101,852

Schuller, Hildegard $22,665 $22,665

Schrick, F. Neal $225,432 $225,432

Wang, Hwa-Chain Robert $159,840 $159,840

Xu, Xuemin $265,048 $58,408 $323,456

Totals $2,048,883 $438,374 $668,151 $12,018 $3,167,426
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Allocation of Funding

The Center of Excellence in Livestock Diseases and 
Human Health supports investigators and promotes 

research through a variety of mechanisms.  Although it 
is not a primary source of research funding, the center 
facilitates established investigators’ efforts to maintain 
and expand their research programs and promotes new 
investigators’ potential to develop competitive research programs.  

Center faculty consist of senior members who have research interests in line with center objectives and 
a strong history of securing external funding using center funds.  Junior members are those who have 
received seed money or bridge funding or are new faculty who have received start-up funds.  Junior 
members are expected to secure external funding within 2 years; members who fail to secure such funding 
will be placed on probation for 1 year.  If, at the end of the probationary period, external funding has not 
been secured, the member will be dismissed from the center.

Start-Up Funds

The center provided start-up funds for one faculty member to secure additional external funding.  Dr. 
Brian Whitlock was awarded $25,000 to jump-start his research, which involves studying concentrations 
of kisspeptin, a hormone that is released from placenta during pregnancy in sheep, cattle, horses, and 
dogs. In humans, kisspeptin stimulates puberty in males and seems to induce ovulation in females. Dr. 
Whitlock used some of his start-up funds to purchase an ultrasound machine for use in future ovulation 
experiments.  In the long-run, his studies could affect farm animal production. 

Graduate Student Support

The center supported four stipends for Comparative and Experimental Medicine graduate students of 
center faculty.  These stipends allow the students to work half-time in faculty laboratories to perform 
research for their theses or dissertations.

Infrastructure

The center promotes the research infrastructure of both the UTCVM 
and the Institute of Agriculture through the purchase and maintenance 
of essential research equipment.  The Research and Graduate Programs 
Advisory Committee reviews equipment requests based on three 
criteria:  justification of need, current availability of equipment, and 

number of investigators who may benefit.  During fiscal year 2009, the committee authorized $1,608 
toward the purchase of one piece of equipment; this H2O water purification system and its accompanying 
reservoir benefited the center’s animal science faculty.

Research and Graduate Programs
Advisory Committee’s Three Main
Criteria for Funding
a Scientific merit
a Potential to lead to external funding
a Relevance to the center’s objectives

$39,807 helped fund 
service contracts and 

equipment
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In support of the UTCVM’s research enterprise, the center funded service contracts for several pieces of 
equipment purchased previously with COE funds.  Service for an ultracentrifuge, two cell sorters, and 
miscellaneous laboratory instruments totaled $38,199.  The ultracentrifuge, laboratory instruments, and 
one cell sorter are college-wide resources and benefit nearly every investigator in the college, including 
clinicians.  The second cell sorter is shared by center faculty members Dr. Barry Rouse and Dr. Mark 
Sangster and is used almost daily.

Seminars and Sponsored Lectures

Comparative and Experimental Medicine Seminar Course–Fall 2008 & Spring 2009

The COE provided sponsorship for this course, which focuses on topics relevant to comparative and ex-
perimental medicine and emphasis areas of the COE.  The following guest lectures were incorporated into 
the course:

Mark Smith, “The Two-Hit Hypothesis of Alzheimer’s Disease”
Professor, Department of Pathology, Case Western Reserve University

Kumar Sambamurti, “Common Mechanisms of Neurodegeneration in the Eye and the Brain Places 
APP in the Middle”
Associate Professor, The Neuroscience Institute, Medical University of South Carolina

Steven C. Zicker, “Cognitive Aging in Dogs and Nutritional Intervention”
Principle Scientist and Veterinary Clinical Nutritionist, Hill’s Science and Technology Center

Melissa A. de la Garza, “Non-human Primate Biosafety and Biosecurity in Biomedical Research”
Assistant Veterinarian & ABSL3 Laboratory Scientific Manager, Southwest National Primate Research Center

Yasmine Belkaid, “Role of T Regulatory Cells During Pathogenesis of Infectious Disease”
Mucosal Immunology Unit, National Institute of Allergy and Infectious Diseases, NIH

Tony Kong, “Genomics and Cancer Chemoprevention by Dietary Food Factors”
Professor & Director, Graduate Program in Pharmaceutical Sciences, Ernest Mario School of Pharmacy, 
Rutgers University

James C. Fleet, “Vitamin D and Calcium Metabolism:  A Critical Role for Intestinal Calcium Ab-
sorption”
Professor, Department of Foods and Nutrition, Purdue University

Kirstin Barnhart, “A Novel Therapeutic for Metastatic Prostate Cancer: From Bench to Investiga-
tional New Drug”
Assistant Professor, Department of Veterinary Sciences, University of Texas M.D. Anderson Cancer Center

Yeonhwa Park, “Application of Conjugated Fatty Acids for Prevention of Obesity and Osteoporo-
sis”
Assistant Professor, Department of Food Science, University of Massachusetts
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Nigel Mackman, “Atherosclerosis and Thrombosis”
Distinguished Professor & Co-Director, Thrombosis and Hemostasis Program, University of North Carolina

David W. Horohov, “Age and Immunity to Influenza in Horses”
Chair & Professor, Department of Veterinary Science, Maxwell H. Gluck Equine Research Center, University 
of Kentucky

Dissemination of Research

Faculty are encouraged to share their research by speaking to professional groups, community groups, 
and civic groups.   The center partially supported travel expenses for two faculty and one graduate student 
to be able to attend national scientific meetings (total $2,332) in Charlotte, NC, and Chicago, IL, also 
paying the printing charge for a scientific poster for one of these meetings ($168).  A complete list of 
faculty publications and presentations for the 2009 calendar year can be found in the Publications and 
Presentations section (pp. 27-35).  

Travel awards totaling $5,487 for 10 new investigators involved in the 2008 Comparative and Experimen-
tal Medicine Research Symposium allowed them to disseminate their research at 12 different local, nation-
al, and international meetings.  

In addition, the UTCVM issues press releases to state, regional, and national media, resulting in numer-
ous television and print features, many of which relate directly to research conducted through the center.  
The three UTCVM news publications described on p. ii are available on the UTCVM Web site (http://www.
vet.utk.edu/), which also provides an overview of the types of research conducted by UTCVM and COE 
faculty.  
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Center of Excellence Summer Student 
Research Program

In an effort to foster interest in careers in 
biomedical research, the center helped 
provide opportunities for 23 veterinary 
students to perform research within the 
UTCVM during the summer.  

In addition to laboratory and field 
research, students attended weekly 
professional development seminars, 
during which guest speakers addressed 
topics such as career opportunities 

in research, compliance issues in lab 
animal care, scientific writing, and the grant proposal process.  They also participated in the Comparative & 
Experimental Medicine and Public Health Research Symposium.

Near the end of the 10-week program, the students presented their research findings to their colleagues and 
to UTCVM faculty.  

