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10:00am – 6:30pm 

 
PROGRAM 

 
10:30-11:00am – Program Data Blitz 

 
11:00-noon – Research Data Blitz 

 
Noon-3pm – Lunch, Posters, Vendors! 

 

3-4pm – Award Winning Student presentations 
Melissa Langworthy (UC Medical Campus) 

Sarala Pradhan (Univ Denver) 
Johanna Rochester (UC Boulder) 

Jennifer Whitesell (UC Medical Campus) 
 

4:00-4:30pm – Coffee break, stretch 
 

4:30-5:30pm – Leeds Precision Instruments Keynote: 
 

Dr. Rosalind Segal, MD, PhD, Harvard Medical School 
There and back again: Neurotrophin-induced 

retrograde response genes promote axonal viability  
5:30-6:30pm – Awards, door prizes, reception! 

 
 
 

 http://FRNG.colostate.edu



Institutional Sponsors 2009 

Colorado State University  

• Program in Molecular, Cellular and 
Integrative Neurosciences  

• Department of Biomedical Sciences  

• Program in Cell and Molecular 
Biology  

• School of Biomedical Engineering 

University of Wyoming  

• The Graduate School 
 

• The Neuroscience Program 

University of Colorado at Boulder  
 

• College of Arts and Sciences, 
Dean’s Office 

 
• Howard Hughes Biological Sciences 

Initiative 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

BRAIN AWARENESS WEEK 
2011!!! 

Neuroscience Outreach Program at 
Ft Collins High Schools: 
 
Spread the word, we need 
more scientists.  
Open to faculty, postdoctoral fellows, 
graduate students, undergraduate 
students, professional research associates, 
research scientists, staff and those 
affiliated with neurobiology that have an 
interest in teaching neuroscience and 
research methods to teens.  
 
• Share your knowledge about 

the nervous system, behavior 
and research 

• Practice your skills in 
communicating science 
concepts and refine your 
teaching style  

 
Find out more: Stop by our 

BAW Table during the 
POSTER Session of the 

FRNG conference 
Contact: Cynthia Smeraski, PhD (BAW 
Director), Department of Biomedical 
Sciences  
Colorado State University,  
email: cynthia.smeraski@colostate.edu  
Phone: 970-491-8143   
 
 
 



Corporate Sponsors 2009 
 
PLATINUM: 
 
Leeds Precision Instruments 
800 Boone Avenue North  
Minneapolis, MN 55427  
Contact Person: Jeff Bright 
Phone: 303-683-5524  
Email: jbright@leedsmicro.com  
Website: 
http://www.leedsmicro.com 
 
Martek Biosciences Corporation 
Christopher M. Butt, Ph.D. 
Principal Scientist 
Neuroscience Research, Discovery  
4909 Nautilus Court North, Suite 208 
Boulder, CO  80301  
303.357.2841 (phone) 
303.381.8181 (fax) 
Email: CButt@martek.com 
Website: http://www.martek.com/ 

 
 
North Central Instruments Inc. 
(Leica) 
Formerly: E. Licht Company 
5961 E. 38th Ave.  
Denver, CO 80207  
Contact Persons: Gary Hanson, 

Scott Carter and Lance Russell 
Phone: 303-322-8900  
Email: lancer@ncimicro.com 
 scottc@ncimicro.com 
Website: 
http://www.northcentralinstruments.com
/ 
 
 

ADInstruments, Inc. 
2205 Executive Circle 
Colorado Springs, CO 80906 
Contact: Greg Boulet 
Toll Free: 888-965-6040 x223 
Tel: 719-459-6272 
CO Phone: 719-576-3970 x223 
Fax: 719-576-3971 
Email:gboulet@adinstruments.com  
Website: 
http://www.adinstruments.com 
 
Hilton Fort Collins  
425 W. Prospect Rd.  
Fort Collins, CO 80526  
Contact Person: Kate Reid  
   Sales & Catering Manager  
970-482-2626 ext. 2022  
Direct Line: 970-494-2943  
Fax: 970-224-9209  
Email: kate.reid@jqh.com  
Website: www.fortcollins.hilton.com 
 
 
GOLD: 
 
Integrated DNA Technologies  
1710 Commercial Park  
Coralville, IA 52241  
Contact Person: Carrie Burroughs  
Voice: (303) 362-0465  
Cell: 720-333-3097  
Email: cburroughs@idtdna.com  
Website: www.idtdna.com 
 
Stoelting Co.  
620 Wheat Lane Wood  
Dale, IL 60191  
Contact: Richard Mills  
Toll Free: 800-860-9775  
Tel: 630-860-9700  
Fax: 630-860-9775  
Email: richard@stoeltingco.com  
Website: http://www.stoeltingco.com 
 



The Jackson Laboratory 
610 Main Street 
Bar Harbor, Maine 04609 
Contact Person: Richard Longeras  
Phone: (405) 255-0255  
Email: richard.longeras@jax.org  
Web: http://jaxmice.jax.org/ 
 
Life Technologies, inc.  
5781 Van Allen Way.  
Carlsbad, CA 92008  
Contact Person: Jennifer Huelle, Ph.D.  
Consumables Sales Representative  
Phone: 303-585-0588  
Email: jennifer.huelle@lifetech.com  
Website: www.lifetechnologies.com 
 
Fisher Scientific Company 
4700 Moline St. 
Denver, CO 80239  
Contact Person: Anjanette Lambert 

And David Holden  
Customer Service: 800-766-7000 
Phone: A Lambert: 303-596-5485 
Email: 
anjanette.lambert@thermofisher.com 
david.holden@thermofisher.com 
Website: http://www.fishersci.com 
 
SILVER: 
Harlan Laboratories, Inc.  
8520 Allison Pointe Blvd.  
Indianapolis, IN 46250  
Contact Person: Eric A. Wong  
Email: ewong@harlan.com  
Cell Phone: 303-638-2832  
Toll Free: 800-473-6423 ext 20095  
Website: www.harlan.com 
 
Millipore Corporation 
80 Ashby Road 
Bedford, MA 01730-2271 
Contact Person: Irv Crump, Candace Sotwick 
Phone: IC 303-396-3580 
Phone: CS 800-645-5476 x6870 
Email: irv_crump@millipore.com 
Email: Candace_Sotwick@millipore.com 
Website: http://www.millipore.com 

 
LightLabs 
PO Box 742513 
Dallas, TX 75374 
Contact Person: Matt Ver Meer 
Phone: 800-286-3103 x704 
Fax: 972-479-1910 
Email: Matt@lightlabsusa.com 
Website: http://www.lightlabsusa.com 
 
Fermentas Inc 
798 Cromwell Park Drive 
Glen Burnie, MD 21061 
Contact Person: Dan Golin 
Email: Golin@Fermentas.com 
Voice:    (800) 340-9026 
Fax:    (800) 472-8322 
e-mail:    info@fermentas.com 
Website: http://www.fermentas.com/ 
 
Novus Biologicals, LLC  
8100 Southpark Way, A-8  
Littleton, CO 80120  
Contact Person: Bryan Tinsley  
Phone: 303-730-1950  
Toll Free: 888-506-6887  
Fax: 303-730-1966  
Email: novus@novusbio.com  
Website: www.novusbio.com 
 
Roche Applied Science  
Contact Person: Dan Konet, Ph.D.  
Voicemail: 1-800-845-7355 x27660  
Cell: (720) 215-0094  
Email: Dan.Konet@Roche.com  
Technical Support: 1-800-262-4911  
Website: www.roche.com 
 
Mediatech, Inc.  
9345 Discovery Blvd.  
Manassas, VA 20109  
Contact Person: Kathy Davis  
Email: kdavis@cellgro.com  
Phone: (800) 595-8919 x1271  
Toll Free: (800) CELLGRO  
Website: www.cellgro.com 
 
 
 
 
 



 
Perkin Elmer Human Health  
940 Winter Street  
Waltham, MA 02451  
Contact Persons: Barney Gill, Tim Masters, 
and Paul Miller  
Phone: 800-762-4000  
Email: Barney.Gill@perkinelmer.com, 
Tim.Masters@perkinelmer.com, 
Paul.Miller@perkinelmer.com  
Website: www.cellularimaging.com 
 
George Shopp, PhD DABT  
Principal - Drug Development Consultant  
Shopp Nonclinical Consulting LLC  
PO Box 186  
Boulder, CO 80306  
Landline: 303-440-8144  
Cell: 303-502-6787  
Email: george@shoppnonclin.com  
Website: www.shoppnonclin.com 
 
Denver Instrument  
5 Orville Drive, Suite 200  
Bohemia, NY 11716  
Contact: Bill Roberts  
Toll Free: 800-635-2906 x8499  
Desk Phone: 303-876-5331  
Cell Phone: 303-883-0310   
Email: bill.roberts@denverinstrument.com  
Website: www.denverinstrumentUSA.com 
 

 
 
 
 
 
 
 
 

Thank you to 
additional local 

businesses for 
donating raffle 

prizes 
 
The Cupboard     
152 S College Ave     
Fort Collins, CO 80524    
970.493.8585      
800.569.1873      
www.thecupboard.net 
 
Mad Greens      
2120 E Harmony Rd     
Fort Collins, CO 80528    
970.223.1447      
www.madgreens.com     
 
Paninos Restaurant 
310 Prospect Rd 
Fort Collins, CO 80526 
970.498.8292 
www.paninos.com 
 
Chipotle 
649 S. College Ave, 
Fort Collins, CO 80525 
970.407.1446 
www.chipotle.com 
 



Acknowledgements: 
Cover Page: Designed by Karin Streifel 
Scientific images provided by Melissa Langworthy, Sarala Pradhan, Johanna Rochester and 
Jennifer Whitesell.  Details will be in their oral presentations. The FRNG website 
(http://FRNG.colostate.edu) was created by Leif Saul in 2005 – see more images on our website. 
Thanks to Leif for creating our electronic abstract submission system!!  
 

Special Thanks! 
 
Special thanks to faculty and postdoctoral fellows from all campuses for reading and judging 
abstracts and/or posters that provide the energy to create this meeting. 
 
Special thanks to Dr. Tom Finger and the Rocky Mountain Regional Neuroscience Group for 
partnering to make this a great Front Range event. 
 
Special thanks to the vendors listed in this program, and to Cheryl Hite and Deanna Scott for 
helping encourage industry participation.  These companies have declared by their contributions 
both in dollars and prizes that they value Front Range Neuroscience Group business.  We 
encourage you to buy from these vendors that support you. 
 
Special thanks to our Platinum Level Industry Supporters: Leeds Precision Instruments (who 
sponsored our Keynote Lecture), Martek Biosciences Corporation, North Central Instruments/Leica 
and ADInstruments. In addition, special thanks to the Hilton Fort Collins for stepping up to a 
platinum level of support in providing the ideal venue and extra contributions, and to Kate Reid in 
particular for help in making this all possible. 
 
Special thanks to the University departments and programs that provided financial support to help 
make the meeting possible; in particular Colorado State University, the University of Wyoming, and 
the University of Colorado at Boulder. 
 
Special thanks to the graduate student organizing committee for creating and polishing the 
program and fixing the details, and in particular for creating the program book. This includes Karin 
Streifel, and Krystle Frahm. from CSU, Dane Jensen and Andrew Young from Univ Wyoming, Jenn 
Whitesell, and Faye Doherty from UCHSC, Leah Brooks and Jessica Babb from UC-Boulder and 
George Talbott from DU. And additionally to Erin Bisenius, Brett Beal and the first year MCIN 
students Ryan, Jake, and Nathan for helping with attendee registration. 
 
Special thanks to you, the attendees, for making this a meeting that we can be proud to hold on a 
regular basis, and for forming Front Range Neuroscientists into a vibrant and interactive 
Community! 
 
Stay tuned for information on our FRNG Website that helps us communicate position openings, 
course offerings, seminars and a whole lot more!!! 
 
 
Sincerely yours, 
 
The Front Range Neuroscience Steering Committee, 
Shane Hentges, Susan Tsunoda, Stuart Tobet, Qian-Quan Sun, Serge Campeau, Nancy 
Lorenzon, Mark Basham, Sondra Bland, and Patrick Burns. 



 

 

LEEDS Keynote Speaker 
 

Dr. Rosalind Segal, MD, PhD:  
Harvard Medical School 

 
There and back again: Neurotrophin-induced retrograde 

response genes promote axonal viability  

The Segal lab is interested in mechanisms whereby extracellular stimuli 
regulate proliferation and survival in the developing nervous system. In 

particular, receptors function as rapid retrograde signal carriers to elicit nuclear 
responses to target derived neurotrophins. Her data indicate that the 

mechanism of signal propagation is retrograde vesicular transport of activated 
receptor-ligand complexes. The laboratory frequently uses the cerebellum as a 

model system to understand the role of neurotrophins in development and 
disease. 

 

This lecture is supported by a generous contribution by Leeds Precision 
Instruments. 



 

 

‘DATA’ BLITZ: Front Range Style 
 
Program Blitz 
Dr. Prather (Univ Wyoming) ‘Overview of Neuroscience Opportunities at the University of Wyoming’ 
 
Bob Spencer (UC Boulder) ‘The Monthly Stress Lunch at CU Boulder: informal gathering of students 
and faculty to discuss stress research — FRNG affiliates welcome to attend’ 
 
Kathy Partin (CSU) ‘A world of neuroscience opportunity at Colorado State University’ 
 
Nancy Lorenzon (DU) ‘DU research and graduate programs connected to Neuroscience’  
 
Diego Restrepo (UC Medical Campus) Neuroscience at the Medical Campus 
 
Karagh Murphy and Steven Falconi (Regis Univ) Karagh is a senior neuroscience major.  Steven is a 
senior double major in neuroscience and psychology. 
 
Research Data Blitz 
Dane Jensen (Univ Wyoming) The Neurokinin 3 receptor in the nucleus: a novel G-protein receptor 
signaling cascade. 
 
Gregory Amberg (CSU) Imaging calcium microdomains with TIRF microscopy 
 
Diego Restrepo (UC Medical Campus) "Associative Cortex One Synapse Away from Olfactory 
Sensory Neurons?" 
 
Eileen Marks (Univ Wyoming) ‘Beneficial effects of supra-nutritional selenium in a mouse model of 
Huntington’s disease’.  
 
Gidon Felsen (UC Medical Campus) Decision and motor circuits in rodents. 
 
Rachel Ramsey (UC Boulder) 
 
Jose Lafosse (Regis University) Studies of cortical and subcortical dementias. 
 
Casey O'Neill (UC Boulder) 
 
Giuseppe Cortese (UC Boulder) Age and inflammation reduce pro-and mature BDNF proteins at 
hippocampal synapses and impairs hippocampal L-LTP 
 
Maggie Wierman (UC Medical Campus and VA Hospital) Neuroendocrinology  
 
Mark Basham (Regis University) Studies of cellular and molecular mechanisms of motor learning. 
 
John Rash (CSU) Double-replica FRIL reveals that electrically-rectifying gap junctions are heterotypic. 
 



 

 

ORAL PRESENTATIONS 
 
1. Melissa Langworthy, Sarah Casper, Bruce Appel 
Schwann cell myelination requires dynein cytoplasmic 1 heavy chain 1 function, University of 
Colorado School of Medicine, Department of Pediatrics 
 
2. Sarala J. Pradhan1, Leslie M. Rozeboom1, Ravjot Dhatt1, Mani Ramaswami2, and Scott A. Barbee1 

Drosophila HPat interacts with the fragile X mental retardation protein and the miRNA pathway to 
regulate synaptic structure, 1Department of Biological Sciences and Eleanor Roosevelt Institute, 
University of Denver, Denver CO 80208, USA.  2Smurfit Institute of Genetics and TCIN, Lloyd 
Building, Trinity College Dublin, Dublin-2, Ireland. 
 
3. Johanna Rochester, Pei-San Tsai 
Postnatal loss and reactivation of the GnRH system in aging male transgenic animals paired with 
females, University of Colorado, Boulder 
 
4. Jennifer D. Whitesell, Nathan E. Schoppa  
Lateral inhibition between olfactory bulb glomeruli mediated by GABAergic inputs targeted on external 
tufted cells, Neuroscience Program, Department of Physiology and Biophysics, Rocky Mountain Taste 
and Smell Center; University of Colorado Anschutz Medical Campus, Aurora, CO 80045. 
 
ABSTRACTS 
 
1. Melissa Langworthy, Sarah Casper, Bruce Appel 
Schwann cell myelination requires dynein cytoplasmic 1 heavy chain 1 function, University of 
Colorado School of Medicine, Department of Pediatrics 
 
The formation of myelin sheaths around axons is required for rapid saltatory conduction of action 
potentials in the central and peripheral nervous systems (CNS,PNS). In the PNS, myelin is formed by 
Schwann cells, glial cells produced from neural crest that migrate to and ensheath target axons. The 
failure to form or maintain peripheral myelin can result in muscle weakness or paralysis, motor neuron 
degeneration, an inability to sense pain or change in temperature and neuropathic pain. To 
investigate the mechanisms that control the formation of the myelin sheath around axons, our lab 
analyzes mutations that result in myelin deficits. We investigated peripheral myelination in zebrafish 
larvae homozygous for an insertional mutation in the dynein cytoplasmic 1 heavy chain 1 (dync1h1) 
gene, which encodes a motor protein required for intracellular trafficking. Surprisingly, dync1h1 
mutants do not express peripheral myelin. Therefore, we tested the hypothesis that Dynein function is 
required for Schwann cell myelination. In vivo time-lapse imaging demonstrated that Schwann cells 
are present and further analysis revealed that Schwann cells fail to ensheath axons in mutant larvae. 
Genetic mosaic larvae generated by transplanting wild type cells into dync1h1 mutants showed that 
Dynein acts cell-autonomously in myelinating Schwann cells. Receptor interaction with target axons is 
required for expression of transcription factors that promote differentiation into myelinating Schwann 
cells. We determined that Dync1h1 function is required for the transition from progenitor to 
myelinating Schwann cell because dync1h1 mutants had decreased expression of transcription 
factors necessary for differentiation. These data raise the possibility that dync1h1 mutants do not 
transport receptor-mediated signaling events. Increasing the intracellular concentration of cAMP with 
drugs such as forskolin can substitute for receptor signals and promote the transition to myelinating 
Schwann cell. The differentiation and myelination defects in dync1h1 mutants were rescued following 
treatment with forskolin, consistent with a role for Dync1h1 transport of cAMP-dependent signals. 
These data reveal a new role for Dynein in peripheral nerve development and support the current 
hypothesis that Dynein-mediated retrograde transport promotes the cAMP-dependent signal 
transduction required for differentiation of myelinating Schwann cells.  
 



 

 

2. Sarala J. Pradhan1, Leslie M. Rozeboom1, Ravjot Dhatt1, Mani Ramaswami2, and Scott A. Barbee1 

Drosophila HPat interacts with the fragile X mental retardation protein and the miRNA pathway to 
regulate synaptic structure, 1Department of Biological Sciences and Eleanor Roosevelt Institute, 
University of Denver, Denver CO 80208, USA.  2Smurfit Institute of Genetics and TCIN, Lloyd 
Building, Trinity College Dublin, Dublin-2, Ireland. 
 
The local synthesis of new proteins is required to consolidate and maintain long-term changes in 
synaptic efficacy and synapse structure.  Synaptic mRNA translation is regulated by sequence motifs 
within mRNAs that act in concert with specific mRNA binding proteins and microRNAs (miRNAs).  
Together, the composition of these ribonucleoprotein (RNP) particles determines whether mRNAs are 
transported to the synapse, locally translated, or targeted for storage and/or degradation.   
We have previously shown that RNPs in Drosophila neurons share a highly conserved mRNA 
regulation machinery with cytoplasmic RNA processing bodies (P-bodies).  P-bodies are sites of both 
general and miRNA-mediated translational regulation.  This study focuses on the function of HPat, a 
highly conserved P-body protein, involved in P-body assembly, translation repression, and mRNA 
degradation.  We have found that HPat is expressed in the Drosophila larval central nervous system 
(CNS) and co-localizes to puncta with the Fragile X Mental Retardation Protein (FMRP) in neurites of 
primary cultures of larval motor neurons.  Furthermore, our studies indicate that HPat is a dominant 
modifier of FMRP function at the larval neuromuscular junction (NMJ) and functions on the 
presynaptic side of the NMJ to regulate synapse size via the miRNA pathway.  Together, our results 
suggest that HPat has essential functions in the control of FMRP- and miRNA-mediated plasticity 
processes in neurons in vivo. 
 
3. Johanna Rochester, Pei-San Tsai 
Postnatal loss and reactivation of the GnRH system in aging male transgenic animals paired with 
females, University of Colorado, Boulder 
 
Gonadotropin-releasing hormone (GnRH) neurons are required for the establishment and 
maintenance of fertility in all vertebrates. Previous studies have shown that there is little or no age-
dependent decline in the number of GnRH neurons in normal rodents. However, we have shown that 
a transgenic mouse with the expression of a dominant-negative fibroblast growth factor receptor 
(FGFR) targeted to GnRH neurons (dnFGFR mice) exhibited an age-dependent decline of GnRH 
neuron number. In this study, we investigate if this postnatal loss of GnRH neurons can be restored 
by behavioral stimulation, and the time course of such restoration. Since dnFGFR mice have 
disrupted FGFR1 and 3 function in GnRH neurons, we also examined mice with FGFR1 or FGFR3 
deficiencies to identify which is the one responsible for the postnatal maintenance of GnRH neurons. 
We quantified GnRH neurons and GnRH peptide levels in wild-type and dnFGFR male and female 
mice, from ~100 days to ~550 days of age, that had been housed with the opposite sex and allowed 
to raise pups (“opposite-sex housed”) or with other same-sex mice (“same-sex housed”). Age-
matched non-transgenic animals have a total of approximately 700 GnRH neurons regardless of age 
or whether they were opposite-sex housed or same-sex housed. At ~550 days of age, same-sex 
housed dnFGFR mice had a >50% reduction in GnRH neurons compared to controls, and had ~80% 
reduction in GnRH peptide. Housing dnFGFR males with females restored the number of their GnRH 
neurons by ~40% and increased GnRH peptide levels by ~60%. We did not see the same GnRH 
system reactivation in opposite-sex housed female mice. However, housing dnFGFR males with 
females for only 200 days was insufficient to restore their declining GnRH system. Lastly, mice 
deficient in FGFR3, not FGFR1, exhibited the same pattern of postnatal GnRH neuronal loss, 
suggesting the manifestation of this phenotype in dnFGFR mice resulted from disrupted FGFR3 
function. In summary, we have shown that behavioral stimulation (i.e. opposite-sex pairing, mating, 
and/or rearing of young) reactivates the aging GnRH system. Further, we showed that reduced 
FGFR3 function leads to the postnatal loss of the GnRH system. The latter discovery suggests 
FGFR3 could be a novel candidate gene whose haploinsufficiency leads to early onset fertility 
problems. The mechanism underlying the restoration of GnRH system by behavioral stimulation 
remains to be elucidated. 



