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SYMPOSIUM PROGRAM 
 
 

WELCOME          9:00-9:15 
 
Charles E. Wood, Ph.D., Professor and Chair for the Department of Physiology 
 
Michelle E. Jacobs, M.D., Assistant Dean, Office of Minority Affairs and Assistant Professor, 
Department of Psychiatry, College of Medicine 
 

 
SESSION I 

 
SESSION CHAIR: 
Kathleen Shiverick, Ph.D., Professor, Department of Pharmacology & Therapeutics 
 
Megan Kirven                        9:15-9:30 
Florida State University 
Project: “The Role of SMAD4 in the Pulmonary Endothelium in the Pathogenesis of  

Pulmonary Arterial Hypertension” 
Mentor: Paul Oh, Ph.D., Associate Professor, Department of Physiology & Functional 

Genomics 
 
Adrian Alexis Ruiz              9:30-9:45 
University of Hartford 
Project: “Caspase-like activity during cell death in choanoflagellates” 
Mentor: David Julian, Ph.D., Assistant Professor, Department of Zoology 
 
Silvia Coronel                   9:45-10:00 
University of Florida 
Project: “The Effect of a Previous Pain Experience on Pain Expectation and Post 

Operative Pain of Third Molar Surgery”  
Mentor:  Barbara Hastie, Ph.D., Assistant Professor, Department of Community Dentistry 

& Behavioral Sciences 
 
Dennis O. McLeod II                    10:00-10:15 
Morehouse College 
Project: “Mouse Obesity: The Effect of Endogenous Hormones Bombesin and 

CCKon MC3/4R KO Mouse Food Intake” 
Mentor: Neil Rowland, Ph.D., Professor & Chair, Department of Behavioral Neuroscience 
 
Naa Sika Williams                   10:15-10:30 
University of Florida 
Project: “Generation of the Mouse Monoclonal Antibody TB1-27#2 Directed Against 

a Peptide Sequence of the Human TRIP-Br1 Proto-Oncoprotein”  
Mentor:  Stephen Hsu, M.D., Ph.D., Associate Professor, Department of Nephrology 
 
BREAK                   10:30-11:00 
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SESSION II 
 
SESSION CHAIR: 
Arturo Cardounel, Ph.D., Assistant Professor, Department of Physiology & Functional Genomics 
 
 
 
Shakira Edwards                          11:00-11:15 
Florida International University 
Project: “Evaluating Cocaine Neurotoxicity in Human Neuroblastoma SH-SY5Y 

Cells” 
Mentor: Mark S. Gold, M.D., Distinguished Professor, Dizney Eminent Scholar & Chair, 

Department of Psychiatry 
 
Bilen Kassu                       11:15-11:30 
Valencia Community College 
Project: “Effects of Relaxin on Mouse Inner Medullary Collecting Duct Cells 

(mIMCD3 cells) production of Aquaporins”  
Mentor:  Kirk Conrad, M.D. Professor, Department of Physiology & Functional Genomics 
               
Ryan Rodriguez          11:30-11:45 
University of Florida College of Pharmacy 
Project: “Association of a GNAS Promoter Polymorphism with Cardiovascular 

Response in INVEST and PEAR Trials” 
Mentor:  Julie Johnson, Ph.D., Professor & Chair, Department of Pharmacy Practice 
 
Jasmine Nicholas          11:45-12:00 
Dillard University 
Project: “The Role of YC1 in Trabecular Meshwork Cell Function” 
Mentor: Dorette Ellis, Ph.D., Assistant Professor, Department of Pharmacodynamics 
 
Gebreyes Kassu          12:00-12:15 
Valencia Community College 
Project: “The Effects of the Chronic Administration of Fentanyl as a Function of 

Age” 
Mentor: Drake Morgan, Ph.D., Assistant Professor, Department of Psychiatry 
 
 
LUNCH            12:15-1:30 
 
 
 
 
 
 
 
 
 
 
 

-4- 



SESSION III 
 
SESSION CHAIR: 
Charles E. Wood, Ph.D., Professor and Chair, Department of Physiology & Functional Genomics 
 
 
Michael Rodriguez                           1:30-1:45 
University of Texas El Paso 
Project: “Effect of age on 3 day central angiotensin II-induced Oxidative Stress” 
Mentor: Nihal Tümer, Ph.D., Professor, Department of Pharmacology & Therapeutics 
 
Dione Brabham                 1:45-2:00 
Spelman College 
Project: “Regulation of endothelial NOS uncoupling through protein-protein 

interactions with Caveolin-1” 
Mentor: Arturo J. Cardounel, Ph.D., Assistant Professor, Department of Physiology &  
  Functional Genomics 
      
Silvia Villalobos                 2:00-2:15 
University of Florida 
Project: “Testing the intensity and co-expression of GFP and Cherry fluorescent 

proteins in a double and identical promoter lentiviral vector in retinal cells”  
Mentor: Susan Semple-Rowland, Ph.D., Professor, Department of Neuroscience 
 
 
Yamil Selman                            2:15-2:30 
University of Florida 
Project: “Novel Approaches to Prostate Cancer Therapy: Manipulating Epigenetics  

and the Tumor Microenvironment” 
Mentor: Kathleen T. Shiverick, Ph.D., Professor, Department of Pharmacology & 

Therapeutics 
 
 
PRESENTATION OF CERTIFICATES              2:30-2:45 
 
STUDENT GROUP PICTURE               2:45-3:00 
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.   
The Role of SMAD4 in the Pulmonary Endothelium in the Pathogenesis of Pulmonary 

Arterial Hypertension 
 

Megan D. Kirven, Florida State University  
Paul Oh, Ph.D., Department of Physiology and Functional Genomics 

 
 
BACKGROUND: Pulmonary arterial hypertension (PAH) is a rare, fatal lung disease that 
affects 2-3 per million individuals each year. The average survival rate after diagnosis is 3 years, 
without the proper treatment. PAH occurs when pulmonary arteries are constantly constricted 
and results in an increase of mean pulmonary arterial pressure (mPAP). This elevated pressure 
leads to vessel wall remodeling and cellular hyperproliferation. This condition can lead to 
volume overload, right heart failure, and even death. The endothelium, the innermost layer of the 
blood vessel, is an important regulator of vasoconstriction and dilation thus plays an important 
role in PAH development. PAH can also occur as a result of genetic mutations.  Genetic 
mutations in BPMR2, ENG, and ALK1 are associated with PAH. These genes are part of the 
Transforming Growth Factor-β (TGF-β) signaling pathway. TGF-β signaling is mediated through 
Smad proteins; all of which work through a common mediator called Smad4. 
 
