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Michigan State University College of Human Medicine (Dean Marsha Rappley)

Platinum Sponsors: $1,000
Michigan State University College of Natural Sciences (Dean R James Kirkpatrick)
Michigan State University College of Osteopathic Medicine (Dean William D
Strampel)
Michigan State University Office of the Provost (Associate Provost for
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Lee Cox and his administrative staff, especially James Poteracki, Kim Crain, Denise
Elwart, and Pamela Brock for donating time and effort toward meeting logistics.
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American Physiological Society
Susan M Barman, PhD – Michigan State University
William H Beierwaltes, PhD – Henry Ford Hospital
Paulo Caceres, PhD – Henry Ford Hospital
Steven Cala, PhD – Wayne State University
Qinghui Chen, PhD – Michigan Technological University
Patrick Dillon, PhD – Michigan State University
Anne Dorrance, PhD – Michigan State University
John J Durocher, PhD – Michigan Technological University
Suzan El Sayad, PhD – Oakland University
Gregory D Fink, PhD – Michigan State University
Robert R Friar, PhD – Ferris State University
Narayanan Parameswaran, PhD – Michigan State University
Sandra Raehtz, MS – Michigan State University
Noreen Rossi, MD – Wayne State University
Linda C Samuelson, PhD – The University of Michigan
Zhiying Shan, PhD – Michigan Technological University
Christopher Westerkamp, PhD – Ferris State University
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Thanks to the following who judged the abstracts to select those giving oral
presentations:
William H Beierwaltes – Henry Ford Hospital
Qinghui Chen – Michigan Technological University
Gregory D Fink – Michigan State University
Patrick Mueller – Wayne State University
Thanks to the following who judged the oral presentations to select the five trainee
award recipients:
Amy Banes-Bercelli – Oakland
John Durocher – Michigan Tech
Pablo A. Ortiz – Henry Ford Hospital
Nara Parameswaran – Michigan State University
Linda Samuelson – University of Michigan
Thanks to the following who judged the poster presentations to select the three trainee
award recipients:
William H Beierwaltes – Henry Ford Hospital
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Anne Dorrance – Michigan State University
Suzan El Sayed – Oakland University
Monica McCullough – Adrian College
Susanne Mohr – Michigan State University
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Suresh Palaniyandi – Henry Ford Hospital
Lori Seischab – Michigan State University
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Jason Carter (Michigan Tech University), MPS President-elect
Qinghui Chen (Michigan Tech University)
Greg Fink (Michigan State University), MPS President
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Special thanks to the Local Planning Group on-site at MSU :
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May 15, 2014 4:00 PM

Michael J. Joyner, MD
Caywood Professor
Department of Anesthesiology, Mayo Clinic
Title: "Chasing Mendel: Integration vs. Reductionism"
Abstract: "Modern" ideas about the heritability of things like human
intelligence and height emerged in the late 1800s as the observations of
Darwin, Galton and Mendel were integrated. In this talk I trace this
heritage to newer ideas that flow from these efforts including the
common disease common gene variant hypothesis and personalized
medicine. Questions about the biological assumptions underpinning these
newer ideas will be highlighted. Is it time for the biomedical research
community to stop chasing Mendel?
Biography: Michael J. Joyner, M.D. is a physician-researcher and one of the world’s leading
experts on human performance, exercise physiology, and autonomic control. Using humans as
his model system, he has made major contributions to understanding muscle and skin blood
flow, blood pressure regulation, autonomic regulation of metabolism and human athletic
performance. His undergraduate (1981) and medical (1987) degrees are from the University of
Arizona, with residency and research training at Mayo. He has held leadership positions at
Mayo Clinic where he was named Distinguished Investigator in 2010. Dr. Joyner’s laboratory
has provided significant educational opportunities for students and trainees, many of whom
have established independent research programs at leading institutions throughout the world.
Dr. Joyner's work has been funded continuously by the NIH since the early 1990s, he has held
important editorial duties for key journals, served as an NIH study section member and he
received numerous national and international awards for his work on human physiology. In
2013, Dr. Joyner was the Walter B. Cannon Award Lecturer at Experimental Biology, the
preeminent lecture awarded by the American Physiological Society.
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Michigan Physiological Society 1st Annual Meeting
Thursday and Friday, May 15 -16, 2014
Union Ballroom, 2nd floor of MSU Student Union
East Lansing MI
Thursday, May 15
2:00 – 3:30 PM

REGISTRATION AND POSTER SETUP (Outside MSU Union Ballroom, 2nd Floor)
(An index by presenting author is on page 23 to see board assignments)

3:30 – 4:00 PM
WELCOME (MSU Union Ballroom)
Gregory D. Fink, PhD, President of the Michigan Physiological Society
Charles "Lee" Cox, PhD, Professor and Chair, Dept of Physiology, MSU
Susan M. Barman, PhD, former President of the American Physiological Society:
“Link between APS and MPS”
4:00 – 5:00 PM
KEYNOTE ADDRESS (MSU Union Ballroom)
Introduction by Erica Wehrwein, PhD
Michael J Joyner, MD; Caywood Professor, Department of Anesthesiology, Mayo Clinic
"Chasing Mendel: Integration vs. Reductionism"
5:00 – 7:00 PM
RECEPTION (MSU Union Ballroom)
Sponsored by Michigan State University College of Human Medicine (Dean Marsha Rappley)
POSTER PRESENTATIONS (Outside MSU Union Ballroom)
Sponsored by Michigan State University Graduate School (Dean Karen Klomparens) and
Oakland University William Beaumont School of Medicine, Department of Biomedical Sciences
(Poster Abstracts are on pages 24 – 43. An index by presenting author is on page 23.)
7:05 PM

LANSING LUGNUTS VS DAYTON (Cooley Law School Stadium)

Friday, May 16
7:00 – 8:00 AM

REGISTRATION/POSTER VIEWING (Outside MSU Union Ballroom, 2nd Floor)

7:30 – 8:00 AM

CONTINENTAL BREAKFAST AND VISIT VENDORS (MSU Union Ballroom)

8:00 – 9:30 AM
ORAL SESSION #1 (MSU Union Ballroom)
Sponsored by Michigan Technological University Graduate School (Dean Jacqueline E Huntoon),
Department of Kinesiology and Integrative Physiology (Chair Jason Carter),
and Department of Biological Sciences (Chair Shekhar Joshi)
(Abstracts are on pages 14 – 16.)
Co-Chairs: Gail Gifford (University of Michigan) and Taehyung Lee (Michigan State University)
8:00 – 8:15:

Paulo S Caceres (Postdoctoral Trainee)
Henry Ford Hospital and Wayne State University School of Medicine
“VAMP3 mediates apical delivery of the renal co-transporter NKCC2 and regulates urinary salt
excretion and blood pressure”
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8:15 – 8:30:

Ida T Fonkoue (Graduate Student Trainee)
Michigan Technological University
“Mental stress and cardiovascular reactivity in humans: a time-dependent response”

8:30 – 8:45:

Jonathan P Rennhack (Graduate Student Trainee)
Michigan State University
“The role of the E2F transcription factor family in HER2+ breast cancer metastasis”

8:45 – 9:00:

Hillary Woodworth (Graduate Student Trainee)
Michigan State University
“Lateral hypothalamic neurotensin neurons regulate locomotor activity and water intake
via the mesolimbic dopamine system”

9:00 – 9:15:

Madhan Subramanian (Postdoctoral Trainee)
Wayne State University School of Medicine
“Rostrocaudal changes in the protein expression of NMDA receptor subunits within the
rostral ventrolateral medulla (RVLM) of sedentary and active rats”

9:15 – 9:30:

Jasdeep Kaur (Graduate Student Trainee)
Wayne State University School of Medicine
“Muscle metaboreflex activation during dynamic exercise evokes epinephrine release
resulting in β2-mediated vasodilation”

9:30 – 9:40 AM

COFFEE BREAK (MSU Union Ballroom)

9:40 – 10:20 AM
BREAKOUT SESSION #1 (Each will last ~40 min and be repeated in Breakout #2)
Sponsored by Michigan State University College of Osteopathic Medicine (Dean William D Strampel)
a. Physiology Outreach/PhUn Week Activities (MSU Room, 3rd floor)
Chair: James Poteracki (MSU)
Assistants: A select group of exceptional MSU Physiology Outreach Volunteers
b. Active Learning Strategies (Lake Michigan Room, 3rd floor)
Chair: David Rodenbaugh (Oakland University)
Panelists: Monica McCullough (Adrian College); Adele Denison (MSU); Erica Wehrwein (MSU)
c. Career Development (MSU Union Ballroom)
Co-chairs: Jason Carter (Michigan Tech) and Chris Westerkamp (Ferris State)
Panelists: Stephanie Watts (MSU); Pat Mueller (Wayne State); Melissa Bowlin (UM-Dearborn);
Noreen Rossi (Wayne State)
10:25 – 11:10 AM

BREAKOUT SESSION #2
Sponsored by Michigan State University Office of the Vice President
(Stephen Hsu, Vice President for Research and Graduate Studies)

a. Physiology Outreach/PhUn Week Activities (MSU Room, 3rd floor)
Chair: James Poteracki (MSU)
Assistants: A select group of exceptional MSU Physiology Outreach Volunteers
11

b. Active Learning Strategies (Lake Michigan Room, 3rd floor)
Chair: David Rodenbaugh (Oakland University)
Panelists: Monica McCullough (Adrian College); Adele Denison (MSU); Erica Wehrwein (MSU)
c. Career Development (MSU Union Ballroom)
Co-chairs: Jason Carter (Michigan Tech) and Chris Westerkamp (Ferris State)
Panelists: Stephanie Watts (MSU); Pat Mueller (Wayne State); Melissa Bowlin (UM-Dearborn);
Noreen Rossi (Wayne State)
11:10 – 11:15 AM

BRIEF INTERMISSION

11:15 AM – 12:45 PM ORAL SESSION #2 (MSU Union Ballroom)
Sponsored by Michigan State University College of Natural Sciences (Dean R James Kirkpatrick)
(Abstracts are on pages 17 – 19.)
Co-Chairs: Nicole Fletcher-King (Wayne State) and Morton H. Harwood (Michigan Tech)
11:15 – 11:30: Maryetta D Dombrowski (Graduate Student Trainee)
Wayne State University School of Medicine
“Cardiovascular responses to disinhibition of rostral ventrolateral medulla (RVLM)
following unilateral RVLM blockade in sedentary or physically active, sinoaortic denervated rats”
11:30 – 11:45: Ankita B Jaykumar (Graduate Student Trainee)
Henry Ford Hospital
“Real time monitoring of NKCC2 endocytosis by total internal reflection fluorescence (TIRF)
microscopy”
11:45 – 12:00: Sophia Y Lunt (Postdoctoral Trainee)
Michigan State University
“Altered sugar metabolism of cancer cells supports synthesis of DNA precursors”
12:00 – 12:15: Elise S Demitrack (Postdoctoral Trainee)
The University of Michigan
“Notch regulates gastric antral LGR5+ stem cells to control epithelial cell homeostasis”
12:15 – 12:30: Isola AM Brown (Graduate Student Trainee)
Michigan State University
“Enteric glial nitric oxide potentiates P2X7R-mediated neuron death”
12:30 – 12:45: Derrick J Feenstra (Graduate Student Trainee)
Michigan State University
“The role of interleukin-1α in hyperglycemia-induced caspase-1 activation and cell death in
Müller cells”
12:45 – 1:15 PM

BUFFET LUNCH AND VISIT VENDORS (MSU Union Ballroom)

1:15 – 1:30 PM

ADVOCACY SESSION (MSU Union Ballroom)
JR Haywood, PhD
Professor and Assistant Vice President, Office of Regulatory Affairs, MSU
President-elect of FASEB
“Be an advocate for science funding”
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1:30 – 3:00 PM

ORAL SESSION #3 (MSU Union Ballroom)
Sponsored by Michigan State University Office of the Provost
(Associate Provost for Undergraduate Education & Dean of Undergraduate Studies Douglas Estry)
(Abstracts are on pages 20 – 22.)

Co-Chairs: Erica Sheller (University of Michigan) and Naama Sleiman-Mahmoud (Wayne State University)
1:30 – 1:45:

Maxwell T Laws (Undergraduate Student Trainee)
Wayne State University School of Medicine
“Physical (in)activity-induced changes in tonic excitation and inhibition in the rostral
ventrolateral medulla (RVLM)”

1:45 – 2:00:

Andrew Chapp (Graduate Student Trainee)
Michigan Technological University
“Ethanol metabolite increases activity of rostral ventrolateral medulla projecting central nucleus
of amygdala (CEA-RVLM) neurons and requires activation of local NMDA receptors”

2:00 – 2:15:

Nadia Ayala-Lopez (Graduate Student Trainee)
Michigan State University
“ASP+ reveals potential function of the serotonin transporter in perivascular adipose tissue”

2:15 – 2:30:

Vishal R Mali (Postdoctoral Trainee)
Henry Ford Health System
“Impaired aldehyde dehydrogenase 2 activity contributes to cardiac damage and dysfunction by
inhibiting mitochondrial respiration in hyperglycemic rats”

2:30 – 2:45:

Paulo W Pires (Postdoctoral Trainee)
Michigan State University
“Antihypertensive therapy reduces myogenic tone and increases the resting diameter of cerebral
penetrating arterioles in hypertensive rats”

2:45 – 3:00:

Vanesa D Ramseyer (Postdoctoral Trainee)
Wayne State University School of Medicine
“Vacuolar protein sorting-associated protein 13c: a novel player in brown adipocyte lipid
metabolism”

3:00 – 3:15 PM

GROUP PICTURE (MSU Union Ballroom)

3:15 – 3:45 PM

BUSINESS MEETING & AWARDS PRESENTATION (MSU Union Ballroom)
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ORAL SESSION #1 ABSTRACTS
VAMP3 MEDIATES APICAL DELIVERY OF THE RENAL CO-TRANSPORTER NKCC2 AND REGULATES URINARY SALT
EXCRETION AND BLOOD PRESSURE
Paulo S. Caceres1,2, Mohammed Z. Haque1, Pablo A. Ortiz1,2
1
Hypertension and Vascular Research, Henry Ford Hospital, Detroit, MI; 2Department of Physiology, Wayne State
University, Detroit, MI.
In the kidney, exocytic delivery of the co-transporter NKCC2 to the apical membrane of the Thick Ascending
Limb (TAL) is required for NaCl absorption and control of blood pressure. We found that the vesicle fusion
protein VAMP3 interacts with NKCC2. Whether VAMP3 mediates exocytic delivery of NKCC2 to the apical
membrane is unknown. We hypothesize that VAMP3 mediates NKCC2 exocytic delivery and maintains renal
NaCl excretion and blood pressure. We studied NKCC2-VAMP3 co-localization at the apical surface in primary
cultures by confocal microscopy. We silenced VAMP3 in vivo in rat kidneys, via adenovirus-delivered shRNAs and
measured NKCC2 exocytic delivery by surface biotinylation in TALs. We observed that NKCC2 distributed in
discrete clusters at the apical surface of TALs and 36±6% of these clusters co-localized with surface VAMP3.
Silencing VAMP3 did not affect VAMP2, 7 or 8 expression but blocked the rate of NKCC2 exocytic delivery by
91±6% (p<0.05) and decreased total NKCC2 expression by 59±8% (p<0.05). To study the role of VAMP3 in vivo,
we measured urinary Na (UNa) excretion and blood pressure in VAMP3 knockout (KO) mice. VAMP3 KOs
exhibited a 44±12% reduction in NKCC2 expression (p<0.05), elevated UNa excretion (wild type: 251±11 vs
VAMP3 KO: 294±13 µmol/day, p<0.05) and lower systolic arterial pressure (WT: 114±2 vs VAMP3 KO: 95±2
mmHg, p<0.05). We conclude that VAMP3 co-localizes with NKCC2 at apical clusters in TALs, maintains NKCC2
expression and apical delivery to the surface thereby influencing renal Na excretion and blood pressure.
MENTAL STRESS AND CARDIOVASCULAR REACTIVITY IN HUMANS: A TIME-DEPENDENT RESPONSE
1