 

 

 
4. Jennifer D. Whitesell, Nathan E. Schoppa  
Lateral inhibition between olfactory bulb glomeruli mediated by GABAergic inputs targeted on external 
tufted cells, Neuroscience Program, Department of Physiology and Biophysics, Rocky Mountain Taste 
and Smell Center; University of Colorado Anschutz Medical Campus, Aurora, CO 80045. 
 
An individual odor activates a distinct pattern of glomeruli within the olfactory bulb (OB), reflecting the 
different odorant receptors stimulated in the nose. The OB includes dense networks of GABAergic 
interneurons, suggesting that lateral inhibitory interactions between glomeruli could impact the 
relationship between glomerular input and output patterns. Using patch clamp recordings from rat OB 
slices, we tested for the mechanisms of lateral inhibition that occur within the glomerular layer by 
examining the responsiveness of external tufted (ET) cells. ET cells were chosen for this analysis 
because they may mediate feed-forward excitation of output mitral cells from ORN inputs (de Saint 
Jan et al., 2009). In addition, ET cells are part of a glomerulus-specific network of cells that, together 
with mitral cells, engage in the synchronized long-lasting depolarization (LLD) that dominates bulbar 
responses to ON stimulation (Gire and Schoppa, 2009); thus the ET cell LLD provides a convenient 
marker of the output of an entire glomerulus. Upon electrical stimulation of a “conditioning” glomerulus 
(50-500 µA) that was 60-550 µm away from the “target” glomerulus with which the ET cell was 
affiliated, we found strong evidence for lateral inhibition. This inhibition was observed as a significant 
inhibitory post-synaptic current (IPSC) in voltage-clamped ET cells (52±8 pA at Vhold = 0 mV, n = 22), 
presumably arising from periglomerular cells, as well as a marked reduction in the size of the LLD 
evoked by stimulation of the target glomerulus (39±10% reduction in charge integral, n = 5, p < 0.05). 
There was a close relationship between the duration of ET cell inhibition (half-width = 28±5 ms, n = 
22) and the time-interval between conditioning and target glomeruli stimulation (20 ms) that was 
effective for LLD suppression, suggesting that LLD suppression was linked to ET cell inhibition. Dual 
stimulation of the target glomerulus did not inhibit the LLD (n = 5).  These results suggest that local 
lateral interactions within the glomerular layer of the bulb may impact the OB’s input-output 
relationship by preventing feed-forward excitation of mitral cells.  
 
POSTER PRESENTATIONS 
 
Cognition and Behavior 
 
1) The acquisition, expression, and retention of habituated hypothalamo-pituitary-                                
adrenal (HPA) axis responses to repeated audiogenic stress are not affected by auditory cortex 
lesions.  CV Masini, JA Babb, TJ Nyhuis, HEW Day and S Campeau. 
 
2) The role of the bed nucleus of the stria terminalis (BNST), 5-HT2c receptors, and exercise in the 

modulation of anxiety-like behavior. JH Fox, SE Hammack, BA Grimmig, WA Falls.  
 
3) Multiple anxiogenic drugs recruit a parvalbumin-containing subpopulation of GABAergic 

interneurons in the rat basolateral amygdala. MW Hale, PL Johnson, JK Abrams, A Shekhar, CA 
Lowry.  

 
4) Repeated social defeat increases reactive coping behavior in the male rat: a potential role for the 

dorsal raphe nucleus. ED Paul, MW Hale, JL Lukkes, MJ Valentine, DM Sarchet and CA Lowry.  
 
5) The role of the medial prefrontal cortex in dorsal raphe nucleus 5-HT1A receptor adaptation 

following escapable and inescapable stress. R.R. Rozeske, L.R. Watkins, C.A. Lowry, and S.F. 
Maier.  

 
6) Brain basis of expectancy in musical cadence perception. M. Thaut, BJ Spiering, C Alpeter, SI 

Quraini, AG Sares, and C Seger.  



 

 

 
7) The role of the infralimbic cortex in the accelerated extinction that occurs after infralimbic activation 

in a fear context.  BM Thompson, JG Flyer, LR Watkins, SF Maier.   
 
8) Adolescent social deprivation increases aggressive behavior and decreases social interaction-

induced activation of the immediate early gene arc in the medial prefrontal cortex of male and 
female rats. V Wall, EK Fischer, N Howard, LR Watkins, SF Maier, and ST Bland.  

 
Development 
 
9) Cross-modal re-organization in children with cochlear implants. JD Campbell, A Sharma.  

 
10) Cortical Maturation and Behavioral Outcomes in Children with Auditory Neuropathy Spectrum 

Disorder. G Cardon, A Sharma.  
 
11) Reduced cardiomyocyte proliferation and adhesion in embryos depleted for voltage-gated 

calcium channel beta subunit CACNB2. Y Chernyavskaya, A Ebert, E Milligan, and DM Garrity. 
 
12)  Differences in vasculature branching in gababr1 knockout mice in the paraventricular nucleus 

of the hypothalamus. KA Frahm, MJ Schow, SA Tobet.  
 
13) Wnt signaling is required for BDNF-induced dendritic spine formation and maturation. BG 
Hiester, DF Galati and KR Jones.  
 
14) Reduced arginine vasopressin (AVP) neuronal populations in hypothalamus of fibroblast growth 

factor 8 hypomorphic mice Scott I. Kavanaugh, Wilson C. J. Chung, Stephanie D. King, Pei-San 
Tsai.  

 
15) Stressor controllability during adolescence blocks the behavioral and dorsal raphe nucleus 

activating effects of adult uncontrollable stress.  KH Kubala, JP Christianson, LR Watkins, SF 
Maier.  

 
16) Deficiency of Tbx5a during zebrafish development results in altered cardiomyocyte morphology. 

LE Parrie, YA Chernyavskaya,  DM Garrity.  
 
17) Activity-dependent remodeling of the Drosophila larval neuromuscular junction by the miRNA 

pathway.  LM Rozeboom, RI Sand, SA Barbee.  
 
18) Vascular development and sex differences in the region of the paraventricular nucleus of the 

hypothalamus. MJ Schow, JG Knoll, KA Frahm, Q Zhang, SA Tobet.  
 
19) GABA Regulates Corticotropin Releasing Hormone Levels in the Paraventricular Nucleus of the 

Hypothalamus in Newborn Mice. M Stratton, C Dennison, M Schow, G Knoll and S Tobet.  
 
20) Hypothalamic Expression of SnoRNA SNORD116 Is Consistent with a Link to the Pathogenesis of 

Prader-Willi Syndrome. Q Zhang, GJ Bouma, KM McClellan, SA Tobet.  
 
Disorders 
 
21) Electrically Conductive Nanowire Templates Enhance Neural Stem Cell Compatibility. SL 

Bechara, KC Popat.  
 



 

 

22) Z Cashero, CW Anderson. From the Department of Computer Science, Colorado State University, 
Fort Collins, CO 

 
23) Oxidative stress induced N-terminal cleavage and inactivation of the mitochondrial fusion GTPase 

OPA1 in neurons occurs concomitantly with apoptosis via a caspase-independent mechanism. JJ 
Gray, AE Zommer, HM Wilkins, NM Kelsey, FA Loucks, RJ Bouchard and DA Linseman.   

 
24) Effects of post-weaning social isolation on behavior and anxiogenic drug-induced c-Fos 

expression in serotonergic neurons in the female rat dorsal raphe nucleus. Lukkes JL, Engelman 
GH, Hale MW, and Lowry CA.  

 
25) D-cycloserine facilitates extinction of withdrawal-associated cues in morphine-dependent rats. CE 

O'Neill, ML Letendre, KM Myers, WA Carlezon, Jr, RK Bachtell. 
 
26) A non-denatured whey protein supplement (Immunocal®) protects neurons from mitochondrial 

oxidative stress and delays disease onset in the mutant SOD1 mouse model of ALS.  Erika Ross, 
Heather Wilkins, Whitney Hulick, Aimee Winter, Danielle Kirchhof, and Daniel Linseman. 

   
27) Signal transducer and activator of transcription-5 plays a novel role in neuronal apoptosis induced 

by inhibition of RAC GTPase. Trisha R. Stankiewicz, F. Alexandra Loucks, Emily K. Schroeder, 
Ron J. Bouchard, and Daniel A. Linseman. 

 
28) Gene deletion of inducible nitric oxide synthase suppresses glial inflammation protecting against 

manganese neurotoxicity. Karin Streifel, Julie Moreno, and Ronald Tjalkens.  
 
29) Glial interactions and neuroinflammation in manganese neurotoxicity. KA Sullivan and RB 

Tjalkens.  
 
30) Altered Calcium handling in cerebellar Purkinje neurons with the malignant hyperthermia 

mutation, Y522S-RyR1. GC Talbott, M Pauckova, NM Lorenzon.  
 
31) Role of glial activation in a progressive neuroinflammatory model of Parkinson’s disease using 

MPTP and probenecid. BR Trout, JA Miller, KA Popichak, RB Tjalkens.  
 
Neural Excitability, Synapse and Glia 
 
32) CNS inflammation arising from aging and a peripheral infection reduces pro- and mature BDNF 

proteins at hippocampal synapses and impairs hippocampal L-LTP.  GP Cortese, TR Chapman, 
RM Barrientos, SF Maier, and SL Patterson.   

 
33) BDNF Is Required Cell Autonomously to Maintain Excitatory Synapses in the Visual Cortex.  CN 

English, A Vigers, and KR Jones.  
 
34) Electrical resonance properties of mouse prefrontal cortical pyramidal neurons. J Erickson and 

MP Thomas. 
 
35) Quantification of non-conducing KV2.1 channels in transfecting HEK293 cells and cultured 

hippocampal neurons. PD Fox, RJ Loftus, EE Deutsch, MM Tamkun.   
 
36) Myelin Proteolipid Protein Regulates Oligodendrocyte Precursor Migration in Response to 

Chemotactic Molecules. DE Harlow, WB Macklin. 
 
37) Kinetic analysis of the AMPA receptor R628E mutant in the GluA2 linker region.  Jonathan E. 

Harms, Morris Benveniste*, Leslie Stone-Roy,  and Kathryn M. Partin.  From the Deptartment of 



 

 

Biomedical Sciences, Colorado State University, Fort Collins, CO; *Morehouse School of 
Medicine, Atlanta, GA. 

 
38) Shal/Kv4 Channels are Required for Maintaining Excitability During Repetitive Firing and Normal 

Locomotion and Grooming in Drosophila. Y Ping, G Waro, A Licursi, S Smith, DA Vo-Ba, and S 
Tsunoda. 

 
39) Heterotypic Cx35/Cx34.7 Coupling at Rectifying Gap Junctions in Goldfish Giant Club Ending / 

Mauthner Cell Synapses Demonstrated by Matched Double-Replica FRIL. JE Rash, N. 
Kamasawa, K. Davidson, T. Yasumura, Nannapaneni S, Flores C, J. O'Brien, JI Nagy, AE Pereda 

 
40) Differential trafficking of GluR2 flip receptors and stargazin upon application of glutamate. LM 

Stone, KM Partin.  
 
Neuroendocrine 
 
41) Restraint stress inhibits the central extended amygdala in both male and female rats. JA Babb, 

CV Masini, S Campeau, and HEW Day. 
 
42) Maternal behaviors in dnFGFR mutant mice.  LR Brooks, D Le, WCJ Chung, and PS Tsai.  
 
43) Chronic, non-invasive corticosterone delivery induces anxiety- and depression-like behavior, and 

disrupts the diurnal pattern of tph2 mRNA expression and HPA axis activity. NC Donner, CD 
Montoya, CA Lowry.  

 
44) Hyperosmolarity increases NK3 receptor expression in the paraventricular nucleus of the 

hypothalamus. DD Jensen, FW Flynn.   
 
45) In vivo evidence for a cold temperature sensitive serotonergic system.  KJ Kelly, NC Donner, MW 

Hale, CA Lowry.   
 
46) Gene amplification and upregulation of mammalian STE20-like protein kinase 4 (Mst4) reveal a 

novel candidate gene in human pituitary tumorigenesis. AJ Knox, MG Edwards, K Kiseljak-
Vassiliades, M Xu, KA Michaelis, BK Kleinschmidt-Demasters, KO Lillehei, and ME Wierman.  

 
47) Axl and cMet: Crosstalk of Tyrosine Kinase Receptor Signaling in the Survival of GnRH Neurons. 

S Mehta, M Xu, M Schaller, and ME Wierman. 
 
48) Elucidating Molecules and Mechanisms in Pituitary Tumorigenesis: A Gene Microarray-Based 

Approach. KA Michaelis, AJ Knox, M Xu, K Kiseljak-Vassiliades, MG Edwards, BK Demasters, 
KO Lillehei, ME Wierman.  

 
49) Endocannabinoid Receptor Antagonism Increases Hypothalamic-Pituitary-Adrenal Axis Activity 

Basally and to Loud Noise Stress in Male Sprague Dawley Rats. RJ Newsom, C Osterlund, RL. 
Spencer, S Campeau. 

 
50) Rapid suppressive effect of corticosterone on stress-induced ACTH secretion, but not mitogen-

activated protein kinase pathway activity in the hypothalamic paraventricular nucleus. C 
Osterlund, R Newsom, S Campeau, A Chadayammuri, C O’Neill, and R Spencer.  

 
51) Effect of stressor challenge duration on the expression of stress response habituation. RE 

Ramsey, RL Spencer. From the Department of Psychology and Neuroscience, University of 
Colorado at Boulder, Boulder, CO. 



 

 

 
52) Mechanisms of gonadal steroid influences on the development of sex differences in the preoptic 

area. BT Searcy, P Kumar, MS Stratton, SA Tobet. 
 
53) Investigation of a central nucleus of the amygdala/dorsal raphe nucleus serotonergic circuit 

implicated in fear-potentiated startle. Benjamin M. Spannuth, Matthew W. Hale, Andrew K. Evans, 
Jodi L. Lukkes, Serge Campeau, Christopher A. Lowry.   

 
54) The distribution of urocortin 2-like immunoreactivity in the rat brain. Christopher E Stamper, 

Matthew W. Hale and Christopher A Lowry.  
 
55) The impact of compound FGFR1 and FGF8 signaling deficiencies on the murine reproductive 

system.  BK Tata, P-S Tsai, and WCJ Chung.  
 
56) Intra-Pituitary Administration Revisited: Development of a Novel in Vivo Approach to Investigate 

the Ovine Hypophysis. WA Taylor, NP Evans, C Hertz and DC Skinner.  
 
57) Dose Dependent Changes in Chromatin Structure by the NK3 receptor Agonist SENKTIDE. A 

Thakar, DD Jensen, K Sundstrom, FW Flynn.  
 
58) Transducer of regulated CREB activity 2 (TORC2) is activated within CRH neurons of the PVN in 

response to stress and is not subject to intermediate glucocorticoid negative feedback. MJ 
Weiser, J Highland, RL Spencer.   

 
Sensory and Motor Systems 
 
59) Evidence for in vivo thermosensitivity of serotonergic neurons in the rat dorsal raphe nucleus and 

raphe pallidus nucleus. Kathleen F. Dady, Matthew W. Hale, Andrew K. Evans, Christopher A. 
Lowry. 

 
60) Predation pressure drives lateral line diversity in guppies. Eva K. Fischer, Cameron K. 

Ghalambor, Kim L. Hoke, and Daphne Soares.  
 
61) Improved sensory and physical function after lower limb surgical nerve decompression – a case 

study.  AM Jones, RJ Paxton, JC Anderson, LN Hitchcock, JT Long, MK Trabert, and BL Tracy.  
 
62) Case Study: Improved Ankle Muscle Function After Surgical Nerve Release in a Peripheral 

Neuropathy Patient. Roger J. Paxton, Anna M. Jones, Leah N. Hitchcock, Jaclyn T. Long, James 
C. Anderson, Jon L. Dameworth, and Brian L. Tracy.  

 
63) MNU-induced photoreceptor degeneration model in goldfish. D Varland, C Suh, L Rickborn, and J 

Vigh.  
  
64) Examine the specificity and activity-dependence of the effects by Enriched Environment on local 

protein expression in barrel cortex of juvenile mice. X. Wang, Q.Q. Sun. 
 
65) Developmental maturation of excitation and inhibition balance in principal neurons across four 

layers of somatosensory cortex. Zhi Zhang, Yuan-Yuan Jiao and Qian-Quan Sun. 
 
66) Career Possibilities. Cheryl Hite. Several openings are listed at the end of the program book.  
See poster board for additional possibilities. 
 



 

 

ABSTRACTS 
 
Cognition and Behavior 
 
1) The acquisition, expression, and retention of habituated hypothalamo-pituitary-adrenal 
(HPA) axis responses to repeated audiogenic stress are not affected by auditory cortex 
lesions.   
CV Masini, JA Babb, TJ Nyhuis, HEW Day and S Campeau. From the Department of Psychology and 
Neuroscience, Univ of Colorado, Boulder CO. From the Department of Psychology and Neuroscience, 

Univ of Colorado, Boulder CO.  
Prior studies from our lab found that HPA axis habituation to repeated loud noise stress was disrupted 
by inactivation of the auditory thalamus in rats.  The present studies tested the effects of lesions of the 
auditory cortex, a major projection target of the auditory thalamus, on the acquisition, expression, and 
retention of habituated HPA axis responses to repeated audiogenic stress.  Large bilateral lesions of 
the auditory cortex were made in male Sprague-Dawley rats with ibotenic acid (10 µg/µl; 0.25 
µl/injection; 2 injections/side) 14 days prior to (Exp. 1) or 1 week after (Exp. 2) the beginning of loud 
noise exposures.  Lesion, sham, and no surgery controls were exposed to 95 dBA white noise or no 
noise for 30 min/day for 5 consecutive days.  Blood was collected after control or noise exposure on 
days 1, 3, and 5.  Blood was collected for baseline determination 5 days prior to the 1st exposure in 
Exp. 1 to rule out possible modulation of HPA hormone responses by the lesions.  14 days after the 
5th noise exposure (10 – 11 days after surgery in Exp. 2), rats were retested with noise or no noise to 
determine retention of HPA axis habituation.  Rats were killed immediately after the retest and trunk 
blood and brains collected.  NeuN immunohistochemistry was used to retain only complete bilateral 
auditory cortex lesioned rats. Plasma corticosterone (CORT) and adrenocorticotropic hormone 
(ACTH) levels were determined by ELISA or RIA, respectively.  For Exp. 1, no significant differences 
were observed for any of the surgical conditions, suggesting that the auditory cortex is not necessary 
for the development or expression of HPA axis habituation. At this time, preliminary data suggests 
that auditory cortex lesions made after the repeated noise exposure regimen but before the retention 
test (Exp. 2) also do not affect the retention of the habituated responses.  These data suggest that the 
information mediating the acquisition, expression, and retention of HPA axis response habituation to 
loud noise is not derived from the auditory cortex. This research was supported by NIMH R01 
MH077152 (SC). 
EXPERTISE: in situ hybridization, immunohistochemistry, RIA and ELISA assays, extensive 
behavioral testing 
 
2) The role of the bed nucleus of the stria terminalis (BNST), 5-HT2c receptors, and exercise in 

the modulation of anxiety-like behavior.  
JH Fox, SE Hammack, BA Grimmig, WA Falls. From the Integrative Physiology Department and 
Center for Neuroscience, University of Colorado, Boulder, CO and the Psychology Department, 

University of Vermont, Burlington, VT.   
We have shown that voluntary exercise is associated with reduced anxiety-like behavior in mice 
across several putative models of anxiety. Numerous studies have shown that serotonergic (5-HT) 
drugs can alter anxiety-like behaviors; hence, exercise may be anxiolytic by modulating the serotonin 
response in anxiety-associated brain regions. We have shown a decreased sensitivity to the 
anxiogenic drug metachlorophenylpiperazine (mCPP), a 5-HT 2B/C receptor agonist, in mice that 
were allowed to run for 2 weeks on a running-wheel inside their home-cage. We have previously 
shown that the anxiogenic effects of mCPP might be mediated by action in the bed nucleus of the 
stria terminalis (BNST), a region implicated in anxiety -like behavior, because intra-BNST infusion of 
mCPP dose-dependently facilitated baseline acoustic startle responding. This effect was blunted by 
prior exercise. In the present studies we examined the site specificity of the anxiogenic action of 
mCPP as well as the receptor subtype mediating the anxiogenic mCPP effect. We found that mCPP 
facilitated startle when infused into the BNST (1 and 10 ug), but did not facilitate startle when infused 
into the dorsal hippocampus or basolateral amygdala. Moreover, lesions of the BNST prevented the 



 

 

anxiogenic effect of systemic mCPP injection. Furthermore, the anxiogenic effects of intra-BNST 
mCPP were dose-dependently blocked by the co-administration of SB-242084 (0.1ug), a 5-HT2c 
antagonist. These data suggest that the BNST plays a critical role in the modulation of anxiety by 
mCPP and that the 5-HT2c receptor is critically involved in this effect, and that the anxiolytic effects of 
voluntary exercise may be mediated, in part, by a down-regulation of BNST 5-HT2c receptors. 
EXPERTISE: Behavior 
 
3) Multiple anxiogenic drugs recruit a parvalbumin-containing subpopulation of GABAergic 

interneurons in the rat basolateral amygdala.  
MW Hale, PL Johnson, JK Abrams, A Shekhar, CA Lowry. From the Department of Integrative 

Physiology and Center for Neuroscience, University of Colorado, Boulder, CO.  
The basolateral amygdala is a nodal structure within a distributed and interconnected network that 
regulates anxiety states and anxiety-related behavior. Administration of multiple anxiogenic drugs 
increases cellular responses (i.e., increased c-Fos expression) in a subregion of the basolateral 
amygdala, but the neurochemical phenotype of these cells is not known. The basolateral amygdala 
contains glutamatergic projection neurons and several populations of GABAergic interneurons, 
including a population of parvalbumin (PV) expressing GABAergic interneurons that co-express the 
excitatory 5-HT2A receptor. The role for these PV-expressing GABAergic interneurons in anxiety-
states is unclear. In this experiment we examined the effects of multiple anxiogenic drugs including 
the 5-HT2A/2C receptor agonist m-chlorophenyl piperazine (mCPP), the adenosine receptor 
antagonist caffeine, the α2-adrenoreceptor antagonist yohimbine and the partial inverse agonist at the 
benzodiazepine allosteric site on the GABAA receptor, N-methyl-beta-carboline-3-carboxamide (FG-
7142), on c-Fos expression in PV-immunoreactive (PV-ir) interneurons in subdivisions of the 
basolateral amygdala. All drugs with the exception of mCPP increased c-Fos expression in PV-ir 
neurons in the basolateral amygdaloid nucleus (BL; encompassing the anterior and posterior parts of 
the basolateral amygdaloid nucleus). The numbers of c-Fos-immunoreactive (c-Fos-ir)/PV-ir 
GABAergic interneurons were positively correlated with the numbers of c-Fos-ir serotonergic neurons 
in the mid-rostrocaudal dorsal raphe nucleus (DR) and with a measure of anxiety-related behavior. All 
four drugs increased c-Fos expression in non-PV-ir cells in the BL compared with controls. Together, 
these data suggest that the PV/5-HT2A receptor expressing GABAergic interneurons in the BL are 
part of a DR-BL neuronal circuit modulating anxiety-states and anxiety-related behavior. 
 