OBJECTIVE/HYPOTHESIS: To determine whether endothelial Smad4 deletion can 
predispose mice to pulmonary arterial hypertension. 
 
METHODS AND RESULTS: The Smad4 gene was deleted in pulmonary endothelial cells in 
Smad4 conditional knockout mice using the Cre-loxP system. X-gal staining and a null allele 
analysis done via PCR indicated that cre was active and Smad4 was deleted in the mutant, but 
not the control mice. A normal range of right ventricular systolic pressures were observed in the 
mutant and the control mice. The mean for the mutant mice was 26.1 mmHg and the mean for 
the control mice was 25.3 mmHg, which is not pulmonary hypertensive. A western blot analysis 
was done to test whether Smad4 protein was decreased in the mutants, as expected, but results 
were inconclusive.  Immunohistological staining using endothelial specific marker, β-PECAM, 
and smooth muscle cell specific marker, α-SMA, indicated the absence of vascular 
developmental defects in the mutants. 
 
CONCLUSION: We determined that endothelial Smad4 deletion within the lung, alone, may 
not predispose mice to pulmonary arterial hypertension. 
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Caspase-like activity during cell death in choanoflagellates 
Adrian Alexis Ruiz, University of Hartford 

David Julian, Ph.D., University of Florida, Department of Zoology 
 

Background and significance: 
Apoptosis is a form of programmed cell death involved in embryogenesis and cancer development. 

Surprisingly, little is known about its evolution. To better understand this process it was necessary to study the 
closest ancestor to animals: the choanoflagellates. Choanoflagellates are unicellular eukaryotes present in both 
freshwater and marine environments. The marine species Diaphanoeca grandis species, found in cold water 
(10°C) was used to study apoptotic processes. Apoptosis results in the activation of many signalling processes, 
one of the first being the translocation of phospholipid phosphatidylserine (PS) from the inside to the outside 
layer of the plasma membrane. Staining by Annexin V, a phospholipid binding protein, detects these 
translocations and is therefore considered an early indicator of apoptosis. Apoptosis also results in activation of 
caspases, a family of cysteine proteases. Two families of caspase-like proteins, paracaspases and metacaspases, 
have also been identified, but their functions are largely unknown. Recent sequencing of the genome of the 
choanoflagellate Monosiga Brevicollis (King et al., 2008) allowed us to search for caspase and caspase-like 
proteins via a BLAST search. We identified two metacaspases but no caspases or paracaspases The FLICA 
assay is a fluorogenic caspase assay that uses VAD (valine-alanine-aspartate) as an oligopeptide caspase target. 
Preliminary data suggested a dose-dependent increase in PS labeling in D. Grandis after exposure to hydrogen 
peroxide (H2O2), staurosporine and heat stress. However, incubation of D. Grandis with Z-VAD, a caspase 
inhibitor, only prevented some cell death in the cases of H2O2, and staurosporine but not heat stress. It is 
unclear, therefore, whether choanoflagellates have an apoptotic process that is dependent on caspases or 
caspase-like enzymes. 
Hypothesis:  

Increased caspase-like activity will result from increased levels of combined or single stressors in the 
marine choanoflagellate D. grandis. 
Methods: 

D. grandis were exposed to two environmental stressors, temperature (10°C to 25°C) and salinity 
(0.4x to 1.5x  normal seawater) and two chemical cell-death inducers, H2O2 (10-500µM) and staurosporine 
(0.04µM-4µM). Both environmental stressors were combined. Using 96-well plates, all treatments were set up 
and incubated for 24 h except for staurosporine which was incubated for 6 h. Cells were assayed using the 
Caspase-Glo 3/7 assay (Promega, WI, USA), a luminescent assay that measures caspase 3/7 activities. 
Luminescence was monitored for 3 hours using a plate reader. Data were analyzed using a two-factor 
ANOVA, with p < 0.05 considered significant. 
Results: 

Salinity stress significantly affected caspase-like activity (p<0.05) but heat stress did not. H2O2 
increased caspase-like activity in a dose-dependent manner (p<0.01). When hyper-salinity, hypo-salinity and 
heat stress were combined, caspase-like activity was highest in “control” conditions (10°C and 1x salinity). 
However, at 10°C and 1.5x salinity the activity decreased to 57 % of the control value, and at 10°C and 0.4x 
salinity the activity was 42 % of the control. Furthermore, activity increased with increased temperature at 1x, 
1.2x and 1.5 x salinities. 
Conclusions: 
 These data contradict the preliminary FLICA data and indicate that heat stress is not an inducer of 
caspase-like activity in choanoflagellates. However, hydrogen peroxide seems to affect D.Grandis through an 
apoptotic pathway. 
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The Effect of a Previous Pain Experience on Pain Expectation and  
Post Operative Pain of Third Molar Surgery 

Silvia Coronel, University of Florida 
Barbara A. Hastie, Ph.D., Department of Community Dentistry and Behavioral Sciences,  