To maximize student participation, the program is open to both center and non-center faculty.  During fiscal 
year 2009, four COE faculty participated in the program.  The center will continue to encourage participation 
of its faculty.

The students involved in the summer research program and a brief description of their activities follow: 

Katherine Barber, a 2nd-year student who majored in biology at Middle Tennessee State University, assisted 
Dr. Kim Newkirk and Dr. Robert Donnell in examining the prevalence and role of mast cells in cutaneous 
hemangiosarcomas and hemangiomas.  Barber is from Nashville and is interested in an academic career in 
anatomic pathology.

Spencer, TN, native Kate Carpenter’s interest in large animal medicine led her to seek the mentorship of 
Dr. Robert Donnell, who oversaw her project in locating caprine herpesvirus 2 (a viral agent of Malignant 
Catarrhal Fever) in goats, cattle, camelids, cervids, and sheep.  Carpenter holds animal science and wildlife 
and fisheries bachelor’s degrees from the University of Tennessee.  

Third-year student Cristina Catasus is from Gainesville, FL, but earned a bachelor of science degree 
in biology from Jacksonville University.  She worked with Dr. James Schumacher analyzing the effect of 

COE Summer students accompany zoo medicine specialist, Dr. Ed Ramsay, 
to the Knoxville Zoo.  

Back row L-R:  Blake Marcum, Leslie Sadeghi, Kate Carpenter, Kate Purple, Dr. 
Ed Ramsay; Middle row: Mary Hes, Cristina Noltenius, Joci Forkner, Tamara 
Chamberlin, Erica Pounds, Rebekah Mullins; Front row: Katherine Barber, Amy 
Schuver, Caroline Horner, Amanda Lutzy, Baye Williamson, Katherine Hamon, 
Ashley Miller, Laura Eberlein
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hyperbaric oxygen therapy on joint inflammation in horses.

Lissette Cepero assisted Dr. Al Legendre with data collection for an oncology clinical trial.  Her goal for the 
summer was to become more familiar with the process of scientific writing, and thus she helped compose the 
results of the study. Cepero holds a bachelor of science degree in biology from the University of Miami, in her 
hometown.

Third-year student Tamara Chamberlin learned molecular and genetic techniques from Dr. Jeff Phillips to 
measure the immune response in horses and dogs that received a specific melanoma vaccine.  Chamberlain 
calls Kingsport, TN, her hometown and earned a degree in biochemistry and cellular and molecular biology 
from the University of Tennessee. 

Laura Eberlein worked in Dr. Stephen Kania’s laboratory sequencing the staphylococcus genome.  This 
3rd-year student from Columbia, TN, is interested in a career in research and/or animal behavior.  She studied 
biology and ecology at the University of Tennessee. 

Because of her interest in veterinary ophthalmology, Joci Forkner chose to work with Dr. Dan Ward 
determining the mechanism of action of a topical drug used to reduced intraocular pressure in dogs with 
glaucoma.  Forkner is a native of Blacksburg, VA, and earned her biochemistry degree from Virginia Tech. 

Hailing from Conway, MA, is Sarah Gorman, who worked under the supervision of Dr. Madhu Dhar looking 
for the expression of the ATP10C gene in lean versus obese dogs.  Obese dogs had a higher rate of expression, 
a finding that may help in understanding diabetes mellitus.  Gorman attended Skidmore College in Saratoga 
Springs, NY, where she studied neuroscience and chemistry.  She is interested in a career in equine surgery.

Katherine Hamon earned her bachelor of science degree from North Carolina State University but also 
studied abroad at Australia’s University of the Sunshine Coast in Queensland.  Her faculty mentors were Dr. 
Kim Newkirk and Dr. Andrea Matthews, and her project looked at variation of feline kidney sizes in an attempt 
to determine whether abnormal size correlated to a higher incidence of renal disease.  

Second-year student Mary Hes worked with Dr. Brian Whitlock to induce a surge in the levels of two specific 
hormones in sheep.  Hes holds bachelor of science degrees in cellular and molecular biology and in French 
from the University of North Carolina at Asheville.  She calls Hillsborough, NC, home.

Dr. Claudia Kirk and Dr. Joseph Bartges served as mentors for Caroline Horner to study the influence 
of saline treatment on urinary supersaturation of calcium-containing substances in cats. Horner is from 
Brentwood, TN, and has a bachelor of science degree in biology from the University of Tennessee.

Amanda Lutzy is a 2nd-year student from Knoxville, TN, who earned a biology bachelor of science degree 
from Rhodes College in Memphis.  During her work with Dr. Barton Rohrbach and Dr. Sharon Patton this 
summer, she helped develop and process a follow-up survey to dog owners across the country regarding their 
current heart worm prevention practices in order to better understand the public’s general knowledge of heart 
worm prevention and determine areas in which there may be room for further education. 

Dr. Jacqui Whittemore oversaw the work of Blake Marcum, a 3rd-year student from Centralia, IL.  Marcum, 
who majored in biological science at the University of Illinois-Edwardsville, assisted Whittemore in measuring 
survival time associated with microalbuminuria in critically ill dogs.  
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University of Tennessee at Chattanooga graduate Ashley Miller worked with Dr. Amy LeBlanc collecting 
specimens for a canine cancer biospecimen repository.  Miller is a 3rd-year student from Chattanooga, TN, and 
is interested in small animal internal medicine, oncology, and clinical pathology.

Working with Dr. Linda Frank was Rebekah Mullins, a 3rd-year student from Kingsport, TN.  Mullins holds a 
bachelor of science degree in biology from East Tennessee State University and spent the summer studying the 
fluctuation of estradiol levels in normal dogs.  Her career interests lie in veterinary dermatology.

Second-year student Cristina Noltenius worked with Dr. Jeff Phillips to evaluate the expression of tyrosinase 
from canine and equine melanomas.  Noltenius has a bachelor of science degree in biological sciences from 
the University of Tennessee.  Although she is still uncertain about her career, she sees herself heading toward 
large animal medicine in the future.

Brentwood, TN, native Eve O’Neil earned biology and German bachelors degrees from Boston College.  Dr. 
Linden Craig mentored O’Neil in an investigation of the incidence of malignant mammary masses in cats.  She 
is interested in anatomic pathology or large animal medicine as a career.

Erica Pounds spent her summer working with Dr. Margo Holland transforming bovine mammary stem 
cells via chemicals, irradiation, and xenotransplantation.  Originally from Clarksville, TN,  Pounds attended 
Mississippi State University, earning a bachelor of science in biochemistry and molecular biology.  She is a 3rd-
year student.

Hailing from Germantown, TN, is Kate Purple.  This 3rd-year student holds a bachelor of science degree in 
natural resources and environmental studies from the University of Illinois, Champaign.  Dr. Linden Craig was 
Purple’s mentor and directed her in studying the pathology of megaesophagus in llamas.  They plan to submit 
a paper on their findings.  Purple’s ultimate plans are to enter rural, mixed-animal practice, but she is also 
interested in pathology and research.