4) Repeated social defeat increases reactive coping behavior in the male rat: a potential role 

for the dorsal raphe nucleus.  
ED Paul, MW Hale, JL Lukkes, MJ Valentine, DM Sarchet and CA Lowry. Department of Integrative 

Physiology and Center for Neuroscience, University of Colorado, Boulder, CO.  
Chronic psychosocial stress is a vulnerability factor for a number of stress-related psychiatric 
disorders. Social defeat in rats has proven to be a useful paradigm to investigate the neural 
mechanisms underlying physiologic and behavioral adaptation to acute and chronic psychosocial 
stress. Previous studies suggest that serotonergic systems may contribute to the adaptation to 
chronic psychosocial stress, including social defeat in rodent models. In order to test the hypothesis 
that repeated social defeat alters the emotional coping style and the excitability of brainstem 
serotonergic systems implicated in control of emotional behavior, we exposed adult male rats either to 
home cage control conditions, acute social defeat, or social defeat followed 24 h later by a second 
social defeat encounter. We then assessed behavioral responses during social defeat as well as the 
excitability of serotonergic neurons within the dorsal raphe nucleus using immunohistochemical 
staining of tryptophan hydroxylase, a marker of serotonergic neurons, and the protein product of the 
immediate-early gene, c-fos. Repeated social defeat resulted in a shift away from proactive emotional 
coping behaviors, such as rearing, and toward reactive emotional coping behaviors such as freezing. 
Both acute and repeated defeat increased c-Fos expression in serotonergic neurons throughout the 
dorsal raphe nucleus. Changes in behavior following a second exposure to social defeat were 
associated with decreased c-Fos expression in serotonergic neurons within the dorsal and ventral 
parts of the midrostrocaudal dorsal raphe nucleus, regions that have been implicated in serotonergic 
modulation of fear and anxiety-related behavior and defensive behavior in conspecific aggressive 



 

 

encounters, respectively. These data support the hypothesis that altered excitability of serotonergic 
systems plays a role in physiologic and behavioral adaptations to social defeat. Topographically 
organized populations of serotonergic neurons within the dorsal part of the mid-rostrocaudal dorsal 
raphe nucleus may play an important role in development of reactive emotional coping strategies 
following exposure to psychosocial stress. 
EXPERTISE: Immunocytochemistry, behavioral testing, Nissl staining, tissue sectioning, 
micropunches and microdialysis. 
 
5) The role of the medial prefrontal cortex in dorsal raphe nucleus 5-HT1A receptor adaptation 

following escapable and inescapable stress. 
 RR Rozeske, LR Watkins, CA Lowry*, and SF Maier. Dept of Psychology and Neuroscience, *Dept of 

Integrative Physiology, University of Colorado-Boulder, Boulder, CO.  
Aversive or traumatic experiences are important factors in the etiology of psychiatric disorders. 
However, not all individuals react similarly to traumatic events. Whether an organism has behavioral 
control over a stressor has been argued to be an important factor that determines the behavioral and 
physiological impact of the stressor. For example, uncontrollable (inescapable, IS), but not 
controllable (escapable, ES) stress, potently activates the dorsal raphe nucleus (DR), reduces DR 5-
HT1A receptor (-R) function, and sensitizes serotonin (5-HT) neurons within the DR. However, if the 
medial prefrontal cortex (mPFC) is activated during stress, as is the 
case during ES, hyperactivation of the DR during stress is not observed. Whether mPFC activation 
during ES is necessary for protection against stress-induced reduction of DR 5-HT1A-R function is 
unknown. To determine the relationship between mPFC activation during stress and DR 5-HT1A-R 
function following stress, extracellular single unit recordings within the dorsomedial region of the DR 
were performed. Forty-five min before ES, IS, or homecage control (HC) treatment, rats received a 
0.5 ul microinjection of either 50 ng of the GABAa receptor agonist muscimol or equivolume saline 
into the mPFC. Twenty-four hrs after stress, DR slices were collected and perfused with 150 nM of the 
5-HT1A-R agonist ipsapirone and percent inhibition was calculated. As previously shown, IS rats 
showed a reduction in ipsapirone-mediated inhibition of 5-HT cell firing as compared to HC. No effect 
of microinjection was observed in HC or IS groups. However, intra-mPFC muscimol during ES 
reduced ipsapirone-mediated inhibitions of 5-HT cell firing as compared to ES rats that received intra-
mPFC saline. These results suggest that activation of the mPFC is necessary for protection against 
stress-induced functional desensitization of DR 5-HT1A receptors. 
EXPERTISE: Single unit electrophysiology, conditioned place preference 
 
6) Brain basis of expectancy in musical cadence perception.  

M. Thaut, BJ Spiering, C Alpeter, SI Quraini, AG Sares, and C Seger. From the Department of 
Psychology and the Department of Music, Colorado State University, Fort Collins. 

The basal ganglia are sensitive to violation of expectancy (formalized as prediction error in 
reinforcement learning theory) when processing explicit reward. Learning theory proposes that neural 
systems including the basal ganglia should also be sensitive to expectancy violations in situations 
without overt reward or feedback (often termed pseudoreward); however this is not empirically well 
established. We examined basal ganglia response to expectancy violation when listening to music. 
The conventions of Western tonal music (which are followed by almost all popular music in the United 
States) have been formally described by music theorists. Furthermore, any neurally typical person 
raised in this culture with exposure to music will naturally develop robust implicit knowledge of these 
conventions. We developed a set of musical pieces in which the endings varied in the degree to which 
they followed expectations. Original pieces were selected from a number of composers (i.e., Bach), 
each piece was of short duration (10s-26s) and played on piano. The following four different closing 
cadences, i.e. piece endings, were created for each piece: Standard (remaining within original musical 
key and resolving to the tonic chord), Deceptive (remaining within original key and not resolving to the 
tonic chord), Modulation (enharmonic modulation out of original musical key), and Atonal (out of style 
and original key). Music theory postulates that these cadences correspond to increasing degrees of 
expectancy violation. Healthy adult humans raised in the United States but with no formal musical 
instruction listened to these musical pieces while being scanned using fMRI. Across pieces, music (in 



 

 

comparison with baseline) resulted in activation of a distributed network including widespread bilateral 
primary and secondary auditory cortices in the superior and medial temporal gyri, premotor regions, 
and the basal ganglia. When the closing cadences were compared, there was a linear relationship 
between the degree of expectancy violation and activation in the putamen bilaterally. These results 
imply that the basal ganglia are involved in processing violation of expectancy even in situations such 
as listening to music in which there are no explicit rewards. 
EXPERTISE: behavior testing, fMRI, statistics 
 
7) The role of the infralimbic cortex in the accelerated extinction that occurs after infralimbic 

activation in a fear context.   
 BM Thompson, JG Flyer, LR Watkins, SF Maier.  From Department of Psychology and 

Neuroscience, University of Colorado, Boulder, CO.  
Fear extinction is an adaptive process in which the organism learns to suppress responding to a 
previously learned fear stimulus. Several lines of evidence have implicated the ventral medial 
prefrontal cortex (mPFCv), a region heavily interconnected with the amygdala, as a critical substrate 
in extinction processes.  Previously we have shown that activation of the IL with the GABAa 
antagonist picrotoxin (PTX, 6.25 ng/0.25 µl/side) in a fear context acutely reduces freezing on the day 
of testing.  Furthermore, animals previously treated with PTX display a significantly accelerated rate of 
extinction on subsequent days (without pharmacological activation).  This accelerated extinction effect 
by a single IL activation suggests that IL activation may prime plasticity in extinction-related circuitry. 
 The critical site of plasticity may be the IL itself or in an IL-projection area capable of inhibiting fear, 
such as the basolateral amygdala, or the intercalated cells of the amygdala.  Here we present data 
that further explore the effect of intra-IL PTX on the expression of fear.  In particular we address 
whether IL activity is necessary at later time points for the accelerated extinction observed in animals 
treated with PTX.  Rats received fear conditioning and then IL activation and testing.  Six hour 
following testing, rats  received IL electrolytic lesions or sham treatment and were tested for several 
days following treatment.  It appears that an intact IL is not necessary to sustain the enhanced 
extinction produced by IL activation.  We discuss how these results apply to the processes of 
extinction. 
EXPERTISE: behavior testing, animal surgeries, real time qPCR 
 
8) Adolescent social deprivation increases aggressive behavior and decreases social 

interaction-induced activation of the immediate early gene arc in the medial prefrontal 
cortex of male and female rats.  

V Wall, EK Fischer, N Howard, LR Watkins, SF Maier, and ST Bland. From the Department of 
Psychology, University of Colorado Denver, Denver, CO and Department of Biology, Colorado State 

University, Fort Collins, CO and Departments of Psychology and Neuroscience, University of 
Colorado, Boulder, CO.  

Adolescent social deprivation (ASD) is a model of early life adversity that produces changes in 
emotional behaviors, including increased anxiety and altered responses to stress. Here we explored 
the effects of ASD on changes in mPFC Arc expression produced by social interaction with a novel 
same-sex juvenile rat (conspecific), a common test of anxiety with a component of novelty stress. 
Male and female Sprague-Dawley rats were weaned on postnatal day 21 and housed for 4 
weeks either individually (ASD) or in same-sex groups of 4 (GH). Rats were then exposed to a novel 
conspecific for 15 min or left in their home cage (home cage controls) and were sacrificed 90 min 
later. ASD increased the time spent in overall social interaction and aggressive behavior (aggressive 
grooming) in both males and females. ASD also increased pinning and chasing behaviors in male, but 
not female rats. Immunohistochemistry was performed to assess the density of Arc labeled cells in the 
anterior cingulate (AC), prelimbic (PL) and infralimbic (IL) subregions of the mPFC as well as the 
ventral orbital (VO) cortex. Exposure to a novel conspecific produced large increases in Arc density in 
all mPFC regions in male GH rats but only in the AC in female GH rats relative to home cage controls. 
This increase was almost completely absent in both male and female ASD rats. Male and female GH 
and ASD rats all exhibited a large increase in Arc-labeled cells in the VO produced by exposure to a 
novel conspecific. Strong negative correlations were observed between behaviors and Arc 



 

 

expression, but only with specific behaviors and brain regions, and different correlations were found 
for males and females. These results suggest that ASD produces mPFC hypofunction and a 
concomitant increase in aggressive behavior, and that activation of Arc in the mPFC may play a role 
in moderating social and aggressive behavior differentially in male and female rats. 
 
Development 
 
9) Cross-modal re-organization in children with cochlear implants.  

JD Campbell & A Sharma. From the Department of Speech, Language and Hearing Sciences, 
University of Colorado, Boulder, CO. 

Cross-modal re-organization in children with cochlear implants.By 2010, approximately 25,500 
children born deaf in the United States have received a cochlear implant. This biomedical device 
provides access to sound via direct electrical stimulation of the VIII cranial nerve. Age of implantation 
has been shown to be critical for appropriate stimulation of central auditory pathways and subsequent 
development of speech and language skills. However, speech perception performance is variable in 
children with cochlear implants and age at implantation does not completely predict performance 
outcome. Sensory modalities may also begin to re-organize to adapt to a lack of sensory input, and 
competition for available resources can occur when a deprived sense is re-introduced to the brain. For 
example, the auditory cortex may process visual information in patients who have been deaf for a long 
period of time. This study proposes to determine if visual to auditory cross-modal re-organization 
occurs in children who receive cochlear implants via EEG and to evaluate if re-organization is 
correlated to speech perception performance. Normal-hearing children and children with cochlear 
implants ranging from 7-13 years of age wore a 128-channel electrode net while observing a pattern 
that activates both the ventral and dorsal streams to the visual cortices. From this EEG recording, 
topographic maps of mean voltage values were generated across the scalp, showing the extent of 
visual cortical activation in response to the pattern. The same subjects also listened to a nonsense 
syllable in order to verify normal central auditory pathway development.  Speech perception measures 
were conducted using a clinical word list. Preliminary data thus far indicates the possibility of a 
negative correlation between the visual cortical response distributed across the scalp and speech 
perception scores. Cochlear-implanted children with only occipital visual activation presented with 
higher speech perception scores (>87%) and the subject showing visual activation in auditory areas of 
the cortex presented with a lower speech perception score (76%). These preliminary findings indicate 
that cross-modal re-organization in children with cochlear implants may be a source of variability in 
speech perception for implanted patients.  
EXPERTISE: High-Density EEG, auditory behavioral testing, independent components analysis, 
MATLAB 
 
10) Cortical Maturation and Behavioral Outcomes in Children with Auditory Neuropathy 
Spectrum Disorder.  

G Cardon, A Sharma. From the Speech Langauge and Hearing Sciences Department, University of 
Colorado, Boulder, CO.  

Auditory Neuropathy Spectrum Disorder (ANSD) is a recently discovered and documented disorder 
that affects 10% of people with permanent hearing loss. ANSD is characterized by intact cochlear 
(outer) hair cell function and a dys-synchronization of neurons in the central auditory system. While 
diagnosis of ANSD is routine and reliable, clinicians currently have no way of gaining useful clinical 
information that might assist them in making and verifying management and treatment decisions. 
Despite this, Cortical Auditory Evoked Potentials (CAEP) have been recorded in patients with this 
condition. Because CAEP latencies vary as a function of chronological age, they can be used to infer 
the maturational status of the central auditory pathways in children. By employing CAEPs in 21 
children with ANSD, we have participated in a naturally occurring experiment regarding the effects of 
abnormal patterns of extrinsic stimulation on cortical development. That is, since normal cortical 
maturation requires that the neural pattern of extrinsic stimulation also be normal, we hypothesized 
that abnormalities in this pattern, caused by dys-synchronous firing of the VIII nerve in ANSD, would 
affect central auditory maturation. Results of our study showed that by using the P1 CAEP, children 



 

 

with ANSD could be divided into three groups:  1) children with normal P1 response latency, 
amplitude and morphology; 2) children with normal P1 morphology, but delayed P1 latency and 
decreased P1 amplitude; 3) children with abnormal or absent P1 responses. In addition, scores on a 
measure of behavioral auditory skill development were significantly different between these groups, 
such that children with normal P1 responses scored much higher than 
those with abnormal P1 responses. We conclude that the P1 CAEP is both a good predictor of 
behavioral outcome in children with ANSD and a reliable measure of the extent to which cortical 
maturation has been affected by abnormal subcortical input. In turn, our results provide previously 
unavailable information that has clinical prognostic power that will greatly expand professionals’ 
abilities to manage and treat their patients with ANSD, thereby improving the lives of children and 
their families. 
EXPERTISE: Evoked Potentials, Central auditory maturation 
 
11) Reduced cardiomyocyte proliferation and adhesion in embryos depleted for voltage-gated 
calcium channel beta subunit CACNB2.  

Y Chernyavskaya, A Ebert, E Milligan, and DM Garrity. From the Department of Biology, Colorado 
State University, Fort Collins CO.  

Voltage-gated calcium channels (VGCCs) are oligomeric complexes composed of pore-forming 
CACNA subunits and several auxiliary proteins. Auxiliary CACNB subunits regulate VGCC 
electrophysiology and chaperone CACNA subunits to the cell membrane. To determine the 
contributions of CACNB2 to cardiac development, we depleted zebrafish embryos of CACNB2 
transcripts using morpholinos. CACNB2 morphant heart fields contained fewer cells expressing 
cardiac markers, suggesting fewer cardiomyocytes were specified, or diminished survival. Cell 
proliferation at later stages did not compensate for this deficiency; heart tubes in morphants contained 
30% fewer cardiomyocytes at 48 hpf. We determined that cell proliferation was 
reduced in the morphants hearts via BrdU assay.  Moreover, morphant heart tubes fragmented easily 
when placed under pressure, suggesting that cardiomyocyte adhesion was weakened. Consistent 
with this hypothesis, immunohistochemistry showed cadherins at cardiomyocyte membranes were 
depleted. Previous work showed that mutations in CACNA that inactivate cardiac VGCCs lead to atrial 
fibrillation. In contrast, heart rhythm was normal in CACNB2 morphants, suggesting that other CACNB 
proteins may compensate to provide intact VGCC activity. We are currently assaying whether 
CACNB2 phenotypes are mediated by loss of VGCC function per se, or by loss of other 
CACNB2:partner interactions. The latter possibility is intriguing in light of recent data suggesting that 
CACNBs, as MAGUK-family proteins, may interact with multiple protein partners via their SH3 or 
guanylate kinase domains. 
EXPERTISE: in situ hybridization 
 
12) Differences in vasculature branching in gababr1 knockout mice in the paraventricular 
nucleus of the hypothalamus.  
KA Frahm, MJ Schow, SA Tobet. From the Department of Cell & Molecular Biology, the Department 
of Biomedical Sciences, and the School of Biomedical Engineering, Colorado State University, Fort 

Collins, CO. 
The paraventricular nucleus (PVN) of the hypothalamus plays important roles in regulating 
sympathetic vasomotor tone, food intake, stress responses and cardiovascular function. The 
developing PVN is surrounded by neuronal elements containing gamma-aminobutyric acid (GABA). 
Within the PVN are several subpopulations of neurons expressing GABA receptors that likely impact 
the development of the PVN. Interestingly, the PVN also contains a dense matrix of blood vessels 
compared to surrounding brain regions and the increased density develops postnatally. To examine 
whether GABAB receptors play a role in this extensive vascularization, mice lacking the R1 subunit of 
the GABAB receptor (GABABR1 KO) were examined for differences in vascular density. Male and 
female wild type (WT) and GABABR1 KO mice were collected at weaning between postnatal day 19 
and 20 and examined for differences in vascular density by assessing the number of branch points. 
Large and small diameter blood vessels were visualized by immunoreactive platelet endothelial cell 
adhesion molecule (PECAM) in 50µm serial sections. One section from each animal was chosen with 



 

 

a dense vascularization for analysis using brightfield microscopy. The numbers of blood vessel branch 
points in a specific region of interest were counted and analyzed bilaterally. Results showed a 
significant ~23% decrease in the number of branch points for GABABR1 KO as compared to WT 
(p<0.05). This suggests that GABAB receptor signaling may play a role in determining vascular 
density in the PVN. There was a trend for females to have more branch points than males in 
GABABR1 KO and WT (~16%), indicating that sex hormones may also play a role. Given the role of 
the PVN in energy balance circuitry, we also measured body weights and there was also a significant 
~28% decrease in GABABR1 KO weights at weaning as compared to WT (p<0.05). Further studies 
are needed to examine whether GABAB receptors have direct or indirect roles in vascularization and 
how differences might impact physiology or behavior. 
EXPERTISE: immunocytochemistry, PCR, organotypic slice collection and fluorescent video 
microscopy, in situ hybridization, behavior testing 
 
13) Wnt signaling is required for BDNF-induced dendritic spine formation and maturation.  
BG Hiester, DF Galati and KR Jones. From the department of Molecular, Cellular and Developmental 

Biology, University of Colorado, Boulder, CO.  
Dendritic spines are major sites of excitatory synaptic transmission and changes in their densities and 
morphologies have been linked to neurodevelopmental disorders and neurodegenerative diseases. 
The neurotrophin BDNF (Brain-Derived Neurotrophic Factor) has been implicated in regulating the 
formation, maturation and maintenance of dendritic spines, though the specific mechanisms 
underlying this regulation remain unclear. We have previously shown that forebrain-specific BDNF KO 
mice display a decrease in dendritic spine density. We have also found that mRNA levels of several 
Wnt genes are deregulated in these mice. It is known that bi-directional synaptic signaling involving 
the coordinated secretion of multiple signaling molecules is 
required for the proper development and maintenance of a synapse. Additionally, it has been 
demonstrated that Wnt signaling is necessary for synaptic function within the CNS. Here, we 
demonstrate that Wnt signaling is necessary for BDNF induced dendritic spine formation and 
maturation in vitro. Further, we show that BDNF regulates the expression of one member of the Wnt 
family, Wnt2. Finally, we show that Wnt2 alone is sufficient to increase dendritic spine formation and 
maturation in vitro.  Together, these data suggest a novel mechanism by which BDNF regulates 
dendritic spine formation through regulating expression of Wnt genes, including Wnt2. 
EXPERTISE: Primary neuron culture, primary neuron transfection 
 