1

1,2

1

Ida T. Fonkoue , Michelle E. King , John J. Durocher & Jason R. Carter
1
2
Department of Kinesiology and Integrative Physiology, Michigan Technological University, Houghton, MI; Department of
Biological Sciences, Michigan Technological University, Houghton, MI
Cardiovascular reactivity (CVR) to acute laboratory mental stress (MS) has been extensively studied as a potential predictor
of future cardiovascular risk, but length of MS trial can vary widely across studies. We hypothesized that CVR would be
different between short (1 min) versus longer (3 and 5 min) MS trials, but that within-subject reactivity would be correlated.
We recorded heart rate (HR) and beat-to-beat blood pressure reactivity to 1 min, 3 min and 5 min mental arithmetic in 21
subjects (age, 20±3 yrs, 10 men and 11 women). Mean arterial pressure (MAP) reactivity to 1min of MS (∆6±1 mmHg) was
blunted compared to 3 min (∆11±1 mmHg; p˂.001) and 5 min (∆11±1 mmHg; p˂.001) of MS. In contrast, HR reactivity to 1
min of MS (∆21±2 beats/min) was augmented compared to 3 min (∆17±2 beats/min; p<.01) and 5 min (∆17±2 beats/min;
p<.01) of MS. Intraclass correlation (ICC) demonstrated strong reliability across trials for both HR reactivity (Cronbach’s α
=.880; p<0.001) and MAP reactivity (Cronbach’s α =.674; p=.001). When probed for sex differences, HR reactivity was
consistent across trials in both men and women (Cronbach’s α =.857 and .906, respectively; p<0.001). In contrast, MAP
reactivity was consistent across trials in women (Cronbach’s α=.818; p=.001), but violated reliability model assumptions in
men (p=.91). This sex difference likely contributed to the higher group reliability with HR reactivity when compared to MAP
reactivity. In conclusion, our findings demonstrate that CVR to acute MS is time-dependent, but that CVR “responders” for
shorter MS trials appear to remain “responders” for longer trials. The observed sex differences in MAP reactivity warrant
further study, and might relate to recently reported sex differences in sympathetic neural vascular transduction during
mental stress between men and women (Yang et al., Am J Physiol Heart Circ Physiol, 2013).
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THE ROLE OF THE E2F TRANSCRIPTION FACTOR FAMILY IN HER2+ BREAST CANCER METASTASIS
Rennhack JP, Andrechek ER
Michigan State University, Dept of Physiology, East Lansing, MI
Tumor metastasis is the primary cause of death in the majority of breast cancer patients. Understanding what drives
metastasis of the primary tumor is critical in order to develop therapies to block metastasis. In a particularly prevalent type
of breast cancer, HER2+ breast cancer, we noted that the E2F family of transcription factors was highly active using
computation methods. To test the bioinformatics hyopothesis that E2Fs are critical to HER2+ breast cancer, we knocked
out the activator E2Fs in a mouse model of HER2+ breast cancer and noted a significant delay in tumor onset. Importantly,
we noted that loss of specific E2Fs vastly reduced metastasis in this tumor model. The focus of this study is to identify the
E2F regulated mechanisms that mediate tumor metastasis. Five target genes, Col1a1, CHAD, MMP2, TSPAN1, and TSG101
were identified as top candidates through bioinformatic screens. Interestingly, in human breast cancer Col1a1 and CHAD
were identified to be amplified in 25% of HER2+ patients. Cancer patients with co-amplification of these genes had tumors
that were significantly more metastatic. Consistent with the human results, a reduction in copy number of Col1a1 and
CHAD in the less metastatic E2F knockout mice was identified. This has lead to the conclusion that the E2Fs are acting to
up-regulate metastasis related genes at both the DNA and RNA level in HER2+ breast cancer patients. This is currently
being tested in vitro and in silico.
LATERAL HYPOTHALAMIC NEUROTENSIN NEURONS REGULATE LOCOMOTOR ACTIVITY AND WATER INTAKE VIA THE
MESOLIMBIC DOPAMINE SYSTEM
1

1

2

1

1

1

Hillary Woodworth , Hannah Batchelor , Juliette Brown , Raluca Bugescu , Janaan Meyers , Gina M. Leinninger ;
1
2
Department of Physiology, Michigan State University; Department of Pharmacology and Toxicology, Michigan State
University
The lateral hypothalamic area (LHA) acts in concert with midbrain dopamine (DA) neurons to modulate the motivation to
move, drink or feed, and these adaptive behaviors regulate energy balance. We hypothesized that LHA neurons expressing
the neuropeptide neurotensin (Nts) regulate distinct DA-mediated circuits and behaviors to contribute to energy balance.
We previously demonstrated that LHA Nts neurons project into the midbrain and regulate DA neurons that co-express
neurotensin receptor 1 (NtsR1). We therefore examined the projections of midbrain NtsR1 neurons by injecting a cremediated anterograde tract tracer into the midbrain of transgenic NtsR1Cre mice. We found that midbrain NtsR1 neurons
synapse within the ventral striatum, including the nucleus accumbens and olfactory tubercle, which are important sites for
modulating motivated intake and locomotor activity. To determine if the LHA Nts neuronal circuit regulates DA-mediated
behaviors we utilized the D3q Designer Receptor Activated Exclusively by Designer Drugs (DREADD) system to selectively
activate LHA Nts neurons. We injected an AAV that mediates the cre-dependent expression of the D3q-DREADD into the
LHA of Ntscre mice, permitting the selective activation of LHA Nts neurons in response to the DREADD ligand, clozapine-Noxide (CNO). Acute activation of LHA Nts neurons with CNO increased water intake and locomotor activity, but not chow
intake in sated animals. Further, action via the LHA Nts neuronal circuit increased the expression of cFos (a marker of
neuronal depolarization) in the ventral striatum. Collectively, these data suggest that LHA Nts neurons modulate
mesolimbic DA circuits to promote locomotor activity and water intake, and thus regulate adaptive behaviors that impact
energy balance.
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ROSTROCAUDAL CHANGES IN THE PROTEIN EXPRESSION OF NMDA RECEPTOR SUBUNITS WITHIN THE ROSTRAL
VENTROLATERAL MEDULLA (RVLM) OF SEDENTARY AND ACTIVE RATS
Madhan Subramanian and Patrick J Mueller
Department of Physiology, Wayne State University, School of Medicine, Detroit, MI 48201, USA
Physical inactivity is a significant risk factor for cardiovascular disease, the leading cause of death in the United States.
Inactive animals have increased splanchnic sympathetic nerve activity under resting conditions and also after glutamatergic
activation of the RVLM. The mechanisms contributing to enhanced inactivity-induced sympathoexcitation are unknown. We
hypothesized that sedentary conditions increase glutamate receptor-mediated excitation in the RVLM via increased NMDA
receptor expression, particularly in rostral compared to caudal regions of the RVLM. To test this, male Sprague Dawley rats
remained sedentary or exercised voluntarily on running wheels for 14-16 weeks. Brainstems were cryosectioned and the
RVLM was micropunched bilaterally and pooled into caudal and rostral regions relative to the caudal pole of the facial
nucleus. Western blot analyses (n=4 per group) revealed that the protein expression of both NR2B and NR2D receptor
subunits were significantly higher in rostral compared to caudal levels of the RVLM within active animals; whereas their
expression were significantly lower in rostral compared to caudal levels of the RVLM within sedentary animals. Further,
NR2D was significantly increased in caudal and decreased in rostral regions of the RVLM in sedentary versus active animals.
In conclusion, NMDA subunit expression varies across the rostrocaudal extent of the RVLM and increased NR2D expression
in caudal regions of the RVLM suggest a functional role for NMDA receptors in contributing to enhanced
sympathoexcitation. Reduced expression in rostral regions may compensate for increased dendritic branching observed in
rostral levels of RVLM in sedentary animals. (HL096787)

MUSCLE METABOREFLEX ACTIVATION DURING DYNAMIC EXERCISE EVOKES EPINEPHRINE RELEASE RESULTING IN Β2MEDIATED VASODILATION
1,2

1,2

1

1,2

1,2

Jasdeep Kaur , Marty D. Spranger , Robert L. Hammond , Abhinav C. Krishnan , Alberto Alvarez , Robert A.
1,2
1,2
Augustyniak and Donal S. O’Leary
1
2
Department of Physiology, Wayne State University School of Medicine, Detroit, MI; Cardiovascular Research Institute,
Wayne State University School of Medicine, Detroit, MI
Muscle metaboreflex-induced increases in mean arterial pressure (MAP) during submaximal dynamic exercise are mediated
principally by increases in cardiac output. To what extent, if any, the peripheral vasculature contributes to this rise in MAP is
debatable. In several studies we observed that in response to muscle metaboreflex activation (MMA; induced by partial
hindlimb ischemia), small but significant vasodilation occurred within the non-ischemic vasculature (termed non-ischemic
vascular conductance; NIVC). We hypothesized that these increases in NIVC may stem from a metaboreflex-induced release
of epinephrine (Epi) resulting in β2-mediated dilation. We measured NIVC and arterial plasma Epi levels in chronically
instrumented dogs during rest, mild exercise (3.2 kph) and MMA before and after β-blockade (propanolol; 2 mg/kg), αblockade (prazosin; 50 µg/kg) and α+β-blockade. Both Epi and NIVC increased significantly from exercise to MMA: 81.9 ±
18.6 to 141.3 ± 22.8 pg/ml and 33.8 ± 1.5 to 37.6 ± 1.6 ml/min/mmHg, respectively. These metaboreflex-induced increases
in NIVC were abolished after β-blockade (27.6 ± 1.8 to 27.5 ± 1.7 ml/min/mmHg) and potentiated after α-blockade (36.6
±2.0 to 49.7 ±2.9 ml/min/mmHg) while α+β-blockade also abolished any vasodilation (33.7 ± 2.9 to 30.4 ±
1.9ml/min/mmHg). We conclude that MMA at mild exercise induces epinephrine release causing β2-mediated vasodilation.
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ORAL SESSION #2 ABSTRACTS
CARDIOVASCULAR RESPONSES TO DISINHIBITION OF ROSTRAL VENTROLATERAL MEDULLA (RVLM) FOLLOWING
UNILATERAL RVLM BLOCKADE IN SEDENTARY OR PHYSICALLY ACTIVE, SINOAORTIC DENERVATED RATS
Dombrowski M.D., Azar T.A., and Mueller P.J.
Department of Physiology, Wayne State University School of Medicine, Detroit, Michigan
Unilateral inhibition of the RVLM following baroreceptor/sinoaortic denervated (SAD) leads to dramatic decreases in
arterial pressure (AP) and sympathetic nerve activity (SNA), and demonstrates the importance of the arterial baroreflex to
resting AP. Following SAD, a strong GABAergic input to RVLM persists and likely suppresses the activity of the RVLM in the
absence of baroreceptor input. However, whether this inhibition is influenced by sedentary versus active conditions is
unknown. This study was aimed at testing the hypothesis that inhibition of one RVLM in SAD rats would result in enhanced
baroreceptor-independent GABAergic input in the remaining RVLM, and that this input would be greater in sedentary
compared to active rats (9-15 wks wheel running). In Inactin-anesthetized animals, mean arterial pressure (MAP) and
splanchnic SNA (SSNA) were recorded following surgical SAD. Following inhibition of one RVLM (muscimol 2mM, 90nl),
bicuculline (5mM, 90nl) was microinjected into the remaining RVLM. There was no significant difference in basal AP (71±7
vs 70±7 mmHg) or peak MAP (111±7 vs 96±7 mmHg) after Bic between groups, respectively. However, peak SSNA
responses were significantly greater in SEDs compared to the WRs (2.43±0.016 vs 0.073±0.015mV.s; p<0.05). Basal SSNA
was not different (1.37±0.016 vs 5.11±0.015 mV.s.). Thus, in the absence of baroreceptor input, MAP and SSNA are
significantly reduced likely due to strong baroreceptor-independent inhibitory input to the intact RVLM. Importantly, this
baroreceptor-independent input appears to be altered by sedentary versus physically active conditions and may provide a
compensatory mechanism for increased SNA under sedentary conditions. (HL096787)

REAL TIME MONITORING OF NKCC2 ENDOCYTOSIS BY TOTAL INTERNAL REFLECTION FLUORESCENCE (TIRF) MICROSCOPY
Jaykumar A.B, Caceres P.S, Sablabam I, Ortiz P.A.
Department of Internal Medicine, Division of nephrology and Hypertension and Vascular Research Division, Henry Ford
Hospital, Detroit, MI 48202.
The apical Na-K-2Cl cotransporter NKCC2 mediates NaCl reabsorption by the thick ascending limb (TAL). The amount of
NKCC2 at the apical membrane of TALs is determined by dynamic endocytosis from the apical membrane mediated by
clathrin and lipid rafts. However, the time resolution of previous methods used to measure endocytosis was low (5 min),
and internalization of NKCC2 containing vesicles not measurable. We hypothesize that TIRF microscopy imaging of
fluorescently labeled apical NKCC2 would allow us to monitor its endocytosis in real-time. We transduced polarized MDCK
cells (in Transwell filters) with an N-terminus GFP-tagged NKCC2 using adenoviruses. Surface biotinylation confirmed
targeting of mature GFP-NKCC2 (≈190 kDa) to the apical membrane. To selectively label NKCC2 at the apical surface we
generated NKCC2 containing a biotin acceptor domain of 16 aa between one of the extracellular loops. Once expressed in
MDCK cells, we specifically biotinylated surface NKCC2 with recombinant biotin ligase. Labeling apical NKCC2 with
streptavidin-AlexaFluor allowed us to monitor single endocytic events and apical surface NKCC2 distribution in real-time. In
the absence of biotin ligase we did not observe labeling, indicating specificity for NKCC2 labeling. The overall rate of
constitutive NKCC2 endocytosis was 1.2±0.1 % per minute (n=6). In MDCK and TAL cells most apical NKCC2 was located
within small discrete domains that exhibited little lateral movement. We conclude that TIRF microscopy of labeled NKCC2
allows the imaging of individual endocytic events at the apical membrane.
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ALTERED SUGAR METABOLISM OF CANCER CELLS SUPPORTS SYNTHESIS OF DNA PRECURSORS
1,2

1,3

1

1

2

1

Sophia Y. Lunt , Vinayak Muralidhar , Gary Bellinger , Paula N. Marín Acevedo , Lauren Newhouse , Kali Xu , Gregory
4
2
4,5,6
1,7
Stephanopoulos , Eran R. Andrechek , Sarah-Maria Fendt , Matthew G. Vander Heiden
1

Koch Institute for Integrative Cancer Research, Massachusetts Institute of Technology, Cambridge, MA
3
Department of Physiology, Michigan State University, East Lansing, MI 48824, USA; Harvard-MIT Health
4
Technology Division, Harvard Medical School, Boston, MA 02115, USA; Department of Chemical
5
Massachusetts Institute of Technology, Cambridge, MA 02139, USA; Vesalius Research Center, VIB, Leuven,
7
Leuven, Department of Oncology, Leuven, Belgium; Dana-Farber Cancer Institute, Boston, MA 02115, USA.
2