A native of Knoxville, TN, Lisa Reynolds earned her bachelor of science degree in agriculture from Austin 
Peay State University.  Her faculty mentor was Dr. Linda Frank, with whom she performed a hypothyroid 
study.  Reynolds is a 3rd-year student and is interested in a career in veterinary internal medicine.

Leslie Sadeghi spent the summer in Dr. Stephen Kania’s and Dr. David Bemis’s laboratory, where she 
learned to genetically identify bacterial isolates in order to determine regional similarities and differences 
between Staphylococcus pseudintermedius isolates. Sadeghi is from Nashville, TN, and majored in animal 
science at the University of Tennessee.  Her career interests lie in veterinary public health.

Originally from Charlotte, NC, Amy Schuver earned a bachelor of science degree in biology from North 
Carolina State University.  Because of her interest in equine medicine, she chose to work with Dr. Nicholas 
Frank in performing glucose tolerance tests on horses to determine the validity of an oral versus intravenous 
test.

Second-year student Baye Williamson worked with Dr. Karen Tobias studying storage and processing 
conditions of canine protein C.  She is from Kingsport, TN, and holds a bachelor of science degree in biology 
from Converse College in South Carolina.
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Five-Year Benchmark Data
Productivity among center faculty has been outstanding 

during the last 5-year period.  From 2005-2009, center 
faculty published 352 articles in peer-reviewed journals 
and gave 176 invited presentations at national and 
international meetings.  

Total research funding was up from $2.9 million in 2008 
to $3.03 million in 2009, with funding from foundations 
and other private sources increasing dramatically from 
$101,325 in 2005 to $992,895 in 2009.  This shift in 
funding dynamics reflects the faculty’s aggressive and 
successful search for support in response to the increased 
competition for diminished federal funds beginning in 
2006.    

It is important to note that research awards are reported 
differently in this Annual Report than in previous reports 
for the center.  Previous years’ reports gave award 
amounts based on total years’ funding for active grants 
and contracts.  Beginning with this report, awards data 
are being presented as yearly receipts, allowing for more 
meaningful comparisons with expenditures data and 
projections for future spending.

Over the past 5 years, grant and contract expenditures 
per center faculty member have reflected the economic 
downturn with a steady decrease that fell to a nadir of 
$155,000 for FY2008 (Table 1).  Expenditures per faculty 
member, however, increased to $213,000 in FY2009, 
approaching the FY2005 pre-downturn level of $222,000. 
Coupled with at least three new NIH R01 grants coming 
online in 2010, these indicators promote confident 
projections that the center is recovering vigorously.

The 5-year average return on the state’s investment in the 
center is 6.6:1, the ratio of research expenditures to the 
state’s appropriation.  For comparison, benchmark data 
from 2005-2009 are summarized in Figs. 2-4. 
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Fig. 3.  External research funding by fiscal year receipts.

Benchmark Summary (2005-2009)

Average refereed articles per faculty member: 4

Private and foundation funding increased: 
$891,570

Average return on investment: 6.6:1

Table 1.  Average expenditures per faculty member 
by fiscal year.
Fiscal Year $ Exp/Center Faculty Member
2005 222,000
2006 195,000
2007 189,000
2008 155,000
2009 213,000

Fig. 2.  Research expenditures by fiscal year.
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Fig. 4. Private and foundation research funding by fiscal year 
receipts.  
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                   Plans

The center has successfully endured 3 years of diminished federal and corporate funding and is poised 
to advance with an even greater commitment to livestock and human health. This year (FY10) the 

center will expend approximately $418,000 to fund 16 projects. In addition, the center will continue to 
support core facilities for flow cytometry/cell sorting and tissue culture and has committed $40,000 for 
purchasing essential research software and research equipment, including real-time PCR instrumentation.

The center will again be a major contributor to the Comparative and Experimental Medicine (CEM) 
Research Symposium.  The CEM Symposium provides a venue for new investigators (graduate 
students, postdocs, and research assistant professors) to gain experience presenting their research as oral 
presentations in scientific meeting format. The symposium grew from 15 student presentations at the initial 
2007 event to 85 presentations at the 2009 symposium with participants representing 20 UT departments 
and programs. More than 300 people attended the 2-day event that also included a small number of 
poster presentations. An additional goal of the symposium is to promote and facilitate the development 
of research collaborations among biomedical scientists from the different Knoxville campuses of the 
university, a goal that closely parallels important objectives of the center. 

The center will continue to increase its involvement in research training of veterinary students and 
graduate students by providing increased opportunities for summer internships, matching travel grants, 
and stipend upgrades to help recruit and retain superior graduate students. The center will continue to 
offer “invited speaker” courses to increase national and international exposure of the center’s faculty, 
students, and programs and at the same time enhance the potential for developing external collaborations 
for our faculty and postdoctoral opportunities for our students. During FY10, the center will again co-
sponsor, along with the UTCVM, the CEM Seminar Course, supporting the visits of up to 10 noted 
speakers.

The UTCVM is aggressively pursuing initiatives in several different areas of research pertinent to the 
center. A primary goal of these initiatives is rapid movement of bench-level science to the clinic or 
farm, i.e., translational research. Established initiatives include investigations of equine and canine 
stem cells and regulatory and stimulatory interactions involving gamma aminobutyric acid (GABA) and 
norepinephrine receptors in lung and pancreatic cancers. Developing interactions include early stage 
interactions with biomedical investigators at Vanderbilt University in the general areas of pathology and 
laboratory animal medicine, oncology, and obesity and diabetes. The center is funding the stem cell and 
GABA initiatives and is providing early funding for developing interactions with Vanderbilt investigators.  
The oncology initiative is enhanced by earlier center investment in a developing collaboration between 
UTCVM oncologists and the pre-clinical imaging group at the Knoxville branch of the UT Health Sciences 
Center. That earlier initiative has resulted in the UTCVM participating in the National Cancer Institute 
Comparative Oncology Trial Consortium as well as having developed a mature collaboration involving 
PET/CT scanning of client-owned animals, one of the few such interactions in the country.

The center will continue to participate conceptually and materially in strategic planning to develop areas of 
investigative strength in the UTCVM and the Institute of Agriculture.

                   Plans
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Seung Joon Baek

Associate Professor
Pathobiology Department

PhD, University of Maryland

9 refereed publications in 2009

In addition to center funds, Dr. Baek’s 
research is supported by the American 

Cancer Society and the National Institutes of 
Health.

Taking Aim at Cancer Cells

The American Cancer Society estimates that 
over 10 million people in the United States 

are living with cancer.  The traditional theory 
of cancer prevention and therapy is to reduce 
the occurrence of it by slowing, blocking, or 
reversing cancer development via drugs or 
herbs.

Dr. Baek hopes to expand that theory to 
include the small amounts of energy present in 
plasma.  Scientists have found that the same 
substance used in televisions and fluorescent 
light bulbs (cold plasma) have promising 
biomedical application.  Dr. Baek seeks to 
determine whether plasma exposure affects the 
growth of specific types of colorectal, breast, 
prostate, lung, and bone cancer cells.  He is 
shown at left aiming a plasma gun at a cell-
filled petri dish.