14) Reduced arginine vasopressin (AVP) neuronal populations in hypothalamus of fibroblast 
growth factor 8 hypomorphic mice. 
 Scott I. Kavanaugh, Wilson C. J. Chung, Stephanie D. King, Pei-San Tsai Department of Integrative 

Physiology, University of Colorado, Boulder, CO.  
Fibroblastic growth factor (FGF) 8 has been shown to be necessary for the formation of the 
gonadotropin-releasing hormone (GnRH) system, a neuroendocrine system responsible for the 
development and maintenance of reproductive function that originates within the nose. Deficiencies or 
lack of FGF8 can lead to a decrease or elimination of the GnRH neuronal population. Recently, 
preliminary data from our laboratory showed that reduced FGF8 signaling led to a reduction of 
oxytocin (OT) neurons in the paraventricular (PVN) and supraoptic nuclei (SON), suggesting FGF8 
may also be a key player in the formation of neuroendocrine systems that originate within the 
diencephalon. To further test this hypothesis, we examined the size of vasopressin (AVP) neuronal 
populations in two hypothalamic nuclei of wildtype (WT) and transgenic mice hypomorphic for FGF8. 
Brains from postnatal day (PN) 0 pups were immersion-fixed in acrolein, sectioned, and processed for 
immunocytochemistry using a polyclonal anti-AVP antibody.  The number of AVP-immunoreactive (ir) 
neurons was quantified in the PVN and suprachiasmatic nucleus (SCN) of WT, heterozygous (HET) 
and homozygous (HOMO) FGF8 hypomorphs.  In the PVN, both HET and HOMO animals exhibited a 
modest but significant reduction (20-30%) in the number of AVP-ir neurons compared to WT.  In the 
SCN, the number of AVP-ir neurons was reduced by 30% in HET, but was reduced by >90% in 
HOMO compared to WT.  Since the SCN is the principle biological clock in the mammalian circadian 
system, the drastic reduction in AVP-ir neurons raises the possibility that the function of SCN, and 



 

 

therefore the regulation of circadian rhythm, could be impaired in FGF8 hypomorphs.  Additional 
studies that verify SCN defects are being conducted by assessing different neurochemical markers 
such as vasoactive intestinal peptide.  Overall, our results suggest FGF8 has a significant 
developmental role in the formation of hypothalamic nuclei.  Further, FGF8 deficiency appears to 
impact hypothalamic nuclei differentially. 
(Supported by NIH R01 HD042634) 
 
15) Stressor controllability during adolescence blocks the behavioral and dorsal raphe 
nucleus activating effects of adult uncontrollable stress.   
KH Kubala, JP Christianson, LR Watkins, SF Maier. From the Psychology Department, University of 

Colorado, Boulder, CO. 
Research has suggested that experiences occurring during the adolescent period can have an effect 
on adult stress response systems. Adolescence is also a time period in which key stress response 
structures are still being developed. The current study examined changes in social exploration and in 
activation of serotonergic neurons within the dorsal raphe nucleus (DRN) following a controllable or 
uncontrollable stressor during adolescence. The study also examined whether or not the experience 
of a controllable or uncontrollable stressor may affect anxiety-related behavior and activation of 5-HT 
neurons in the DRN after an uncontrollable stressor in adulthood. Adolescent male Sprague-Dawley 
rats received a session of either escapable tail shock (ES), yoked inescapable tail shock (IS), or 
control treatment (home cage, HC) during adolescence (Day 35). Following the stressor, the 
immediate early gene product Fos was examined in serotonin-immunoreactive cells in the DRN using 
IHC. Another set of animals received a social exploration test a day after the adolescent stressor. A 
separate set of groups received ES, IS or HC during adolescence (Day 35) and IS or HC as adults 
(Day 70) in order to assess the long term effects of the adolescent stressor on the adult stress 
response system. Tissue was analyzed using IHC after the adult stressor for one set of animals, while 
another set received a social exploration test a day after the adult stressor. It was found that IS 
induced greater serotonergic activation in the DRN after adolescent stress compared to ES and HC 
animals. Animals receiving ES also exhibited an increase in social exploration, whereas IS animals 
displayed a reduction in social exploration. Analysis after adult IS revealed that animals receiving ES 
in adolescence exhibited less activation of 5-HT neurons in the DRN compared to all groups receiving 
IS in adulthood. Animals receiving ES during adolescence also exhibited an increase in social 
exploration compared to all other groups receiving IS in adulthood. These results provide evidence 
that experience with a controllable stressor during adolescence can block the behavioral and DRN 
activating effects of an uncontrollable stressor during adulthood. 
 
16) Deficiency of Tbx5a during zebrafish development results in altered cardiomyocyte 
morphology.  

LE Parrie, YA Chernyavskaya,  DM Garrity. From the Department of Biology, Colorado State 
University, Fort Collins, CO.  

Tbx5, a T-box transcription factor, is required for cardiac development. Mutations of Tbx5 lead to Holt-
Oram Syndrome (HOS) in humans.  As in HOS, mutation of zebrafish tbx5 affects both heart and 
forelimbs structures.  Homozygous tbx5/ heartstrings (hst) exhibit bradycardia, failure of the heart tube 
to loop, cardiac edema and absence of pectoral fins.  Here, we investigate the effects of tbx5 mutation 
on 1) cell proliferation in the developing heart tube, 2) volumetric growth of cardiomyocytes, and 3) 
myofibrillogenesis.  Previous tbx5 overexpression studies in chick and mouse demonstrated that Tbx5 
provides a growth arrest signal that limits cardiomyocyte proliferation during chamber morphogenesis 
stages (Liberatore et al., 2000).  In the converse experiment we find that a tbx5a loss-of-function 
mutation in zebrafish did not lead to increased cardiomyocyte number, and had no net effect on cell 
proliferation of cardiomyocytes at 48 or 72 hours post-fertilization.  We hypothesize that inability of the 
hst heart tube to loop may result from deficiencies in cardiomyocyte size and elongation of inner 
curvature cells.  We provide an update on ongoing work to determine the earliest developmental 
timepoints at which tbx5 is necessary for normal cardiac function. 
EXPERTISE: Cloning (Gateway), in situ hybridization, zebrafish husbandry 
 



 

 

17) Activity-dependent remodeling of the Drosophila larval neuromuscular junction by the 
miRNA pathway.   

LM Rozeboom*, RI Sand*, SA Barbee. From The Department of Biological Sciences and The Eleanor 
Roosevelt Institute, University of Denver, CO. *These authors contributed equally to this work. 

Protein synthesis-dependent long-term changes in synapse efficacy are required for the 
establishment and maintenance of long-term memory. However, many of the mechanisms regulating 
local protein synthesis in response to acute synaptic stimulation are currently unknown. Here we 
investigate the possible role of microRNAs (miRNAs) as one mechanism of control for some of the 
synapse-localized mRNA transcripts that have previously been described as being crucial to the 
process of synaptic plasticity.Using spaced training stimulation via high potassium we observed a 
significant increase in synaptic growth at the larval neuromuscular junction (NMJ), consistent with 
previously published findings. We also have determined the miRNA expression profile of the larval 
CNS using a miRNA microarray assay. These results, validated by RT-qPCR, have revealed a subset 
of neuronally expressed miRNAs that appear to be regulated by acute synaptic activity. In silico target 
analysis of these miRNAs has uncovered putative target mRNAs, whose products are important in 
synaptic growth. For example, we predict that several neuronally-expressed miRNAs regulate 
expression of Futsch (the Drosophila homologue of MAP1B). Using an in vitro luciferase reporter 
system, we have shown that miR-315 and members of the miR-9 family selectively down-regulate 
Futsch reporter translation.Together, these results suggest that acute synaptic activity affects 
expression levels of a subset of miRNAs that may act as regulators of the expression of synaptic 
mRNAs described as being necessary for proper synaptic alteration and growth. 
EXPERTISE: real time qPCR, in vitro Luciferase based reporter assays, RNA integrityanalysis, 
spaced stimulation paradigms 
 
18) Vascular development and sex differences in the region of the paraventricular nucleus of 
the hypothalamus.  
MJ Schow, JG Knoll, KA Frahm, Q Zhang, SA Tobet. From the Department of Biomedical Sciences, 

Colorado State University, Fort Collins, CO and College of Veterinary Medicine and Biomedical 
Sciences, Fort Collins CO.  

The Paraventricular Nucleus of the Hypothalamus (PVN) contains a high density of blood vessels at 
the top of the third ventricle, mirroring cell density in this region. While the majority of angiogenesis 
occurs prenatally, additional vascularization occurs in the PVN postnatally. The vessel density 
increases from postnatal day (P) 4 through weaning age (P19), and only increases slightly more into 
adulthood. Immunoreactive platelet endothelial cell adhesion molecule (PECAM) was used to identify 
blood vessels in males and females. A bilateral region of interest containing the densest area of 
vasculature within a 50µm thick section containing the PVN was used to quantify blood vessel 
branches. Preliminary data, obtained through branch point counting, indicates that males and females 
have a different rate of angiogenesis over this postnatal time course, though all animals reach a 
similar level of vascularization by adulthood. Thus, angiogenesis in the region of the PVN is 
developmentally regulated and dependent upon sex.  In starting to search for molecular aspects of the 
vasculature that may play functional roles in the difference, we examined mRNA levels for the protein 
encoded by vascular endothelial growth factor (VEGF). Using real-time reverse transcriptase PCR 
there was a trend towards a greater level of VEGF mRNA in female than male mice in a dorsal 
hypothalamic dissection that included the area of the PVN at P10. In adult animals, there was no 
significant difference in mRNA levels. Differential expression was not observed in other brain regions, 
such as the cortex or a ventral hypothalamic dissection that included the arcuate nucleus. This result 
is consistent with the higher level of vessel branching in the female PVN during development. The 
existence of this dense vascularization has been known for over 70 years; however, the current 
findings suggest that the vascularization may be highly regulated. The existence of a sex difference in 
vascularization may be related to sex differences in the etiology and prevalence of a number of 
disorders related to the hypothalamic-pituitary-adrenal axis, including major depressive disorder. 
EXPERTISE: PCR, immunocytochemistry, immunofluorescence, computer data analysis, microscopy, 
animal handling 
 



 

 

19) GABA Regulates Corticotropin Releasing Hormone Levels in the Paraventricular Nucleus 
of the Hypothalamus in Newborn Mice.  

M Stratton, C Dennison, M Schow, G Knoll and S Tobet. Department of Biomedical Sciences, 
Colorado State University, Fort Collins CO. 

The paraventricular nucleus of the hypothalamus is a major regulator of the stress response via 
release of Corticotropin Releasing Hormone (CRH) to the pituitary gland.  Deregulation of this HPA 
axis is characteristic of individuals with Major Depressive Disorder. It has been shown by others that 
humans with MDD had increased levels of CRH mRNA in the PVN and more CRH immunoreactive 
neurons in the PVN.  Immunohistochemical (IHC) analysis reveals increased amounts of CRH in the 
PVNs of newborn mice lacking functional GABAB receptors.  To rule out the possibility that more cells 
express CRH in the knockout animals compared to wild type littermates, two concentrations of 
primary antibody were used.  When IHC was accomplished with the CRH antiserum more 
concentrated at 1:50K there was no difference in the number of strongly immunoreactive cells, 
however when run at the more dilute concentration of 1:100K, knockout mice showed twice as many 
strongly immunoreactive cells as wild-type (p< 0.05) suggesting a significant difference in the amount 
of hormone per cell. Additional studies will be conducted using qPCR to quantitatively determine 
mRNA levels in the same region.  While GABAergic regulation of the HPA axis has been previously 
reported in adult animals, this study provides evidence of GABA modulating CRH protein levels much 
earlier, in newborns.  It may be important that GABA regulate CRH levels this early in development 
while much circuitry is still developing and at the beginning of the stress hypo-responsive period. This 
finding may also be related to the finding that GABAB receptor knockout mice show decreased 
anxiety like behaviors in elevated plus maze testing. 
EXPERTISE: immunohistochemistry 
 
20) Hypothalamic Expression of SnoRNA SNORD116 Is Consistent with a Link to the 
Pathogenesis of Prader-Willi Syndrome.  
Q Zhang, GJ Bouma, KM McClellan, SA Tobet. Department of Biomedical Sciences, Colorado State 

University, Fort Collins, CO; Animal Reproduction and Biotechnology Laboratory, Department of 
Biomedical Sciences, Colorado State University, Fort Collins, CO; Department of Biology, Buena 

Vista University, Storm Lake, IA.  
The hypothalamus is integral to the regulation of body homeostasis, including food intake, energy 
balance, and blood pressure. Dysfunction of the hypothalamus has been associated with a broad 
range of disorders; many of which are sex-dependent in prevalence. Small nucleolar (sno) RNAs are 
a group of small RNAs located in nucleoli that are thought to modulate chemical modifications and 
maturation of ribosomal RNA. Recent linkage data from human studies and gene disruption studies in 
mice suggest that snoRNA SNORD116 could be an important pathogenesis factor in Prader-Willi 
syndrome (PWS), two hallmark symptoms of which are hyperphagia and obesity. However, a cellular 
link between snoRNA SNORD116 and phenotypes of PWS is unknown. Our data shows that the 
pattern of snoRNA SNORD116 expression in the mouse brain is prominent in the medial 
hypothalamus particularly within nuclei that are part of feeding circuitry. The expression of snoRNA by 
in situ hybridization (ISH) was notably high in hypothalamic nuclei, including the paraventricular (PVN) 
and ventromedial (VMH), but particularly high in the arcuate (ARC). Hypothalami were dissected from 
neonatal, weanling, and adult mice and mRNA was extracted for real-time reverse transcriptase PCR 
analysis. The data showed that the snoRNA SNORD116 expression level in ventral hypothalamic 
dissections including ARC was about 2-fold greater than that in cortex; and its expression level in 
dorsal hypothalamic dissections including PVN was double that in cortex. This restricted expression 
pattern of snoRNA SNORD116 was observed in mice at weaning and adult stages, but not as 
obviously at the neonatal stage. Therefore the region specific expression of snoRNA SNORD116 is 
likely developmentally regulated. These results may provide a new lead for understanding the 
mechanism(s) related to hyperphagia and obesity symptoms in PWS patients. 
 
Disorders 
 
21) Electrically Conductive Nanowire Templates Enhance Neural Stem Cell Compatibility.  



 

 

SL Bechara, KC Popat. From the School of Biomedical Engineering, Colorado State University, Fort 
Collins, CO and Department of Mechanical Engineering, Colorado State University, Fort Collins, CO.  

Statement of Purpose: Growth and maintenance of neural stem cells (NSC's) on tissue engineering 
scaffolds with unique nanotopography can lead to a better of understanding of cell-biomaterial 
interactions and ultimately can lead to implantable materials seeded with NSC's for use in applications 
ranging from neurodegenerative diseases to spinal cord injuries. Our lab has demonstrated that 
polycaprolactone nanowires (NW) have great potential as a biomaterial in neurological tissue 
engineering applications. We hypothesized that we could further optimize the NW templates for 
neurological applications by providing the cells with not only a unique nano-topography, but by making 
the surface that they interact with electrically conductive. In this work, we investigated the 
physiological response of neural stem cells exposed to NW templates coated with an electrically 
conductive polymer Polypyrrole (PPy).Results: The high resolution XPS scans of nitrogen confirm that 
PPy was deposited on the PCL nanowire surfaces (data not shown). Nitrogen is chosen because PPy 
has an amine group that PCL lacks. Furthermore, the resistance measurements confirmed the 
surface resistance decreased from >40MΩ to 3.68kΩ 1.43kΩ  after PPy coating. Although uncoated 
NW did not adversely affect the NSC's viability, live cell data confirms the hypothesis that cell viability 
and attachment would be higher on PPy coated nanowires at a similar time point (Fig1). The live stain 
also highlights the increased neurite extensions and consequent cellular communication on the PPy 
coated samples (Fig1). Finally, neurons, oligodendrocytes, and astrocytes were all identified on PPy 
coated surfaces by immuno-staining (data not shown) which confirms that the PPy surfaces promote 
differentiation of the NSC's into all neural lineages. Conclusion: This work demonstrates that it is 
possible to further optimize NW's by coating them with an electrically conductive polymer PPy. With 
this we observed, increased adhesion, viability, and differentiation properties can be achieved when 
compared to a control surface. Furthering this research can potentially lead to an implantable surface 
for neural tissue engineering applications. 
EXPERTISE: Tissue culture, fluorescence microscopy 
 
22) Z Cashero, CW Anderson. From the Department of Computer Science, Colorado State University, 

Fort Collins, CO.  
The field of Brain-Computer Interfaces (BCI) has been driven by the desire for new assistive 
technologies.  Specifically, they are targeted at patients with neuromuscular disease that might leave 
them completely paralyzed with no means of communication (locked-in syndrome).  BCIs have been 
aimed at trying to establish a reliable method of communication through the users’ brain waves, most 
commonly through the use of electroencephalography (EEG).  This work focuses on one of the more 
established methods, the P300 speller, which allows the user to type one character at a time.  It uses 
the oddball paradigm with flashing stimuli on the screen to evoke an event-related potential, which is 
referred to as the P300 response.  The major difficulty in detecting a P300 is the low signal to noise 
ratio (SNR) of a single trial.  The most common way of overcoming this is by averaging together many 
trials, which reduces the background noise in the signal and makes the P300 more prominent. 
 However, averaging more trials greatly reduces the communication rate, and it is therefore desirable 
to accurately classify the P300 response with as few trials as possible.  This work focuses on 
preprocessing techniques such as blind source separation (BSS) in order to isolate the P300 source. 
 These techniques assume that the scalp recordings consist of multiple sources in the brain that are 
all mixed together to contribute to the observed EEG at each electrode.  BSS techniques attempt to 
decompose the original multi-channel data recording into a set of components that can potentially 
represent these different sources.  This work will look at three different related methods: principal 
components analysis (PCA), independent components analysis (ICA), and maximum signal fraction 
(MSF).  The three techniques will be assessed based on their relative impact on classifying P300 
trials, especially when using fewer averaged trials. 
 
23) Oxidative stress induced N-terminal cleavage and inactivation of the mitochondrial fusion 
GTPase OPA1 in neurons occurs concomitantly with apoptosis via a caspase-independent 
mechanism.  



 

 

JJ Gray, AE Zommer, HM Wilkins, NM Kelsey, FA Loucks, RJ Bouchard and DA Linseman. 
 Department of Biological Sciences and Eleanor Roosevelt Institute, University of Denver and 

Veterans Affairs Medical Center, Denver, CO.  
An imbalance in the mitochondrial fission and fusion equilibrium contributes to mitochondrial 
dysfunction that can lead to neuronal death.  Neuronal apoptosis can be induced by oxidative stress 
and is an underlying mechanism in neurodegenerative diseases and aging.  Oxidative stress and 
mitochondria dysfunction have been strongly correlated; however, their cause and effect relationship 
remains elusive.  In the present study, we demonstrate oxidative stress-induced N-terminal cleavage 
of the OPA-1 protein, a dynamin-like GTPase necessary for mitochondria fusion.  This cleavage event 
removes a key lysine residue (K301) and results in a cleavage product indistinguishable from that 
observed during oxidative stress-independent apoptotic stimuli (Loucks et al., 2009).  However, in 
contrast to our previous findings, oxidative stress-induced OPA-1 cleavage is caspase-independent. 
 We also demonstrate cleavage of OPA-1 in primary ventral mesencephalic cultures treated with 
MPP+, a model of Parkinson’s disease.  We conclude that cleavage and subsequent inactivation of 
the OPA1 protein may be a contributing factor in the development of neurodegenerative diseases. 
Furthermore, we are able to show further correlation between oxidative stress, mitochondrial 
dysfunction and imbalances in mitochondrial fission and fusion. 
EXPERTISE: Western Blotting, Immunocytochemistry, Tissue Culture 
 
24) Effects of post-weaning social isolation on behavior and anxiogenic drug-induced c-Fos 
expression in serotonergic neurons in the female rat dorsal raphe nucleus.  

Lukkes, JL, Engelman, GH, Hale, MW, and Lowry, CA. From the Department of Integrative 
Physiology and Center for Neuroscience, University of Colorado, Boulder, CO.   

Our previous studies have shown that post-weaning social isolation of male rats leads to alterations in 
serotonergic activity and anxiety-like behavior in adulthood.  Although evidence from studies in 
humans suggests that females have an increased sensitivity to stress and risk for the development of 
neuropsychiatric illnesses, most studies have been done on males while females have been 
insufficiently studied. Therefore, we investigated the effects of post-weaning social isolation of female 
rats on anxiety-like behavior in a dark novel open-field and in a social interaction test.  In addition, we 
also examined  how post-weaning social isolation, in combination with a challenge with the anxiogenic 
drug, N-methyl-beta-carboline-3-carboxamide (FG-7142; a partial inverse agonist at the 
benzodiazepine allosteric site on the GABAA receptor), affects topographically organized 
subpopulations of serotonergic neurons in the dorsal raphe nucleus (DR) in adulthood using dual 
immunohistochemical staining for c-Fos and tryptophan hydroxylase.  Juvenile female rats were 
reared in isolation or groups of three for a 3-week period from weaning to mid-adolescence, after 
which all rats were group-reared for an additional 2 weeks.  Isolation-reared rats exhibited increased 
anxiety-like and risk-taking behavior in the open-field when compared to group-reared females. 
 However, no treatment differences were observed in the social interactions test.  Isolation-reared rats 
injected with FG-7142 had increased c-Fos expression in serotonergic neurons in the shell region of 
the dorsal part of the DR, the ventrolateral part of the DR and adjacent periaqueductal gray region, 
and the caudal part of the DR compared to isolation-reared rats injected with saline.  In contrast, no 
treatment differences were observed in group-reared rats.  These data suggest that post-weaning 
social isolation of female rats sensitizes a subpopulation of serotonergic neurons within the DR to 
stress-related stimuli, which may lead to an increased vulnerability to stress- and anxiety-related 
responses in adulthood. 
EXPERTISE: immunohistochemistry, stereotaxic surgery, western blots, behavior testing, 
microdialysis 
 
25) D-cycloserine facilitates extinction of withdrawal-associated cues in morphine-dependent 
rats. 