02139, USA;
Sciences and
Engineering,
6
Belgium; KU

Cancer cells rely on an altered sugar metabolism, known as the Warburg effect, to generate energy and supply the building
blocks for tumor growth. While the Warburg effect forms the basis for PET scanning to diagnose and stage many cancers,
we do not fully understand this fundamental metabolic difference and therefore have not exploited it for cancer therapy.
We tested the hypothesis that differential isoform expression of a central metabolic enzyme, pyruvate kinase, contributes
to the altered sugar metabolism and proliferation observed in pancreatic cancer cells. Pancreatic cancer cells were derived
from Kras mutant mice that develop pancreatic cancer. Metabolic pool sizes and fluxes were probed using 13C-labeled
precursors and mass spectrometry. Cell proliferation, protein expression, and cell cycle analysis were determined using
standard techniques. Statistical analysis was completed using an unpaired two-tailed t-test (reported mean ± SEM). We
found that expressing the wrong isoform of pyruvate kinase stops cell proliferation (4.5 ± 0.3 vs. 0.1 ± 0.3 population
doublings) and decreases DNA synthesis (12.2 ± 2.9 vs. 1.4 ± 1.0 percent of cells incorporating 5-ethynyl-2´-deoxyuridine).
Additionally, sugar incorporation into biosynthetic precursors decreases (54.1 ± 1.1 vs. 29.3 ± 8.5 percent of glucose carbon
incorporated into DNA precursor uridine monophosphate). We find that differential pyruvate kinase isoform expression
can stop cell proliferation by decreasing sugar contribution to metabolic pathways necessary for synthesis of DNA
precursors and progression through the cell cycle. This work reveals altered metabolic dependencies of cancer cells that
can be exploited for effective cancer therapy.
NOTCH REGULATES GASTRIC ANTRAL LGR5+ STEM CELLS TO CONTROL EPITHELIAL CELL HOMEOSTASIS
1

1

1,2

Elise S. Demitrack , Gail B. Gifford , and Linda C. Samuelson .
1
2
Departments of Molecular & Integrative Physiology and Internal Medicine , The University of Michigan, Ann Arbor, MI
The Notch signaling pathway regulates gastric epithelial cell proliferation; it is unknown how Notch functions in gastric stem
cells. Here we used mouse models of pathway inhibition and activation to investigate Lgr5+ antral stem cell regulation by
Notch. Lgr5-GFP-CreERT2 mice were treated with the gamma-secretase inhibitor (GSI) DBZ to globally block Notch and
antral Lgr5+ stem cell proliferation was measured by GFP/Ki67 co-immunostaining. Pathway activation was studied in Lgr5GFP-CreERT2; Rosa26-floxedSTOP-NICD (Lgr5; ROSANICD) mice. Stem and differentiated cell markers were analyzed by qRTPCR and immunohistochemistry. In some experiments, the ROSAConfetti reporter was included to examine stem cell
dynamics. Notch inhibition with DBZ significantly reduced Lgr5+ stem cell proliferation and increased differentiation of
mucous and endocrine cell lineages compared to control animals. In contrast, Notch activation in Lgr5; ROSANICD mice
resulted in increased stem cell proliferation and a reduction in epithelial cell differentiation. Strikingly, Notch activation
induced antral gland fission, potentially due to increased stem cell numbers. Imaging of antral tissue sections from Lgr5;
ROSAConfetti; ROSANICD mice revealed a significant increase in the number of monoclonal gland patches compared to
control, suggesting an acceleration of monoclonal conversion in Notch-activated stomach, as well as the expansion of
Notch-activated Lgr5+ stem cells. Finally, chronic Notch activation for 6-12 months induced hyperplastic antral polyps with
increased expression of stem cell markers and Notch pathway components and target genes. These data suggest that Notch
activation increases stem cell number leading to tissue hypertrophy and tumor development, highlighting the role of
dysregulated Notch in promoting gastric neoplasm.
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ENTERIC GLIAL NITRIC OXIDE POTENTIATES P2X7R-MEDIATED NEURON DEATH
1,4

2,3,4

Isola A.M. Brown and Brian D. Gulbransen
1
2
3
Pharmacology & Toxicology Graduate Program , Neuroscience Program and Department of Physiology , Center for
4
Integrative Toxicology , Michigan State University, East Lansing, MI 48824
Enteric neuron death causes gut dysfunction in inflammatory bowel disease (IBD). Activation of neuronal P2X7 receptors
(Gulbransen et. al. 2012) and oxidative stress (Abdo et. al. 2010) promote enteric neuron death. Yet, the source of oxidative
stressors and how oxidative stress influences P2X7 activation in inflammation remain unclear. One potential source of
oxidative stress is the enteric glial enzyme, inducible nitric oxide synthase (iNOS), which is upregulated in colitis (Green et.
al, 2004). We hypothesize that NO produced by glial iNOS potentiates P2X7-mediated neuron death. We tested our
hypothesis using the 2,4-dinitrobenzene sulfonic acid in vivo model of colitis and an in situ model of P2X7-driven neuron
death. We used the ratio of oxidized/reduced glutathione as an indicator of oxidative stress. We modulated iNOS activity
and NO with the drugs 1400W (iNOS inhibitor) and PAPA NONOate (NO donor) and evaluated neuron survival and iNOS
expression using immunohistochemistry. We find that glial oxidative stress is increased in inflamed animals (p<0.0001) and
that glial NO production increases during colitis (p<0.05) with no change in glial iNOS expression. P2X7-mediated neuron
death in situ is protected against with 1400W (p< 0.05) and potentiated by PAPA NONOate. In conclusion, our results
suggest that enteric glia contribute to P2X7-mediated neuron death in IBD through NO-dependent mechanisms.
THE ROLE OF INTERLEUKIN-1Α IN HYPERGLYCEMIA-INDUCED CASPASE-1 ACTIVATION AND CELL DEATH IN MÜLLER CELLS
1

2

1

D.J. Feenstra , P. Jayaguru1, C.A. Dinarello , and S. Mohr
1
2
Michigan State University, Department of Physiology, East Lansing, MI, USA; University of Colorado Denver, Division of
Infectious Diseases, Aurora, CO, USA
Inflammation mediated by interleukin-1β (IL-1β)/IL-1 receptor plays a key role in the progression of diabetic retinopathy.
Müller cells are the main source of IL-1β contributing to retinal inflammation in diabetes. We tested the hypothesis that
another pro-inflammatory cytokine, IL-1α, acts through the same receptor as IL-1β to exert similar effects and plays
significant role in hyperglycemia-induced inflammation. Isolated primary human Müller cells were treated with normal
(5mmol/l) or high (25mmol/l) glucose in the presence or absence of a specific monoclonal anti-human anti-IL-1α antibody
(10μg/ml). After 96 hours of treatment, caspase-1 activity was measured and cell death was determined using Trypan Blue
exclusion method. Statistical analysis was completed using one-way ANOVA and Tukey’s posthoc analysis. Nuclear
localization of IL-1α was determined using immunohistochemistry (IHC). At 48 hours of high glucose treatment, IL-1α was
predominantly cytosolic. At 96 hours of high glucose treatment, there was a significant, 3-fold increase in IL-1α levels in the
nucleus. Western Blot analysis of nuclear fractions confirmed increased nuclear localization of IL-1α at 96 hours. Anti-IL-1α
treatment led to an 87±13.5% decrease in caspase-1 activity and 76±14% decrease in cell death in Müller cells treated with
high glucose. This indicates hyperglycemia alters cellular localization of IL-1α in Müller cells. Additionally, we have shown
that under hyperglycemic conditions IL-1α influences activation of caspase-1 and thus the IL-1β pathway indicating that
these members of the IL-1 family strongly regulate each other. Identifying the interaction between IL-1 family members is
crucial for the understanding of the development of diabetic retinopathy.
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ORAL SESSION #3 ABSTRACTS
PHYSICAL (IN)ACTIVITY-INDUCED CHANGES IN TONIC EXCITATION AND INHIBITION IN THE ROSTRAL VENTROLATERAL
MEDULLA (RVLM)
Maxwell T. Laws, Nicholas A. Mischel, Patrick J. Mueller
Department of Physiology, Wayne State University School of Medicine, Detroit, MI
The RVLM contains neurons that regulate blood pressure and exhibit (in)activity-dependent neuroplasticity. Previous
studies including ours have found that sedentary animals have enhanced responses to direct activation of RVLM neurons
that regulate sympathetic nervous activity (SNA). Furthermore, bulbospinal RVLM neurons in sedentary rats exhibit
enhanced dendritic branching that may alter responsiveness to excitatory and inhibitory input. We hypothesized that
sedentary animals have heightened sympathoexcitation due to enhanced glutamatergic neurotransmission, attenuated
GABAergic neurotransmission, or both. Rats were housed with or without running wheels for 12 weeks (total distance 292+
51). Under Inactin anesthesia, mean arterial pressure and splanchnic SNA were recorded during manipulation of
neurotransmission in the RVLM via direct nanoinjections (n=5/group). The RVLM was first functionally identified with
glutamate (30 nl, 100 mM). Bilateral blockade of GABAA receptors with bicuculline alone (5mM, 90nl) produced greater
SNA response in sedentary versus active rats (Δ62±7% v Δ38±8%, p<0.05, respectively). The increase in SNA after bicuculline
was attenuated in sedentary but not active rats rats by prior nanoinjection of the ionotropic glutamate receptor antagonist
kynurenate (Δ 26%±4 v Δ31±6%, p<0.05, respectively). These findings suggest that the exaggerated increase in SNA
following disinhibition of RVLM in sedentary but not active rats is mediated in part by activation of ionotropic glutamate
receptors . Excessive glutamatergic excitation of the RVLM may contribute to enhanced SNA and an increased risk for
cardiovascular disease in sedentary individuals. (HL096787)
ETHANOL METABOLITE INCREASES ACTIVITY OF ROSTRAL VENTROLATERAL MEDULLA PROJECTING CENTRAL NUCLEUS OF
AMYGDALA (CEA-RVLM) NEURONS AND REQUIRES ACTIVATION OF LOCAL NMDA RECEPTORS
Chapp A, Larson RA, Huber M, Carter JR, Chen QH.
Department of Kinesiology and Integrative Physiology, Michigan Tech Univ., Houghton, MI49931
The CeA is involved in sympathoexcitatory and pressor responses to ethanol intake. However, the underlying neural
mechanisms have not been determined. Here we investigated the role of acetate, the ethanol metabolite, in regulating the
in vitro excitability of CeA-RVLM neurons under brain slice preparation. In current-clamp recordings, graded current
injections evoked graded increases in spike frequency. Maximum discharge was evoked by +250 pA injections and averaged
18 ± 1 Hz (n=7). Bath application of acetate (0, 7.5, 37.5 and 75 mM) increased the excitability of CeA-RVLM neurons in a
dose-dependent manner. Maximum spike discharge in the presence of acetate (75 mM) was 53 ± 3 Hz (n=4), which was
significantly (p<0.01) higher than vehicle control. Pre-treatment with AP5 (60 µM, n=7), the NMDA receptor blocker,
significantly prevented increase in excitability (37 ± 5 Hz, p<0.05) elicited by acetate. AP5 alone was without effect on
baseline excitability. The contribution of acetate in regulating sympathetic nerve activity (SNA) was assessed by
microinjecting acetate into the CeA of anesthetized rat. Acetate (0.2 µmol/100 nl) significantly (P<0.05) increased lumber
SNA by 75 ± 14 %, splanchnic SNA by 72 ± 16 % and MAP by 4 ± 1 mmHg (n=5). Immunohistochemistry study demonstrates
expression of NMDA NR1 in CeA-RVLM neurons. Our data indicate that activation of NMDA receptors by acetate
contributes to the increased excitability of CeA-RVLM neurons. The CeA acetate elicited sympathoexcitatory responses
involve the activation of CeA-RVLM neurons, which may underlie mechanisms of increased SNA during the development of
alcohol associated hypertension.
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ASP+ REVEALS POTENTIAL FUNCTION OF THE SEROTONIN TRANSPORTER IN PERIVASCULAR ADIPOSE TISSUE
1

1

2

1

Nadia Ayala-Lopez , William F. Jackson , James N. Wilson , Stephanie W. Watts
1
2
Dept of Pharmacology & Toxicology, Michigan State University, East Lansing, MI; Dept of Chemistry, University of Miami,
Coral Gables, FL
Perivascular adipose tissue (PVAT) can modulate vascular tone. Norepinephrine transport in PVAT may serve as a buffer
system to reduce adrenergic activation of vascular contraction. We hypothesized that the norepinephrine transporter
(NET) is present in PVAT and used the NET selective fluorescent dye 4-(-4-(dimethylamino)-styryl)-N-methylpyridinium
(ASP+) to probe for NET in mesenteric PVAT from normal male Sprague-Dawley rats. PVAT was incubated ex-vivo with
ASP+and/or inhibitor and imaged by confocal microscopy. A concentration-response curve for ASP+ staining of PVAT was
constructed and used to select 2 μM as the optimum concentration. Vehicle-incubated ASP+ signal was 137.5±8.6 AFU
(arbitrary fluorescence units, n=18). Nisoxetine, a NET specific inhibitor, reduced ASP+ binding at 10 μm but not 100 nM
[96.0±14.5 AFU and 115.9±4.1 AFU respectively (p<0.05; n=6-7)]. Similarly, citalopram (100 nM), a specific serotonin
transporter (SERT) inhibitor, reduced ASP+ binding to 97.7±14.5 AFU (p<0.05; n=11). ASP+ binding was not reduced by GBR
12935 (100 nM), a specific dopamine transporter specific inhibitor (138.0±8.6 AFU; n=12). Data were analyzed by one-way
ANOVA and reported as mean+/- SEM. These data suggest that SERT mediates monoamine uptake into PVAT. Dysfunction
of the monoamine transport systems may in part explain altered vascular tone in hypertensive states.
IMPAIRED ALDEHYDE DEHYDROGENASE 2 ACTIVITY CONTRIBUTES TO CARDIAC DAMAGE AND DYSFUNCTION BY
INHIBITING MITOCHONDRIAL RESPIRATION IN HYPERGLYCEMIC RATS
1