Plasma technology is an exciting new field 
of treatment that has already proven to be 
useful in promoting wound healing.  Its ability 
to attack cancer cells while leaving minimal 
damage to healthy cells is part of its allure.

The results of Dr. Baek’s research will help 
clinical scientists direct and narrow their studies 
of plasma therapy to specific cancer types.
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The Secret Life of Cholesterol

When low-density lipoproteins (LDL, also 
known as “bad” cholesterol) enter the 

bloodstream, they can adhere to the walls of 
the arteries that lead to the heart and brain.  
Thus, LDL contributes to the formation of 
plaques that can build up to form a blockage, 
causing a stroke or heart attack.
  
When LDL is combined with oxygen in the 
blood, one of its byproducts is lysophos-
phatidic acid (LPA), which has been found 
to accumulate in arterial plaques and to 
induce proliferation and migration of vascu-
lar smooth muscle cells.  The movement of 
smooth muscle cells from one part of the cell 
wall to another, in addition to their prolifera-
tion, contributes to narrowing the passage for 
blood flow.

In Dr. Cui’s laboratory, researchers have 
discovered that a specific sequence of cel-
lular events, known as the MAPK pathway, 
is responsible for LPA-induced migration of 
smooth muscle cells, and they have been able 
to reproduce this phenomenon in a mouse 
model they created.  In the future, clinical in-
vestigators will be able to use these discover-
ies in the development of strategies to prevent 
the formation of arterial plaques.

Mei-Zhen Cui

Associate Professor
Pathobiology Department

PhD, Tokyo Institute of Technology, Japan

2 refereed publications in 2009

In addition to center funds, Dr. Cui’s research 
is supported by the National Institutes of 
Health.
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Madhu Dhar

Research Associate Professor
Large Animal Clinical Sciences Department

PhD, University of Poona, India

2 refereed publications in 2009

In addition to center funds, Dr. Dhar’s 
research is supported by the American Kennel 

Club’s Canine Health Foundation.

Dissecting the Nature vs 
Nurture Effect in Diabetes 
and Obesity 

Both our genetics and our lifestyles 
contribute to whether we may develop 

certain diseases, including type II diabetes 
and obesity.  Furthermore, this complex 
combination of factors makes it difficult to 
study ways to prevent and treat such diseases. 
Dr. Dhar’s research group is developing a 
cellular model that accurately reflects that 
human complexity. 

Dr. Dhar hypothesizes that a protein known 
as ATP10C influences the flow of molecules 
in and out of the cell.  Hence, certain 
alterations in this protein could lead to serious 
change in cell function, including glucose 
uptake and fat deposition, which could 
ultimately lead to diabetes and/or obesity.   

This research indicates that the ATP10C gene  
is a strong candidate to target for obesity-
related diabetes prevention and treatment, 
and Dr. Dhar’s research can be used for 
future in vivo studies of ATP10C gene 
expression.
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Combatting Multi-drug-
Resistant MRSP

When most people hear “MRSA” (methicillin-
resistant Staphylococcus aureus), they may 

also imagine the familiar, dreadful music from 
the movie JAWS.  However, MRSP (methicillin-
resistant Staphylococcus pseudintermedius) does 
not evoke quite the same fear, and for good 
reason:  until recently, methicillin resistance in 
S. pseudintermedius, the most common canine 
bacterial skin pathogen, was extremely rare.   

Methicillin resistance includes resistance to 
all members of a specific class of antibiotics, 
including cephalosporin and a type of 
amoxicillin, and MRSP in dogs is a potential 
source for the transfer of resistance to humans. 
The transfer of the methicillin resistance gene 
mecA via the SCCmec chromosome cassette 
is the focus of Dr. Kania’s research.  His 
investigative group has found a specific type of 
S. pseudintermedius, agrD III, in East Tennessee 
that was not thought to exist in the United 
States.  This specific type has been associated 
with multidrug resistance.  Now, Dr. Kania’s 
focus is applying genetic fingerprinting to 
determine the relationships between the MRSP 
isolates found in East Tennessee and to detect 
whether a pattern of disease emergence exists.  

Epidemiological studies such as this one 
will allow public health officials to focus on 
potentially at-risk areas and help them determine 
the steps to take to intervene, if necessary.

Stephen Kania

Associate Professor
Comparative Medicine Department

PhD, University of Florida

8 refereed publications in 2009

In addition to center funds, Dr. Kania’s 
research is supported by Morris Animal 
Foundation, Sci-Tec, East Tennessee 
Clinical Research Foundation, Winn Feline 
Foundation, and other private industry.
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Hildegard Schuller

Distinguished Professor
Pathobiology Department

PhD, Justus Liebig University, Germany

7 refereed publications in 2009

In addition to center funds, Dr. Schuller’s 
research is supported by the National Lung 

Cancer Partnership.

Regulatory Mechanisms in 
Lung Cancer

East Tennessee has one of the highest 
lung cancer death rates in the country.  

In an attempt to help combat that problem, 
Dr. Schuller is focusing on the effects of 
nitrosamines on the lungs.

Nitrosamines are cancer-causing substances 
found in nicotine, food, beverages, cosmetics, 
and drugs.  The tobacco-specific nitrosamine 
NNK reacts with nicotinic acetylcholine 
receptors (nAChRs) on cells, resulting in 
hyperstimulation of these receptors, a 
reaction that causes toxic effects.  In her 
laboratory, Dr. Schuller has determined that 
many of nicotine’s biological effects may be 
caused by the interaction of nitrosamines (like 
NNK) with nAChRs.  Likewise, other factors 
in the human environment, such as diet and 
use of certain cosmetics and medicines, may 
also heighten the sensitivity of nAChRs, thus 
increasing the possibility of lung cancer.  

Still, a host of factors in the human 
environment affects the sensitivity of these 
receptors, making it important to develop 
tools to identify hyperstimulation in individual 
patients.  Dr. Schuller’s research can be 
used to help design lung cancer prevention 
and treatment strategies based on that 
hyperstimulation.
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Finding Pre-cancerous 
Markers for Prevention

One in four deaths in the United States is 
attributed to cancer, which is a multi-year, 

multi-step, and multi-path disease process.  The 
complexity of cancer is outdone only by the 
complexity in finding a cure for it. Dr. Wang’s 
part in this pursuit is to locate pre-cancerous 
markers and target them with dietary com-
pounds to prevent cancerous cells from form-
ing.

His research team has discovered that bladder 
cancer cell death is affected by reactive oxygen 
species (ROS), which are natural byproducts 
of the body’s oxygen metabolism. ROS also 
play an important role in cell signaling, and 
Dr. Wang believes that ROS help activate a 
specific pathway affected by histone deactylase 
(HDAC) inhibitors, which are compounds being 
tested to treat cancer.  He is determining the 
precise molecular target of FK228, an HDAC 
inhibitor that may be used in the future as a 
cancer treatment.  