University of Florida  
 

Background:  Pain is a serious, often mistreated, medical issue that deserves a great deal of attention in 
research because of its profound and increasing prevalence in society today. The International Association 
for the Study of Pain defines pain as an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage. Research in both clinical and 
experimental settings has demonstrated the interaction of these factors by showing an association with  
psychological factors and their potential interaction with anticipation of painful experiences, previous 
pain, and memory of pain (DeViglier et al, 2007; Eccleston et al., 2005; Gedney & Logan, 2005; Linton, 
2005; Maggirias & Locker, 2002) experiences as well as treatment outcome. However, little investigation 
has been conducted on how such factors might influence post-procedural pain in an acute pain setting 
among healthy adults. This study sought to identify prior pain experiences, baseline psychological factors 
and their association with expectation and post-operative pain experience.  The results will hopefully lend 
understanding to the experience of acute pain and the influences of prior pain experience and 
psychological factors on current and future pain and how clinicians might prepare patients for future 
medical treatments that may involve pain. 
Methods:  Participants were recruited from the University of Florida Oral Surgery Clinic and consisted of 
66 healthy, young adults (18-32 years, 60.6% female) who underwent extraction of all 4 third molars. The 
data were collected through an NIH funded study entitled “Ethnic Differences in Acute Pain and 
Analgesic Response.” As part of this sub-project, subjects completed a Health History Questionnaire pre-
operatively which included a pain experiences.   Subjects who recorded previous pain experiences from 
years past were separated from those that did report previous pain experiences The Fear of Pain (FOP) 
questionnaire and Pain Catastrophizing Scale (PCS) questionnaires were completed pre-operatively and 
were analyzed for the score differences of the two groups. Subjects also reported pre-operatively the level 
of pain they expected for their third molar surgery and these ratings were compared between groups. 
Daily Diaries of Post-Operative Pain and Symptoms contained patient recordings of their post-operative 
pain, , symptoms, mood, and pain coping strategies.  These were examined from reports made in the 
hours following surgery and across multiple times for three days post-operatively.  
Results:  The data showed that there were 18 out of 66 participants with previous pain experiences, and 
these were not traumatic events, but typically periodic headaches and lower back pain. Other pain reports 
from years past included rotator cuff pain, nerve pain associated with injury to the coccyx, knee pain, 
toothache, and pleurisy pain. Of those who reported previous painful events, 14 were female and 4 were 
male. Mean values for pre-operative day of surgery expected pain was 74.2 compared to 66.7 for those 
with previous pain experience versus those without a previous pain experience, respectively.  Compared 
to individuals who recorded no prior painful events, those who did report previous pain experiences 
tended to report higher post-operative pain ratings and they also showed higher scores on each of the 
subscales for the FOP and the PCS, specifically in rumination and helplessness.   
Conclusions:  These results showed a relationship of previous pain experiences with pre-operative pain 
expectation prior to third molar surgery as well as with associated post-operative pain. There was also a 
relationship found between previous pain experiences and fear of pain as well as pain catastrophizing, 
suggesting influence of psychological factors on present and future painful events. This is particularly 
noteworthy since previous pain seemed to influence future pain experiences even in this sample of 
healthy young adults. Additional research is necessary in order to gain a better understanding of what 
influences future pain experiences as it appears that even minor pain experiences may have an impact on 
future medical procedures and pain. By gaining better understanding of what influences pain before a 
procedure, it may be possible to design pain treatments based on individualized needs specifically to 
better prepare patients for medical treatments that may result in post-procedural pain. In the long term, 
this may potentially result in a decrease in the burden on the healthcare system to treat post-procedural 
pain by increasing the effectiveness of acute post-procedural pain treatment.   
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MOUSE OBESITY: THE EFFECT OF ENDOGENOUS HORMONES BOMBESIN AND 
CCK ON MC3/4R KO MOUSE FOOD INTAKE 

 
Dennis O. McLeod II1 

Kim Robertson, Neil Rowland, Ph.D.2 
Department of Behavioral Neuroscience, University of Florida, Gainesville, FL 32608, USA 

1Morehouse College, 2University of Florida 
 
 
Introduction: Obesity is a condition that refers to an organism having excess body fat.1 
Canonically, obesity is thought to be a disease that is the result of hormonal imbalances that 
effect energy intake and output.2 Recently, however, obesity has been of interest to 
neuroscientists due to the discovery of neuronal proteins that play a role in ingestion and satiety 
including insulin, glucose, leptin, and ghrelin. All of these have been shown to act on the brain 
melanocortin system to affect food intake.3 In particular, melanocortin receptors 3 and 4 show 
promise as possible neuronal targets for obesity treatment. Obese animals have been shown to 
eat large meals so there is considerable interest in hormones that affect meal cessation; these 
include bombesin and cholecystokinin (CCK). In this study we examined the effect of bombesin 
and CCK on food intake in mice that had genetic deletions of the MC3 and/or MC4 receptors. 
Materials and Methods: The subjects were 5 wild-type mice, 4 heterozygous for MC4R 
deletion, 5 homozygous for MC4R deletion (single knockout, KO), and 6 homozygous for 
detection of both MC3R and MC4R (double KO).  They were housed singly and fed rodent chow 
ad libitum. Mice were given a palatable dessert (“Crunchies”) for CCK and 30min for three days 
prior to experimentation at approximately the same time daily. After intake was stable from day-
to-day, baseline was recorded and the next day mice were administered either CCK or bombesin 
at doses of 6ug/ml or 4ug/ml respectively.  Crunchies were presented about 5 min after injection, 
and intake was recorded as before.  Food intake after treatment was expressed as % of baseline 
for each animal, and group averages then compared statistically.  
Results: Mice showed a difference in food intake when exogenously administered both 
bombesin and CCK. When administered bombesin, both wild-type and heterozygotes showed 
about a 30% decrease in food intake. Both MC4R single knockout and MC3/4R double knockout 
mice showed about a 50% decrease in food intake when compared to control. Under CCK 
administration, both wild-type and heterozygotes showed about a 50% decrease in food intake. 
MC4R single knockout mice showed a 70% decrease in food intake whereas MC3/4R double 
knockout mice showed about a 30% decrease in food intake when compared to control. 
Conclusions: Both CCK and bombesin decrease food intake. To what extent this effect is 
exhibited seems to be contingent upon the MC3/4R mouse genotype. Since the correlations 
observed for CCK are not linear, that is do not intensify as the genotype becomes more MCR 
deficient, but those for bombesin are, it is possible that bombesin plays a stronger role than CCK 
in modulating food intake via the melanocortin system.  
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Generation of the Mouse Monoclonal Antibody TB1-27#2 Directed Against a Peptide 
Sequence of the Human TRIP-Br1 Proto-Oncoprotein 

 
 

Naa Sika Williams - University of Florida 
Dr. Stephen Hsu, MD, PhD - University of Florida, Department of Nephrology 

Dr. Zhijian Zang MD, PhD - PostDoc 
Christopher Fuhrman, MS 

 
Introduction: The TRIP-Br/SERTAD family of novel mammalian transcriptional coregulators 
has been cloned and characterized by our group and others independently. TRIP-Br1 was 
identified as a novel interactor with the PHD zinc fingers and/or bromodomains of a number of 
important transcriptional regulators involved in chromatin remodeling and gene silencing. Our 
studies have demonstrated that TRIP-Br proteins are transcriptional “integrators” that couple 
regulatory signals provided by PHD zinc finger- and/or bromodomain-containing transcriptinoa 
factors with the well defined transcriptional and cell cycle regulatory pathway mediated by E2F-
1/DP-1 and the retinoblastoma gene product (pRB). The majority of the TRIP-Br proteins have 
also been demonstrated to be proto-oncogenes.  
 
Specific Aim: Monoclonal antibodies specifically recognize and bind to a single epitope of a 
target antigen. They are produced and secreted from hybridoma cells that can grow rapidly and 
can be indefinitely propogated in cell culture. Monoclonal antibodies can be used in different 
assays. ELISAs are used to determine if a certain antigen is present in a sample, as well as to 
quantitate antigen concentration. Monoclonal antibodies can also be used to affinity purify their 
target antigens through immunoprecipitation and to immunostain target antigens in cells and 
tissues by immunohistochemical methods. To facilitate the further functional characterization of 
TRIP-Br1 function and its role in cell cycle regulation, gene transcriptional regulation and the 
molecular basis for human tumorigenesis, we sought to generate a mouse monoclonal antibody 
directed against human TRIP-Br1 (hTRIP-Br1). 
 