2

2

1, 3

Vishal R. Mali , Mandar Deshpande , Jiang Xu1, Shailendra Giri , Xiao-Ping Yang1, Suresh Selvaraj Palaniyandi
1
Division of Hypertension and Vascular Research, Department of Internal Medicine, Henry Ford Health System, Detroit, MI,
2
48202; Department of Neurology, Department of Internal Medicine, Henry Ford Health System, Detroit, MI, 48202;
3
Department of Physiology, Wayne State University, Detroit, MI, 48202
Aldehyde dehydrogenase (ALDH) 2, a mitochondrial isozyme of the heart involved in the metabolism of toxic aldehydes
produced from oxidative stress. A decrease in ALDH2 levels and activity was reported in the hearts of experimental
hyperglycemia along with an increase in 4-hydroxy-2-nonenal (4HNE). 4HNE is produced in the mitochondria upon lipid
peroxidation and form adduct with mitochondrial proteins. We hypothesize that reduced ALDH2 activity and increased
4HNE levels, ultimately resulting in cardiac damage in hyperglycemia. A single dose of streptozotocin in rats resulted in
hyperglycemia compared to control. After 6 months of hyperglycemia, heart function was recorded and the rats were
sacrificed. Both diastolic and systolic dysfunctions were recorded with diabetic rats compared to controls. Increase in
apoptosis, hypertrophy and fibrosis in the hearts of diabetic rats was found relative to controls. Myocardial ALDH2 activity
and levels were reduced and immunostaining for 4HNE protein adducts was increased in diabetic hearts compared to
controls. The mitochondrial oxygen consumption rate (OCR), an index of mitochondrial respiration, was decreased in
mitochondria isolated from diabetic hearts compared to controls. To check the direct effect of 4HNE and ALDH2 inhibition,
we treated H9C2 cardiomyocytes with 4HNE and disufiram, an ALDH inhibitor, respectively, which reduced OCR and cell
viability along with reduced ALDH2 activity. We conclude that chronic hyperglycemia-induced 4HNE accumulation and low
ALDH2 activity in the diabetic heart leads to defective mitochondrial respiration and cardiac damage and dysfunction.
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ANTIHYPERTENSIVE THERAPY REDUCES MYOGENIC TONE AND INCREASES THE RESTING DIAMETER OF CEREBRAL
PENETRATING ARTERIOLES IN HYPERTENSIVE RATS
Paulo W. Pires, William F. Jackson, Anne M. Dorrance
Department of Pharmacology and Toxicology, Michigan State University, East Lansing, MI
Hypertension impairs neurovascular coupling, possibly by altering the structure and function of cerebral penetrating
arterioles (PenA). We hypothesized that an antihypertensive therapy (AhT) would reduce myogenic tone and increase the
lumen diameter of PenA in stroke-prone spontaneously hypertensive rats (SHRSP). Twelve-week-old male SHRSP received
hydralazine (150mg/L)+hydrochlorothiazide (50mg/L)+reserpine (4mg/L) in the drinking water for 6 weeks (SHRSP+AhT).
Controls received regular drinking water (SHRSP). PenA function and structure were studied by pressure myography. Data
are shown as means±SEM, SHRSP vs SHRSP+AhT, n=8 for each group. AhT significantly reduced blood pressure (systolic
blood pressure: 214±4 vs 130±6, p<0.05). AhT reduced PenA myogenic tone (%tone: 47.9±4.4 vs 29.1±3.3, p<0.05), and
increased PenA resting diameter (34.6±1.9 vs 43.8±4.5 μm, p<0.05). PenA from SHRSP+AhT dilated less to 0.1 μM nifedipine
(change in diameter from resting: 24.3±2.5 vs 12.5±1.8 μm, p<0.05). AhT did not increase PenA passive lumen diameter
(63.7±3.3 vs 60.2±3.7 μm), but reduced wall thickness (11.7±1.0 vs 9.2±0.8 μm, p<0.05). These data support our hypothesis
and indicate that AhT may improve local perfusion and prevent the deleterious effects of hypertension on the cerebral
microcirculation.
VACUOLAR PROTEIN SORTING-ASSOCIATED PROTEIN 13C: A NOVEL PLAYER IN BROWN ADIPOCYTE LIPID METABOLISM
Vanesa D. Ramseyer and James G. Granneman
Pathology, Wayne State University, School of Medicine, Detroit MI
Vacuolar protein sorting-associated protein 13C (VPS13C) is present in many tissues including the adipose tissue. Certain
human VPS13C allelic variants are associated with changes in fasting glucose and glucose tolerance; however, VPS13C
function remains largely unknown. Preliminary mass spectrometry studies revealed that VPS13C concentrates on lipid
droplets (LD) of brown adipocytes (BA). Therefore, we hypothesized that VPS13C expression increases during BA
differentiation and regulates BA lipolysis. VPS13C was measured by quantitative PCR, immunofluorescence and Western
blot. VPS13C mRNA levels increased by 1.8±0.5 and 1.3±0.3 fold after 3 and 6 days of differentiation in cultured BA (p<0.004
and p<0.03 vs non-differentiated respectively). VPS13C protein levels increased by 5.8±1.4 and 5.5±2.0 fold after 4 and 6
days of differentiation (p< 0.03 and 0.04 vs non-differentiated respectively). Cell fractionation studies confirmed the
presence of VPS13C in LDs. Interestingly, immunofluorescence experiments showed that VPS13C localizes to some but not
all LDs. In BA, β-adrenergic stimulation increases lipolysis by activating Gsα. Thus, we generated a BA cell line expressing a
doxycycline-inducible constitutively-active Gsα. Activation of Gsα for 2 days decreased VPS13C protein levels in LDs by 54 ±
3% (p<0.03) with no changes in cytoplasm or total levels. Finally, VPS13C shRNA doubled basal lipolysis (p<0.05) and
decreased the EC50 for isoproterenol from 1.00 ± 0.2 to 0.36 ± 0.05 nM (p<0.05). In conclusion, VPS13C is a novel LD
protein that is increased during BA differentiation, is regulated by Gsα and acts as a negative regulator of basal and βstimulated lipolysis.
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POSTER SESSION ABSTRACTS

**SIGNIFIES AN AUTHOR THAT IS ELIGIBLE FOR THE POSTER PRESENTATION AWARDS FOR TRAINEES
#1
DECREASED TRANSGLUTAMINASE ACTIVITY IN AORTA FROM HYPERTENSIVE RATS, MEASURED BY IN SITU
DETECTION OF A FREE AMINE DONOR
**Humphrey G. Petersen-Jones, Kyle B. Johnson, Stephanie W. Watts
Department of Pharmacology and Toxicology, Michigan State University, East Lansing, MI
Transglutaminases (TGs) catalyze protein modifications in vasculature by forming covalent bonds between protein-bound
glutamine residues and free amine groups. TG protein remodeling has been implicated in hypertension. Studies measuring
in situ TG activity with glutamine donor peptides K5 (TG1) and T26 (TG2) show a decrease in TG1 and TG2 activity in aorta
from hypertensive rats vs normotensive rats. To measure TG activity we used Pentylamine-Biotin (BaP), a free amine TG
substrate. We hypothesized in situ TG activity will be decreased in aorta from hypertensive rats vs normotensive rats. Using
aorta from deoxycorticosterone acetate (DOCA)-salt, sham, spontaneously hypertensive stroke-prone (SHRSP), and WistarKyoto (WKY) rats, (mean BP 212, 115, 202, and 117 mmHg, respectively) we performed in situ detection of TG activity using
BaP visualized with Alexa Fluor 555-linked streptavidin. We observed decreased TG activity in aorta from hypertensive rats,
versus normotensive (DOCA: 0.47±0.034, sham: 0.92±0.047; SHRSP: 0.76±0.077, WKY: 1.4±0.13 mean fluorescence/mm2;
p<0.05; n=4). We are perfecting a protein assay using biotinylated K5 and T26 peptides to identify TG1 and TG2 specific
substrates. In conclusion, TG activity is decreased in aorta from hypertensive rats vs normotensive rats, suggesting a
decrease in TG activity plays a role in the pathology of hypertension. (The APS supported this research.)
#2
TRPC CHANNELS ARE INVOLVED IN ENDOTHELIN 1 MEDIATED INHIBITION OF RENIN RELEASE FROM
JUXTAGLOMERULAR CELLS
Ortiz-Capisano, M. Cecilia
Hypertension and Vascular Research Division; Department of Internal Medicine; Henry Ford Hospital.
Renin is produced by, stored in and released by juxtaglomerular (JG) cells. Increased intracellular calcium (ca) decreases
renin release. JG cells contain multiple isoforms of canonical transient receptor potential (TRPC) ca-permeable channels.
Among those, TRPC1, 4 and 5, are known to function as store-operated Ca channels. Endothelin (ET)1 binds to G-coupled
protein receptors whose activation leads to a phospholipase c (PLC)/ IP3 signaling pathway, potentially stimulating storeoperated Ca channels. It has been reported that ET inhibits renin release by activating the ETb receptor. I hypothesized that
endothelin, via activation of the ETb receptor, increases intracellular Ca by activating TRPC store-operated Ca channels,
inhibiting renin release. RT- PCR revealed expression of both ETa and ETb receptors in freshly isolated mouse JG cells.
Incubation of primary cultures of JG cells with ET1 (10nm) decreased renin release by 28% from 0.84±0.07 to 0.60±0.07 µg
angi/ml/hr/mg prot. (p<0.001). An IP3 blocker (2APB, 0.1mm) returned renin release back to control. Addition of the TRPC
blocker (SKF 96365, 50µm) completely reversed the Ca-mediated inhibition of renin release by ET1 from 0.60±0.07 to
0.99±0.07 µg angi/ml/hr/mg prot. These results suggest that 1) JG cells express both ETa and ETb receptors, 2) ET1
mediates inhibition of renin release in JG cells by activation of ETa or ETb receptors and subsequent PLC/IP3 signaling
cascade activation, and 3) ET receptors link ET1 to TRPC store-operated ca channels to mediate ET1-mediated Ca inhibition
of renin release.
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#3
EFFECT OF COMBINED V1A+V1B VASOPRESSIN RECEPTOR BLOCKADE WITHIN THE PARAVENTRICULAR NUCLEUS
ON NEUROCARDIOVASCULAR RESPONSES
Cailian Li, Haiping Chen, Maria Maliszewska-Scislo, and Noreen F. Rossi.
Internal Medicine & Physiology, Wayne State University and John D. Dingell VAMC, Detroit, MI
The paraventricular nucleus (PVN) plays a critical role vasopressin (VP) secretion by the neurohypophysis. In addition, AVP
released from dendrites of magnocellular neurons within PVN may influence systemic hemodynamics and sympathetic
nerve activity. Both V1a and V1b receptors exist on PVN neurons. We have demonstrated that inhibition of either of these
receptors alone can block the rise in mean arterial pressure (MAP) and renal sympathetic nerve activity (RSNA) in response
to exogenous VP. We tested the hypothesis that combined subthreshold doses of V1a and V1b antagonists within the PVN
will inhibit AVP-induced increases in MAP and RSNA. Male Sprague Dawley rats were instrumented and studies performed
in awake unrestrained rats at least 24 hr after recovery from anesthesia. Baseline MAP, heart rate or RSNA did not differ
among the groups. Microinjection of 100 ng VP into the PVN increased MAP 18.2 ± 3.1 mmHg (P < 0.001) while heart rate
and RSNA decreased 52 ± 21 bpm and 26.8 ± 10.6 %baseline, respectively (P <0.05). The response to combined
subthreshold inhibitory doses of Manning compound (V1a, 20 ng) and nelivaptan (V1b, 0.5 ng) resulted in a significant
attenuation of the rise in MAP, 13.3 ± 3.2 mmHg, and attenuation of the reflex decrease in heart rate, 12 ± 8 bpm, and
RSNA, 7.2 ± 4.6 %baseline. Dual blockade by both antagonists did not result in either an additive or a synergistic inhibitory
response. Preinjection with vehicle did not block any of the responses. These findings suggest the possibility that V1a and
V1b activation leads to activation of a common intracellular or common neural projection to induce the pressor and
sympathoexcitatory response to VP within the PVN.
#4

E2F5: A POTENTIAL TUMOR SUPPRESSOR OF BREAST CANCER

Shams Reaz, Jordan Honeysett, Eran Andrechek
Michigan State University, Depart of Physiology, East Lansing, MI
E2F transcription factors are known to be involved in regulating cell cycle and apoptosis. Examining a collection of human
breast cancer samples we found that a repressor member of the E2F family, E2F5, is often amplified in breast cancer
patients. We hypothesized that E2F5 will have a role in tumor development and metastasis. Genomic analysis of these
patients revealed that the region of chromosome 8 containing E2F5 gene is either co-amplified with Myc or accompanied
by a mutation in TP53. Investigation of clinical outcome showed that breast cancer patients with elevated E2F5 expression
have improved overall survival. To study the role of this gene and its downstream signals, we generated a signature of E2F5
in human mammary epithelial cells and validated this signature in T47D, CAMA-1, HCC1428, and HCC1806 breast cancer cell
lines. We predicted E2F5 pathway activation in 1647 breast cancer patients to decipher the signaling crosstalk in different
subtypes of breast cancer, predicting that high E2F5 activity was associated with better survival. These results suggested
that E2F5 had a tumor suppressor role. To genetically test this, mice with a conditional knockout of E2F5 in the mammary
gland were observed. We noted that mammary specific ablation of E2F5 resulted in mice that developed metastatic breast
cancer. Taken together, our present data indicates that E2F5 plays a protective role in breast cancer.
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#5

UROMODULIN IN HUMAN RENAL CELL CARCINOMA (RCC)
1

1

2

3

3

3

2

**Aws Polina , Sara Singhal , Matthew Fulton , Timothy Geddes , Bryan Thibodeau , George Wilson , Jason Hafron , Amy
1
Banes-Berceli
1
2
Department of Biological Sciences, Oakland University, Rochester MI; Department of Urology, William Beaumont Hospital,
3
Royal Oak, MI; Bio Bank William Beaumont Hospital, Royal Oak, MI
RCC accounts for 9 out of 10 cases of kidney cancer. Approximately 65,150 new cases and 13,680 deaths are expected from
this disease in 2013. There is urgent clinical need for better treatment options as RCC responds poorly to current
chemotherapy. A major limitation to developing new treatments is that the molecular mechanisms responsible for
inappropriate cell survival and chemoresistance are unknown. Currently, there are no available biomarkers to allow earlier
detection of this disease. We hypothesized that there would be altered expression of the kidney protective protein
Uromodulin in RCC which could be used as a biomarker. We utilized tissue and urine samples from normal (n=14), benign
(n=6), and histological Fuhrman grades: Grade 1 (n=3), Grade 2 (n=10), Grade 3 (n=14), and Grade 4 (n=3). We analyzed 31
RCC tissue samples from patients as well as the normal and benign samples with Affymetrix human gene microarrays and
Western Blot technology. The samples were all clear cell renal carcinomas which were verified by a Beaumont Hospital
pathologist. We analyzed 22,148 genes and differentially expressed genes were then detected by ANOVA taking into
account histological stage. We found 170 genes that were differentially expressed in all grades compared to both normal
and benign kidney samples. We found decreased levels of the protective protein, Uromodulin, in the RCC samples
compared to the control and benign samples using both Western blots and ELISA techniques. These data suggest that
altered expression of Uromodulin could be used as a Biomarker of RCC.
#6

LESSONS LEARNED: IMPROVING A LARGE-SCALE PHUN WEEK EVENT AT A SCIENCE CENTER

J M Poteracki & E A Wehrwein
Michigan State University, Dept of Physiology, East Lansing, MI
For the second year, Michigan State University (MSU) Dept of Physiology partnered with Impression 5 Science Center (I5) in
Lansing, MI for the APS PhUN week. 727 children and adults attended. We kept the same activities as the previous year. A
majority of the 63 volunteers were Physiology undergraduate students. This allowed us to staff 3-5 volunteers at each of
our 12 activities with extra volunteers for setup, cleanup, and data collection. This consistency significantly reduced the
planning time from 4 months to 2 months and allowed for more time on finding funding, recruiting/training volunteers, and
arranging press coverage. To improve accuracy of our event data collection we designated volunteers for this task and
improved feedback surveys. The 2013 exit survey was done at the last station where visitors picked up their prizes and,
based on the total number of attendees, we had a response rate of 12% (n=85); however, this represented approximately
one survey filled out per family/group of children. While efforts were made to advertise, a majority of families in
attendance were walk-in visitors. This indicates that, in future years, improved advertising is necessary. Overall: 1) activity
consistency from the previous year greatly reduced the time to plan a large event, and 2) the accuracy of our data collection
was vastly improved by assigning volunteers to that task and including the survey at the prize table.
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#7