Likewise, catechins found in green tea appear 
to target a gene overexpressed in breast cells 
exposed to environmental carcinogens.  Dr. 
Wang found that expression of the HSD11B2 
gene was reduced in the presence of green tea 
catechins, making green tea a promising focus 
as a natural mode of cancer prevention.

Hwa-Chain Robert Wang

Associate Professor
Comparative Medicine Department

PhD, University of Virginia
BVM, National Chung-Hsing University, 
Taiwan

1 refereed publication in 2009

In addition to center funds, Dr. Wang’s 
research is supported by the National Science 
Foundation and the National Institutes of 
Health.
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Xuemin Xu

Professor
Pathobiology Department

PhD, Tokyo Institute of Technology, Japan

2 refereed publications in 2009

In addition to center funds, Dr. Xu’s research 
is supported by the National Institutes of 

Health, the Alzheimer’s Association, and the 
American Health Assistance Foundation.

Determining the Cause of 
Alzheimer’s Disease

Abnormal accumulation of  beta-amyloid 
peptide in the brain is believed to be a 

primary cause of Alzheimer’s disease, but sci-
entists have been unable to determine wheth-
er this accumulation is due to overproduction 
of the peptide or the brain’s failure to clear it. 

Dr. Xu’s research has shown that a cellular 
system involving a specific, undetermined 
enzyme is responsible for the clearance 
of beta-amyloid peptide.  This enzyme is 
sensitive to inhibitors of calpain, a protease 
responsible for calcium regulation, and Dr. 
Xu’s goal is to identify this enzyme in order to 
better understand the mechanism underlying 
the beta-amyloid peptide’s abnormal 
accumulation.     

The information obtained from these studies 
will be important for the development 
of methods for prevention and cure of 
Alzheimer’s disease.
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Replication of Bovine 
Coronavirus and SARS

Drugs that interfere with specific protein-
genome interactions are now being 

tested for several viral pathogens, including 
HIV, hepatitis B and C, and influenza viruses.  
Once developed, they can be used in com-
bination with other virus-specific drugs for 
antiviral therapy.  

In Dr. Brian’s laboratory, coronavirus and its 
2’-O-metyltransferase protein are the focus.  
This protein was found to bind to a specific 
replication element in the bovine coronavirus 
genome.  This past year, Dr. Brian mapped 
interaction sites and tested the effects of cer-
tain viral mutations on virus replication.  

His studies will pinpoint potential targets for 
inhibiting virus replication of both bovine 
coronavirus and its close relative that causes 
severe acute respiratory syndrome, better 
known as SARS, in humans.

David Brian

Professor
Pathobiology Department

DVM, PhD, Michigan State University

2 refereed publications in 2009

In addition to center funds, Dr. Brian’s 
research is supported by the National 
Institutes of Health.
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Robert L. Donnell

Associate Professor
Pathobiology Department

DVM, PhD, University of Tennessee

3 refereed publications in 2009

Tracking the Threat of 
Malignant Catarrhal Fever

Dr. Donnell continues to survey the 
prevalence of malignant catarrhal fever 

in Tennessee.  The virus threatens the state’s 
livestock industry through goats and deer, two 
common Tennessee species known to harbor 
the disease. This threat has already become a 
reality to some cattle and sheep farms.

Clinical signs of the infection are nasal and 
corneal discharge, fever, skin lesions, and 
diarrhea, and although outbreaks are rare, 
the mortality rate for diseased animals is as 
high as 90%.

Dr. Donnell has worked to develop and 
import reliable diagnostic capabilities to test 
relevant species. The prevalence discovered 
from the results of diagnostic testing are being 
used to determine which producers, wildlife 
managers, and diagnosticians should be 
educated and advised regarding the incidence 
and risk for the disease and how to combat it.
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Finding Effective Ways to 
Diagnose Insulin Resistance 

in Horses

In horses, diagnosing insulin resistance 
is important because this resistance 

predisposes the animal to laminitis, a 
condition that causes the hoof to separate 
from the bone, potentially resulting in 
permanent lameness, forced retirement, or 
euthanasia.  

Insulin resistance is often diagnosed 
by measuring glucose and insulin 
concentrations within a single blood sample.  
Reference ranges are available for these 
variables, but the limits of variability have 
not been determined for horses.  

Dr. Frank hypothesizes that blood insulin 
concentrations are affected by factors other 
than insulin resistance, and these must be 
identified and quanitified.  He focused this 
past year on measuring hour-to-hour, day-
to-day, and month-to-month variability in 
blood glucose and insulin levels in healthy 
and insulin-resistant horses.  In addition, he 
assessed the effects of diet by collecting and 
analyzing pasture grass and hay samples.  

His ultimate goal is to improve the accuracy 
of diagnostic testing for insulin resistance in 
horses.  

Nicholas Frank

Associate Professor
Large Animal Clinical Sciences Department

DVM, PhD, Purdue University

13 refereed publications in 2009

In addition to center funds, Dr. Frank’s 
research is supported by Lloyd, the American 
Quarter Horse Association, Grayson-Jockey 
Club Research Foundation, SmartPak Equine, 
and the American College of Veterinary 
Internal Medicine.
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Stephen Oliver

Professor
Animal Science Department

PhD, The Ohio State University

9 refereed publications in 2009

In addition to center funds, Dr. Oliver’s 
research is supported by Fort Dodge Animal 

Health Global Research, DeLaval, Pfizer 
Animal Health, the State of Tennessee, 

Epitopix, ImmuCell, the University of 
Tennessee Research Foundation, and USDA.

Curing Mastitis by 
Manipulating the Cause

Mastitis is an inflammatory condition in 
cows that can last for months or even 

years, negatively affecting milk production by 
causing abnormal milk or lowering production 
quantity.  A specific type of mastitis—
Streptococcus uberis mastisis—has been the 
focus of Dr. Oliver’s research for over a decade.

His research resulted in the discovery of a 
novel bacterial protein, the S. uberis Adhesion 
Molecule (SUAM), which is a factor in the 
development of S. uberis mastitis.  Collectively, 
experiments from his laboratory have proven 
that SUAM facilitates the adhesion of S. uberis 
to mammary cells.

This year, Dr. Oliver continued to focus on the 
role of S. uberis adhesion to and entry into 
specific bovine mammary cells.  He believes 
that both adherence and internalization are 
important in the early stages of intramammary 
infection.  The long-term goal of this study 
is to develop a genetic system for S. uberis 
chromosomal manipulation in order to control 
this bacterial infection.

His research could positively affect Tennessee’s 
dairy industry by giving dairy owners treatment 
options and ensuring continued high quality of 
Tennessee’s milk.
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Reducing Stress, Reducing 
the Occurrence of Pneumonia 

and Mastitis in Cattle

Stress negatively affects the body’s ability to 
defend itself, thereby increasing the number 

and severity of infections.  Norepinephrine, a 
stress hormone, may modify the body’s re-
sponse to infection, and Dr. Pighetti hypoth-
esizes that it does so by providing an environ-
ment primed for exaggerated inflammatory 
responses.