Methods: In an effort to derive monoclonal antibodies for TRIP-Br1, two peptides, TB1-27 and 
TB1-98, were selected due to their specificity, antigenicity, and their predicted accessibility as 
surface epitodes of the TRIP-Br1 protien, and were used to immunize mice. The serum from 
each mouse was assayed for the ability to recognize the peptides used as immunogens prior to 
isolation of spleens from immunized animals. The spleenocytes were then fused with a myeloma 
cell line to create immortalized hybridomas. The mice immunized with TB1-98 died. Thus, only 
hybridomas from the spleenocytes of the mice immunized with TB1-27 were harvested and 
characterized using ELISA and Western blot (WB) analysis.  
 
Results and Conclusion: Only one hybridoma (designated TB1-27#2) was isolated that secreted 
a monoclonal antibody with the ability to both recognized the TB1-27 peptide coated on ELISA 
plates and to detect a band corresponding to epitope-tagged FLAG-hTRIP-Br1 on WB analysis.  
The TB1-27#2 monoclonal antibody was shown to bind its target epitope with high affinity and 
specificity on both ELISA and WB, as demonstrated by abrogation of antibody binding in the 
presence of an excess of the TB1-27 peptide. The clone TB1-27#2 was found to secrete a 
monoclonal antibody belonging to the IgG2a sub-class associated with kappa-light chains. TB1-
27#2 has been demonstrated to be useful for immunoprecipitation and immunohistochemical 
staining of hTRIP-Br1. TB1-27#2 has recently been commercialized as an affinity purified 
monoclonal antibody distributed by Alexis Biochemicals (Switzerland). 
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Evaluating Cocaine Neurotoxicity in  
Human Neuroblastoma SH-SY5Y Cells 

 
Shakira Edwards 

Dr. Mark S. Gold, MD 
Dr. Firas Kobaissy, PHD 

 
University of Florida McKnight Brain Institute, Department of Psychiatry 

 
 
Introduction: 
 
Cocaine is an addictive drug that is similar to other drugs of abuse, for example, methametaphine 
and MDMA. It is a potent central nervous system stimulant that blocks the reabsorption process 
of dopamine, causing dopamine to accumulate and can lead to continuous stimulation of 
receiving neurons, hence the euphoria effect. Some effects of cocaine on the human body include 
hyperstimulation, mental alertness, heart attacks, chest pain, respiratory failure, strokes and 
seizures. The cell line SH-SY5Y is a third generation neuroblastoma that can form mounds of 
undifferentiated cells that spread differentiated cells into the surrounding area. The goal of the 
research study is to evaluate the neurotoxic effects of cocaine exposure on neuroblastoma SH-
SY5Y cells. 
  
Materials and Methods: 
 
We cultured human neuroblastoma SH-SY5Y cells in medium, and then treated them with 
different concentrations of cocaine during 24 and 48 hour time intervals. We used LDH assay 
concentrations, MTT and Alpha-spectrin analysis for assessment of neurotoxic effects of cocaine 
exposure on these cells. 

 
Results: 
 
After exposing neuroblastoma SH-SY5Y cells to different concentrations of cocaine, we 
observed that cell death occurred. Mainly at higher cocaine concentrations, there was a 
significant change in cell structure and shape. Cell morphology was abnormal and blebbing and 
vacuoles formed. 
 
Conclusions: 
 
Cocaine use can lead to neurotoxic effects on human neuroblastoma SH-SY5Y cells depending 
on the quantity and duration of the drug use. The results of this study will aid in future studies on 
the effects of cocaine on neuronal brain cells and other related studies.  
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Effects of Relaxin on Mouse Inner Medullary Collecting Duct Cells (mIMCD3 cells) production of 
Aquaporins 

 
Bilen Kassu- Valencia Community College 

Dr. Kirk P. Conrad, MD- University of Florida, Department of Physiology and Functional Genomics 
 

Background: 
The degree of hypoosmolality found in pregnancy would normally cause the body to excrete large 

volumes of urine by halting vasopressin (AVP) production, but this is not the case. Previous studies show 
that while the mRNA and protein for Aquaporin 2 (AQP2) increased during pregnancy, the plasma AVP 
concentration in pregnant rats remained the same and was similar to non-pregnant rats1. This study 
suggests that a non-AVP factor may be working independently or in synergy with AVP to increase AQP2 
in collecting duct cells. We hypothesize that relaxin (RLX), a peptide hormone secreted in large amounts 
by the corpus luteum during pregnancy, is this non-AVP factor. RLX increases cyclic adenosine 
monophosphate (cAMP) in various cell types, such as the human monocyte cell line, THP-1. RLX acts 
through a G-protein coupled relaxin receptor 1 (LGR7 also known as RXFP1)2. RLX also binds to other 
receptors, such as the minor relaxin receptor 2 (LGR8 also known as RXFP2), but with a low affinity3.In 
addition, cAMP was increased in HEK293T cells transfected with a plasmid encoding the LGR7 receptor 
upon treatment with relaxin3. AVP similarly utilizes cAMP as an intracellular signaling mediator, and 
thereby increases AQP2 in the collecting duct. Therefore, we hypothesize that there is overlap of the two 
intracellular pools of cAMP generated by AVP and RLX, such that the two hormones synergize to 
increase AQP2 expression and membranous insertion. 

Nephrogenic Diabetes Insipidus is a condition in which the kidneys are unable to respond to 
AVP, a hormone that signals the kidney to conserve water. Thus, NDI patients excrete large volumes of 
dilute urine (polyuria), causing severe dehydration. Many of the inherited forms of NDI result from a V2 
receptor mutation4. If RLX is shown to increase AQP2 expression in collecting duct cells through cAMP 
production, it has the potential to ameliorate the excessive water excretion and hyperosmolality associated 
with some forms of NDI.  
Short Term Aims 

1) Identify which relaxin receptors are expressed in cultured Mouse Inner Medullary Collecting 
Duct (mIMCD3) Cells by RT-PCR. 

2) To identify Aquaporin 2, 3, and 4 expression in the mIMCD3 cells by RT-PCR. 
Long Term Aims 

1) To determine whether relaxin increases cAMP in cultured mIMCD3 cells by ELISA. 
2) To assess whether relaxin increases AQ 2-4 mRNA and measure expression in mIMCD3 cells. 