STUDENT UNDERSTANDING OF GLUCOSE HOMEOSTASIS: NOT SO “SWEET”

*Bhanu Swamy, JN Drobish, and EA Wehrwein
Department of Physiology, Michigan State University, East Lansing, MI 48824
Despite the apparent knowledge of cellular insulin signaling and general glucose homeostasis, there is a surprising lack of
functional knowledge of this area of physiology in advanced pre-medical undergraduate students. In addition, students are
typically not aware of the “gold standard” of measuring insulin sensitivity, the glucose clamp. We have therefore created a
laboratory on these topics in our senior level Physiology Capstone laboratory course at Michigan State University. This is a
“dry lab” that uses TA-guided problem sets done in small groups and ends with discussion of a manuscript on glucose
clamping. Students are given review papers as pre-lab reading with a take home quiz on glucose clamps. In class, small
groups (4 students) work to answer pre-lab questions reviewing basic concepts of glucose homeostasis that are turned in as
part of the weekly assignment. The main exercise in the lab that day is to fill out provided blank graphs on controlled
variables, measured variables, and predicted outcomes for normal and diseased individuals in the following situations: 1)
hyperinsulimemic-euglycemic clamp for normal and insulin resistant subjects, 2) hyperglycemic clamps for normal and type
II diabetic subjects, and 3) hyperinsulimemic-hypoglycemic clamps for normal subjects and those with impaired
hypoglycemic counterregulation. The TA does a short introduction to each scenario followed by interactive group work
then ends with a class discussion on each scenario. This lab exercise includes readings from the primary literature,
introduction to a common methodology for assessing glucose homeostasis, involves active learning, and leads to important
working knowledge of common disease states in glucose homeostasis.
#8

A MILLENNIAL PERSPECTIVE OF PHYSIOLOGY AS A DISCIPLINE

**Kevin L Kelly, James M Poteracki, Michael Steury, and Erica Wehrwein
Dept of Physiology, Michigan State University, East Lansing, MI 48824
Numerous recent editorials have focused on the state of the discipline of Physiology and stressed the importance of a
systems-level approach. These editorials were authored by established leaders in the discipline. The purpose of this study
was to assess the perspective on the discipline of Physiology from the eyes of senior undergraduates majoring in
Physiology. We sought to discern whether millennial students are “-omics”-focused or have strong interest in systems-level
concepts. Undergraduate students (n=40, 29 males and 11 females) at Michigan State University were asked to provide a
free response answer on where their interests lie along the continuum of molecular-to-integrative physiology. A vast
majority (72.5%) of students prefer learning about integrative and systems-level physiology over cell and molecular
physiology (17.5%). Ten percent of students enjoyed both equally. Students expressed interest specifically in
environmental and exercise physiology (27.5%) and pathology (12.5%). Organ-system preferences, of those noted by
students who had a preference, were as follows: cardiovascular (25%), musculoskeletal (19.6%), nervous system (17.9%),
respiratory (8.9%), endocrine (7.1%), digestive (7.1%), renal (5.4%), blood/immune (5.4%), and reproduction (1.8%). These
data reveal strong preferences for systems/integrative physiology among millennial students. This is important information
in light of the recent discussion about the state of the field. It also allows us to better design curricula to engage students
with topics in system-level physiology and integrative function.
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#9

CAN PERIPHERAL 5-HT CROSS INTO THE CNS? COLOCALIZATION OF SERT AND RECA-1 IN THE MALE RAT BRAIN

Lindsey W. Young and Stephanie W. Watts
Michigan State University, Department of Pharmacology and Toxicology, East Lansing, MI
5-hydroxytryptamine (5-HT, serotonin) was originally discovered as a vasoconstrictor. In a previous study, our lab
determined that peripheral 5-HT lowers blood pressure in both normotensive and hypertensive rats. It is unknown if this
mechanism occurs centrally or peripherally, and it is debated whether 5-HT can be transported from the bloodstream to
the CNS. The blood-brain barrier is a highly selective barrier that restricts movement of substances from the bloodstream to
the central nervous system and vice versa. We hypothesized that the serotonin transporter, SERT, is present in the bloodbrain barrier, and allows for transport of 5-HT from the bloodstream to the brain. Immunofluorescence was used to
determine if RecA-1 (an endothelial cell marker, 10 µg/mL) and SERT (40 µg/mL) colocalized in the blood vessels of six male
rat brains. A hemotoxylin and eosin (H&E) stain was used to determine the morphology of each brain section and highlight
the exact location of the brain slices. 9 out of 59 blood vessels identified by RecA-1 were colocalized with SERT. Measured
across their longest axis, all of the blood vessels ranged from 30.999 to 317.571 microns. SERT-positive vessels ranged from
135.914 to 312.960 microns, and their mean diameters were significantly larger than the SERT-negative vessels (mean ±
SEM = 228.7±18.71 vs. 157.3±11.04 microns. P-value = 0.0114, unpaired t-test). Discovering the mechanisms by which 5-HT
functions to decrease blood pressure in rats may help with regulation of human blood pressure, and the other functions of
serotonin in the human body.
#10

CONTRACTILE MECHANISMS IN THE CERVIX AND UTERUS

Emma S. Darios and Stephanie W. Watts
Department of Pharmacology & Toxicology, Michigan State University, East Lansing, MI 48824, USA
The uterus and cervix both contain smooth muscle that is pharmacologically sensitive to contractile agonists. Due to the
difference in function of these two tissues, we hypothesized that their basic contractile mechanisms would be different.
Uterine strips and cervical rings from virgin Sprague were mounted in isolated tissue baths for measurement of isometric
contraction. We studied two agonists, which activate heptahelical G protein linked receptors, oxytocin (OT) and the
muscarinic cholinergic agonist carbamylcholine (carbachol). The contractile mechanisms investigated have been validated in
vascular smooth muscle. The Erk MAPK pathway was inhibited by PD098059 (1 μM), but did not modify contraction
(potency or efficacy) in either tissue to either agonist (table). Similarly, the phosphoinositide-3-kinase inhibitor LY294002
(10 μM) and reactive oxygen species inhibitor 4-hydroxy Tempo (1 mM) were without effect on agonist-induced contraction
in the uterus. 4-hydroxytempo reduced OT-induced contraction 59% (vs. vehicle max) in the cervix. By contrast, the L-type
voltage dependent calcium channel antagonist Nifedipine (1 μM) inhibited maximal contraction to OT in the uterus 32% and
cervix 20%. A similar inhibition was observed with carbachol as the agonist in the uterus (26%) and cervix (33%). Notably,
the Rho Kinase inhibitor Y-27632 (10 μM) was ineffective in reducing carbachol-induced contraction in the uterus and
cervix, but significantly reduced contraction to OT in the uterus (39%) and cervix (47%). These findings illustrate that
reproductive smooth muscle mechanisms are not identical to those in vascular muscle and contractile agonists do not
activate the same pathways. There are subtle differences in mechanisms activated within the uterine and cervical smooth
muscle tissue. Understanding these mechanisms is an important step to understanding how cervix and uterus function
might be independently influenced.
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#11
SEXUAL DIMORPHISM IN THE SIGNALING PATHWAYS IN THE RENAL CORTEX OF SPONTANEOUSLY
HYPERTENSIVE RATS
1

1

2

1

**Jonathan Bucan , Anthony Duncan , Jennifer C. Sullivan , Amy Banes-Berceli
1
2
Department of Biological Sciences, Oakland University, Rochester MI; Section of Experimental Medicine, Georgia Regents
University, Augusta, GA
Males experience a greater severity and more rapid progression of renal disease compared to females, however the
molecular mechanisms protecting against renal injury in females are not fully elucidated. Overactivation of the reninangiotensin system (RAS) is a risk factor for the development of renal injury and male SHR have a highly activated RAS.
Angiotensin II (ANGII) is known to activate JAK2 to cause hypertension in males however the role of JAK2 in females is
unknown. Therefore, we hypothesized that SHR males would have higher level of JAK/STAT pathway activation than age
matched SHR females. Utilizing western blot analysis we found that JAK2 levels were significantly greater in females.
Females also had greater levels of activation of JAK1, AKT, MAPK and STAT5, while male SHR had greater levels of activation
of STAT1, STAT6. Gonadectomy increased JAK1 activation in the renal cortex of both males and females. In contrast, JAK2
activation was decreased by gonadectomy in males and increased by gonadectomy in females. Previous in vitro data
suggests a physical interaction between JAK2, JAK1, GAB2 and the p85α subunit of PI3 Kinase which results in activation of
the PI3 Kinase/PDK-1/AKT pathway. After immunoprecipitation of GAB2, JAK2, and JAK1 we probed for the other potential
partners. We could not detect any interaction in vivo among GAB2, JAK2, JAK1 and p85α subunit. We conclude that there is
a sex difference in the kidneys of SHR due to the activation of different signaling cascades in the cortex of male and female
SHR.
#12
SPIDERS IN MOTION: DEMONSTRATING ADAPTATION, STRUCTURE-FUNCTION RELATIONSHIPS, AND TRADEOFFS IN AN UNDERGRADUATE LABORATORY EXERCISE
1

2

1

Melissa S. Bowlin , Dorothy F. McLeer , and Anne M. Danielson-Francois
1
University of Michigan-Dearborn, Dept of Natural Sciences, Dearborn, MI;
Environmental Interpretive Center, Dearborn, MI

2

University of Michigan-Dearborn,

Evolutionary history and structural considerations constrain all aspects of animal physiology. Constraints on invertebrate
locomotion are especially straightforward for students to observe and understand. Here, we describe a laboratory exercise
we developed where students use spiders to investigate the concepts of adaptation, structure-function relationships, and
trade-offs. Students measure burst and endurance performance in several taxonomic families of spiders whose ecological
niches have led to different locomotory adaptations. Based on observations of spiders in their natural habitat and prior
background information, students make predictions about spider performance. Students then construct their own
knowledge by performing a hands-on, inquiry-based scientific experiment where the results are not necessarily known.
Depending on the specific families chosen, students can observe that web-dwelling spiders have more difficulty navigating
complex terrestrial terrain than ground-dwelling spiders and that there is a trade-off between burst performance and
endurance performance in spiders. Our inexpensive runway design allows for countless variations on this basic experiment.
High levels of intra- and inter-individual variation in performance underscore the importance of using multiple trials and
statistical tests. Finally, this laboratory activity can be completely student-driven or standardized, depending on the
instructor’s preference.
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#13
STIMULATION OF ER STRESS AND INFLAMMATION BY NEURONAL (PRO)RENIN RECEPTOR IS MEDIATED BY TOLL
LIKE RECEPTOR 4 ACTIVATION
1

1

2

2

Xiaoli Qi , Wei Yuan , Qinghui Chen , Zhiying Shan
1
2
University of Florida; Michigan Technological University
Our previous studies demonstrated that brain neuronal prorenin receptor (PRR) contributes to hypertension via NF-KappB
(KB)-cytokine signaling. This finding coupled with the important role of the toll like receptor 4 (TLR4) in inflammation and
endoplasmic reticulum (ER) stress suggest that brain neuronal PRR activation, in part, stimulates TLR4 and subsequently
induces ER stress and NF-KB-cytokine signaling. Therefore blocking TLR4 activation should attenuate the cytokines and ER
stress response induced by PRR activation. To test this hypothesis, primary neuronal cultures from rat brain were
incubated with 20 nM of renin for 6 hours. Real time PCR was performed to analyze the expression of cytokines and ER
stress markers. Renin treatment resulted in significant increases in the mRNA levels of IL1β (1200-fold), IL6 (33-fold), TNFα
(17-fold), NF-KB (6-fold) and I-kappa B kinase (IKK) (7-fold). In addition, the mRNA levels of ER stress marker Ddit3 and
Hspa5 increased by 47%and 41% in renin treated neurons. Quinazoline (10µM), a NF-KB activation inhibitor, effectively
blocked renin-induced increases in IL1β, IL6, TNFα and NF-KB, by more than 85%, but failed to inhibit IKK, Ddit3 and Hspa3.
In contrast, renin stimulation on all these genes was almost entirely blocked (>90%) by a TLR4 inhibitor TAK-242 (2 µM),
indicating an important role of TRL4 in this newly identified PRR mediated activation of ER stress and inflammation
signaling. Further study will probe whether NF-KB-inflammation is mediated by ER stress in the context of hypertension.
#14

EXAMINATION OF INTESTINAL CHANGES IN PRE AND POST-MENOPAUSAL MODELS

Hayley Bierhalter, Sandi Raehtz, Regina Irwin, and Laura McCabe
Department of Physiology, Michigan State University, East Lansing MI 48824
The intestinal epithelium is an important selectable permeable barrier against the external environment. Intestinal
epithelial cells permit the absorption of nutrients and vitamins, while their cell-cell contacts work to defensively prevent
intestinal bacteria and toxins from entering the body and blood stream. An increase in permeability of this intestinal barrier
through reduced cell-cell contacts causes intestinal inflammation and our laboratory is studying how this can affect bone
density and health. Data from our laboratory and others suggest that menopause, which is a key risk factor for
osteoporosis, could alter the intestinal physiology. The focus of my research project is to identify changes between pre and
post-menopausal mouse models. Using microscopy I am measuring and comparing intestinal anatomical features such as
villus height and goblet cell numbers between conditions. I am also extracting RNA from sections of the small and large
intestine to examine menopause associate changes in gene expression. My preliminary studies suggest that
menopause/estrogen deficiency can affect levels of genes associated with cell-cell contacts (gap junctions), inflammation,
and epithelial maturation which are consistent with my observed histological changes.
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#15
SUSTAINED RESVERATROL INFUSION INCREASES RENAL BLOOD FLOW WITHOUT CHANGING GLOMERULAR
FILTRATION RATE IN NORMAL RAT
1

1,2

**Gordish KL , Beierwaltes WH
1
Dept. Physiology, Wayne State Univ. School of Medicine Detroit, MI; Dept. Internal Med., Hypertension Research Div.,
2
Henry Ford Hospital , Detroit, MI.
The polyphenol resveratrol has cardiovascular benefits, but its effect on renal hemodynamics and glomerular filtration rate
(GFR) remain unknown. We have previously reported an i.v. bolus of resveratrol induces renal vasodilation by increasing
nitric oxide (NO) and inhibiting generation of reactive oxygen species. Thus, we hypothesized a sustained infusion of
resveratrol would increase renal blood flow (RBF), and therefore GFR. We infused vehicle for 30 minutes followed by 30 min
resveratrol at either: 0, 0.5, 1.0, 1.5 mg/min, and measured RBF, calculated renal vascular resistance (RVR) and measured
GFR (FITC-inulin) and urinary sodium excretion. At all three doses, blood pressure and GFR remained unchanged. Control
RBF was 7.69±0.84 ml/min/gkw and remained unchanged by 0.5 mg/min resveratrol (7.88±0.94 ml/min/gkw, n=9), but
urinary sodium excretion increased from 2.19±1.1 to 5.07±0.92 µmol/min/gkw (n=7, p<0.01). In separate experiments, 1.0
mg/min resveratrol increased RBF by 17%, from 7.16±0.29 to 8.35±0.42 ml/min/gkw (p<0.01, n=10), decreased RVR 16%
from 13.63±0.65 to 11.36±0.75 ARU (p<0.003) and increased sodium excretion from 1.57±0.46 to 3.10±0.80 µmol/min/gkw
(n=7, p<0.04). At the high 1.5 mg/min dose, resveratrol increased RBF 12% from 6.76±0.57 to 7.58±0.60 ml/min/gkw (n=8,
p<0.003), decreased RVR 15% (15.58±1.35 to 13.27±1.14 p<0.003) and increased sodium excretion increased (3.99±1.71 to
7.80±1.51 µmol/min/gkw, n=8, p<0.04). We conclude that a constant infusion of resveratrol induced significant renal
vasodilation while not altering GFR or blood pressure. Also, resveratrol infusion produced significant natriuresis at all doses,
suggesting it may have a direct effect on renal tubular sodium handling independent of perfusion pressure or flow.
#16
NON-INVASIVE MRI ARTERIAL-VENOUS DIFFERENCE MEASUREMENT OF SKELETAL MUSCLE OXYGEN
CONSUMPTION DURING ISOMETRIC CONTRACTIONS
1,2