Dr. Pighetti’s research team plans to identify 
genes regulated by norepinephrine in two 
bacteria commonly isolated from cattle. These 
two bacteria, Klebsiella pneumoniae and 
Mannheimia hemolytica, are associated with 
pneumonia and mastitis, respectively, both eco-
nomically devastating conditions for the cattle 
industry.  

She also seeks to identify how norepinephrine 
influences the expression of interleukin-6, a 
protein that supports inflammatory response to 
infection.  Identifying the influence of norepi-
nephrine on these mechanisms will also identify 
critical control points that can be targeted for 
therapeutic intervention.  

Outcomes of these studies could directly con-
tribute to providing solutions for improving 
cattle health and productivity.

Gina M. Pighetti

Associate Professor
Animal Science Department

PhD, Pennsylvania State University

1 refereed publication in 2009
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Distinguished Professor
Pathobiology Department

BVSc, DSc, University of Bristol, England
PhD, University of Guelph, Canada
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In addition to center funds, Dr. Rouse’s 
research is supported by the National 

Institutes of Health.

Efficiency of Killer T Cell 
Response to HSV-1 Eye 
Infections

The Tyrannosaurus Rex thrived by adapting 
to its environment and evolving into the 

largest carnivore of its time.  Like the T-Rex, 
killer T cells expand and adapt in response to 
viral pathogens in order to help the body fight 
infection.  Eye infections caused by herpes 
simplex virus-1 (HSV-1) are particularly 
affected by CD8 T cells, which are induced 
and maintained by a number of cytokines.  
Much like the T-Rex roar, cytokines are 
signaling molecules used in cellular 
communication.  The IL-21 cytokine plays a 
pivotal role in efficient CD8 T cell response, 
but its exact mechanism of action is not well 
understood.  

Dr. Rouse’s research group has been working 
toward determining how IL-21 promotes CD8 
T cell response in HSV-1. They hypothesize 
that IL-21 works by dominating cells that 
suppress the immune system:  regulatory T 
cells (cells that keep the immune system in 
check and prevent it from attacking healthy 
cells in the body).  

Research on how IL-21 supports killer T cell 
response could lead to treatments and new 
medications that boost the body’s immune 
response to HSV-1 eye infections.
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Memory Cell Protection from 
the Influenza Virus

Common knowledge dictates that once a 
person has had chicken pox, that person 

will never get chicken pox again.  The reasons 
chicken pox is a one-time infection are memory 
B and T cells, which play a key role in long-
term resistance to previously-encountered infec-
tion.  These memory cells disperse throughout 
the body, creating long-lasting cell populations.

Dr. Sangster, seen at right with graduate student 
Hye Mee Joo, is interested in how memory B 
cells (BMem) protect us from specific forms of the 
influenza virus. He found recently that a rela-
tively high amount of virus-specific BMem cells 
are established and maintained in the lung after 
influenza infection, thereby providing resistance 
to future respiratory infections.

Future studies in this area may have important 
implications for influenza vaccine development, 
which has become even more in demand in 
the last two decades with the increasing ag-
ing population.  In 2005, 62,000 people were 
hospitalized because of influenza, and 58% 
of those people were over the age of 65.  The 
development of better vaccines would lower the 
physical and financial strain of influenza on all 
populations, but particularly the elderly.

Mark Sangster

Assistant Professor
Microbiology Department

PhD, University of Western Australia

2 refereed publications in 2009

In addition to center funds, Dr. Sangster’s 
research is supported by POM Wonderful and 
the University of Rochester.
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F. Neal Schrick

Professor
Animal Science Department

PhD, Clemson University
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In addition to center funds, Dr. Schrick’s re-
search is supported by a private foundation.

Tightening the Belt on E+ 
Fescue

Geographically, Tennessee is considered 
to be in the center of a lot of things: the 

Bible Belt, the Mason-Dixon boundaries, and–
the fescue belt?  That’s correct.  Tall fescue is 
the predominant forage grass in Tennessee, 
but many pastures are infected with fungal 
endophytes.  These E+ grasses decrease 
fertility in female beef cattle and affect the 
fertilization potential of sperm in males, making 
E+ fescue a serious concern on Tennessee 
farms.

Although much research exists on how E+ 
fescue affects female cattle, most male-focused 
research has been limited to observation until 
now.  Dr. Schrick’s investigation of E+ fescue 
concentrates on differing gene expression 
between bulls consuming E+ fescue and those 
consuming E-.  Just recently, his research group 
has learned that poor embryo quality and lower 
pregnancy rates are associated with the lower-
quality semen resulting from grazing on E+ 
fescue.  

Once the differences between normal and 
abnormal sperm are discerned, Dr. Schrick 
plans to pursue development of techniques to 
separate the normal sperm from the abnormal 
sperm in an attempt to provide Tennessee 
producers with a practical and economical way 
to improve pregnancy rates and/or embryo 
quality in their herds.
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transfer traits. In:  Heldman D, ed. Encyclopedia of Biotechnology in Agriculture & Food Science. Boca 
Raton, FL: CRC Press. In press.

Hildegard Schuller (p. 16)

Schuller HM, Al-Wadei HAN. Beta-carotene induced non-genomic signaling and cancer 
[invited chapter].  In: Haugen L, Bjornson T, eds. Beta-Carotene: Dietary Sources, Cancer, and 
Cognition. Hauppauge, NY: Nova Publishers. In press.

Al-Wadei HAN, Schuller HM. Beta-carotene promotes the development of NNK-induced small 
airway-derived lung adenocarcinoma. European Journal of Cancer. 2009;45:1257–1264.

Schuller HM. Is cancer triggered by altered signaling of nicotinic acetylcholine receptors? [Invited review] 
Nature Reviews: Cancer. 2009; 9:195–209.

Al-Wadei HAN, Schuller HM. Nicotine stimulates pancreatic cancer xenografts by systemic increase in 
stress neurotransmitters and suppression of the inhibitory neurotransmitter γ-aminobutyric acid. 
Carcinogenesis. 2009; 30: 506–511.

Al-Wadei HAN, Schuller HM. Non-genomic inhibitory signaling of beta-carotene in squamous cell carcinoma 
of the lungs. International Journal of Oncology. 2009;34:1093–1098. 

Al-Wadei HAN, Schuller HM. Nicotinic receptor-associated modulation of stimulatory and inhibitory 
neurotransmitters in NNK-induced adenocarcinoma of the lungs and pancreas. Journal of Pathology. 
2009;218:437–445.

Al-Wadei HAN, Al-Wadei MH, Schuller HM. Prevention of pancreatic cancer by the beta-blocker propranolol. 
Anti-Cancer Drugs. 2009;20:477–482.

Schuller HM.  Nicotine addiction and cancer.  Presented at:  Comparative & Experimental Medicine and Public 
Health Research Symposium; June 2009; Knoxville, TN.

Hwa-Chain Robert Wang (p. 17)

Choudhary S, Wang H-CR. Reactive oxygen species in proapoptotic activity of oncogenic 
H-Ras for histone deacetylase inhibitor to induce caspases in human bladder cancer cells. 
Journal of Cancer Research and Clinical Oncology. In press. 