Overarching Hypothesis: Relaxin increases the expression of Aquaporins in mIMCD3 cells, by 
stimulating cAMP production. 
Methods: mIMCD3 cells were grown in T-75 flasks to 90% confluency in Dulbecco's Modified Eagle's 
Medium (DMEM): F12 (50:50) + 5% FBS + Gentamicin, under conditions of 37 °C and 5% CO2. Total 
RNA was extracted from Cells using 6mls of TRI reagent (Ambion, Inc.) and resuspended in 25 µl RNA 
secure resuspension solution (Ambion, Inc.). Total RNA was analyzed by spectrophotometry and agarose 
gel electrophoresis to determine yield and purity. First strand cDNA was synthesized via Superscript III 
(Invitrogen, Corp). Then PCR was performed to determine the presence of β- actin (housekeeping gene), 
LGR7, LGR8, vasopressin receptor (V2) and Aquaporins 2, 3, and 4. Specific AQP2 , β- actin, LGR7, V2 
, and LGR8 forward and reverse primers were used. 1µl of cDNA and 1µl of each primer was combined 
with 1.5µl of MgCl2, 14 µl of NFW, 5 µl of 5X buffer (Promega), 1 µl of dNTPs, and 0.5 µl of GoTaq 
DNA polymerase in a volume of 25 µl. The desired region of interest was amplified over 30-40 cycles on 
a Thermal Cycler (Eppendorf), consisting of 95°C for 30 seconds, 50-60°C for 1 minute and 72° for 1 
minute, with 95°C for 3 minutes and 72° for 10 minutes as initial denaturation and final elongation steps, 
respectively. Then, the samples were run a 1.5% agarose gel in 0.5 x TBE + 1.5 µL of Ethidium Bromide 
to visualize the PCR products. The positive control for the Aquaporins and V2 receptor was the kidney 
medulla, and that for the relaxin receptors was late gestation mouse cervix. 
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Results: RNA Spec and Gel showed that the RNA extracted from sample mIMCD3 cells was pure and of 
high integrity, respectively. The ratio of the spectrophotometer readings at 260nm and 280nm (A260/A280) 
were between 1.5-1.8, indicating that there was minimal protein contamination in the RNA samples. Also, 
the RNA Gel revealed that 28S band was twice as large as the 18S band, which means that the RNA in 
the samples was of good quality.  
β-actin uniformly across all samples studied. Interestingly, mIMCD3 cells do not appear to express 
Aquaporin 2 and the main relaxin receptor, LGR7. However, mIMCD3 cells do express Aquaporins 3 and 
4, as well as the minor relaxin receptor, LGR8. 
Discussion:   
Given that Aquaporin 2 has already been located in the principal cells of the collecting duct of the kidney 
and the LGR7 receptor has also been located in the papilla of the kidney, the results of this experiment are 
unexpected (L.J Parry, personal communication). However, there are several possible explanations as to 
why the cells did not express Aquaporin 2, and the main relaxin receptor, LGR7. 

1) The cells were isolated and immortalized, which caused the main relaxin, LGR7, not to be 
expressed.  

2) Aquaporin 2 may only be expressed when vasopressin is present in the media (which upregulates 
AQP2). 

Future Experiments with mIMCD3 cells grown in culture  
1) Treat mIMCD3 cells with vasopressin and determine whether vasopressin upregulates AQP2.  
2) Treat mIMCD3 with relaxin and vasopressin determine/compare cAMP response.  
3) Culture cells under conditions of higher extracellular osmolality and test for relaxin receptor and 

Aquaporin 2-4 expression.  
References:  
1) Ohara, Mamiko, Pierre-Yves Martin, Ding-Li Xu, Judy St.John, Timothy A. Pattison, Jin K. Kim, and 
Robert W. Schrier. "Upregulation of Aquaporin 2 Water Channel Expression in Pregnant Rats." Journal 
of Clinical Investigation os 101 (1998): 1076-1083.  
2) Anand-Ivell, Ravinder, Kee Heng, Olaf Bartsch, and Richard Ivell. "Relaxin Signalling in THP-1 Cells 
Uses a Novel Phosphotyrosine-Dependent Pathway." Molecular and Cellular Endocrinology os 272.1-2 
(2007): 1-13. 11 July 2008 <http://www.ncbi.nlm.nih.gov/pubmed/>.  
3) Halls, Michelle L., Ross A. Bathgate, and Roger Summers. "Relaxin Family Peptide Receptors RXFP1 
and RXFP2 Modulate CAMP Signaling by Distinct Mechanisms." Molecular Pharmacology Fast Forward 
os (2006): 214-226. 10 July 2008 <http://www.ncbi.nlm.nih.gov/pubmed/>. 
4) Koeppen, Bruce M., and Bruce A. Stanton. Renal Physiology. 3rd ed. St. Louis: Mosby, Inc, 2001. 1-
252 
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Association of a GNAS Promoter Polymorphism with Cardiovascular 
Response in INVEST and PEAR Trials 

 
Ryan Rodriguez 

Julie Johnson, Ph.D., Taimour Y. Langaee, Ph.D., Yan Gong, Ph.D,  
University of Florida, Department of Pharmacogenomics 

 
Introduction: Hypertension is a multifactorial cardiovascular disease that is treated by various 
treatment modalities.  Despite the numerous antihypertensive drug classes however, response to 
any given drug is only about 50%, and treatment is largely by a trial-and-error format.  Clinical 
literature has elucidated the association of single nucleotide polymorphisms with response to 
certain antihypertensive drugs.  We hypothesize that a G(-1211)A promoter polymorphism in the 
gene GNAS, which codes for the β-adrenergic stimulatory subunit Gsα, is implicated in the 
response to β-blocker antihypertensive treatment. 
 
Materials and Methods: DNA samples of subjects from the INVEST and PEAR studies were 
genotyped using PCR and pyrosequencing.  The outcomes of interest were primary events 
including death, nonfatal MI and nonfatal stroke in the INVEST study; and the response to 
antihypertensive treatment strategy, including changes in SBP, DBP and HR in the PEAR study.  
All populations were found to be in Hardy-Weinberg equilibrium, which was calculated using 
the Chi-Square test.  Baseline characteristics were compared using Chi-Square test or analysis of 
variance, where appropriate.  Odds ratios were compared by using logistic regression and 
adjusted by using prespecified factors and others as indicated by backward selection. 
 