2

1

1

1,2

Ronald A. Meyer , Jill M. Slade , Natalie M. Pizzimenti , and Johnathan D. Kasper , Robert W. Wiseman Biomedical
1
2
Imaging Research Center, Departments of Physiology and Radiology , Michigan State University, 2201 Biomedical and
Physical Sciences Building, East Lansing, MI 48824
The ability to noninvasively measure tissue oxygen consumption has broad clinical utility in heart disease or chronic
obstructive pulmonary disease.
The purpose of this study was to investigate the feasibility of measuring oxygen
consumption in skeletal muscle during contraction using magnetic resonance imaging (MRI). The biophysical properties of
water relaxation within blood vessels can be directly related to oxygen saturation and is the basis for functional magnetic
resonance imaging studies. Healthy human subjects were studied in supine position with the right foot fixed in a custommade device to measure distal limb force output then placed a GE 3T clinical scanner. Voluntary submaximal contractions
were performed at 5, 10 and 20% of maximal force followed by a period of rest. The volume of the anterior tibial muscle
was measured by fast spin-echo imaging. The location of the anteriotibial artery and veins were identified by time-of-flight
imaging and from the axial projections a single oblique slice was chosen to perpendicular to the vessels and mean flow was
measured using CINE phase contrast angiography. The T2* relaxation rate of the intravenous blood was measured by a
gradient recalled echo sequence. The oxygen cost of contraction was derived from calculation of the oxygen saturation the
artery and vein of the AT muscle taken together with direct measures of flow by AV difference. The results show
proportionate increases in oxygen cost with increased force output and demonstrate feasibility of this approach for in vivo
studies of other organs such as the kidney.
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#17
COMPUTATIONAL MODELING OF MITOCHONDRIAL SENSITIVITY DURING EXERCISE STUDIED BY PHOSPHORUS
MAGNETIC RESONANCE
1
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2

2
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J.A.L. Jeneson , R. Dash , K.C. Vinnakota , F. Wu , D.A. Beard and R.W. Wiseman
1
Center for Child Development and Exercise, Wilhelmina Children’s Hospital/UMCU, Utrecht, the Netherlands;
2
3
Biotechnology and Bioengineering Center, Medical College of Wisconsin, Milwaukee WI; Biomedical Imaging Research
Center, Departments of Radiology and Physiology, Michigan State University, East Lansing, Michigan 48824
Mitochondria produce much of the ATP in skeletal muscle required to drive contraction. The rate of mitochondrial ATP
synthesis is generally thought to be controlled by a feedback mechanism, involving ADP and Pi, but calcium sensing may
contribute additional flux control. However, whether mitochondrial sensitivity to cytosolic signals is constant or varies with
metabolic activity is not fully known. This was investigated by testing data on muscle ATP metabolism, generated by
computational models capturing three alternative hypotheses on any activity-dependence of Pyruvate Dehydrogenase
(PDH), against in vivo data obtained by 31P magnetic resonance spectroscopy in rat acquired over a broad range of
functional states (rest-contract-recovery). Three alternative hypotheses for PDH activation during exercise were tested:
(1.) PDH activity is at the resting level; (2.) PDH activity is maximally activated; or (3.) PDH activity varies during the
stimulation and recovery periods depending on the frequency of electrical stimulation (or ATPase activity). The PDH kinetic
model was adapted and parameterized for each case and in #3 the time constants of activation at the onset of stimulation
and deactivation at the onset of recovery were introduced and parameterized by fitting to each dataset. The experimental
data are best fit to a PDH kinetic model where the activity of this enzyme complex is dependent upon muscle metabolic
activity (Hypothesis 3). Empirical studies are presently underway using pharmacologic activators of PDH to validate the
mechanistic value of the present model as well as applying this approach to metabolic diseases including diabetes.
#18
DICHOLOROACETATE INCREASES SENSITIVITY TO CHEMOTHERAPY BY MODULATION OF ANTIOXIDANTS IN
EPITHELIAL OVARIAN CANCER
1

1

1

2

1

Fletcher NM , Belotte J , Saed MG , Abu-Soud HM1, Diamond MP , Saed, GM
1
Department of Obstetrics and Gynecology, The C.S. Mott Center for Human Growth and Development, Wayne State
2
University School of Medicine; Department of Obstetrics and Gynecology, Georgia Regents University, Augusta, GA, USA.
Chemoresistance presents a challenge in treatment of ovarian cancer. Epithelial ovarian cancer (EOC) manifests a persistent
pro-oxidant state and a reduction in this state induces apoptosis. Dichloroacetate (DCA) converts anaerobic to aerobic
metabolism and induces apoptosis in EOC cells. We sought to determine whether DCA modulates antioxidant levels as part
of a mechanism of increased apoptosis. Cisplatin resistant and sensitive MDAH-2774 EOC cells were treated with DCA (10
mM) for 24 hours. Real-time RT-PCR was used to determine mRNA levels for glutathione reductase (GSR), glutathione
peroxidase (GPX1), catalase (CAT), superoxide dismutase (SOD3), as well as caspase-3. Data was analyzed using SPSS and a
student's t-test, p<0.05 was considered significant. DCA differentially altered antioxidants, increasing GSR and SOD3 and
decreasing GPX1 mRNA levels in chemoresistant EOC cells. Additionally, caspase-3 expression increased in resistant EOC,
suggesting an increase in apoptosis. DCA alters the redox balance by differentially regulating antioxidants in resistant cells
suggesting a role for these enzymes in the acquisition of chemoresistance. Modulating the redox balance may serve as a
therapeutic intervention, sensitizing EOC cells to chemotherapeutics.
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#19

THE ACUTE CARDIOVASCULAR RESPONSES TO MARATHON AND ULTRAMARATHON COMPETITION
1

2

2

2

2

**Morton H. Harwood , Bridget E. Durocher , Scott N. Drum , Phillip B. Watts , Marguerite T. Moore , John J. Durocher
1
2
Michigan Technological University, Houghton, MI; Northern Michigan University, Marquette, MI

1

Long-distance running strongly influences the cardiovascular system, but whether changes remain 24 hours after
competition is unclear. We sought to determine the effects of ultramarathon (ULT) and marathon (MAR) competition on Creactive protein (CRP), aortic blood pressure (BP), aortic augmentation index (AIx), and central pulse wave velocity (cPWV)
measured approximately 24-hours pre- and post-race, and how these variables correlated with intensity (i.e. time spent
running vs. walking/slowly jogging) during the race. Aortic BP, Aix, and cPWV were estimated with applanation tonometry,
and plasma CRP was analyzed by finger poke blood sampling. Accelerometers were used to estimate percentage of vigorous
activity (>6.0 METs) during the event. Pre and post-race measurements were compared with paired t-tests. Pearson
correlations were used to evaluate intensity/cardiovascular relationships. Runners (n=12) were 36±2 years with a body
mass index of 22±1 kg/m2. CRP was significantly (p<0.05) elevated post-race (0.5±0.1 vs. 6.8±1.1 mg/L), while resting aortic
systolic BP (111±3 vs. 101±3 mmHg), diastolic BP (73±3 vs. 64±3 mmHg), and Aix (13±4 vs. 6±3%) were significantly lower.
Central PWV was similar between pre- and post-race. Only central PWV (r=0.61) significantly correlated to percentage of
vigorous activity, which ranged from 60-99%. The reduction in Aix may contribute to acute exercise-induced aortic
hypotension in long-distance runners. In addition, runners who pace themselves with moderate intensity activity (i.e. slow
jogging or walking) may have lower cPWV post-race. However, intensity does not appear to influence CRP, aortic BP, or AIx
responses.
#20

INFLUENCE OF EXERCISE INTENSITY AND PDH ACTIVATION IN SKELETAL MUSCLE ENERGETICS
1

1

2

Kasper JD , Tonson A , Meyer R2, Wiseman RW
1
2
Michigan State University, Department of Physiology, East Lansing, MI; Michigan State University, Department of
Physiology and Radiology, East Lansing, MI
Pyruvate dehydrogenase (PDH) is the terminal enzyme responsible for initiation of oxidation of the end product of
glycolysis. In skeletal muscle the activity of PDH is tightly controlled and is regulated by pyruvate dehydrogenase kinase
(PDK) and pyruvate dehydrogenase phosphatase (PDP) which inactivates and activates PDH via reversible phosphorylation
respectively. Activation of PDH is necessary for glucose disposal and oxidation and is activated quickly at the onset of
exercise to provide substrate for mitochondrial oxidation. The ability of PDH to provide acetyl-CoA to mitochondria is
essential to maintain an energetic steady state during exercise and to prevent depletion of intracellular energy stores.
However it is unknown how changes in the activation state of PDH at the onset of exercise can change the energetic steady
state. Dichloroacetate (DCA), an inhibitor of PDK, was used in this study to fully activate PDH prior to exercise. PDH activity
with DCA treatment was measured using a radiotracer assay and was confirmed to be fully activated at rest. Phosphorus
nuclear magnetic spectroscopy was employed to measure in vivo changes in the energetic state during stimulation of
posterior leg muscle contractions via the sciatic nerve at intensities of 0.35, 0.5, 0.75, and 1.0Hz in anesthetized wistar rats.
Initial control stimulations were performed while recording phosphorus spectra followed by DCA treatment and duplication
of control stimulations. DCA treatment resulted in a reduction of phosphocreatine hydrolysis in each stimulation. These
data suggest alteration of PDH at the onset of aerobic exercise has consequences on the energetic steady state.
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#21

ROLE OF NON-HEMATOPOIETIC Β-ARRESTIN1 IN INTESTINAL INFLAMMATION

**Taehyung Lee, Eunhee Lee, Kimberly Obey, Erika Michelin, Misoo Chung, Elena Vlachos, Narayanan Parameswaran
Michigan State University, Dept of Physiology, East Lansing, MI
β-arrestin1 (β-arr1), an intracellular scaffolding protein has been shown to regulate inflammation by modulating Toll-like
receptor (TLR) signaling in immune cells. We recently demonstrated that β-arr1 deficiency attenuates experimental colitis in
mice. However the cell-type-specific role of β-arr1 in colitis is not known. To test this we generated bone marrow chimeras
with β-arr1 deficiency only in non-hematopoietic compartment (non-hβ-arr1 KO), and subjected the wild type (WT) and
non-hβ-arr1 KO mice to DSS-induced colitis. Interestingly, our results demonstrate that β-arr1 expression in the nonhematopoietic compartment protects mice from weight loss during colitis. Consistent with that, knockdown of β-arr1 in
human intestinal epithelial cells significantly enhanced TNF-α-induced apoptosis. To understand the signaling mechanisms,
we tested the effect of TNF-α on MAPK and NFκB signaling pathways. Even though β-arr1 knockdown did not affect TNF-αinduced NFκB activation, p38 and JNK pathways were enhanced in the knockdown cells. Intriguingly, ERK1/2 activation by
TNF-α was significantly inhibited in β-arr1-knockdown cells. These data suggest that differential modulation of the MAPK
signaling by β-arr1 likely results in higher apoptosis of intestinal epithelial cells in non-hβ-arr1 deficient mice. Taken
together, our results demonstrate that β-arr1-dependent signaling in non-hematopoietic cells plays a critical role in the
pathogenesis of colitis.