CE O'Neill, ML Letendre, KM Myers, WA Carlezon, Jr, RK Bachtell. From the Department of 
Psychology & Neuroscience, University of Colorado, Boulder CO and McLean Hospital, Harvard 

Medical School, Belmont, MA.  



 

 

Drug abuse is a disorder characterized by a cyclic pattern of drug use, oscillating between periods of 
binge use and abstinence. Relapse during abstinence in dependent users can be triggered by 
environmental stimuli associated with both the positive effects of the drug and the negative effects of 
withdrawal. Disrupting these associations through extinction training is a means to reduce relapse 
vulnerability, and developing pharmacotherapies that facilitate the extinction of these cues could aid in 
rehabilitation. Using a place-conditioning model, we have shown previously that the N-methyl-D-
aspartate (NMDA) receptor partial agonist D-cycloserine (DCS) facilitates the extinction of morphine 
withdrawal-induced conditioned place aversion (CPA), while morphine withdrawal-induced CPA 
persisted in the absence of extinction training. The goal of the present study was to determine if DCS 
facilitates the extinction of withdrawal-associated cues in an intravenous self-administration (SA) 
paradigm. Rats were trained to lever press for morphine in daily 6-hr SA sessions conducted during 
the dark cycle, and for sucrose pellets during daily SA sessions conducted during the light cycle, over 
3 wks. Withdrawal conditioning was conducted during two consecutive sucrose SA sessions. These 
sessions paired a previously neutral odor stimulus (almond-scented bedding) with naloxone (0.02 
mg/kg, s.c.) to precipitate withdrawal. In conditioning sessions and subsequent test sessions in which 
the odor was presented without naloxone administration, sucrose responding was suppressed. We 
assessed the effects of saline or DCS (15 mg/kg, i.p.) on this conditioned suppression in daily 
extinction sessions. Administration of DCS prior to extinction sessions facilitated the extinction of 
conditioned suppression of sucrose responding. These effects are specific to morphine-dependent 
animals since similar naloxone conditioning procedures in morphine naïve animals had no effect on 
sucrose responding. Together with the place conditioning studies, these findings suggest that NMDA-
based pharmacotherapies in conjunction with extinction training may be successful in curbing relapse 
vulnerability. 
EXPERTISE: operant self-administration, intravenous catheter surgery 
 
26) A non-denatured whey protein supplement (Immunocal®) protects neurons from 
mitochondrial oxidative stress and delays disease onset in the mutant SOD1 mouse model of 
ALS.   
Erika Ross, Heather Wilkins, Whitney Hulick, Aimee Winter, Danielle Kirchhof, and Daniel Linseman. 

Department of Biological Sciences and Eleanor Roosevelt Institute, University of Denver and 
Research Service, Veterans Affairs Medical Center, Denver, CO.   

Amyotrophic lateral sclerosis (ALS) is a devastating neuromuscular disease caused by the death of 
spinal and cortical motor neurons and retraction of motor axons from the neuromuscular junctions. 
 Mitochondrial oxidative stress (MOS) appears to be a major factor contributing to motor neuron death 
in ALS and therefore, novel agents targeting MOS could provide effective therapies for this debilitating 
disease. We have investigated a unique, non-denatured whey protein supplement (Immunocal®) that 
contains high concentrations of cystine, a precursor for the synthesis of glutathione (GSH). We have 
tested this whey supplement for neuroprotection in vitro from MOS and in vivo for its effects on ALS 
disease onset and progression. In primary cultures of rat cerebellar granule neurons (CGNs), pre-
treatment with the whey supplement completely protected against HA14-1, a Bcl-2 inhibitor which 
induces GSH-sensitive, intrinsic apoptosis. Moreover, the protective effects of the whey supplement 
were blocked by co-incubation with buthionine sulfoximine, an inhibitor of GSH synthesis. The whey 
supplement also displayed significant protection against an array of MOS-inducing agents in CGNs, 
including sodium nitroprusside (SNP), copper chloride (CuCl2), and aluminum chloride (AlCl3). In 
accordance with these findings in CGNs, the whey supplement also significantly protected Chinese 
hamster ovary (CHO) cells from MOS and intrinsic apoptosis induced by overexpression of amyloid 
precursor protein.  Finally, daily administration of the whey supplement in drinking water (ad libitum) 
beginning at 60-days-old significantly delayed disease onset by approximately 10 days in the G93A 
mutant SOD1 mouse model of ALS.  Taken together, these findings indicate that the whey 
supplement significantly protects from MOS via an induction of de novo GSH synthesis. This strategy 
of enhancing endogenous GSH levels via intake of a nutritional supplement may be beneficial in 
mitigating disease symptoms in ALS. (Supported by NIH R01NS062766 to D.A.L.). 
 



 

 

27) Signal transducer and activator of transcription-5 plays a novel role in neuronal apoptosis 
induced by inhibition of RAC GTPase.  

Trisha R. Stankiewicz, F. Alexandra Loucks, Emily K. Schroeder, Ron J. Bouchard, and Daniel A. 
Linseman. Department of Biological Sciences and Eleanor Roosevelt Institute, University of Denver, 

Denver, CO, USA; Research Service, Veterans Affairs Medical Center, Denver, CO.  
In several neuronal cell types, the small GTPase Rac is essential for survival. Moreover, the ALS2 
gene which is mutated in juvenile-onset amyotrophic lateral sclerosis codes for alsin, an exchange 
factor (GEF) for Rac. Inhibition of Rac with C. difficile toxin B (ToxB) induced apoptosis in primary 
cerebellar granule neurons (CGNs). Consistent with activation of a pro-apoptotic Janus kinase 
(JAK)/signal transducer and activator of transcription (STAT) pathway, a pan-JAK inhibitor protected 
CGNs from Rac inhibition. STAT1 was induced by ToxB; however, CGNs from STAT1 knock-out mice 
succumbed to ToxB as readily as wild-type CGNs. STAT3 underwent tyrosine phosphorylation (PY) 
following ToxB and a reputed inhibitor of STAT3, cucurbitacin, reduced CGN apoptosis. 
Unexpectedly, cucurbitacin did not block STAT3 PY and CGNs were not protected from ToxB by other 
STAT3 inhibitors. In contrast, STAT5 PY induced by ToxB was blocked by cucurbitacin. In addition, 
roscovitine similarly inhibited STAT5 PY and protected CGNs from ToxB. Finally, adenoviral infection 
with a dominant negative STAT5 mutant, but not wild type STAT5, significantly decreased ToxB-
induced apoptosis of CGNs. These data indicate that a novel JAK/STAT5 pro-apoptotic pathway 
contributes to neuronal apoptosis induced by inhibition of Rac GTPase. Identification of STAT5 target 
genes in Rac-inhibited neurons may provide new therapeutic avenues for neurodegenerative 
diseases involving loss of Rac function. 
 
28) Gene deletion of inducible nitric oxide synthase suppresses glial inflammation protecting 
against manganese neurotoxicity.  

Karin M. Streifel, Julie A. Moreno, and Ronald B. Tjalkens. Center for Environmental Medicine, 
Department of Environmental and Radiological Health Sciences, Colorado State University, Fort 

Collins, CO.  
Chronic environmental exposure to manganese (Mn) can lead to a degenerative neurological disorder 
termed manganism. There have been a multitude of adult exposure studies, however much less is 
know about exposures to the developing CNS. We previously reported that the developing CNS is 
highly sensitive to Mn-induced neuroinflammatory changes in glial cells, resulting in increased 
expression of inducible Nitric Oxide Synthase (NOS2) in astrocytes and microglia, with a concomitant 
increase in neuronal protein nitration throughout the basal ganglia (Moreno et al., 2009). Based upon 
these data, we postulated that juvenile mice lacking NOS2 would be protected against the neurotoxic 
effects of Mn and exhibit decreased gliosis and nitrosative stress in neurons. We therefore exposed 
NOS2 knockout mice or wildtype controls to determine if loss of this gene protects against Mn 
neurotoxicity in vivo and in vitro. Mice were administered 50 mg/kg MnCl2 daily by intragastric gavage 
from day 21- 34 postnatal and evaluated for locomotor function, catecholamine levels, glial activation, 
neuronal protein nitration and neuropathology. These data demonstrate that NOS2 is causally 
involved in Mn-induced neurotoxicity in developing mice and suggests that neuronal protein nitration 
is an important determinant of neuronal injury from Mn. Furthermore, neuropathological assessment 
determined neuronal and vascular impairment in the treated wildtype mice but not in the knockout 
mice. These data suggest that persistent neuroinflammation from developmental Mn exposure could 
have long-term impacts on neuronal function. 
EXPERTISE: Intragastric gavage, Immunocytochemistry, Immunofluorescence, Co-Culture 
 
29) Glial interactions and neuroinflammation in manganese neurotoxicity.  

KA Sullivan and RB Tjalkens. From the department of Environmental Health and Radiological 
Sciences, Colorado State University, Fort Collins, CO, and Department of Cellular and Molecular 

Biology, Colorado State University, Fort Collins, CO.  
Microglia are the resident immune cells of the brain that help protect the brain from stress and 
infection but chronic activation of microglia results in the production of chemokines and 
proinflammatory mediators such as tumor necrosis factor α (TNFα) and inducible nitric oxide synthase 
(iNOS).  Previous studies have implicated activated microglia and astrocytes in neurodegenerative 



 

 

disorders of the basal ganglia such as Parkinson’s disease and manganism.  Recent work from our 
laboratory identified activated microglia expressing NOS2 in the basal ganglia of mice exposed to 
manganese (Mn) before the appearance of activated astrocytes; however, the mechanism by which 
Mn activates microglia and the role of activated microglia in manganism is poorly understood.  In this 
study we postulated that Mn directly activates microglia, resulting in increased expression of TNFα 
and iNOS that ultimately lead to increased astrocyte activation. Primary microglia and astrocytes were 
isolated from C57Bl/6 mice in mixed cultures then purified for experiments.  Immunofluorescence 
staining for microglia and astrocytes was performed using ionized calcium binding adaptor protein-1 
(IBA-1) and glial fibrillary acidic protein (GFAP), respectively.   This method yielded culture purities of 
97% for microglia and 99% for astrocytes.  Treatment of microglia with Mn induced a dose-dependent 
expression of TNFα, iNOS mRNA and protein. Furthermore, a quantitative PCR array revealed 
increased expression of proinflammatory mediators in microglia when treated with Mn.  Treatment of 
astrocytes with conditioned media from Mn-treated microglia or via co-culture with microglia caused 
an activated phenotype characterized by increased iNOS, TNFα, and interleukin 1-Beta expression 
that was inhibited. Collectively, these data indicate that Mn activates microglia in a dose-dependent 
manner resulting in increased production of proinflammatory mediators that enhance activation of 
astrocytes, suggesting a complex pattern of glial-glial interactions underlying a neuroinflammatory 
phenotype in this model. 
EXPERTISE: immunocytochemistry, real time qPCR, tissue culture, mouse colony management, DNA 
isolation, PCR 
 
30) Altered Calcium handling in cerebellar Purkinje neurons with the malignant hyperthermia 
mutation, Y522S-RyR1.  

GC Talbott, M Pauckova, NM Lorenzon. From the Department of Biological Sciences, University of 
Denver, Denver, CO.  

Calcium dysregulation can have profound effects on cellular development, function and can even 
result in cell death.  Many neurodegenerative diseases are caused either directly or indirectly by 
disruption of calcium homeostasis.  The calcium release channel, the ryanodine receptor (RyR), in the 
ER membrane is an important source of cellular calcium.  However, the contribution of RyR-mediated 
calcium release to calcium homeostasis or dysregulation has not been extensively studied in neurons. 
 Since RyR1 is highly expressed in cerebellar Purkinje neurons, RyR1 mutant mice provide an 
excellent tool to address calcium dysregulation, its pathological consequences, and potential 
therapeutic approaches.  Certain mutations within RyR lead to the skeletal muscle disorder, malignant 
hyperthermia (MH).  The Y522S-RyR1 mutation, a mouse model of MH, has recently been generated 
and characterized in skeletal muscle (Chelu et al. 2005).  Skeletal muscle harboring this mutation 
exhibits calcium leak from internal stores and an increased sensitivity to activation by caffeine, 
voltage, and temperature (Durham et al. 2008).  Although alterations in RyR1 channel function and 
resultant changes in cellular function have been characterized in skeletal muscle, the effects of MH 
mutations in RyR1 on central nervous system function have not been investigated.  Our goal is to 
determine the effects of this MH mutation on channel function, cellular calcium homeostasis and 
whether potential calcium dysregulation alters cellular function. Calcium imaging studies with the 
calcium indicator dye Fura-2 indicate that calcium handling is indeed altered.  Y522S-RyR1 channels 
in Purkinje neurons exhibited a negative shift in the apparent EC50 for the agonist caffeine, but 
calcium-induced calcium release, assessed by depolarization, is not significantly different in these 
Intracellular calcium levels are increased in Y522S-RyR1 Purkinje neurons at physiological 
temperatures, suggesting the presence of an enhanced leak from RyR-sensitive stores.  However, the 
overall store content and store-operated calcium entry do not appear to be altered.  Future studies will 
assess whether these alterations in channel function result in altered neuronal excitability and firing 
behavior. 
EXPERTISE: Calcium Imaging 
 
31) Role of glial activation in a progressive neuroinflammatory model of Parkinson’s disease 
using MPTP and probenecid.  



 

 

BR Trout, JA Miller, KA Popichak, RB Tjalkens. Center for Environmental Medicine, Department of 
Environmental and Radiological Health Sciences, Colorado State University, Fort Collins, CO. 

Inflammatory activation of glia is implicated in the progressive loss of dopaminergic neurons in 
Parkinson’s Disease (PD).  Suppression of neuroinflammation may prove useful in slowing the 
continued neuronal degeneration. In the present study we set out to investigate the efficacy of novel 
para-substituted diindolylmethane (cDIM) compounds in attenuating this progressive neuron loss.  We 
first assessed cDIM activity in vitro using qPCR for NOS2, a prototypic neuroinflammatory gene. 
 qPCR revealed attenuation of LPS induced NOS2 expression in astrocytes co-treated with cDIM5. 
 Next, cDIM5 efficacy was assessed in vivo using the parkinsonian neurotoxicant, MPTP (2 x 15 
mg/kg, bid 12 hr).  Degeneration was determined by quantifying tyrosine hydroxylase loss in the 
striatum.  Co-treatment of cDIM5 (50 mg/kg, daily oral gavage) returned striatal TH intensity to control 
levels.  Lastly, we set out to establish a model of progressive neurodegeneration/neuroinflammation 
employing MPTP (80 mg/kg, total dose) in conjunction with probenecid (250 mg/kg). Mice were 
treated every other day for 7 days and monitored for a total of 14 days.  To assess loss of 
dopaminergic neurons, stereological counts of TH positive neurons in the SNpc were determined on 
day 7 and day 14. Stereological counts revealed a reduction in the total number of dopaminergic 
neurons on day 7 which progressed to an even greater loss on day 14.  These data show that upon 
cessation of MPTP/probenecid treatment, loss of nigral neurons continues to occur, emulating a 
progressive lesion as seen in PD. 
EXPERTISE: Immunofluorescence, stereological counting, qPCR 
 
Neural Excitability, Synapse and Glia 
 
32) CNS inflammation arising from aging and a peripheral infection reduces pro- and mature 
BDNF proteins at hippocampal synapses and impairs hippocampal L-LTP.   

GP Cortese, TR Chapman, RM Barrientos, SF Maier, and SL Patterson.  From the Psychology 
Department and Center for Neuroscience, University of Colorado, Boulder, CO.   

For reasons that are not well understood, aging significantly increases brain vulnerability to 
challenging life events.  High functioning older individuals often experience significant cognitive 
decline after an inflammatory event such as surgery, infection or injury.  We have modeled this 
phenomenon in rodents, and have previously reported that a peripheral immune challenge 
(intraperitoneal injection of live E. coli) selectively disrupts consolidation of hippocampus-dependent 
memory in aging (24-month-old), but not young (3-month-old) F344xBN rats.  More recently, we have 
demonstrated that this infection-evoked memory deficit is mirrored by a selective deficit in long-lasting 
synaptic plasticity in the hippocampus.  Interestingly, these deficits occur in forms of long-term 
memory and synaptic plasticity known to be strongly dependent on BDNF.  Here, we begin to test the 
hypothesis that the combination of aging and an infection might disrupt production or processing of 
BDNF protein in the hippocampus, decreasing the availability of BDNF for plasticity-related processes 
at synaptic sites.  We find that mature BDNF is markedly reduced in Western blots of hippocampal 
synaptoneurosomes prepared from aging animals following infection.  This reduction is blocked by 
intra-cisterna magna administration of the anti-inflammatory cytokine IL-1Ra.  Levels of the pan-
neurotrophin receptor p75NTR and the BDNF receptor TrkB are not significantly altered in these 
synaptoneurosomes, but phosphorylation of TrkB and downstream activation of PLCγ1 and ERK are 
attenuated – observations consistent with reduced availability of mBDNF to activate TrkB signaling. 
 These data suggest that inflammation-evoked reductions in BDNF at synapses might contribute to 
inflammation-evoked disruptions in long-term memory and synaptic plasticity in aging. 
EXPERTISE: Electrophysiology, Immunoprecipitation assays, Tissue culture, Western Blot 
 
33) BDNF Is Required Cell Autonomously to Maintain Excitatory Synapses in the Visual Cortex.  
CN English, A Vigers, and KR Jones. From the Department of Molecular, Cellular and Developmental 

Biology, University of Colorado, Boulder, CO.  
A reduction in brain derived neurotrophic factor (BDNF) expression is an underlying similarity shared 
between many neurological disorders, including Alzheimer’s, Huntington’s, and Parkinson’s diseases. 
To determine if reduced BDNF expression plays a causative role in neurodegeneration, our lab 



 

 

created a forebrain restricted conditional BDNF knockout mouse. Surprisingly, the loss of forebrain 
BDNF recapitulates many neurodegenerative phenotypes, including thinning of the cortex, decreased 
complexity of neuronal circuitry and a reductions is synapse density. However, since BDNF is 
expressed and secreted both pre and post-synaptically in cortical neurons, these data fail to address 
the importance of the directionality BDNF signaling which could provide crucial information as to how 
BDNF functions in cortical synapse formation and maintenance.  To answer this question, we began 
by knocking out BDNF from isolated neurons in the cortex of adult mice. From these experiments, we 
have determined that BDNF is cell autonomously required to maintain a normal complement of 
synapses on layer 2/3 neurons in the visual cortex.  In addition, we show that isolated neurons 
heterozygous for BDNF are at a disadvantage and fail to retain normal synapse number. Together 
these data suggest isolated knockout BDNF neurons and isolated heterozygous BDNF neurons 
cannot be rescued by their wild type neighbors. These data also support a model where synapse 
stabilization is driven by the competition for BDNF. Consequently, this puts the isolated BDNF mutant 
neurons at a disadvantage and in a Hebbian fashion leads to synapse loss. 
EXPERTISE: immunohistochemistry, microscopy and digital image analysis 
 
34) Electrical resonance properties of mouse prefrontal cortical pyramidal neurons.  

J Erickson and MP Thomas. From the University of Northern Colorado School of Biology, Greeley 
CO.  

Prefrontal neocortex is known to play a role in executive functions such as working memory and 
control of selective attention. An important aspect of these functions is their requirement for dynamic 
interactions with other cortical and subcortical regions. Rhythmic activity is likely to play a key role in 
the neural coordination and synchronization required for interactions between brain regions. In this 
study, we explored electrical resonance properties of the principal output cells of the prefrontal cortex, 
in an effort to understand how intrinsic membrane excitability contributes to rhythm generation in 
neocortical circuits. Whole cell visualized patch clamp recordings were performed at room 
temperature in acutely prepared slices of medial prefrontal cortex from adolescent mice. To assess 
resonance properties, sinusoidal current waveforms were applied in current clamp mode, swept over 
a range of frequencies from 0 to 10 Hz. The sinusoidal current was superimposed on a steady applied 
current, such that the sinusoidal current varied around a Vm ranging from  -60 mVto -80 mV.  The 
peak voltage response varied as a function of the applied frequency, and this resonance effect varied 
with Vm. Further, the strength of the resonance effect (calculated as the ratio of the peak response to 
the response at 0.5 Hz) varied as a function of membrane potential. Studies in progress are exploring 
the role of several voltage-dependent ion conductances in mediating this intrinsic resonance property, 
and which may be altered by neurotransmitters that modulate prefrontal cortical rhythmic activity. 
EXPERTISE: electrophysiology, tissue culture, immunocytochemistry 
 
35) Quantification of non-conducing KV2.1 channels in transfecting HEK293 cells and cultured 
hippocampal neurons.  

PD Fox, RJ Loftus, EE Deutsch, MM Tamkun.  From the Department of Biomedical Sciences and 
Molecular, Cellular and Integrative Neurosciences, Colorado State University, Fort Collins, CO.  