Results: Overall INVEST odds ratios trended toward significance with adjustments.  A dominant 
genetic model showed AA homozygotes to have a 1.49 times greater risk for experiencing a 
primary event than G allele carriers (95% CI 0.94-2.37, p=0.09).  Calculated odds ratios by race 
again trended toward significance in Whites and Hispanics (p=0.16, p=0.17), but not enough 
sample variation was present in Blacks to apply the model.  There was a significant association 
between genotype and baseline DBP.  Among patients untreated upon INVEST entry (n=95), 
GG homozygotes were more likely to have higher DBP than A carriers (92.8 vs. 86.8 mm Hg, 
p=0.004).  In the PEAR study a possible genotype-specific trend was evident in response to 
Atenolol treatment.  In both Blacks and Whites, GG homozygotes always showed a greater 
decrease in home SBP and DBP measurements than A allele carriers.  Comparison tests showed 
nonsignificance (all p>0.12), but the trend was also present in average BP decreases with 
Atenolol addition.  In both INVEST and PEAR studies, Black populations were found to have a 
very low minor allele frequency (%A = 0.12 and 0.03, respectively; reference 0.36), which was 
significantly different from other populations (both Chi-Sqaure < 0.001).  Owing to the low A 
allele frequency in Black populations, a study with greater power would be necessary to 
conclude difference of event outcomes in the INVEST study and BP response between Blacks 
and Whites in the PEAR study. 
 
Conclusions: The GNAS G(-1211)A SNP is not associated with primary events in Blacks, 
Whites, or Hispanics of the INVEST study, but is associated with untreated baseline DBP.  
Furthermore, the GNAS G(-1211)A SNP may be implicated in BP response to β-blocker 
antihypertensive treatment, but more study power is needed. 
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The Role of YC1 in Trabecular Meshwork Cell Function 
 

Jasmine Nicholas, Dillard University 
Dorette Z. Ellis, Ph.D., Department of Pharmacodynamics 

 
 
Background and Significance: Elevated intraocular pressure (IOP) is a major risk factor 
for the development of the blinding disease glaucoma. IOP results from the secretion of 
aqueous humor (AH), by the ciliary processes, and drainage through the trabecular 
meshwork (TM) into the schlemms canal. The TM is thought to be the tissue providing 
the majority of resistance to the outflow of aqueous humor and thus regulates IOP. It is 
thought that ocular hypertension results from a dysfunction or reduction in the TM’s 
ability to properly regulate AH outflow. With this in mind, the management of ocular 
hypertension is focused on increasing AH outflow facility. The gaseous signaling 
molecule nitric oxide (NO) has been shown to decrease IOP by increasing AH outflow 
facility. Recently it has been shown that this effect of NO is mediated through activation 
of soluble guanylate cyclase (sGC), generation of cGMP, activation of protein kinase G 
(PKG), and the Maxi-K ion channel resulting in decreases TM cell volume.  
 
 Hypothesis: The NO-independent sGC-activator YC1 may have a similar effect of NO 
on decreasing TM cell volume, which previous results indicate would increase AH 
outflow.  
      
Methods: Low passage human trabecular meshwork cells were cultured by dissecting the 
eyes then removing the TM strips, digesting TM extracellular matrix, and culturing TM 
strips in DMEM + 10% FBS. Once the cells were grown to confluency, they were then 
ready to be observed using confocal microscopy. Calcein AM was added to the cells and 
were then incubated for 60min to maintain stable baseline of fluorescence. Confocal 
microscope was used to scan monolayer area of cells and capture series of images of the 
cells.YC1 was added to the cells and microscope scanned in 10min intervals while 
capturing images of the cells. NIH ImageJ software was used to calculate cell volume. 
 
Results: We quantitatively demonstrated that the NO-independent sGC activator YC-1 
reduces human TM cell volume through activation of sGC and PKG. These preliminary 
results suggest that NO-independent sGC activators may, in the future, be used in the 
management of ocular hypertension. 
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The Effects of the Chronic Administration of Fentanyl as a Function of Age 
 

Gebreyes Kassu, Drake Morgan PhD 
University of Florida, Department of Psychiatry 

 
Background: 
With advances in healthcare, and the aging of the baby boomers, the number of Americans over 
the age of 65 is supposed to skyrocket from 35 million in 2000 to an estimated 75 million in the 
year 2030. With pain being so common among the elderly and opioids being extremely effective 
painkillers, the use of opioids is predicted to dramatically increase as well. N-(1-(2-phenylethyl)-
4-piperidinyl)-N-phenyl-propanamide or fentanyl for short is an opioid that has been rising in 
use as of late, as it is very potent (50-100 times more potent than morphine) and has less side 
effects when compared to other commonly used opioids like morphine and codeine. However, 
with this increase in use comes a significant increase in abuse, as seen with the 53-fold increase 
in DAWN mentions, a program that reports the number of drug-related emergency room visits. 
Research has consistently shown that the chronic use of opioids can have detrimental effects 
such as impaired cognitive functions, potential for abuse, and interestingly, the ability to develop 
hyperalgesia, an increased sensitivity to pain caused by damage to nociceptors although research 
is inconclusive. This research focuses on the effects of chronic administration of fentanyl to rats 
of various ages, by observing changes in physical performance measures, body composition, and 
body weight due to the administration of fentanyl. 
 
Methods and Results: 
Using Brown Norway x Fischer rats of four different age groups (10, 16, 22, 28 months), we 
obtained baseline measures for locomotor activity, grip strength, and rotarod performance. After 
all baseline data was obtained, animals were divided into two groups, based on the drug they 
would receive: fentanyl or saline. Then, fentanyl or saline pumps were implanted posterior to the 
ribcage, between the subcutaneous and muscle layers. Over the course of four weeks, physical 
performance will be measured, and changes in body weight and body composition will be 
observed. After four weeks of chronic fentanyl administration, the osmotic mini-pumps are 
removed and the rats go through four weeks of withdrawal, and physical performance testing is 
repeated. During the four weeks of chronic fentanyl administration, significant decreases in grip 
strength and rotarod performance were noted among all rats, with the older subjects being 
affected the most. 
 
Conclusion: 
Preliminary data has shown that the chronic administration of fentanyl has a significant effect on 
the physical performance of rats of all ages, but drastic decreases are seen with the oldest (22 and 
28 month-old) rats. In older subjects, differences in body composition can explain fentanyl 
increase in effect. As the subjects aged, there was a noticeable increase in fat composition, and 
the lipophilic fentanyl is attracted to that. Another possibility is that fentanyl’s effects are 
heightened due to reduced elimination of the opioids because of failing liver and kidney 
functions, which heightens concentration of opioids in plasma. In the coming weeks, the fentanyl 
pumps will be removed and withdrawal effects will be measured. 
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Effect of age on 3 day central angiotensin II-induced Oxidative Stress 
 

Michael Edward Rodriguez, University of Texas El Paso 
Nihal Tumer, Ph.D. and Melissa A. Whidden, Ph.D. 