Rathore K, Wang H-CR. Precancerous model of human breast epithelial cells induced by NNK and benzo[a]
pyrene and role of green tea catechins in its prevention. Presented at: The University of Tennessee/Oak 
Ridge National Laboratory Graduate School of Genome Science & Technology Annual Retreat; March 6, 
2009; Knoxville, TN. Abstract 30.

Choudhary S, Rathore K, Song S, Wang H-CR. Reactive oxygen species in the ability of pro-apoptotic 
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H-Ras to enhance apoptosis induced by histone deacetylase inhibitors [abstract]. In:  Proceedings of the 
American Association for Cancer Research Annual Meeting; April 19, 2009; Denver, CO. Abstract 878.

Choudhary S, Wang H-CR. Reactive oxygen species in the ability of pro-apoptotic H-Ras to enhance apoptosis 
induced by histone deacetylase inhibitors [abstract]. In:  Proceedings of the Comparative & Experimental 
Medicine and Public Health Research Symposium; June 2009; Knoxville, TN. Abstract 82.

Rathore K, Wang H-CR.Precancerous model of human breast epithelial cells induced by NNK & benzo[a]
pyrene and the role of green tea catechins in breast cancer prevention [abstract]. In:  Proceedings of the 
Comparative & Experimental Medicine and Public Health Research Symposium; June 2009; Knoxville, 
TN. Abstract 88.

Wang H-CR, Song S, Siriwardhana N. Molecular target for dietary prevention of chronic breast cell 
carcinogenesis. In:  Proceedings of the American Association for Cancer Research Annual Meeting; April 
19, 2009; Denver, CO. Abstract 3.

Wang H-CR. Northern American veterinarian education and licensing. Invited presentation at: Seventh Annual 
Meeting for Deans of Chinese Veterinary Medical Colleges; May 22, 2009; Yanglin (Xi’an) City, China. 

Wang H-CR. US veterinary education, Northern American veterinarian licensing, and UTCVM. Invited 
presentation at: Northwest Agricultural and Forestry University; May 26, 2009; Yanglin City, China.

Wang H-CR. Northern American veterinarian licensing and UTCVM. Invited presentation at: Jilin University 
College of Animal Science and Veterinary Medicine; May 28, 2009; Chungchun City, China.

Wang H-CR. US veterinary education and licensing. Invited presentation at: China Agricultural University 
College of Veterinary Medicine; June 2, 2009; Beijng, China.

Wang H-CR. Reactive oxygen species in selective apoptosis of oncogenic Ras-transformed cells by histone 
deacetylase inhibitors. Presented at: China Agricultural University College of Veterinary Medicine; June 
2, 2009; Beijng, China.

Xuemin Xu (p. 18)

Xu X. Gamma-secretase catalyzes sequential cleavages of the AbetaPP transmembrane domain 
[review article]. Journal of Alzheimers Disease. 2009;16:211–24.

Mao G, Tan J, Cui M-Z, Chui D, Xu X. The GxxxG motif in the transmembrane domain of APP 
plays an essential role in the interaction of CTFβ with γ-secretase complex and formation of Aβ. Journal 
of Alzheimer’s Disease. In press.

*Publications and presentations listed are for the 2009 calendar year to the publication date of this report.  Some items may be 
duplicated between individual investigators.



36  Research Funded Externally – Detail

Investigator Project Title Funding 
Agency

Project 
Period

2009
Receipts

2009
Expenditures 

Baek, Seung Joon

Gene alterations by NSAIDs American Cancer 
Society

07/01/06-
06/30/10 $180,000 $172,031 

Development of noninvasive bio-
luminescence imaging for cancer 
diagnosis and therapeutic testing

National Institutes of 
Health

05/01/07-
04/30/10 * $109,916 

PPAR-gamma ligands in colorectal 
cancer

National Institutes of 
Health

07/01/06-
05/31/11 $199,929 $197,162 

Brian, David Coronavirus RNA replication National Institutes of 
Health

06/01/08-
05/31/13 $355,750 $395,471 

Cui, Mei-Zhen Lysophosphatidic acid and tissue 
factor in atherosclerosis

National Institutes of 
Health

05/01/07-
04/30/09 * $12,716 

Dhar, Madhu Characterization of P-type ATPase, 
an integral membrane

American Kennel 
Club Canine Health 
Foundation

05/01/08-
04/30/09 $12,960 $11,234

Frank, Nicholas

Levothyroxine as a treatment for 
insulin resistance Lloyd 04/01/07-

03/31/09 * $35,433

Effects of resting insulin sensitivity 
on the acute response to endotoxin 
in horses

American Quarter 
Horse Association

10/01/07-
09/30/08 * $17,871

Levothyroxine as a treatment for 
insulin resistance

Grayson-Jockey 
Club Research Foun-
dation

04/01/07-
03/31/09 * $43,001

Effects of SmartControl IR on insulin 
sensitivity in obese insulin resistant 
horses

SmartPak Equine 06/01/07-
05/31/10 $25,982 $11,605

Improved diagnosis and monitoring 
of equine endocrine disorders

American College of 
Veterinary Internal 
Medicine

01/01/07-
12/31/08 * $2,735

Effects of clinical endotoxemia on 
glucose metabolism in horses

American College of 
Veterinary Internal 
Medicine

01/01/09-
12/31/09 $12,440 $2,761

Kania, Stephen

Molecular pathways that mediate 
genetic susceptibility to low dose 
ionizing radiation

UT-Battelle-Oak 
Ridge National 
Laboratory

02/15/07-
02/14/09 * $14,169

Immune response to viral interleukin 
10 in gamma herpesvirus-infected 
black wildebeest

Morris Animal Foun-
dation

05/01/08-
08/31/08 * $1,550

Reverse transcription free microar-
ray analysis Sci-Tec 10/01/07-

09/30/09 $20,000 $14,861

Bioluminescent assay for gene ex-
pression analysis Private industry 05/01/08-

04/30/10 * $23,740

Research Funded Externally
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Investigator Project Title Funding 
Agency

Project 
Period

2009
Receipts

2009
Expenditures 

Kania, Stephen

Prevalence of tapeworm infection 
among horses in 4 geoclimatic re-
gions of Western Coast States

East Tennessee Clini-
cal Research

06/01/08-
05/31/09 * $10,320

Genomic sequencing of methicillin-
resistant Staphylococcus pseudinter-
medius from canine pyoderma

Morris Animal Foun-
dation

06/01/09-
08/31/09 $4,000 $1,895

RNA interference of feline herpes-
virus by synthetic siRNAs in cornial 
epithelial cells

Winn Feline Founda-
tion

01/09/08-
03/31/09 $0 $10,226

Oliver, Stephen

Tennessee Quality Milk Initiative
Fort Dodge Animal 
Health Global Re-
search

10/01/07-
12/31/12 $10,000 $0

Efficacy of two experimental post-
milking teat disinfectants as evalu-
ated in a positive control natural 
exposure study in dairy cows