Kv2.1 potassium channels retained within cell-surface clusters in transfected HEK cells are incapable 
of conducting potassium.  Expression of GFP-tagged Kv2.1 reveals two distinct populations of 
channels, those retained within clusters and those freely diffusing throughout the membrane.  We 
hypothesized that all whole-cell current is derived from non-clustered channel.  The goals of our 
present work were to 1) determine how the number of freely diffusing Kv2.1 channels in transfected 
HEK cells relates to the number of channels conducting K+, and 2) compare levels of endogenous 
Kv2.1 and Kv current in cultured hippocampal neurons.  To quantify GFP-tagged Kv2.1 expression 
density in HEK cells high resolution TIRF microscopy was used to measure the intensity of individual 
fluorescent channels.  Based on individual Kv2.1 intensity the average number of freely diffusing, non-
clustered channels was ~200,000/cell whereas electrophysiological recordings of peak Kv currents 
corresponded to ~100,000 channels (n = 11), suggesting only 50% of the non-clustered channels are 
conducting K+.  Endogenous Kv2.1 expression in cultured E18 hippocampal neurons at 20 days in 
vitro (DIV) was determined by immunocytochemistry, standardized to the GFP-Kv2.1 in HEK cells, 



 

 

and compared to total Kv current.  Average immunofluorescence corresponded to ~60,000 channels 
(n = 11) in DIV 20 neurons while the ratio of clustered to non-clustered channels in DIV 20 neurons 
was 2:1 resulting in ~20,000 non-clustered channels.  Steady-state Kv current magnitude in these 
neurons averaged 15 nA at +60mV (n = 4).  Since 60% of this outward current is Kv2.1 mediated, 
there are 9,000 conducting Kv2.1 channels present.  Thus, less than 50% of non-clustered Kv2.1 
channels in cultured neurons conduct K+. These data also suggest that the endogenous Kv2.1 
channels trapped within the cell surface clusters are held in a non-conducting state as observed in 
HEK cells. 
 
36) Myelin Proteolipid Protein Regulates Oligodendrocyte Precursor Migration in Response to 
Chemotactic Molecules.  

DE Harlow, WB Macklin, From the Dept. of Cell & Developmental Biology, University of Colorado, 
Anschutz Medical Campus, Aurora, CO.  

During development, oligodendrocyte progenitor cells (OPCs) are generated in discrete locations 
within the CNS and migrate over vast distances to the sites where they eventually stop, proliferate, 
mature and myelinate large diameter axons. OPCs do not appear to migrate along pre-existing axon 
tracts, indicating that secreted long-range chemotropic cues, such as neurotransmitters, cytokines 
and semaphorins play a role in guiding OPC migration. OPC migration is also dependent on contact-
mediated interactions, involving ECM molecules (e.g., laminin, fibronectin) and oligodendrocyte cell 
surface molecules, such as αv integrin and the myelin proteolipid protein (PLP; Gudz et al., 2002; 
2006). Using transgenic mice that express eGFP under the PLP promoter we are able to investigate 
OPC migration both in vivo and in vitro. To study the specific role of PLP in OPC migration, wild type 
and PLP-null mice were used to produce oligospheres, which allows for large numbers of both wild 
type and PLP-null OPCs to be generated. ECM molecules influence OPC migration strongly, as both 
wild type and PLP-null OPCs greatly increased their migration on fibronectin or laminin as compared 
to poly-D-lysine alone.   Wild type OPCs increased their migration on fibronectin in response to 
glutamate or semaphorins, important guidance molecules in axon pathfinding. By contrast, OPCs from 
PLP-null mice did not change their migration rate in response to either glutamate or semaphorins, 
suggesting that PLP may mediate the increased migratory response of OPCs to chemotactic cues. 
Identifying the molecules that serve as guidance cues to OPCs and understanding the influence of 
cell-cell and cell-matrix interactions on OPC responses to these cues will help to elucidate 
mechanisms regulating OPC migration in both normal development as well as pathological 
demyelinating conditions such as Multiple Sclerosis (MS). As semaphorins were recently found to be 
differentially expressed in acute demyelinating MS lesions as compared to chronic lesions and normal 
white matter (Williams et al., 2007), we hypothesize that modulation of OPC migration by 
semaphorins will be important for remyelination following pathological demyelination, as well as during 
normal development.  
EXPERTISE: immunohistochemistry, tissue culture, behavior testing 
 
37) Kinetic analysis of the AMPA receptor R628E mutant in the GluA2 linker region.   

Jonathan E. Harms, Morris Benveniste*, Leslie Stone-Roy,  and Kathryn M. Partin.  From the 
Deptartment of Biomedical Sciences, Colorado State University, Fort Collins, CO; *Morehouse School 

of Medicine, Atlanta, GA. 
Ionotropic glutamate receptors play an important role in learning, memory, and other cognitive 
functions.  For example, the ionotropic AMPA-subtype glutamate (GluA) receptors are responsible for 
causing the cellular depolarization necessary for LTP.  The magnitude of the resulting depolarization 
is dependent on: 1) the endogenous agonist glutamate binding to the receptors ligand-binding domain 
(LBD), and 2) the kinetics through which agonist binding is translated to channel opening.  AMPA 
receptor kinetics are modulated by several mechanisms, including splice variation, allosteric 
modulation, and subunit associations.  In addition to modulators, the use of AMPA receptor 
LBD mutants has been an essential tool for establishing kinetic models of gating, as well as for 
studies leading to drug discovery.  Despite such advances, mutations outside of the LBD have been 
less studied.  One such mutation previously described by Yelshansky et al. (2004) is that of the R628 
sidechain located in the M3-S2 linker region between the LBD and the ion channel pore.  This 



 

 

mutation, which unlike LBD mutants lacks a direct interaction with agonist, nonetheless demonstrated 
similar kinetic changes to the LBD mutants.  We have expanded on these studies by investigating the 
effects of the R628E mutant on deactivation as well as desensitization, in both the flip and flop 
isoforms of GluA2 receptors.  We performed ultra-fast perfusion with 10 mM glutamate on outside-out 
membrane patches of transiently-transfected HEK293 cells, expressing either wildtype GluA2 or the 
GluA2 R628E mutant. We recorded the kinetics of channel deactivation and desensitization by 
applying either a brief (1 ms) or prolonged (500 ms) pulse of agonist, and then fitting the decay from 
peak with a single exponential function.  In both receptor isoforms, we found slowed receptor 
deactivation and desensitization for R628E mutant compared to wildtype GluA2 receptors.  These 
results suggest that the linker region plays an important role in both receptor deactivation and 
desensitization.  Further experiments are underway to identify how the M3-S2 linker region and the 
R628E mutant are implicated in AMPA receptor kinetics.  
 
38) Shal/Kv4 Channels are Required for Maintaining Excitability During Repetitive Firing and 
Normal Locomotion and Grooming in Drosophila.  
Y Ping, G Waro, A Licursi, S Smith, DA Vo-Ba, and S Tsunoda. From the Department of Biomedical 

Sciences, Colorado State University, Fort Collins, CO.  
Coordinated rhythmic behaviors involve the intrinsic electrical properties of central pattern generators 
and motoneurons, as well as sensory input from the PNS. Here, we examine the role of Shal/Kv4 
channels in neuronal firing and repetitive behaviors. In Drosophila, Shal/Kv4 encodes the predominant 
IA current in neuronal cell bodies. Using a dominant-negative subunit (DNKv4), we show the complete 
elimination of IA from cell bodies, with no effect on other currents. Most notably, DNKv4 neurons 
display multiple defects during prolonged stimuli that mimic motoneuron input during locomotion. 
DNKv4 neurons display shortened latency to firing, a lower threshold for repetitive firing, and a 
progressive decrement in AP amplitude to an adapted, non-excitable state. We record from identified 
motoneurons and show that Shal/Kv4 is similarly required for maintaining excitability during repetitive 
firing. We then examine larval crawling, and adult climbing and grooming, all behaviors that rely on 
repetitive firing. We show that all are defective in the absence of Shal/Kv4 function. Further, knock-out 
of Shal/Kv4 function specifically in motoneurons significantly affects the locomotion behaviors tested, 
supporting the proposed role of Shal/Kv4 in rhythmic firing and behavior.   
EXPERTISE: Drosophila, Patch-clamp recording, behavior 
 
39) Heterotypic Cx35/Cx34.7 Coupling at Rectifying Gap Junctions in Goldfish Giant Club 

Ending / Mauthner Cell Synapses Demonstrated by Matched Double-Replica FRIL.  
JE Rash1,2 N. Kamasawa3, K. Davidson1, T. Yasumura1, Nannapaneni S, Flores C, J. O'Brien4, JI 
Nagy5, AE Pereda6. 1Biomedical Sciences, CSU, 2MCIN, CSU;3Physiological Science, Nat. Inst. 

Physiol. Sci. (NIPS), Okazaki, Japan.; 4Ophthalmology, UTHSCr, Houston; 5Physiology, U. Manitoba, 
Winnipeg, MB, Canada; 6Neurosci., Albert Einstein College of Medicine, Bronx, NY. 

Using freeze-fracture replica immunogold labeling (FRIL-TEM) and antibodies against mammalian 
connexin-36 (Cx36), we previously demonstrated immunogold labeling on both sides of goldfish Giant 
Club Ending / Mauthner Cell (GCE/MC) synapses. However, in teleost fish, duplication of the entire 
genome and subsequent divergent evolution of duplicated genes resulted in two distinct homologous 
connexins, Cx35 and Cx34.7.  Using antibodies specific to Cx35, immunogold labeling was restricted 
to connexons in presynaptic hemiplaques, with none detected in postsynaptic hemiplaques (Pereda et 
al., 2003, J. Neuroscience 23:7489-7503). By confocal immunofluorescence microscopy, both 
connexin antibodies were precisely co-localized at small "puncta" within GCE/MC synapses. 
However, only by comparing FRIL double-labeling of matched mirror “double-replicas” could we show 
that Cx35 was present only presynaptically, and that Cx34.7 was present only postsynaptically at 
matched gap junction hemiplaques. These heterotypic connexon pairs at GCE/MC synapses may 
underlie electrical rectification, which we propose to play an important functional role. Notably, 
Cx35/Cx34.7 puncta were intermixed with puncta labeled for NMDA R1 glutamate receptors, 
demonstrating that gap junctions in GCE/MC synapses were exclusively at “mixed” glutamatergic 
synapses, and that none were at GABAergic synapses. Glutamatergic mixed synapses were also 
abundant in other reticulospinal and vestibulospinal neurons, with Cx35 also exclusively presynaptic 



 

 

and Cx34.7 only postsynaptic. These striking differential distributions of Cx35 and Cx34.7 raise the 
interesting possibilities of: 1) differential sorting and insertion of these two connexins at apical vs. 
basal membranes, respectively, 2) neuron subtype-specific synthesis of these two connexin 
homologs, and 3) potential for a general mechanism of electrical rectification at mixed synapses 
through goldfish hindbrain. 
 
40) Differential trafficking of GluR2 flip receptors and stargazin upon application of glutamate.  
LM Stone, KM Partin. From the Department of Biomedical Sciences, Colorado State University, Fort 

Collins, CO.  
Glutamate activation of AMPA receptors (AMPARs) underlies most fast excitatory neurotransmission 
in the brain. Malfunctioning AMPARs are associated with many disorders including Alzheimer’s 
disease, epilepsy, stroke and depression (Bowie, 2009). AMPA receptors are dynamic; regulation of 
receptor number and subunit composition at the synapse impacts synaptic strength and underlies 
changes leading to long-term potentiation and long-term depression. Many factors affect AMPAR 
trafficking, including agonist binding and interactions with other proteins such as stargazin. Several 
reports indicate that application of agonists to cells expressing AMPA receptors results in the 
endocytosis of the receptors and the diversion of AMPARs out of the recycling pathway and into the 
degradation pathway resulting in the decrease of receptors at the synaptic membrane. The 
association of AMPA receptors with stargazin influences both the gating characteristics of the channel 
as well as the ability of the channel to traffic to the membrane efficiently. Whether stargazin continues 
to associate with glutamate receptors during agonist induced trafficking changes is the subject of 
recent investigations. Biotinylation assays indicate that stargazin distribution is more stable than 
AMPA receptors upon application of AMPA; in addition, cross-linking and immunoprecipitation studies 
suggest that glutamate receptors and stargazin separate upon application of agonist (Tomita et al., 
2004). To investigate the trafficking of GluR2 receptors and stargazin more closely, we used confocal 
microscopy of HEK cells expressing GluR2-YFP flip wildtype receptors (GluR2i-YFP) and stargazin-
CFP in the presence of a brief exposure to glutamate, mimicking synaptic events.  In addition, we 
tested the trafficking effects of prolonged exposure to glutamate.  We found that the association 
between GluR2i receptors and stargazin changes in the presence of 100 µm glutamate. The 
intracellular distribution of both GluR2i-wt and stargazin changed within 60 seconds of the initial 
application of glutamate, and continued to change for 30 minutes in the continued presence of the 
agonist.  Future studies will focus on the trafficking of GluR2i and stargazin in the presence of 
different agonists and modulators. 
EXPERTISE: confocal microscopy, tissue culture, immunocytochemistry, molecular biology 
 
Neuroendocrine 
 
41) Restraint stress inhibits the central extended amygdala in both male and female rats.  

JA Babb, CV Masini, S Campeau, and HEW Day. From the Dept of Psychology and Neuroscience, 
University of Colorado, Boulder, CO.  

The lateral division of the central nucleus of the amygdala (CEAl) and the oval nucleus of the bed 
nucleus of the stria terminalis (BSTov) are considered to be parts of the central extended amygdala 
due to their interconnectivity and neuroanatomical similarities, and are regions well known to be 
involved in stress, fear, and anxiety responses. We have previously established that exposure to 
various stressful stimuli such as novel environment, loud noise, restraint, or conditioned fear can blunt 
amphetamine-induced activation of these regions in male rats. Sex differences in behavioral and 
neuroendocrine responses to stress have also been reported. We have seen larger HPA axis 
responses to restraint stress in female rats compared to male rats. In this study, we investigated 
whether restraint stress is also able to reduce activation of the central extended amygdala in female 
rats compared to male rats. Twenty-two male and 38 female adult Sprague-Dawley rats underwent 
surgery to implant an i.p. catheter to allow for remote injection. Female rats were monitored daily for 
estrous cyclicity throughout the experiment beginning two days prior to surgery. After a recovery 
period of at least one week, male rats and female rats in either metestrus or diestrus were placed, in 



 

 

their home cages, into sound-attenuating chambers. The following morning, all rats received a remote 
injection of amphetamine (2 mg/kg i.p.; in 0.9% saline). Following drug injection, half the animals were 
placed into restraint tubes within their home cages. After 30 min, animals were killed; trunk blood and 
brains were collected for plasma estradiol and c-fos mRNA in situ hybridization analysis, respectively. 
Although females in proestrus had significantly higher estradiol levels compared to females in 
diestrus, there was no overall difference in c-fos mRNA levels in either the CEAl or BSTov, so the 
data were pooled for these groups. Overall, animals that were restrained had significantly lower levels 
of c-fos mRNA in the CEAl and the BSTov. There was no main effect of sex on c-fos mRNA levels in 
the CEAl, and although these levels in the BSTov were significantly higher in females overall, there 
was no significant stress by sex interaction in either brain region. 
EXPERTISE: Female animal methods 
 
42) Maternal behaviors in dnFGFR mutant mice.   

LR Brooks, D Le, WCJ Chung, and PS Tsai. Integrative Physiology and Center for Neuroscience, 
University of Colorado, Boulder, Colorado.   

Fibroblast growth factor (FGF) signaling plays a key role in neuronal growth, survival, migration, and 
patterning of central and peripheral tissues. FGFs and their receptors (FGFRs) are necessary for the 
proper development of gonadotropin releasing hormone (GnRH) neurons, which are key activators of 
the hypothalamo-pituitary-gonadal axis.  Transgenic mice that have a targeted reduction of FGFR 
signaling in GnRH neurons (dnFGFR mice) have a 30% decrease of GnRH neurons.  Additionally, 
60% less of the pups born to the transgenic dams survive to weaning age.  These data raised the 
possibility that FGFR defects in GnRH neurons could adversely affect maternal behavior via novel 
and unknown mechanisms.  The major goals of this study were two-fold.  First, we determined if the 
oxytocin (OT) system, a neuroendocrine system important for reproductive behavior, is 
developmentally affected in these transgenic mice.  Second, we investigated if abnormal maternal 
behavior in these dnFGFR mice was causing the low survival rates of their pups. To accomplish these 
goals, we performed oxyphysin (NP-1) immunocytochemistry and evaluated maternal behaviors in 
dnFGFR mothers within twenty-four hours of giving birth.  No differences in NP-1 neurons in the 
preoptic area, paraventricular or supraoptic nuclei were seen between the wild-type (WT) and 
dnFGFR mothers.  Maternal behavior of each dam was recorded for one hour and scored for the 
following parameters:  % time crouching with pups, % time off pups but not feeding, % time feeding, 
and total number of nesting bouts.  No differences were found between groups for any of these 
maternal behaviors.  However, retrieval behavior tests indicated that dnFGFR mothers took 
significantly longer than WT dams to retrieve two of three pups from a corner and crouch over them. 
 Our results show that FGF signaling dysregulation in GnRH neurons disrupts maternal behaviors 
without influencing the number of NP-1-immunoreactive neurons.  The basis of the behavioral defects 
is presently unclear, but a major deficiency in the OT system of transgenic mice can be ruled out. 
 Overall, this study suggests a complex scenario in which a GnRH system compromised by reduced 
FGF signaling leads to not only suboptimal reproductive physiology, but also suboptimal maternal 
behavior. 
 
43) Chronic, non-invasive corticosterone delivery induces anxiety- and depression-like 
behavior, and disrupts the diurnal pattern of tph2 mRNA expression and HPA axis activity.  

NC Donner, CD Montoya, CA Lowry. From the Department of Integrative Physiology and Center for 
Neuroscience, University of Colorado, Boulder, CO.  

Research has identified important interactions between glucocorticoid hormones and serotonergic 
systems, both of which are dysregulated in depressed human patients. In rats, recent studies suggest 
that a functional diurnal rhythm of corticosterone release is necessary for maintaining the diurnal 
expression pattern of tryptophan-hydroxylase (tph2) mRNA, which codes for the rate-limiting enzyme 
for serotonin (5-HT) synthesis in the brain. With respect to a useful animal model for anxiety- and 
depressive disorders in humans, we here aimed to develop a non-invasive animal model in adrenal-
intact male rats by delivering corticosterone (vehicle, 40 µg/ml, 100 µg/ml or 400 µg/ml) via the 
drinking water. This paradigm is defined by intermittent corticosterone intake throughout the day 
associated with drinking bouts, and may coincide and boost the naturally occurring ultradian pulses of 



 

 

corticosterone release. On days 15, 16, 17 and 18, respectively, the animals’ emotionality was 
assessed in the open-field (OF), forced swim (FST), social interaction (SI), and elevated plus-maze 
(EPM) tests. On day 21 of treatment, half of the rats in each group was killed 2 h into their active 
phase (dark phase), and the other half of the rats was killed 2 h into their inactive phase (light phase). 
Both the medium and high dose of corticosterone disrupted the diurnal pattern of plasma 
corticosterone, ACTH, and glucose concentrations, caused adrenal atrophy, and prevented regular 
weight gain. In the brain, all doses of corticosterone treatment elevated light phase tph2 mRNA 
expression, and abolished the diurnal light-dark differences in gene expression compared to vehicle 
controls. Behaviorally, chronic corticosterone delivery via the drinking water was sufficient to cause a 
phenotype of increased anxiety as observed in the OF, SI, and EPM tests, and of depressive-like 
behavior as measured in the FST. We believe that this novel, non-invasive rat model of a depressive-
like phenotype presents new opportunities to investigate the effects of chronic glucocorticoid elevation 
on the endocrine and the serotonergic system, as well as on physiology and emotional behavior. 
EXPERTISE: in situ hybridization, rat behavior testing and behavior analysis, immunohistochemistry, 
hormone assays (RIA & ELISA), riboprobe (cRNA) design, PCR, stereotaxic surgery, adrenalectomy 
rats, ovariectomy rats 
 
44) Hyperosmolarity increases NK3 receptor expression in the paraventricular nucleus of the 
hypothalamus.  

DD Jensen & FW Flynn.  Graduate Neuroscience program and Department of Zoology and 
Physiology, University of Wyoming, Laramie, WY.  

Evidence indicates a novel role for the neurokinin 3 receptor (NK3R) in the control of vasopressin 
secretion.  The NK3R is heavily expressed by vasopressinergic (VP) neurons in the paraventricular 
(PVN) and supraoptic nuclei of the hypothalamus. Intraventricular and intra-PVN injections of 
selective NK3R antagonists block or strongly attenuate the release of VP. Both hypotension and 
hyperosmolarity cause the activity-dependent activation and internalization of NK3R to the cytoplasm. 
Furthermore, NK3R are then trafficked to the cell nucleus via the importin pathway where it appears to 
associate with chromatin. There have been many studies that examined the effects of hyperosmolarity 
on gene expression in the PVN but there is no reference to the effects on NK3R protein or gene 
expression. In the present study the effects of acute and chronic hyperosmolarity on NK3R protein 
was determined. Male rats were assigned to the acute experiment and administered sham or an 
intragastric load of 2 M NaCl (6 ml) and sacrificed 4 h later or to the chronic hyperosmolarity 
experiment and given access to either water and chow, or 2% NaCl and chow for 3 days. The rats 
were sacrificed, the PVN dissected and samples processed for NK3R protein using Western blot. 
Total NK3R protein was normalized to actin and NK3R protein increased following the acute 
hyperosmotic load.  A similar pattern was found following 3 day access to 2% NaCl. Total NK3R 
protein in the PVN was greater in hyperosmotic rats than in control rats.  The experiment was 
replicated and membrane protein was isolated. In the membrane samples, NK3R was greater in rats 
maintained for 3 days on 2% NaCl than in control rats. Thus, hyperosmolarity produces a rapid 
increase in the NK3R protein and chronic salt loading increases total NK3R and particularly 
membrane-bound NK3R. We assume that the increased expression on the plasma membrane 
provides for a usable pool of surface receptors that prevent receptor desensitization and enables 
continued signaling by NK3R and the release of VP. 
Supported by grants NIH R01 NS57823 and P20 RR 15640 from the National Center of Research 
Resources to F.W.F. 
EXPERTISE: realtime qPCR, IHC, tissue culture, western blot, co-immunoprecipitation 
 
45) In vivo evidence for a cold temperature sensitive serotonergic system.   

KJ Kelly, NC Donner, MW Hale, CA Lowry.  From the Department of Integrative Physiology and 
Center for Neuroscience, University of Colorado at Boulder, Boulder, CO.   