Department of Pharmacology and Therapeutics 
 

 
Background:  Tyrosine hydroxylase (TH) is the rate-limiting enzyme in catecholamine (CA) 
biosynthesis and it has been shown that aged rats possess more TH than young rats.  The 
increased levels of TH with age result in an increase in sympathetic nervous system (SNS) 
activity and this increase ultimately contributes to hypertension, or high blood pressure, one of 
many cardiovascular diseases prevalent in the elderly human population.  It has been shown in 
literature that reactive oxygen species (ROS) production (due in part to NADPH Oxidase- of 
which P47 is a subunit of) as a result of angiotensin II (Ang II) plays a critical role in the 
regulation of SNS activity.  
 
Objective:  Determine whether Ang II-induced oxidative stress in the hypothalamus mediates 
elevated SNS activity and hypertension in aged animals.  
 
Hypothesis:  We hypothesize that Ang II will induce an imbalance between ROS production and 
antioxidant capacity in the hypothalamus and contribute to sympathoexcitation and elevated 
blood pressure in senescence.  
 
Methods:  Young (5 months) and old (27 months) Fischer 344 x Brown Norway rats were 
randomly divided by age into control (untreated) or Ang II (20 ng of Angiotensin II centrally for 
3 days) groups prior to being euthanized.  The hypothalamus and the adrenal glands were 
removed.  Tissues were homogenized via sonication and total protein was determined by the 
Bradford assay.  Specific protein concentrations were determined via Western Blot Technique.  
Statistical analyses were performed via multiple t-tests (2 variable, 2 tail) where p values were 
significant if less than 0.05. 
 
Results:  Ang II in the old rats induced a 24.5% (p= .04) increase in adrenal TH and a 19.5% 
(p=. 02) decrease in hypothalamic TH when compared to Ang II in young rats.  With regards to 
ROS production, Ang II in old animals decreased P 47 by 11.3% (p= .22) when compared to the 
young Ang II injected animals.  Finally, antioxidant capacity was significantly elevated in the 
hypothalamus of aged rats.  Specifically, Ang II in the old animals produced an 8.3% (p= .39) 
increase in catalase, an 84.3% (p= 0.00) increase in MnSOD, and an 18.1% (p= 0.05) increase in 
CuZnSOD.  All statistical results were normalized to the young control group.  
 
Conclusions:  Our results indicate that Ang II produces a significant increase in TH in the 
adrenal glands of aged rats which correlates to previous studies proving SNS activation.  
Furthermore, Ang II exerts an imbalance between ROS production and antioxidant capacity in 
aged animals.  The resultant oxidative stress in aged rats further correlates to SNS activation.  
Therefore, because SNS activation is a precursor to cardiovascular illnesses, future studies are 
needed to elucidate the mechanisms by which Ang II in the elderly contributes to oxidative stress 
so effective treatments may become available to that population.  
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Regulation of endothelial NOS uncoupling through protein-protein interactions with Caveolin-1. 
 

Dione Brabham 
Scott Forbes 
Arthur Pope 

 
Dr. Arturo Cardounel Ph.D., University of Florida, Department of Physiology & Functional Genomics 

 
 
Introduction: NO has been demonstrated to function as a critical effecter molecule in the maintenance of vascular 
function. In the vasculature, NO is derived from the oxidation of L-arginine, catalyzed by the constitutively expressed 
enzyme, eNOS. This endothelial-derived NO diffuses from the vascular endothelium where it activates guanylate cyclase 
leading to smooth muscle cell relaxation. In addition to its role in the maintenance of vascular tone, NO helps to maintain 
the anti-atherogenic character of the vascular wall. NO has been demonstrated to maintain smooth muscle cell quiescence 
and as such, counteracts pro-proliferative agents, specifically those involved in the propagation of atherosclerosis. As 
such, defective NO-mediated, endothelium dependent vasodilation is an early symptom of atherosclerosis and is 
manifested through insufficient NO bioavailability. Several potential causes of this NO deficiency in the hyperlipidemic 
setting have been proposed, among them is NOS uncoupling. Our laboratory, as well as others, have reported that when 
eNOS is depleted of the critical NOS cofactor, tetrahydrobiopterin (BH4), NOS may switch from producing NO to 
superoxide anion. Therefore, a series of cellular studies were carried out in order to evaluate the mechanisms involved in 
eNOS derived superoxide generation.  
 
Materials and Methods: 
Immunoprecipitation: Bovine aortic endothelial cells were depleted of BH4 through the inhibition of GTP cyclohydrolase 
1. Following 24 hours of inhibitor treatment, the cells were collected and homogenized in ice cold homogenization buffer. 
The soluble fraction was then immunoprecipitated with agarose-conjugated anti-eNOS IgG. The immunoprecipitated 
proteins were resolved on 4-12% Bis-Tris-polyacrylamide gels and transferred to a nitrocellulose membrane. After 
blocking with 5% nonfat milk, blots will be probed with specific rabbit anti-Caveolin-1 pAb’s and blots visualized with an 
enhanced chemiluminescence technique. 
EPR spectroscopy:   Bovine aortic endothelial cells were depleted of BH4 through the inhibition of GTP cyclohydrolase 1. 
Following 24 hours of inhibitor treatment, the cells were collected and spin-trapping measurements of oxygen free radical 
generation and NO were performed using a Bruker spectrometer.  For the detection of .O2

-, 10 mM DEPMPO was used.  
The Fe-MGD complex (0.5 mM Fe-5 mM MGD) was used to trap NO.  

 
Results: Results demonstrated that inhibition of GTP cyclohydrolase 1, the rate limiting enzyme in tetrahydrobiopterin 
synthesis, resulted in a >70% decrease in endothelial NOS-derived NO production, suggesting that NOS uncoupling had 
occurred under these conditions. However, subsequent measurement of eNOS-derived superoxide revealed no increase in 
eNOS-dependent superoxide production. Mechanistic studies using immunoprecipitation techniques demonstrated that 
when endothelial cells are depleted of BH4, the affinity of eNOS for Caveolin-1 is increased as evidenced by a 3 fold 
increase in Caveolin-1/eNOS association suggesting that this protein-protein interaction may regulated eNOS derived 
superoxide production.  

 
Discussion: BH4 oxidation and subsequent NOS uncoupling has been implicated in the pathophysiology of 
numerous cardiovascular diseases including hypertension, heart failure, myocardial ischemia and coronary artery 
disease. Although these pathologies are clearly associated with reduced NO bioavailability, questions have been 
raised regarding eNOs as a cellular source of superoxide. In this regard, we have demonstrated that BH4 depletion 
directly results in reduced NO bioavailability independent of an increase in eNOS derived superoxide generation. 
Mechanistic studies suggest that an increase in eNOS-Caveolin1 association may be responsible for preventing 
true NOS uncoupling.   
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Testing the intensity and co-expression of GFP and Cherry fluorescent proteins in a double 
and identical promoter lentiviral vector in retinal cells. 