DeLaval 02/09/09-
08/31/09 $79,442 $18,500

Efficacy and field safety of Spec-
tramast LC for intramammary 
treatment of clinical mastitis due to 
Staphylococcus aureus or Strepto-
coccus uberis

Pfizer Animal Health 08/05/08-
08/09/09 $26,078 $8,301

Tennessee Quality Milk Initiative State of Tennessee 07/01/08-
06/30/09 $13,000 $12,018

Immunogenicity and efficacy of 
Escherichia coli bacterial extract Epitopix 06/01/08-

05/31/09 * $210,280

Effectiveness of Mast Out as an in-
tramammary treatment of subclinical 
bovine mastitis

ImmuCell 03/28/08-
03/24/09 * $13,700

Continued development of SUAM 
as a vaccine for the prevention and 
control of Streptococcus uberis mas-
titis in dairy cows

University of Ten-
nessee Research 
Foundation

02/01/08-
10/01/08 * $15,000

Efficacy and safety of Draxxin 
(tulathromycin) in the treatment 
of clinical mastitis associated with 
Streptococcus uberis in lactating 
dairy cattle

Pfizer Animal Health 09/27/07 - 
09/23/08 * $73,126

Molecular mechanisms associated 
with Streptococcus uberis mastitis in 
dairy cows

USDA 09/01/07-
08/31/10 $121,425 $138,805

Rouse, Barry

T-regulatory cells in herpes simplex 
virus immunity and immunopathol-
ogy

National Institutes of 
Health

02/01/06-
01/31/11 $307,176 $411,820 

Mechanisms in herpetic keratitis National Institutes of 
Health

01/01/08-
12/31/12 $354,580 $343,936 



38  Research Funded Externally – Detail

Investigator Project Title Funding 
Agency

Project 
Period

2009
Receipts

2009
Expenditures 

Sangster, Mark

In vitro analysis of the anti-influenza 
virus activity of pomegranate juice POM Wonderful 04/07/08-

10/06/08 * $28,828

University of Rochester Center of 
Excellence in Influenza Research

University of Roch-
ester

03/30/07-
03/29/09 $75,492 $73,024

Schuller, Hildegard
Estrogen enhances the carcinogenic 
effects of the nicotine derivative 
NNK

National Lung Can-
cer Partnership

01/31/08-
01/30/10 $50,000 $22,665 

Schrick, Frank Neal
Identification of unique biomarkers 
to manipulate semen for altering sex 
ratio in cattle

Private foundation 10/01/05-
12/31/09 $524,670 $225,432

Wang, Hwa-Chain 
Robert

Signaling pathway in modulation of 
cell quiescence

National Science 
Foundation

06/01/05-
12/31/08 * $35,767

Green tea catechins in precancerous 
prevention

National Institutes of 
Health

09/01/08-
08/31/10 $160,088 $81,844

Carcinogenesis cellular model for 
identifying preventive agents

National Institutes of 
Health

09/27/07-
08/31/09 $72,500 $42,229

Xu, Xuemin

The role of the new zeta-cleavage in 
Abeta formation

National Institutes of 
Health

04/01/07-
03/31/12 $291,305 $265,048 

Determine the role of the long 
Abeta-46 in Alzheimer’s disease 
development

Alzheimer’s Associa-
tion

10/01/05-
09/30/09 * $32,674 

Vascular risk factors in Alzheimer’s 
disease

American Health As-
sistance Foundation

04/01/09-
03/31/12 $133,333 $25,734 

Total $3,030,150 $3,167,426 

*No-cost extension granted, resulting in no new funds in the current year.  Expenditure amounts are from carry-over from the previous year.



CENTERS OF EXCELLENCE/CENTERS OF EMPHASIS
ACTUAL, PROPOSED, AND REQUESTED BUDGET

College of Veterinary Medicine Center of Excellence in Livestock Diseases and Human Health

FY 2008-09 Actual FY 2009-10 Proposed FY 2010-11 Requested

Matching Appropr. Total Matching Appropr. Total Matching Appropr. Total

Expenditures 279,621 559,242 838,863 308,327 616,653 924,980 281,348 562,695 844,043 

Salaries

Faculty 49,793 99,587 149,380 56,591 113,183 169,774 59,421 118,842 178,263 

Other Professional 50,135 100,269 150,404 64,167 128,334 192,501 67,375 134,751 202,126 

Clerical/ Supporting 22,778 45,556 68,334 23,500 47,000 70,500 24,675 49,350 74,025 

Assistantships 29,954 59,907 89,861 9,758 19,516 29,274 10,246 20,492 30,738 

Total Salaries 152,660 305,319 457,979 154,016 308,033 462,049 161,717 323,434 485,151 

Longevity 1,510 3,020 4,530 1,523 3,045 4,568 1,599 3,198 4,796 

Fringe Benefits 37,896 75,793 113,689 40,428 80,855 121,283 42,449 84,898 127,347 

Total Personnel 192,066 384,132 576,198 195,967 391,933 587,900 205,765 411,530 617,295 

Non-Personnel

Travel 9,185 18,369 27,554 6,767 13,533 20,300 7,105 14,210 21,315 

Software 0 0 0 0 0 0 0 0 0 

Books & Journals 36 71 107 0 0 0 0 0 0 

Other Supplies 34,212 68,423 102,635 77,743 155,486 233,229 39,235 78,469 117,704 

Equipment 5,634 11,269 16,903 5,667 11,333 17,000 5,950 11,900 17,850 

Maintenance 12,165 24,331 36,496 3,782 7,564 11,346 3,971 7,942 11,913 

Scholarships 4,943 9,885 14,828 4,871 9,741 14,612 5,114 10,228 15,343 

Consultants 333 667 1,000 0 0 0 0 0 0 

Renovation 0 0 0 0 0 0 0 0 0 

Insurance 86 172 258 0 0 0 0 0 0 

Media / Communication 2,128 4,257 6,385 67 133 200 70 140 210 

Legal & Professional Fees 
/ Group Arranged Food 
& Lodging / Specialized 
Commercial Services 
/ Seminar Conference 
Registration

6,202 12,404 18,606 4,289 8,578 12,867 4,503 9,007 13,510 

Other Services & 
Expenditures 327 654 981 667 1,333 2,000 700 1,400 2,100 

Services 12,304 24,608 36,912 8,509 17,017 25,526 8,934 17,868 26,802 

Total Non-Personnel 87,555 175,110 262,665 112,360 224,720 337,080 75,583 151,165 226,748 

GRAND TOTAL 279,621 559,242 838,863 308,327 616,653 924,980 281,348 562,695 844,043 

Revenue

New State Appropriation 541,600 541,600 535,900 535,900 562,695 562,695 

Carryover State Appropr. 98,395 98,395 80,753 80,753 0 

New Matching Funds 270,800 270,800 267,950 267,950 281,348 281,348 

Carryover from Previous 
Matching Funds 49,198 49,198 40,377 40,377 0 

Total Revenue 319,998 639,995 959,993 308,327 616,653 924,980 281,348 562,695 844,043 