#22
CARDIAC STEM/PROGENITOR CELLS WITH HIGH ALDEHYDE DEHYDROGENASE ACTIVITY EXHIBIT INCREASED
STEMNESS AND SURVIVAL
1,2

3

4,5,6

Devaveena Dey , Ravivarma Nadimpalli and Suresh Selvaraj Palaniyandi
1
2
Department of Radiology, Stanford University School of Medicine, Stanford, CA; Institute for Stem Cell Biology and
3
Regenerative Medicine, Stanford University School of Medicine, Stanford, CA; Cellular and Molecular Imaging Laboratory,
Department of Radiology, Henry Ford Health System, Detroit, MI;
4
Division of Hypertension and Vascular Research, Department of Internal Medicine, Henry Ford Health System, Detroit, MI;
5
6
Department of Physiology, Wayne State University, Detroit, MI; Department of Chemical and Systems Biology, Stanford
University, Stanford CA
Cardiac stem/progenitor cells (CPCs) are responsible for physiological replenishing of cardiac cells as well as repair and
regeneration of the heart during cardiac pathologies. Reactive aldehydes such as 4-hydroxy-2-nonenal (4HNE) generated
from oxidative stress can form protein adducts and lead to cellular dysfunction and organ damage. Aldehyde
dehydrogenases (ALDHs) metabolize reactive aldehydes such as 4-hydroxy-2-nonenal (4HNE) into non-toxic acid. Increased
ALDH activity in CPCs (ALDHhigh) is known to have enhanced regeneration capacity. We hypothesized that activation of
ALDH isozymes in CPCs boost their survival, self renewal and stemness. We evaluated the levels and activity of ALDH
isozymes in CPCs. Though ALDH 1, 2 and 3 were present in CPCs, ALDH1 activity was higher in relation to other isozymes.
We treated the cells with Alda-1, a small molecule ALDH activator and found that Alda-1 increase the population of
ALDHhigh cells. Then, we checked whether Alda-1 treated cells survive longer in mice after injection. CPCs isolated from
Alda-1 treated mice show less non-progenitor cell populations compared to vehicle-treated mice. More importantly, Alda-1
treatment increased the self renewal markers expression in CPCs. We sorted CPCs into ALDHhigh and ALDHlow cells based
on ALDH activity. There was increased expression of markers for self renewal and anti-apoptosis in ALDHhigh cells
compared to ALDHlow cells. Finally, we conclude that activation of ALDH may improve the stemness and regeneration
capacity of cardiac stem cells in disease condition like diabetic cardiomyopathy.
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GASTRIC ANTRAL ORGANOIDS ARE SUSTAINED BY INTRINSIC NOTCH SIGNALING
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Arbor, MI
The gastric epithelium undergoes constant turnover, with adult stem cells replenishing mature cell types to maintain
homeostasis. The Notch signaling pathway is known to regulate gastric epithelial proliferation and differentiation, but little
is known about mechanism. In this study we tested the hypothesis that Notch signaling is intrinsic to the epithelium and
supports antral stem cell function. Mouse and human gastric organoids were used as a model to define epithelial Notch
signaling. Organoids were established from antral glands and maintained in 3D culture in media containing EGF, Noggin, Rspondin1 and Wnt3A. Gastric organoids were highly proliferative and contained differentiated gastric cell types, suggesting
that they are sustained by antral stem cells. Notch pathway expression was determined by qRT-PCR and function was
tested using the Notch inhibitor DAPT. Pathway inhibition reduced cellular proliferation and organoid growth, and lowered
the efficiency of organoid re-establishment. Together these studies show that Notch signaling is intrinsically established by
gastric epithelial cells in vitro to promote organoid proliferation and to maintain stem cell function.
#24
EFFECT OF CHOLINERGIC STIMULATION IN PREFRONTAL CORTEX ON ELECTROENCEPHALOGRAPHIC ACTIVATION
AND SLEEP-WAKE STATES
Dinesh Pal, William J. Lipinski, Stella Wisidigamage, Daniel J. Klarr, George A. Mashour
Department of Anesthesiology, University of Michigan Medical School, Ann Arbor, MI 48109
Cortical acetylcholine (ACh) levels increase in association with electroencephalographic (EEG) activation and behavioral
arousal and decrease in association with EEG depression and behavioral quiescence during slow wave sleep (SWS) or
general anesthesia [1]. Although cortical ACh is positively correlated with EEG and behavioral arousal, it is not known if the
cortical ACh plays a causal role in state transitions. We hypothesized that cholinergic stimulation of prefrontal cortex (PFC)
through nicotine (NIC) injection during SWS will cause EEG activation and increase in the time spent in wake state. Under
isoflurane anesthesia, male Sprague Dawley rats (300-350g, Charles River) were instrumented for sleep-wake recordings
and simultaneous unilateral microinjections into PFC (Bregma, AP +3mm, L 0.5mm, DV 5mm) [2]. After post-surgical
recovery/acclimation to the recording set-up, sleep-wake recordings were done between 10am-5pm. One group of rats
(N=4) received 10mM NIC. Another group of rats (N=3) received 100mM and 500mM NIC. All rats received saline injections
as the vehicle control (VEH). All the injections (200nL) were done around noon using an automatic syringe pump. The
injections were done during SWS as determined by electrophysiological and behavioral criteria. The sleep-wake recordings
were continued for 4 post-injection hours. There was a recovery period of 5-7 days between injections. After the
completion of the recordings, the site of injection was confirmed histologically. One tailed paired t-test was used to
compare VEH with 10mM NIC. The results showed that compared to VEH, 10mM NIC into PFC did not produce any
significant change in the mean (± standard deviation) percent time spent in wake (VEH 42.3±6.2 vs NIC 38.9±9.1), SWS (VEH
45.0±8.5 vs NIC 47.9±10.1) or REMS (VEH 12.5±3.1 vs NIC 11.7±2.3). A repeated measures ANOVA was used to compare
VEH with 100mM and 500mM NIC. There was no significant difference in the mean percent time spent in any of the sleepwake states for either 100mM NIC [wake: VEH 19.5±2.8 vs NIC 27.1±4.3; SWS: VEH 62.1±5.0 vs NIC 59.0±1.4; REMS: VEH
18.3±2.1 vs NIC 13.8±5.7] or 500mM NIC [wake: VEH 19.5±2.8 vs NIC 21.9±3.1; SWS: VEH 62.1±5.0 vs NIC 62.4±3.4; REMS:
VEH 18.3±2.1 vs NIC 15.6±0.7]. No significant effect was found on the mean number of epochs, the mean duration of
state/epoch, and the post-injection latency to the onset of wake and REMS. The data suggest that nicotine in PFC is unlikely
to play a role in the EEG activation and behavioral arousal. Further studies are being conducted using muscarinic agents.
References:
1. Lydic R, Baghdoyan HA.Anesthesiology. 2005. 103:1268-95.
2. Paxinos G, Watson C (1997). Australia: Academic Press.
Acknowledgments: Funding support from Dept. Of Anesthesiology and NIH RO1 (GAM), is acknowledged
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FUNCTIONAL STUDIES OF ROSTRAL VENTROLATERAL MEDULLA (RVLM) NEURONS USING MANGANESEENHANCED MAGNETIC RESONANCE IMAGING (MEMRI) IN SEDENTARY VS. PHYSICALLY ACTIVE RATS
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A sedentary lifestyle, a risk factor in cardiovascular disease (CVD), is linked to increased sympathetic nerve activity (SNA).
We reported that sedentary rats have enhanced SNA compared to physically active rats. Control of SNA occurs via bilateral,
bulbospinal neurons in the RVLM. Structural studies have revealed greater dendritic branching in RVLM neurons of
sedentary compared to active rats. However, direct evidence for increased RVLM activity has not been shown in sedentary
rats. Manganese (Mn2+) is a contrast agent used to detect neuronal activity and for tract tracing. The purpose of this study
was to develop MeMRI for studies of the RVLM, with the hypothesis that sedentary rats have increased RVLM activity
indicated by greater Mn2+ uptake. Initially, non-exercised rats were given MnCl2 (33 mg/kg n=3, 66 mg/kg n=4, i.p.) and
imaged on a 7T magnet (Bruker Avance) weekly for one month. Voxel intensities were significantly higher compared to
baseline at 24 hours, 9, and 22 days for 66 mg/kg (p<0.05). Greater intensities were observed at 66 versus 33 mg/kg
(p<0.05). A group of sedentary and active rats (11-14 wks. wheel running; 428 ±165 km) had spinal cord injections of MnCl2
(100 mM, n=4 each group). After 48 hours, ipsilateral Mn2+ accumulation was similar in both groups; whereas, greater
Mn2+ uptake tended to occur in the contralateral RVLM of sedentary rats (p=0.095). Preliminary studies suggest that
increased RVLM activity in the contralateral RVLM accounts for increased SNA and greater prevalence of CVD in sedentary
individuals. (HL096787-PJM); (1I01RX001095-AGH)
#26
ENERGETIC DEMANDS DURING EXERCISE IS RESPONSIBLE FOR ACTIVATION OF P38Γ MAP KINASE IN ISOLATED
FAST TWITCH MOUSE SKELETAL MUSCLES
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Departments of Kinesiology, Physiology and Molecular Biology, Greenville, NC
The p38 mitogen activated protein kinase (MAPK) isoforms are activated during exercise and thought to be involved in
mitochondrial biogenesis. However, activation mechanisms of the p38 MAPKs are currently unknown in skeletal muscle. It
is hypothesized that exercise induced energetic drain leads to phosphorylation of p38γ MAPK. Inhibitors of the two major
ATPases in skeletal muscle, actinomyosin (BTS) and SERCA (CPA), were used alone and in combination to determine the
roles of force production, calcium cycling, and energetic stress on the activation of the p38 MAPKs during stimulation.
These inhibitors revealed that energetic drain leads to phosphorylation of p38γ MAPK specifically. However, p38α and β
MAPK show no significant change in phosphorylation in comparison to control stimulated muscles. It is possible that
upstream protein kinases are responsible for MAPK activation. One possibility is AMP activated protein kinase (AMPK),
activated through an increase in AMP: ATP, is capable of activating/phosphorylating p38γ MAPK. Two approaches were
used to test this hypothesis. First, a synthetic activator (AICAR) was used to activate AMPK without other physiological
factors that change during exercise. AICAR incubation revealed AMPK alone is insufficient to significantly phosphorylate
p38γ MAPK. Second, 2-deoxyglucose (DG), an inhibitor of glycolysis, was used to induce energetic drain without exercise.
DG had no effect on the activation state of either AMPK or p38γ MAPK. While these data suggest a component of energetic
demand leads to activation of p38γ MAPK, further studies are necessary to determine which aspect of energy demand
stimulates activation of the p38 MAPKs.
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ALTERATIONS IN JANUS (JAK2)/SIGNAL TRANSDUCER OF ACTIVATED TRANSCRIPTION (STAT) SIGNALING
PATHWAY IN HUMAN RENAL CELL CARCINOMA (RCC)
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Currently, RCC accounts for 9 out of 10 cases of kidney cancer diagnosed. As RCC responds very poorly to current
chemotherapy better treatment options are urgently needed. A major limitation to developing new treatments is that the
pathogenic molecular mechanisms responsible are unknown. One pathway suggested to be involved in vitro is the
JAK2/STAT3. We hypothesized that in RCC there is altered expression of JAK/STAT members and regulators. Utilizing tissue
samples from normal (n=14), benign (n=6), and histological Fuhrman grades: Grade 1 (n=3), Grade 2 (n=10), Grade 3 (n=14),
and Grade 4 (n=3) we analyzed them with Affymetrix human gene microarrays and Western Blot technology. The samples
were all clear cell renal carcinomas which were verified by a Beaumont Hospital pathologist. We analyzed 22,148 genes and
differentially expressed genes were then detected by ANOVA taking into account histological stage. We found 170 genes
that were differentially expressed in all grades compared to both normal and benign kidney samples. We found both JAK1
and JAK2 mRNA to be highly expressed in the RCC samples compared to the controls. We detected increased levels of
phosphorylated JAK2 in Stages 2, 3 and 4 samples compared to normal and benign. We did not observe any changes in
mRNA or protein expression of the regulatory proteins SOCS1, SOCS3 or SHP-1. We did find an increase in SHP-1 serine
phosphorylation which is inhibitory in the RCC samples only. These data suggest that altered function of regulators but not
expression may be involved in RCC.
#28

ROLE OF G PROTEIN-COUPLED RECEPTOR KINASE 2 IN TNFΑ INDUCED SIGNALING IN COLON EPITHELIAL CELLS

Steury, M, Parameswaran N
Michigan State University, Dept of Physiology, East Lansing, MI
G protein-coupled receptors compose a major subset of signaling molecules and are critical in regulation of various
inflammatory responses throughout the body. Upon agonist binding their downstream effects are modulated by GPCR
kinases (GRKs) via phosphorylation of these receptors, attenuating their signal. In addition to receptor desensitization, GRKs
have been shown to play a role in inflammatory gene production by directly influencing factors in the NFκB pathway.
Following siRNA-mediated knockdown of GRK2 in SW480 (colon cancer epithelial cells), the cells were stimulated with TNFα
and various cytokines were examined by real time PCR and signaling pathways were assessed by western blot analysis.
Gene expression of cytokine genes TNFα, MIP-2α, IL-6, IL-34, CCL2 and CXCL8 were not regulated by TNFα stimulation.
Conversely signaling proteins pIkBa and pERK were downregulated and upregulated (respectively) under TNFα stimulation.
These results indicate that GRK2 has significant effect on signaling pathways in colon epithelial cells and further studies are
necessary to elucidate the exact ramifications this has on cellular function and phenotype.
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CHARACTERIZATION OF THE JAK/STAT PATHWAYS IN CARDIAC MYOCYTES IN ANGIOTENSIN II-INDUCED
HYPERTENSION
**Feras Hares, Sara Singhal and Amy K. L. Banes-Berceli
Department of Biological Sciences, Oakland University, Rochester MI
Currently, there is not enough data to draw definite conclusions as to the role Janus-Activated Kinase (JAK)/ Signal
Transducers of Activated Transcription (STAT) pathways play in the heart during hypertension. Yet, the JAK/STAT pathway
signaling has been implicated in the response of the heart and isolated cardiac myocytes to diverse cellular stresses in the
literature without clear molecular mechanisms being elucidated. Therefore, we tested the hypothesis that activation of
these pathways in the heart would be increased during hypertension. Using the angiotensin II (ANGII) infusion model of
hypertension in male Sprague-Dawley rats we found that there was an increase in blood pressure and in JAK2 activation
and in the regulator SHP-1 activation as well in the ANGII-treated rats compared to the control rats. These data are
surprising in that in previous in vitro work SHP-1 activity correlates with a decrease in JAK2 phosphorylation as measure by
Western blot analysis. There may be as yet unknown mechanisms which are protecting JAK2 activation during ANG IIinduced hypertension. Alternatively, we may be seeing SHP-1 activity increasing but being diverted to regulate other
intracellular signaling pathways such as the other JAKs (JAK1 and TYK2) or PI3-Kinase. It is known that JAK2 is only one of
the pathways regulated by this phosphatase. In future studies we will fully characterize the JAK/STAT pathways and their
regulators. These future studies will be required in order to investigate the regulation and activity of these proteins and
what role they may be playing in the heart during hypertension.

#30

ISOLATION AND CHARACTERIZATION OF LAMINA PROPRIA DENDRITIC CELLS FROM COLON

Kimberly Obey, Taehyung Lee, and Narayanan Parameswaran
Michigan State University, Dept of Physiology, East Lansing, MI
The colon is a major site of pathology in ulcerative colitis. In previous studies we have shown that β-arr1 (an intracellular
scaffolding protein) mediates production of IL-6 in a mouse model of ulcerative colitis. Lamina propria dendritic cells (LPDC)
have been identified as one of the major sources of IL-6 during this intestinal inflammation. The goal of this study was to
isolate LPDC from healthy and inflamed colon from wild type and β-arr1 knockout mice and test their ability to produce IL-6
in response to LPS. For this, we isolated LPDC from wild-type (WT) and β-arr1 knockout mice (KO) using an immunelabeling technique with magnetic beads. Isolated cells were treated or not with lipopolysaccharide (LPS) and IL-6 production
was compared in cells from healthy and colitic mice. IL6 levels were measured using ELISA techniques. As expected, the IL-6
production of LPDCs after isolation from colitis induced mice and stimulation with LPS was decreased compared to the WT.
Interestingly though, the IL-6 production of LPDCs isolated from healthy mice and stimulated with LPS showed opposite
results. The level of IL-6 production was significantly increased in the KO cells. This data suggests that the ability of LPDCs in
the KO mice to produce IL-6 is regulated by certain immune modulators that have anti-inflammatory effects during
intestinal inflammation.
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SINGLE UNIT RECORDINGS FROM PUTATIVE PRESYMPATHETIC NEURONS IN THE ROSTRAL VENTROLATERAL
MEDULLA (RVLM) OF SEDENTARY AND PHYSICALLY ACTIVE RATS
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A sedentary lifestyle has been linked to the development of cardiovascular disease (CVD). The RVLM is believed to
contribute to CVD through direct activation of sympathetic preganglionic neurons. Our previous work showed that
sedentary rats exhibit enhanced sympathoexcitation after glutamate activation of the RVLM compared to their active
counterparts. We have also shown increased dendritic arborization in spinally-projecting C1 RVLM neurons from sedentary
rats. We hypothesized that the RVLM exhibits increased excitability due to structural and functional differences in
sedentary versus active rats (9-13 weeks wheel running). To our knowledge, we are the first group to have performed in
vivo single-unit recordings from putative presympathetic RVLM neurons in sedentary and active rats to examine functional
differences in presympathetic RVLM neurons. Preliminary results suggest that under Inactin anesthesia, sedentary rats
(n=4) have increased mean arterial pressure (MAP; 120±4 mmHg vs. 94±17 mmHg) despite a non-significant increase in
baseline action potential frequency (7.7±1.3 vs. 5.2±1.3 Hz; n=15 and 4 cells, respectively) when compared to active rats
(n=2). Consistent with our previous findings, RVLM neurons from sedentary rats also showed enhanced increases in action
potential frequency following 1µg/kg sodium nitroprusside (i.v.)-induced decreases in MAP compared to those in active rats
(47±15% vs. 13±14%). Though our current sample size does not yet permit us to draw definitive conclusions, these
preliminary data support our hypothesis and suggest that a sedentary lifestyle may increase sympathetic nerve activity via
an increase in the activity of individual presympathetic RVLM neurons. (WSU Rumble Fellowship (DH); HL096787 (PJM)).
#32
OPTOGENETIC MODULATION OF MOTOR INPUT TO SOMATOSENSORY CORTEX: FREQUENCY-DEPENDENT
EFFECTS ON SENSORY-EVOKED RESPONSES
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For optimal tactile sensing of the surrounding to occur, animals need to have continuous access to information about the
state of the sensors, as well as features of the sensed object. We are investigating the role of the vibrissal area of motor
cortex (vM1) in shaping the representation of sensory input in the vibrissal region of somatosensory cortex (vS1). We
hypothesize that vM1 modulates vS1 activity in a frequency-dependent manner, where vM1 increases excitatory drive to
vS1 at low frequencies of whisker movement associated with quiescent behavior but engages inhibition at higher whisking
frequencies associated with active sensing. To address this hypothesis, we are studying the effects of optical stimulation of
channelrhodopsin-transfected vM1 neurons on the representation of whisker-evoked activity in vS1 in anesthetized rats.
Whiskers were stimulated at 1 and 10 Hz frequencies with and without optical stimulation while unit activity and local field
potentials (LFPs) were recorded using 32-channel microwire arrays in vS1. Initial observations collected in 3 subjects show
the following: (1) With 1 Hz stimulation, sensory-evoked vS1 LFP amplitudes are increased with optical stimulation of vM1
input, (2) the spatial extent of the evoked response is broadened with optical stimulation of vM1 input, and (3) these
effects are not evident with 10 Hz stimulation, which favors enhanced adaptation and more spatially confined vS1
responses to whisker stimulation. A role for vM1 in shaping the spatial and temporal profile of sensory-evoked responses
may be pivotal for the animal to rapidly integrate evidence from the sensed surrounding.
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EFFECT OF DICHLOROACETATE ON MITOCHONDRIAL MAXIMAL CAPACITY MEASURED BY 31P MRS
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This study intended to investigate in vivo whether activation of pyruvate Dehydrogenase (PDH) with dichloroacetate (DCA)
affects maximal mitochondrial capacity in rat gastrocnemius measured by 31P Magnetic Resonance Spectroscopy (MRS)
after different sub-maximal stimulation intensities. 31P Spectra were continuously recorded at 9.4T throughout a
standardized rest-stimulation-recovery protocol with 24-sec. time resolution (TR=3s, 8accumulations) for each contraction
intensity. Electrically-induced contraction via direct sciatic nerve gastrocnemius stimulation was performed successively in
6 wistar rats at 0.35, 0.5, 0.75 and 1.0Hz for 4.8 min separated by 7.2 min recovery. Protocol was repeated in each rat after
intraperitoneal DCA administration (150mg•kg-1) observing an incubation time of 1 h. PCr recovery kinetics were fitted to a
monoexponential curve to determine rate constant of PCr recovery (kPCr, index of maximal oxidative capacity). As
expected, steady-state PCr hydrolysis significantly increased with stimulation intensity and tended to be lower in DCA
compared to control. No change in kPCr was found between control (0.015 ± 0.003 s-1, 0.015 ± 0.003 s-1, 0.013 ± 0.006 s-1,
0.014 ± 0.004 s-1 for 0.35, 0.5, 0.75 and 1Hz) and DCA condition(0.015 ± 0.007 s-1, 0.013 ± 0.008 s-1, 0.009 ± 0.007 s-1,
0.014 ± 0.005s-1 for 0.35, 0.5, 0.75 and 1Hz) regardless of intensity (p>0.600).The results of this study showed that 1) kPCr
is independent of workload and 2) DCA-induced PDH activation did not affect maximal oxidative capacity of mitochondria.
Increased oxidative flux during submaximal work is mediated by an increase in substrate provision to the mitochondria
without affecting system kinetics.
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CARDIAC SR PROTEIN SORTING AND TRAFFICKING ACROSS THE ER INVOLVES INTACT MICROTUBULES