 
Silvia Villalobos¹, Susan Semple-Rowland, Ph.D.² 

McKnight Brain Institute at the University of Florida Gainesville, FL 32611; (352) 392-3261 
¹University of Florida, ²Department of Neuroscience 

 
 
Introduction: The purpose of my experiment is to determine if the co-expression of two 
fluorescent proteins can be enhanced by a lentiviral vector with two identical promoters of 
rhodopsin kianase (RK). The promoter’s purpose would be to drive the transcription of these two 
different genes coding for the color green (GFP) and red (Cherry). We will be looking for the 
levels of expression from both GFP and Cherry and if it’s a higher expression compared to the 
expression of proteins that did not come from double promoter vectors. These promoters are self-
specific and if they were successfully transduced into retinal cells, the expression would be 
expected to show in rods and cones of the retina. Lenitviral vectors with two genes have 
successfully co-expressed in retinal cells in previous studies in this lab. I hypothesize that the co-
expression of GFP and Cherry will be enhanced and even in both rods and cone.  
 
Materials and Methods: Two vectors will be constructed, one consisting of the double 
promoters, and the fluorescent proteins. The double promoter vector is pFIN-RK-GFP-RK-
Cherry-WPRE. The other promoter is a control consisting of just a backbone with no double 
promoters. These vectors would be packaged and injected into the optic vesicles of developing 
chicken embryos. The day before hatching, the retinas are extracted from the chicken’s eyes and 
examined as whole mounts tissues using fluorescent microscopy.  
 
Results: The vectors were constructed through several steps including restriction enzyme cuts, 
digestions, minipres, PCRs and ligations. Once the desired vector was constructed, it was then 
packaged into the virus and we ran out of time to be able to inject them into the chicken 
embryos. Previous studies show that it is possible to target expression of two proteins to specific 
retinal cell types using lentiviral vectors carrying two independent internal promoters. Here we 
wanted to test if the expression could be enhanced using lentiviral vectors carrying two identical 
promoters RR and RK. Unfortunately, we ran out of time to actually inject them into the 
chickens.  
 
Conclusions: In the future, we will proceed to the next step of injecting the chickens with the 
virus containing pFIN-RK-GFP-RK-Cherry-WPRE. Once the eggs are injected, then they are 
incubated for a few days. After incubation, the chickens are sacrificed a day before hatching and 
their retinas are removed. We will view them as flat mounts under the microscope and check for 
level of expression. The marker for checking of expression for each promoter would be GFP and 
Cherry fluorescent promoters. We can make the basic prediction that the co-expression of GFP 
and Cherry will work because it has worked before. We will also be looking at the level of 
expression and intensity of both proteins in rods and cones only. RK promoter is cell specific to 
rods and cone. If the hypothesis is correct, I am expecting to see an equal expression of GFP and 
cherry in the rod and cones in the flat mount view. These cells would have to appear yellow, a 
combination of GFP and cherry. 
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Novel Approaches to Prostate Cancer Therapy: Manipulating Epigenetics and the Tumor 
Microenvironment 

 
Yamil Selman, University of Florida 

Kathleen T. Shiverick, Ph.D 
Department of Pharmacology and Therapeutics 

University of Florida College of Medicine 
 

 
Background: Prostate cancer prevalence is very high in the United States and is the second leading 
cause of cancer-related deaths in men. Conventional therapies include surgery and radiation 
treatment. We are exploring the roles of tumor microenvironment acidity and epigenetics in prostate 
cancer progression and seek pharmacological methods to supplement current therapies. One current 
target is sulfonamide inhibition of hypoxia-induced, tumor-associated carbonic anhydrase IX (CAIX) 
to disrupt microenvironment acidification. In addition we evaluated the rate of CAIX ectodomain 
shedding, which would interfere with sulfonamide therapy. We also attempted epigenetic re-
expression of silenced pro-apoptotic genes by means of methyltransferase (MTase) and histone-
deacetylase (HDACs) inhibitors, and soy isoflavones. Target pro-apoptotic genes for re-expression 
included PTEN and FOXO3A.   
Methods: PC-3 human prostate adenocarcinoma cells were cultured in DMEM media buffered with 
22mM bicarbonate. Protein expression was determined by SDS-PAGE and Western immunoblot 
assay on whole cell lysates. Acetazolamide (ACZ), chlorzolamide (CZA) and a PEGylated (PEG) 
sulfonamide were used at 100uM concentrations to reduce extracellular acidification and cell growth 
rate in response to 48 hour incubation in 1% O2. Microenvironment acidity was determined by 
electronic pH measurement of PC-3 treated culture media. Post hypoxic cell viability was determined 
by Trypan Blue exclusion assay. CAIX ectodomain shedding was measured by ELISA assay of 
culture media after hypoxic and normoxic incubation. In vitro epigenetic modifiers included the 
MTase inhibitor 5-aza-deoxycytidine (azadC) at 5uM, the HDAC inhibitor Trichostatin A (TSA) at 
300nM, and the soy isoflavone Genistein at 50uM.  
Results: Western blot analysis showed the upregulation of CAIX in response to hypoxia. Hypoxia 
constitutively induces a CAIX-mediated acidification of the culture media and sulfonamide treatment 
at 100uM consistently reduced this acidification. Our previous experiments have shown that 
chlorzolamide significantly decreased the survival of PC-3 cells in hypoxia. ELISA assay showed 
trace amounts of soluble CAIX in normoxic cells and higher amounts of soluble CAIX in hypoxic 
media. Genistein, azadC and TSA were all unable to re-express the silenced PTEN tumor suppressor 
gene. Under the microscope, azadC and TSA both showed some cytotoxicity. AzadC weakly 
increased FOXO3A expression and decreased Cyclin D expression, TSA increased FOXO3A 
expression to a greater degree, and a combination of azadC and TSA significantly increased 
FOXO3A protein expression. 
Conclusions: The ability of sulfonamides to reduce extracellular acidification, cellular resilience 
under stress and overall tumor growth rate highlights the potential therapeutic value of CAIX 
inhibition to prostate cancer therapies. Many chemotherapeutic drugs are weak bases, which are 
neutralized upon exposure to acidic conditions. Sulfonamides may help in preventing this by keeping 
extracellular pH near physiological levels, thereby increasing chemotherapeutic drug delivery and 
potency. Clearly, a drug that would induce PTEN expression would be of great value in oncological 
therapeutics. Our findings that azadC and TSA increase FOXO3A expression in prostate cancer may 
be the first steps in identifying and exploiting epigenetic modification as a potential therapeutic 
target.      
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