Thermosensation is an important mechanism for the survival of animals.  The ability of an animal to 
respond properly to changes in ambient temperature is crucial for survival.  Mechanisms underlying 
thermosensation and thermoregulation are not completely understood, but appear to involve 
serotonergic systems in the dorsal raphe nucleus.  Previous research using in vivo electrophysiology 



 

 

in anesthetized animals has shown that different cells in the dorsal raphe nucleus respond to different 
temperature modalities, including both warm and cold temperature.  However, little in vivo work on 
thermosensation has been performed in unanesthetized animals.  In our current study we test the 
hypothesis that populations of serotonergic neurons in the midbrain raphe complex are activated 
following exposure to a cold water swim stress, relative to warm water swim stress.  Rats were 
exposed to a 15 minute swim stress at 19°C, 25°C, or 35°C or remained in a home cage (HC).  Core 
body temperature was monitored prior to, during, and following swim stress exposure through 
biotelemetry probes.  Rats were transcardially perfused 120 minutes following exposure to swim 
stress, brains were removed and processed for immunohistochemical staining of the protein product 
of the immediate early gene c-fos (as a marker of neuronal activation) and tryptophan hydroxylase (as 
a marker of serotonergic neurons).  Exposure to 19°C water markedly decreased core body 
temperature throughout the duration of the swim stress, increased time spent immobile during the 
swim stress, and increased c-Fos expression in topographically organized subregions of the dorsal 
raphe nucleus when compared to the HC group and between swim stress groups.  These data show 
evidence for a cold-sensitive serotonergic system within the dorsal raphe nucleus that may have 
implications for thermoregulatory warming mechanisms and, through projections to forebrain areas, 
affect mood.  Acknowledgements: This material is based upon work supported by the National 
Science Foundation under Grant No. 0845550.  Any opinions, findings, and conclusions or 
recommendations expressed in this material are those of the author(s) and do not necessarily reflect 
the views of the National Science Foundation. 
EXPERTISE: Immunohistochemistry, biotelemetry, swim stress behavior 
 
46) Gene amplification and upregulation of mammalian STE20-like protein kinase 4 (Mst4) 
reveal a novel candidate gene in human pituitary tumorigenesis.  
AJ Knox, MG Edwards, K Kiseljak-Vassiliades, M Xu, KA Michaelis, BK Kleinschmidt-Demasters, KO 
Lillehei, and ME Wierman. From the Departments of Med, Pathology and Neurosurgery, University of 

Colorado Denver, Aurora, CO, and the VAMC, Denver, CO.  
Pituitary tumors are the most common brain tumor of which 35% arise from gonadotrope cells. 
Surgery is the only viable treatment as no medical treatments are available. The genetic and 
molecular mechanisms leading to gonadotrope tumors remain unknown. To identify novel 
gonadotrope tumor candidate genes and pathways we used a combined approach, integrating data 
from expression microarrays with whole-genome screens for copy number alterations (CNA). 
Candidate genes with both aberrant expression and overlapping CNAs in tumors were analyzed. To 
identify differentially expressed genes we conducted a microarray screen (HumU133Plus2.0) and 
compared the profiles of 14 gonadotrope tumors versus 9 normal pituitaries with an ANOVA model. 
To identify gene amplifications and deletions in 10 gonadotrope tumors a microarray-based copy 
number screen was performed on Genome-Wide Human SNP 6.0 Arrays. CNAs were assessed using 
794 HapMap samples as the baseline and segmentation was conducted to reveal 110 amplifications 
and 336 deletions. Mst4 was upregulated by 6.3 fold in all tumors vs normal pituitary and located 
within a 390 kb amplification at Xq26.2 in a tumor sample from one female patient. Previously 
published expression arrays indicate that Mst4 mRNA is expressed in prolactin, growth hormone, and 
ACTH tumors but at levels comparable to normal pituitary. Upregulation of Mst4 occurs in pancreatic 
cancer, liver cancer , and metastatic colon cancer and leads to increased anchorage independent 
growth, in vitro proliferation, and in vivo tumorigenesis. RTPCR validation of Mst4 mRNAs showed a 2 
fold increase in tumor versus normal.  Immunoblots revealed that Mst4 protein levels are also high in 
gonadotrope tumors and low or undetectable in normal pituitary. A predicted gene, LOC286467, was 
also within the Xq26.2 amplification; however, the transcript was undetectable in normal or tumor. In 
summary, Mst4 is a promising candidate for uncovering novel mechanisms and pathways underlying 
pituitary tumorigenesis and is a potential therapeutic target. 
EXPERTISE: microarrays, genomics, molecular biology, RT-PCR, immunoblot, tissue culture 
 
47) Axl and cMet: Crosstalk of Tyrosine Kinase Receptor Signaling in the Survival of GnRH 
Neurons.  



 

 

S Mehta, M Xu, M Schaller, and ME Wierman. From the Department of Med, Phy & Bioph, UCD 
Aurora, CO, Research Service VAMC, Denver, CO.  

During embryogenesis, Gonadotropin releasing hormone (GnRH) neurons undergo a precise pattern 
of neuronal migration from the olfactory placode into the forebrain. Multiple factors can influence this 
process and any disruption of these molecules may result in abnormal reproductive function in mice 
and humans. Our prior work showed the importance of Gas6/Axl signaling to promote GnRH neuronal 
cell migration and survival and reproductive defects in mice null for Axl and Tyro3. cMet, a receptor 
tyrosine kinase activated by the cytokine HGF, has been implicated in olfactory axon outgrowth and 
GnRH neuron development. NLT migratory GnRH neurons express higher levels of cMet (7.8/3.8) 
and HGF (7.0/3.9) transcripts by microarray compared to GT1-7 post-migratory cells. Met protein was 
detected by immunoprecipitation. Since both Axl and cMet are activated by heparan sulfate 
proteoglycans tethered ligands, Gas6 and HGF, respectively, we postulated that their pathways may 
interact. Gas6/Axl signaling induces GnRH neuronal cell survival pathways via ERK/MAP kinase and 
PI3 kinase to Akt signaling. Similar pathways are activated downstream of HGF/cMet signaling in 
other systems. In NLT neuronal cells, HGF activated cMet and downstream phosphorylation of ERK 
and Akt. Coimmunoprecipitation of Met from NLT lysates probed with Axl showed that Axl directly 
interacted with Met. To ask if Gas6 or HGF may activate each other’s receptor and modulate 
downstream signaling, we silenced Axl in NLT GnRH neurons and asked if HGF activation of cMet 
was altered. Axl silencing (50% by siRNA) resulted in a decreased ability of HGF to phosphorylate 
cMet and Akt as compared to the scrambled or no transfection controls, with no change in its ability to 
activate ERK.  In contrast, Gas6 did not phosphorylate cMet. Together, these results suggest the 
ability of Axl and cMet to directly heterodimerize and that HGF signaling in GnRH neuronal cells may 
be modulated by TAM family member expression. Studies are ongoing to test the specificity of this 
interaction (ie Tyro3, Mer vs Axl). Other experiments are testing the significance of the crosstalk of 
membrane receptors and their downstream components on the migration and cell survival pathways 
in GnRH neurons. 
EXPERTISE: immunocytochemistry,western blotting, real time PCR 
 
48) Elucidating Molecules and Mechanisms in Pituitary Tumorigenesis: A Gene Microarray-
Based Approach.  
KA Michaelis, AJ Knox, M Xu, K Kiseljak-Vassiliades, MG Edwards, BK Demasters, KO Lillehei, ME 

Wierman. From the Departments of Med, Pathology and Neurosurgery; University of Colorado 
Denver, Aurora, CO and the VAMC, Denver, CO.   

Patients with gonadotrope pituitary tumors present clinically with hormone imbalances, headaches 
and visual disturbances progressing to blindness. No medical therapy is available. Surgery remains 
the treatment of choice, but tumors can be locally invasive in 20-30% of cases and recur. The genetic 
and molecular mechanisms underlying their pathogenesis are unknown. To identify new candidates 
involved in tumorigenesis, microarray expression analysis was performed comparing 14 pituitary 
tumors and 9 normal pituitaries. A one-way analysis of variance (ANOVA) was used to generate p-
values for all present genes (38,932 of 54,675 transcripts probed on the Affymetrix U133 2.0 array) 
with a false discovery rate (FDR) of 5% to control for multiple testing. Ingenuity Pathway Analysis was 
used to identify differentially expressed pathways in gonadotrope tumors compared to normal 
pituitary, including TP53 (p=1x10-4) and Neuregulin (p=2x10-5). Downstream gene expression 
pathways were altered to promote increased angiogenesis, cell cycle progression, and proliferation 
with decreased cell cycle arrest and apoptosis. GADD45γ, a downstream target of TP53, was 
previously found to be absent in the majority of pituitary tumors, and its overexpression led to 
decreased cell proliferation in pituitary cell lines. Thus, we explored the importance of GADD45β 
(growth arrest and DNA-damage-inducible beta) in pituitary tumorigenesis. Microarray analysis 
revealed GADD45β as a repressed transcript in all tumors tested (mean fold change -54.3). 
Overexpression of GADD45β in a gonadotrope cell line, LβT2, caused a 30% reduction in cell 
proliferation at 9 days as assessed by MTS assay (p=0.0005), and a 2-fold increase in apoptosis at 
72 hours of serum starvation as assessed by caspase 3 cleavage. Thus, suppression of GADD45β 
may play a role in pituitary tumor proliferation and survival.  Further analysis of these pathways and 



 

 

misexpressed genes will provide insights into novel candidates involved in tumorigenesis to identify 
new therapeutic targets and diagnostic biomarkers. 
EXPERTISE: Microarray analysis, cell culture 
 
49) Endocannabinoid Receptor Antagonism Increases Hypothalamic-Pituitary-Adrenal Axis 
Activity Basally and to Loud Noise Stress in Male Sprague Dawley Rats 

RJ Newsom, C Osterlund, RL. Spencer, S Campeau 
From the Department of Psychology and Neuroscience, University of Colorado, Boulder, CO 

Altered regulation of the hypothalamic-pituitary-adrenal (HPA) axis is associated with stress-induced 
changes in cognitive, emotional, and physical health. Recent evidence indicates that the endogenous 
cannabinoid (eCB) system may modulate HPA axis functions both peripherally and more centrally, via 
regulation of limbic systems ultimately controlling the HPA axis. The current study was designed in an 
attempt to determine more clearly the contribution of cannabinoid receptor 1 (CB1) modulation 
throughout the neuroaxis and the pituitary, on basal and stress-induced HPA axis activity. Adult male 
Sprague Dawley rats were given intraperitoneal injections of either CB1 inverse agonist (AM251, 2 
mg/kg) or vehicle thirty minutes prior to a session of loud white noise stress (30 minutes at 95 dBA) or 
placement in a familiar sound-proof chamber. Immediately following the stress and control treatments, 
rats were sacrificed, the brains and pituitary glands were excised and flash frozen, and trunk blood 
was collected for determination of corticosterone (CORT) and adrenocorticotropin hormone (ACTH) 
levels using commercial ELISA and RIA kits, respectively. Consistent with previous reports, AM251 
treatment resulted in significantly increased stress-induced plasma CORT and ACTH levels. 
Additionally, AM251 treatment in non-stressed controls resulted in significantly elevated plasma 
CORT levels, but not ACTH levels. The brains are currently being sectioned and prepared for 
detection of immediate early gene c-fos mRNA expression, using in situ hybridization histochemistry. 
IEGs levels will be analyzed in sensory processing areas, stress-reactive limbic structures, and 
pituitary glands to assess the level(s) of the central and/or peripheral nervous system that are being 
modulated by peripheral injections of AM251. This will provide new information as to more exactly 
where endogenous cannabinoids modulate basal and stress sensitivity and reactivity, as indexed by 
HPA axis activity. 
Supported by R01MH 077152 (SC). 
EXPERTISE: In Situ Hybridization, Loud Noise Stress 
 
50) Rapid suppressive effect of corticosterone on stress-induced ACTH secretion, but not 
mitogen-activated protein kinase pathway activity in the hypothalamic paraventricular nucleus.  
C Osterlund, R Newsom, S Campeau, A Chadayammuri, C O’Neill, and R Spencer. Glucocorticoids 
(GC) produce multiple molecular and cellular effects within the hypothalamic-pituitary-adrenal (HPA) 
axis. These GC actions have distinct temporal patterns of onset and durations. An acute infusion of 
GCs within seconds prior to stress challenge produces a transient and potent inhibition of HPA axis 
hormone secretion. It remains to be determined whether rapid GC negative feedback depends on 
alteration of the excitatory drive to the HPA axis or depends on alteration of the intracellular excitatory 
states that are coupled to the exocytosis of hypothalamic paraventricular nucleus (PVN) corticotropin-
releasing hormone (CRH), or corticotroph adrenocorticotropic hormone (ACTH). It also remains to be 
determined if phasic GC increases can rapidly influence transcriptional activity within the intracellular 
elements of HPA axis. To determine the extent that GC increases rapidly modulate stress-induced 
intracellular activity within the intrinsic elements of the HPA axis, we adopted the strategy of 
monitoring the effects of corticosterone (CORT) on restraint induced; hormone secretion (ACTH and 
CORT), PVN and anterior pituitary immediate early gene expression (cfos and mkp-1 genes); 
corticotrophs pomc gene expression, and PVN extracellular regulated kinase (pERK) activity. A 30sec 
CORT infusion before restraint challenge suppressed ACTH secretion 5 and 15min after stress onset. 
This CORT pretreatment also inhibited stress-induced PVN cfos mRNA and corticotroph pomc 
hnRNA levels (30min stress onset). This CORT pretreatment didn’t alter stress-induced PVN pERK 
activity. CORT infusion resulted in rapid (5min) supra-physiological peak in CORT levels, which were 
reduced by 15min and returned to basal levels by 30min. Since rapid CORT suppression of stress 
induced ACTH secretion was not associated with altered changes in PVN pERK activity, implies that 



 

 

the inhibitory effect was not due to altered stress-induced neural input to the PVN that engages pERK 
pathway. The suppressive effects of CORT on PVN (cfos) and corticotroph (pomc) gene expression 
may reflect a direct repressive effect of CORT on gene transcription or inhibition of associated 
protein(s) responsible for the transcription of those genes. 
 
51) Effect of stressor challenge duration on the expression of stress response habituation. 

 RE Ramsey, RL Spencer. From the Department of Psychology and Neuroscience, University of 
Colorado at Boulder, Boulder, CO.  

The exacerbating influences of stress on psychological disorders is difficult to analyze because an 
individual’s perception of a stressor and subsequent responses differ based on prior experience. 
While habituation develops to a repeated, predicable psychological stressor, manipulating certain 
parameters of the stress experience may lead to a disruption of a stressor’s predictability and 
subsequent dishabituation of the stress response. In this experiment, we investigated whether the 
neuroendocrine and behavioral responses to a psychological stressor (restraint) differ when the 
duration of the stressor given on the test day violates expectations based on prior stress experience. 
Rats experienced 10 minutes of daily restraint on Days 1-4 followed by either the same duration (10 
min) or a longer duration (30 min) of restraint on Day 5. Video recordings were collected for each 
restraint episode (Days 1-5) and trunk blood and tissue samples (brains for immediate early gene 
expression analyses) were collected following restraint on Day 5. Struggling behavior was scored as 
heavy mobility, which included active attempts to escape. Rats who experienced the same duration of 
repeated restraint showed significant habituation of plasma corticosterone (CORT) compared to the 
10 min acute restraint group. In addition, these rats showed decreased active struggling (heavy 
mobility) over repeated restraint trials and increased light mobility. Conversely, the rats who 
experienced a longer duration of restraint on Day 5 showed an increased CORT and ACTH response 
(dishabituation), and those responses approached the responses observed in the 30 min acute 
restraint group. These rats showed a habituated behavioral response during the first 10 min of 
restraint, however struggling behavior was reinstated once restraint exceeded the expected duration 
(with a peak at 12 min). In conclusion, habituation of the neuroendocrine and behavioral stress 
responses occurs when the duration of the stressor matches previous experience, while 
dishabituation of the stress response is triggered (with remarkable temporal precision) by an 
unpredicted increase in stress duration. 
EXPERTISE: in situ hybridiztion, behavior testing, radioimmunoassay, elisa 
 
52) Mechanisms of gonadal steroid influences on the development of sex differences in the 
preoptic area.  

BT Searcy, P Kumar, MS Stratton, SA Tobet.  From the Department of Biomedical Sciences, 
Colorado State University, Fort Collins, CO.  

The preoptic area/anterior hypothalamus (POA/AH) plays a critical role in the regulation of sex 
specific behaviors. Correspondingly, sex differences in the density and location of neurons in the 
POA/AH have been identified. One mechanism through which sex differences in neuron location 
develop is through differential neuron migration during development. Estradiol rapidly modulates cell 
movements in the embryonic mouse POA/AH and could prove to be physiological regulator of neuron 
position during normal development. We have characterized the response of neurons in the POA/AH 
to S-diarylpropnitrile (S-DPN), an estrogen receptor β selective agonist. S-DPN induced a rapid 50% 
reduction in the rate of cell movement in the rostral POA/AH. One possible mechanism through which 
estradiol could rapidly transduce its signal is through induction of nitric oxide production. nNOS is the 
primary enzyme required for de novo synthesis of nitric oxide (NO) in the brain and has also been 
characterized with a distinct cellular distribution in POA/AH. To investigate whether nNOS impacts the 
location of neurons in the POA/AH the distribution of immunoreactive (ir)-calbindin was compared 
between nNOS-knockout (KN2) and wild type male mice on postnatal day 0 (the day of birth). 
Calbindin, a calcium binding protein, has been useful as a biomarker for identifying sex differences in 
the POA/AH. Because NO is a signaling molecule, the locations of neurons with ir-calbindin might 
illuminate a possible role for NO in directing neuron movements. To determine the spread of cells 
containing ir-calbindin, a 6x6 grid of 100µm2 boxes were digitally overlaid on top of an image of one 



 

 

side of the POA/AH; the grid was anchored by the junction point of the third ventricle and the anterior 
commissure. The total number of grid squares containing dense ir-calbindin (ir-coverage above 10%) 
was more than 50% greater in wild-type animals than in nNOS knockout mice (p <0.01); at the same 
time, the total amount of ir-calbindin did not differ between groups, suggesting that the ir-calbindin 
was differentially arranged in the absence of nNOS. The current finding indicates the potential role for 
both ERβ and NO in determining cell positions within the developing POA/AH. 
 
53) Investigation of a central nucleus of the amygdala/dorsal raphe nucleus serotonergic 
circuit implicated in fear-potentiated startle.  

Benjamin M. Spannuth1, Matthew W. Hale1, Andrew K. Evans1, Jodi L. Lukkes1, Serge Campeau2, 
Christopher A. Lowry1. 1Department of Integrative Physiology and Center for Neuroscience, University 

of Colorado, Boulder, CO.  2Department of Psychology and Center for Neuroscience, University of 
Colorado, Boulder, CO.  

Serotonergic systems are thought to play an important role in regulation of motor activity and 
emotional states.  We used a fear-potentiated startle paradigm to investigate the effects of a motor-
eliciting stimulus in the presence or absence of induction of an acute fear state on serotonergic 
neurons in the dorsal raphe nucleus and neurons in subdivisions of the central amygdaloid nucleus, a 
structure that plays an important role in fear responses and activation of serotonergic systems, using 
induction of the protein product of the immediate-early gene, c-fos.  Two experiments were performed. 
 In Experiment 1 we investigated the effects of a single session of fear conditioning.  In Experiment 2 
rats were trained to associate a light cue (conditioned stimulus, CS; 1000 lx, 2 sec) with foot shock 
(0.5 s, 0.5 mA) on days 1 and 2, then tested in one of four conditions on day 3: 1) placement in the 
training context without exposure to either the CS or acoustic startle (AS), 2) exposure to 10 trials of 
the 2 s CS, 3) exposure to 40 110 dB AS trials, or 4) exposure to 40 110 dB AS trials with 10 of the 
trials preceded by and co-terminating with the CS.  All treatments were conducted during a 20 min 
session. Acoustic startle, although it had no effect by itself, increased c-Fos expression in the medial 
part of the central amygdaloid nucleus and in serotonergic neurons in the dorsal part of the dorsal 
raphe nucleus (DRD) in rats exposed to the CS.  These data are consistent with previous studies 
demonstrating that stress- and anxiety-related stimuli selectively increase c-Fos expression in DRD 
serotonergic neurons.  Identification of mechanisms underlying the regulation of this 
mesolimbocortical serotonergic system could have important implications for understanding the 
mechanisms underlying vulnerability to stress-related psychiatric disorders including anxiety and 
affective disorders. Award Number R01MH086539 (CAL) from the National Institute Of Mental Health, 
Undergraduate Research Opportunity Program (BMS), Bioscience Undergraduate Research Skills 
and Training (BMS), National Science Foundation Research Experiences for Undergraduates (CAL), 
and Sigma Xi Grant-in-Aid (BMS). The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institute Of Mental Health or the National 
Institutes of Health or other funding groups. 
 
54) The distribution of urocortin 2-like immunoreactivity in the rat brain. 

Christopher E. Stamper, Matthew W. Hale and Christopher A. Lowry. Department of Integrative 
Physiology and Center for Neuroscience, University of Colorado, Boulder, CO. 

Urocortin 2 (Ucn 2) is a stress-related neuropeptide that is a member of the corticotropin-releasing 
factor (CRF) family, and may play an important role in the regulation of depression and anxiety. 
Intracerebroventricular (i.c.v.) injection of Ucn 2 has been shown to increase c-Fos expression in a 
number of structures, that form part of a distributed and interconnected neuronal circuit that regulate 
anxiety states and anxiety-related behavior, including the dorsal raphe nucleus, bed nucleus of the 
stria terminalis, and the central nucleus of the amygdala. The expression of Ucn 2 is thought to be 
specific to certain nuclei involved in these anxiety circuits. Previous studies in mice have described 
the distribution of Ucn 2 mRNA, however; there has yet to be an investigation of the distribution of the 
Ucn 2 peptide in the rat brain. In this study, we used immunohistochemistry with an Ucn 2 polyclonal 
antibody, preadsorbed with Ucn 1, Ucn 3 and CRF, to determine the distribution of Ucn 2 peptide. The 
results show Ucn 2-like immunoreactivity in limbic and hypothalamic-pituitary-adrenal axis (HPA) 
structures including the locus coeruleus, supraoptic nucleus, and the paraventricular hypothalamic 



 

 

nucleus, which are important in the regulation of anxiety states and anxiety-related behavior. This 
work was supported by Award Number R01MH086539 (CAL) from the NIMH.  CES was supported by 
a Bioscience Undergraduate Research Skills and Training (BURST) fellowship, and an 
Undergraduate Research Opportunities Program (UROP)/Howard Hughes Medical Institute (HHMI) 
Individual Grant funded by the Biological Sciences Initiative (BSI) through a grant from the Howard 
Hughes Medical Institute (HHMI). 
EXPERTISE: immunohistochemistry 
 
55) The impact of compound FGFR1 and FGF8 signaling deficiencies on the murine 
reproductive system.   