Naama H. Sleiman, Cristine Smoczer,Timothy P. McFarland, Steven E. Cala
Department of Physiology, School of Medicine Wayne State University, Detroit, MI
Functional subdomains of endo/sarcoplasmic reticulum (ER/SR) in cardiac myocytes form the basis of current cardiac
contraction models. Regulation of both formation and preservation of ER/SR subdomains requires intracellular sorting and
trafficking that are yet to be identified of resident ER/SR proteins across the secretory pathway. The purpose was to identify
the secretory pathway and trafficking mechanisms involved in the formation of functional SR subdomains. To investigate
pathways by which proteins navigate cardiac ER and SR, canine forms of junctin (JCT) or triadin (TRD) were overexpressed in
adult rat cardiomyocytes, and a time course of protein accumulation was visualized by confocal fluorescence microscopy
using species-specific antibodies. JCT and TRD populated juxtanuclear puncta by 24h, and resembled steady-state
distribution patterns by 48h, charting an apparent radial pathway away from nuclei. In contrast to the accumulations of JCT
and TRD in junctional SR (jSR) when overexpressed alone, co-overexpression with the rough ER-localized CSQ2-DsRed
polymer demonstrated a common site of biosynthesis around the nucleus. To double label cardiac ER and SR, we coexpressed a TRD variant (del200-225), which permitted distinguishing jSR from rough ER. Interestingly, these results
highlighted a region of smooth ER aligned longitudinally, likely along microtubules. Transitions from smooth ER to jSR
appeared to reflect a deposition of jSR proteins at punctate sites along longitudinal ER tubules. When cells were treated
with nocodazole following overexpression of JCT and TRD, little or no protein accumulation occurred beyond the nuclear
envelope, underscoring microtubule involvement in SR membrane trafficking and formation of functional SR subdomains.
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SPHINGOLIPID METABOLISM AND THE DEVELOPMENT OF DIABETIC RETINOPATHY

Harshini Chakravarthy, Svetlana Navitskaya, Sandra O’Reilly, Eleni Beli, Qi Wang, Chao Huang, Nermin Kady, Julia Busik
Michigan State University, Dept of Physiology, East Lansing, MI
Repair of injured retinal vasculature in diabetic retinopathy involves migration of endothelial progenitor cells (EPCs) from
bone marrow to sites of injury. We previously demonstrated that a central enzyme of sphingolipid metabolism, acid
sphingomyelinase (ASM) is activated in diabetic EPCs. We hypothesized that inhibition of ASM in diabetic EPCs can prevent
retinal vascular degeneration. To inhibit ASM in bone marrow, C57BL/6 mice were irradiated with 1100 rads and bone
marrow from ASM-/- mice injected into recipient mice. After stable reconstitution, mice were made diabetic with
streptozotocin. We measured retinal vascular permeability, expression of inflammatory markers and performed histological
assessment of retina in diabetic animals. To specifically inhibit ASM in diabetic EPCs, 10,000 cells were treated with 300nM
siRNA and injected intravitreously into diabetic mice to observe reendothelialization of damaged vessels after 7 days.
Statistical analysis was done using ANOVA and Tukey’s posthoc analysis (reported mean±SEM). Diabetes increases vascular
permeability, expression of inflammatory markers and acellular capillary formation in the retina as expected. Inhibition of
ASM in diabetic bone marrow prevents this increase in vascular permeability, blocks upregulation of inflammatory markers
and significantly fewer acellular capillaries, confirming that ASM inhibition in diabetic bone marrow leads to reduction in
retinal vascular pathology. Specific inhibition of ASM in diabetic EPCs leads to improved incorporation of EPCs into injured
retinal microvasculature. Our results indicate that upregulation of ASM in diabetic EPCs plays a crucial role in retinal
vascular degeneration. Therefore, inhibition of ASM in EPCs can improve treatment of vascular injury in diabetic
retinopathy.
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WHAT’S THE MATTER WITH MAT? – MARROW ADIPOSE TISSUE, METABOLISM AND SKELETAL HEALTH
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Bone marrow adipose tissue (MAT) fills 70% of the marrow space and weighs ~2.6 kg in an average adult. Unlike peripheral
white adipose tissue (WAT), MAT increases in rodents and humans during calorie restriction (CR). This implies that MAT is
differentially regulated by nutritional status. It also suggests that preservation of MAT may be advantageous to metabolic
function. However, the ability of MAT to both contribute to and respond to systemic change is poorly understood. To
address this we profiled adipose tissue mRNAs and observed >300 adipocyte-related gene expression differences in MAT
compared to WAT. In vivo injections of insulin and isoproterenol pinpointed differences in signaling intermediates that
contribute to impaired stimulated lipolysis of isolated MAT adipocytes. MAT also has the potential to secrete metabolic
regulators such as adiponectin. Like adiponectin, MAT is increased in states of low body fat including anorexia and type I
diabetes. Thus, we hypothesized that increases in MAT are a source of serum adiponectin. We found that secretion of
adiponectin protein is higher in MAT when compared to WAT. We then examined whether inhibition of MAT accumulation
reduces circulating adiponectin. CR Ocn-Wnt10b mice resisted increases in both MAT and serum adiponectin. They also
resisted skeletal muscle adaptation to CR, suggesting that MAT exerts systemic effects. These findings support the concept
that expansion of MAT is necessary to increase serum adiponectin in states of CR and solidifies the notion that MAT is a
unique adipose depot that can both respond to and contribute to metabolic change.
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LEPTIN RECEPTOR MUTATIONS AFFECT BONE DENSITY AND MARROW ADIPOSITY

Ian McCabe, Alyssa Fedorko, Erica L Scheller, Martin G Myers, Gina Leinninger, Laura R McCabe
Department of Physiology, Michigan State University, East Lansing MI
Osteoporosis is responsible for almost 9 million fractures worldwide annually, suggesting that existing treatments are not
fully effective. Knowledge of bone density regulation is crucial for identifying superior therapeutic targets. Our lab is
investigating one of these targets, the leptin receptor. We hypothesize that correct functioning of the leptin receptor and
its signaling plays a crucial role in maintaining bone density and reducing bone marrow fat (inversely proportional to bone
density). Therefore, I examined bone parameters in wild type mice compared to genetically modified mice displaying leptin
receptor mutations that alter phosphorylation sites that affect receptor intracellular signaling. Three different mutation
sites were studied, one of which completely blocked signaling (delta65) while two others partially affected signaling (LL, SS).
To compare the effect of the mutations on bone fat, which increases with bone loss, I quantified the number of adipocytes
in the bone marrow of each mouse. Complete inhibition of receptor signaling significantly raised the number of adipocytes
in males, a similar trend existed in females. This inversely correlated with bone density, which was significantly decreased in
the mutant mice. The SS mutation increased adipocytes in males only (which also had low bone density), while the LL
mutation had no significant effect on adipocytes or bone density. Taken together, my findings contribute to understanding
the role of leptin receptor signing in the regulation of bone marrow adipocytes and density.
#38
ESTROGEN DEFICIENCY INDUCED INTESTINAL INFLAMMATION AND PERMEABILITY IS LINKED WITH
OSTEOPOROSIS
Sandra Raehtz, Alyssa Fedorko, Laura McCabe
Physiology, Michigan State University, East Lansing, MI
One out of two post-menopausal women will experience an osteoporotic fracture. Osteoporosis is characterized by
decreased bone density and increased fracture risk, over 2 million annually. We and others previously demonstrated an
association between intestinal inflammation and bone loss. Given that menopause is associated with bone inflammation,
we hypothesized that intestinal inflammation contributes to bone inflammation and loss associated with estrogen
depletion. We performed ovariectomy surgeries to induce an estrogen deficient state in female mice. As expected, microcomputed tomography demonstrated that distal femur trabecular bone volume was decreased by 26% as compared to
sham control mice. Gene expression analysis of the small intestine demonstrated increased levels of pro-inflammatory
cytokines (tumor necrosis factor (TNF) and interferon gamma (IFNg)) and decreased anti-inflammatory cytokines
(interleukin-10 (IL-10)). Consistent with increased inflammation, estrogen depletion increased intestinal permeability. This
was observed functionally as indicated by serum endotoxin levels that were increased by 29%. This was further
demonstrated by decreased expression of key gap junction genes (claudin 15 (CLDN15) and junction adhesion molecule 3
(JAM3)). Pearson correlations demonstrate a positive association between intestinal inflammation and the extent of bone
loss. Together, our studies indicate that intestinal inflammation is linked to bone loss. Understanding this association will
identify new therapeutic targets to increase bone density and health.
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TREATMENT WITH THE IMMUNOMODULATORY PROBIOTIC L. REUTERI DOES NOT MODULATE THE SPLENIC
IMMUNE CELL PHENOTYPE
1

2

1

2

2

1

Fraser L Collins , Darin Quach , Regina Irwin , Laura Schaefer , Robert A Britton , Laura R McCabe , Narayanan
1
Parameswaran
1
2
Department of Physiology, Michigan State University; Department of Microbiology and Molecular Genetics, Michigan
State University
Osteoporosis (OP) is characterized by low bone mineral density (BMD), deteriorated microarchitecture and an increased
risk of fracture. Recent studies suggest an important role for gut microbiota in modulating bone health. Consistent with this
finding, we demonstrated that the probiotic bacterium Lactobacillus reuteri (ATCC 6475) prevents bone loss in the
estrogen-deficient ovariectomized (OVX) mouse menopause model. We further identified that the probiotic modulates
bone marrow immune populations in OVX mice. In this study, we investigated the effects of L. reuteri on modulation of
immune cells in the spleen (another major immune organ). Sham and OVX Balb/c mice were treated by gavaging with L.
reuteri (1x109cfu/ml) or vehicle control (MRS broth) three times per week. In addition, L. reuteri (1.5x108cfu/ml) or vehicle
was added to the drinking water for the duration of the study. The cellular phenotype of the spleen was analyzed by flow
cytometry after 1 and 4 weeks. Spleen weights were significantly increased in the OVX mice ± L. reuteri compared to the
sham controls (P=<0.05) at 1 week, but did not differ after 4 weeks. Interestingly, L. reuteri did not appear to affect immune
cell populations in the spleen at either 1 or 4 weeks. This suggests that in contrast to effects seen in the bone marrow
(previously shown), neither OVX nor LR treatment significantly affect splenic cell composition. Further studies are necessary
to identify if spleen cell function rather than composition is affected upon OVX or LR treatment. Our findings could have
implications in terms of understanding organ specific modulation through the systemic inflammatory status under these
conditions.
#40
CAPTOPRIL TREATMENT IMPROVES ENDOTHELIUM DEPENDENT DILATION AND MIDDLE CEREBRAL ARTERY
REMODELING IN HYPERTENSIVE RATS
Nusrat Matin, Anne M. Dorrance
Department of Pharmacology & Toxicology; Michigan Stae University; East Lansing MI
Hypertension is associated with cognitive deficits. Angiotensin converting enzyme inhibitors (ACEI) improve cognitive
decline in hypertensive patients. We hypothesized that centrally active ACEI captopril (CTP) would alleviate cognitive
function by improving endothelium dependent dilation and middle cerebral artery (MCA) remodeling from stroke prone
spontaneously hypertensive rats (SHRSP). Data are shown as mean±SEM, SHRSP vs CTP and are analyzed by Student’s t-test.
12 week old male SHRSP received CTP (50 mg/kg/day) for 6 weeks. Cognitive function, evaluated by Morris water maze,
showed no difference between groups. CTP reduced systolic blood pressure (178±8 vs 131±6 mmHg, p<0.05). MCA
reactivity and passive structure was assessed by pressure myography (data shown at 80 mmHg). CTP did not increase lumen
diameter (232.6±8.1 vs 249.1±8.1). CTP reduced wall thickness (21.9±0.1 vs 17.3±1.0 µm, p<0.05) and wall/lumen ratio
(0.1±0.01 vs 0.07±0.01, p<0.05). CTP improved endothelial function as evidenced by enhanced dilation to 10 µM adenosine
diphosphate (change in diameter from baseline at: 36.2±1.0 vs 54.2±5.3 µm, p<0.05). CTP increased resting pial artery
perfusion (673±32 vs 750±201 laser Doppler units, p<0.05). These data suggests that while CTP does not affect cognitive
abilities, it may contribute to increased baseline perfusion by enhancing dilation and reversing remodeling of MCAs.
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