BK Tata, PS Tsai, and WCJ Chung. Department of Integrative Physiology and Center for 
Neuroscience, University of Colorado at Boulder, Boulder, CO.  

Gonadotropin-releasing hormone (GnRH) neurons control the onset and maintenance of fertility. Our 
laboratory showed that fibroblast growth factor (FGF) signaling plays an essential role in the prenatal 
development of the mouse GnRH system. Heterozygous (+/-) mutations in Fgf receptor 1 (Fgfr1) or 
Fgf8 caused a 30-50% decrease in the total number of GnRH neurons in mice. Furthermore, mice 
with digenic heterozygous mutations in Fgfr1 and Fgf8 (Fgfr1+/-/Fgf8+/-) exhibited a greater decrease 
in GnRH neurons compared to Fgfr1+/- or Fgf8+/- mice. However, it was unclear if the decrease in 
GnRH neurons was translated into defects in reproductive performance. In the present studies, we 
tested the hypothesis that reduced GnRH neurons in Fgfr1+/- and/or Fgf8+/- female mice resulted in 
abnormalities in pubertal onset and/or estrous cycle. Our results showed that pubertal onset in 
Fgfr1+/-/Fgf8+/- female mice, as measured by the age of vaginal opening, did not differ from their 
wildtype female littermates. Interestingly, continuous vaginal smears for 20 days revealed that 
Fgfr1+/-/Fgf8+/- female mice spent about 75% more time in diestrus and 74% less time in proestrus 
compared to their wildtype female littermates. Furthermore, we show that heterozygous defects in 
Fgfr1 and/or Fgf8 affects the postnatal development of the kisspeptin neuronal system in female mice. 
These results suggest that defects in Fgfr1 and/or Fgf8 in mice may cause a significant disruption in 
the progression of the female reproductive cycle. 
 
56) Intra-Pituitary Administration Revisited: Development of a Novel in Vivo Approach to 
Investigate the Ovine Hypophysis.  

WA Taylor1, NP Evans2, C Hertz1 & DC Skinner1*. 1Neurobiology Program and Department of 
Zoology and Physiology, University of Wyoming, Laramie, WY; 2College of Medicine, Veterinary and 

Life Sciences, University of Glasgow, UK.  
The anterior pituitary gland regulates physiological processes via the secretion of hormones, which 
are under the control of factors produced either in the hypothalamus or the pituitary gland itself. 
Studies investigating how the pituitary gland functions have employed both in vitro and in vivo 
approaches. Although in vitro analysis has the advantage that it is pituitary specific, the results may 
be incomplete because the tissue is isolated from other physiological inputs that could affect function 
under natural conditions. Without vascular input, such studies are inherently of short duration. 
Conversely, in vivo experiments that rely upon systemic hormone injections require high doses, are 
non-target specific and the precise hormone concentrations reaching the pituitary gland are difficult to 
control. Intracerebroventricular hormone infusions are reliant on assumptions that factors are 
transported to the pituitary gland from the cerebrospinal fluid and are without cerebral effects. Here 
we describe an innovative method to investigate anterior pituitary function in conscious sheep by 
direct infusion of peptides into the pituitary tissue surrounding the hypophyseal portal blood vessels. 
This approach is an adaptation of the hypophyseal portal cannulation technique whereby an 
indwelling cannula provides direct access to the rostral aspect of the adenohypophysis. Peptide 
infusions were achieved by insertion of a needle through the implanted cannula such that it 
penetrated the pituitary. Using this technique, infusion of TRH (17ng/1µl/min for up to 6h) induced a 
sustained rise in systemic prolactin levels of between 100 and 500% which lasted for the duration of 
the infusion. 
 
57) Dose Dependent Changes in Chromatin Structure by the NK3 receptor Agonist SENKTIDE.  



 

 

A Thakar, DD Jensen, K Sundstrom, FW Flynn. From Graduate Neuroscience Program, Department 
of Zoology and Physiology, University of Wyoming, Laramie WY.  

The tachykinin Neurokinin 3 receptor (NK3R) is a G protein coupled receptor that is trafficked to the 
nuclei of magnocellular neurons in the PVN in response to an acute hyperosmotic challenge.  Here 
we report the effect of NK3R agonist, Senktide, on chromatin structure in   CLU209 cells, a rat 
immortalized neuronal hypothalamic cell line (Cedarlane; Ontario, Canada). Our studies show dose 
dependent condensation or relaxation of chromatin and corresponding presence of NK3R in nucleus. 
CLU209 cells were treated for 45 min with media or media containing 0.1 mM, 10nM or 1 nM 
concentrations of senktide, and the chromatin was isolated.  Isolated chromatin was than subjected to 
phenol-chloroform treatment to purify relaxed DNA which was then compared across the treatment 
conditions.  The experiment was replicated three times. Phenol-chloroform extraction allows 
quantification of relaxed DNA since DNA segments that are trapped by crosslinked DNA binding 
proteins are retained in the interphase, while those DNA segments that are not protein associated 
accumulate in the aqueous phase. At 0.1 mM and 10 nM of senktide the NK3R concentration reduces 
compared to control untreated cells and the chromatin was condensed. Chromatin condensation due 
to senktide-induced apoptosis was ruled out by caspase assay. Overall, at the low dose, 1 nM, there 
was a small increase in NK3R in nucleus (determined by western blot). The average condensation 
(compared to control media) at 0.1 mM senktide was 41% and an average relaxation at 1 nM senktide 
was 27%. The RT-PCR studies further confirms equivalent expression of NK3R mRNA in nucleus at 
respective senktide concentration. Furthermore, to establish that it was NK3R specific effect, a 
selective NK3R antagonist was administered before senktide. The combination of the antagonist and 
senktide (0.1 mM) facilitated chromatin relaxation. This may reflect a partial block of the NK3Rs by the 
antagonist and hence a low dose of senktide activating the receptors. This interpretation would fit the 
results obtained with the 10 nM dose facilitating chromatin relaxation.  The results indicate that 
activation of the NK3R can affect chromatin structure. 
EXPERTISE: in situ hybridization, RT qPCR, Chromatin Immunoprecipitation 
 
58) Transducer of regulated CREB activity 2 (TORC2) is activated within CRH neurons of the 
PVN in response to stress and is not subject to intermediate glucocorticoid negative feedback.  
MJ Weiser, J Highland, RL Spencer.  From the Psychology and Neuroscience Department and Center 

for Neuroscience, University of Colorado, Boulder, CO.    
Dysregulation of corticotropin releasing hormone (CRH) function and expression is implicated in a 
variety of stress-related psychiatric disorders.  The appropriate response of CRH neurons of the 
medial parvocellular hypothalamic paraventricular nucleus (PVN) to stress-dependent neural 
stimulation depends on the coupling of stimuli to gene expression. However, the mechanism of this 
coupling is poorly understood. It is well established that the phosphorylated form of CREB (pCREB) is 
required for CRH gene induction.  However, pCREB alone is insufficient, and appears to require a 
coactivator to activate CRH transcription.  This study focuses on a recently discovered transcriptional 
coactivator (transducer of regulated CREB activity; TORC) that is essential for cAMP-dependent CRH 
gene expression in primary hypothalamic cells (Liu et al 2010).  Activation of TORC results in 
translocation of the coactivator from the cytoplasm to the nucleus where it binds to CREB and 
promotes transcriptional activation.  This study tests the hypothesis that TORC2 is activated within 
CRH neurons of the PVN in response to a psychological stress in vivo.  Furthermore, we developed 
an in vitro organotypic rat PVN explant model and tested the hypothesis that short-term glucocorticoid 
exposure inhibits stimulus-induced TORC2 activation within CRH neurons. 
 
Sensory and Motor Systems 
 
59) Evidence for in vivo thermosensitivity of serotonergic neurons in the rat dorsal raphe 
nucleus and raphe pallidus nucleus. 
 Kathleen F. Dady, Matthew W. Hale, Andrew K. Evans, Christopher A. Lowry. From the Department 

of Integrative Physiology, University of Colorado at Boulder, Boulder, CO. 
In most climates, temperatures are constantly changing; mounting an appropriate response to these 
changes is a requirement for the functioning and survival of all animals.  When an increase in ambient 



 

 

temperature is detected through the skin, a physiological response is triggered wherein the sensory 
message is relayed from the nerves of the periphery to the central nervous system.  This engages the 
thermoregulatory cooling systems that maintain homeostasis.  In this study, we investigated the 
response of serotonergic populations in the midbrain and medullary raphe to increases in warm 
ambient temperature.  Rats were placed in an incubator for 105 minutes at either room temperature 
(23 °C) or a warm ambient temperature (37 °C) and their brains were removed and sectioned for 
immunohistochemical analysis of c-fos, an immedicate early gene marker for neuronal activation, and 
tryptophan hydroxylase, a cellular marker of serotonergic neurons.  Exposure to warm ambient 
temperature increased c-fos expression in serotonergic neurons of the dorsal raphe nucleus. 
 Activation of serotonergic neurons in the dorsal raphe was positively correlated with increase in body 
temperature.  Exposure to warm temperature decreased c-fos expression in serotonergic neurons of 
the raphe pallidus nucleus of the medullary system as compared to exposure to room temperature. 
 These results support the conclusion that there is a serotonergic system in the dorsal raphe nucleus 
that is sensitive to increases in warm ambient temperature. 
 
60) Predation pressure drives lateral line diversity in guppies.  
Eva K. Fischer, Cameron K. Ghalambor, Kim L. Hoke, and Daphne Soares. From the Department of 

Biology, Colorado State University, Fort Collins, CO.  
The ability to detect, avoid, and escape potential predators is essential to an organism’s survival and 
fitness. As a result, changes in predation pressures can lead to phenotypic divergence and adaptive 
evolution. Fish and many other aquatic vertebrates utilize their mechanosensory lateral line to detect 
objects and motion in their immediate environment. Variation in lateral line morphology allows 
different species to more effectively detect and respond to salient cues in the environment, however 
intraspecific variation in lateral line morphology remains largely unexplored. The Trinidadian guppy 
(Poecilia reticulata) is a well-established model system in evolutionary biology because of its rapid, 
adaptive differentiation in response to environmental pressures. We hypothesized that variation in 
lateral line morphology in guppies would reflect differences in predation pressure between 
populations. Using the fluorescent vital dye 2-[4-(dimethylamino)styrl]-N-ethylpyridinium iodide 
(DASPEI), we compared neuromast arrangement in guppies from high and low predation 
environments. We found that the total number of neuromasts was conserved across populations, 
however there were significant differences in the distribution of superficial neuromasts.  Guppies from 
high predation environments had relatively more ventral neuromasts, but fewer dorsal neuromasts as 
compared to guppies from low predation environments.  We propose that these differences may be 
adaptive as they are linked to behavioural differences between populations that differ in predation 
pressure. 
EXPERTISE: immunocytochemistry, in situ hybridization, behavioral testing, histology, cryostat 
 
61) Improved sensory and physical function after lower limb surgical nerve decompression – a 
case study.   

AM Jones, RJ Paxton, JC Anderson*, LN Hitchcock, JT Long, MK Trabert, and BL Tracy. From the 
Department of Health and Exercise Science, Colorado State University, Fort Collins, CO and *Poudre 

Valley Foot and Ankle Clinic, Fort Collins, CO.  
Peripheral neuropathy (PN) commonly accompanies diabetes, reducing sensation in the legs and 
feet.  This disabling nerve dysfunction can be due to compression of swollen nerves at entrapment 
sites: fibular neck (common peroneal n.), tarsal tunnel (tibial n.), and dorsum of the foot (deep 
peroneal n.).  Surgical nerve decompression releases pressure on the nerve and restores nerve 
function.  Purpose: Previous research on this procedure has been limited to subject-reported 
sensation and function.  This case study reports changes in physical function after bilateral triple 
nerve decompression in a PN patient. Methods: Subject: 59 yr-old woman with disabling diabetic PN. 
 Measures taken before surgery and after full recovery: functional reach, timed single leg standing 
balance (vision, no vision), max step length, rapid stepping, stair climb, four-square step test, gait 
speed. Results: Functional reach increased 139%. Right leg balance increased by 20.4s with vision 
(5.8s to 26.2s) and 2.9s without vision (1.5s to 4.4s).  Left foot balance increased by 3.4s with vision 
(0.4s to 3.8s) and 0.6s without vision (1.3s to 1.9s). Maximal step length with the left and right foot 



 

 

increased 72.7% and 86.7%, respectively.  Rapid stepping on the left and right foot improved 13.5% 
and 30.3%, respectively. Preferred treadmill speed increased from 0.3m/s to 0.45m/s.  4m gait speed 
improved from 0.71m/s to 0.99m/s.  Stair climb improved 63% (50.2s to 18.4s).  Four-square stepping 
improved 46% (11.9s to 6.2s). Conclusions: The consistent, positive improvements in functional task 
performance suggest improved lower limb function, presumably due to the regained sensation in the 
lower limb. 
 
62) Case Study: Improved Ankle Muscle Function After Surgical Nerve Release in a Peripheral 
Neuropathy Patient.  

Roger J. Paxton, Anna M. Jones, Leah N. Hitchcock, Jaclyn T. Long, James C. Anderson*, Jon L. 
Dameworth, and Brian L. Tracy. From the Department of Health and Exercise Science, Colorado 

State University, and *Poudre Valley Foot and Ankle Clinic, Fort Collins, CO.  
Peripheral neuropathy is a common complication of diabetes. Although surgical nerve release (SNR) 
can increase sensation and reduce pain, the motor control benefits are not well described.  The 
surgical aim is to reduce compression of nerves to the ankle and foot by releasing anatomical 
entrapment sites. Purpose: The aim of this case study is to provide the first report of a quantitative 
examination of the effects of SNR on ankle motor function. We hypothesized that SNR would enhance 
various features of ankle control. Methods: A diabetic 59 yr-old female patient underwent testing 
before and after SNR of the left leg. Here we report changes in sensory function, intraoperative nerve 
conduction (NC), and plantarflexor (PF) and dorsiflexor (DF) strength, and ballistic force production. 
 Muscle control (force variability) was measured under vision (VIS), no-vision (NVIS), subliminal 
tendon vibration (VIB), and oscillating conditions. Results: Maximal voluntary contraction (MVC) force 
increased for DF (119 to 175 N, +47%) and PF (83 to 167 N, +101%) muscles. Rate of ballistic force 
development (0-200 ms) increased for DF (80 to 182 N/s, +151%) and PF (123 to 288 N/s, +134%) 
muscles. DF muscles:  The coefficient of variation (CV) of force (SD force/mean force*100) decreased 
after surgery during VIS (20.8% to 5.8%), VIS/VIB (14.4% to 6.6%), and VIB/NVIS (8.6% to 3.5%) but 
increased for NVIS (5.0% to 9.0%).  PF muscles:  The CV of force decreased for VIS (8.1% to 3.8%), 
NVIS (6.2% to 5.3%), and VIS/VIB (8.1% to 4.1%), but increased slightly for NVIS/VIB (5.95 to 6.4%). 
 Before surgery the patient could neither slowly nor rapidly oscillate ankle force.  After surgery she 
could track a 0-5% MVC, 6s sinewave and could perform 13 rapid oscillations in 10s. Conclusions: 
These data represent the results of one SNR procedure, but nonetheless suggest large positive 
changes in strength, ballistic force production and force control after SNR. These neuromuscular 
changes may underlie functional improvement after surgery. 
Funded by the Poudre Valley Foot and Ankle Clinic. 
EXPERTISE: Electromyography, Force Production and Variability 
 
63) MNU-induced photoreceptor degeneration model in goldfish.  

D Varland, C Suh, L Rickborn, and J Vigh. From the Department of Biomedical Sciences, Colorado 
State University, Fort Collins, CO. 

Incurable retinal degenerative diseases are among the leading causes of vision loss affecting ~3.4 
million Americans over the age of 40. Genetic and non-genetic animal models have been used to 
study the retinal circuitry involved and they have inspired controversial biological and prosthetic 
rescue/reconstruction schemes. In order to advance the understanding of the complete retinal circuitry 
involved in degeneration through regeneration/remodeling, we have set out to establish a chemically-
induced photoreceptor degenerative model in fish. N-methyl-N-nitrosourea (MNU) has been shown to 
induce selective and permanent photoreceptor cell loss in various mammalian models, making it a 
prime candidate for use in models of induced photoreceptor degeneration. MNU (4 µl of 14 w/v % in of 
DMSO) was applied via direct, intraocular injections into the posterior chamber of the left eye, along 
side a sham injection (4 µl of DMSO), in the contralateral eye, under MS-222 anesthesia. Over a 2 
month span, fish were euthanized and the retinal tissue was harvested. MNU-induced degenerative 
effects, on a minimum of 5 fish per time point, were tracked using standard histological techniques: 
immunohistochemical and nuclear labeling. Known molecular markers of retinal neurons were used to 
determine retinal orientation and additional retinal damage (PCKα, GFAP, ChAT). Photoreceptor 
somas were quantified by the nuclear marker, ToPro3, in the MNU-treated versus control eyes. MNU 



 

 

selectively induced photoreceptor degeneration and regeneration. The number of photoreceptor 
somas in the outer nuclear layer of the MNU-treated retina decreased significantly compared to the 
control eyes and regenerated in a timely manner. Detailed analysis of retinal layers showed that MNU 
did not affect the bipolar, amacrine, or Muller glial cells. However, complete photoreceptor 
degeneration did not occur. These results demonstrate that direct intraocular injections of MNU in the 
goldfish does lead to selective and inducible photoreceptor degeneration similar to previous 
observations. MNU may be used for modeling the effects of photoreceptor degeneration, but 
additional methods of photoreceptor degeneration must be pursued to fully establish this retinal 
degenerative model. 
EXPERTISE: Immunohistochemistry, confocal microscopy, cryostat sectioning, intraocular injections 
 
64) Examine the specificity and activity-dependence of the effects by Enriched Environment on 
local protein expression in barrel cortex of juvenile mice. 
 X Wang, QQ Sun; Zoology and physiology, University of Wyoming, Laramie, WY. 
Naturalistic habitat (NH), a subtype of environmental enrichment (EE) which was designed to 
selectively enhance whisking-related exploratory behavior in rodents, has been shown to cause 
significant changes in receptive field properties in barrel cortex of adult rats. However, the underlying 
molecular and synaptic mechanism mediating this process has not been clearly understood. We 
sought to address this issue by examining the expression of proteins essentially involved in forming 
inhibitory and excitatory circuit. By examining local protein expressions in barrel cortex and comparing 
it with other cortical regions (e.g. visual cortex, olfactory system), the specificity and activity-
dependence of the EE effects can be validated. Our hypothesis is that NH modifies local protein 
expression related to functional reorganization of sensory circuits via activity-dependent mechanisms. 
Experimental mice were housed in standard habitat or EE from around P20 for 1 or 2 weeks. Barrel 
cortex, as well as unstimulated brain region (e.g. visual and olfactory cortices), was removed, tissue 
lysis and protein extractions were processed for standard western blotting (WB) against synaptic 
marker proteins. Inhibitory markers (e.g. GAD67, KCC2, parvalbumin, GABAAR subunits and VGAT), 
excitatory markers (e.g. mGluRs, NMDA receptor subunits, VGluT2) and cellular signaling proteins 
were examined. Our results showed circuit-wide changes in the expression of specific synaptic 
markers related to sensory function only in barrel cortex, but not in other cortical regions (visual and 
olfactory). However, marker for total synaptic number were unchanged. Next, we performed whisker-
trimming experiments in EE-treated mice and found that the EE induced effects on various synaptic 
markers were largely eliminated, confirming that the molecular changes requires whisking-induced 
activities. 
 
65) Developmental maturation of excitation and inhibition balance in principal neurons across 
four layers of somatosensory cortex. 

 Zhi Zhang, Yuan-Yuan Jiao and Qian-Quan Sun. From Department of Zoology and Physiology, 
University of Wyoming, Laramie, WY. 

 In adult cortices, the ratio of excitatory and inhibitory conductances (E/I ratio) is presumably balanced 
across a wide range of stimulus conditions. However, it is unknown how the E/I ratio is postnatally 
regulated, when the strength of synapses are rapidly changing.  Yet, understanding of such a process 
is critically important, because there are numerous neuropsychological disorders, such as autism, 
epilepsy and schizophrenia, are associated with disturbed E/I balances.   Here we directly measured 
the E/I ratio underlying locally induced synaptic conductances in principal neurons from postnatal day 
8 through 60. We found that 1) within each developmental period, the E/I ratio across 4 major cortical 
layers was maintained at a similar value under wide range of stimulation intensities; and 2) there was 
a rapid developmental decrease in the E/I ratio, which occurred within a sensitive period between P8 
to P18 with exception of layer II/III. By comparing the excitatory and inhibitory conductances, as well 
as key synaptic protein expressions, we found a net increase in the number and strength of inhibitory, 
but not excitatory synapses, is responsible for the developmental decrease in the E/I ratio in the barrel 
cortex.  The inhibitory markers were intrinsically co-regulated, gave rise to a sharp increase in the 
inhibitory conductance from P8 to P18.  These results suggest that the tightly regulated E/I ratios in 
adults cortex is a result of drastic changes in relative weight of inhibitory but not excitatory synapses 



 

 

during critical period, and the local inhibitory structural changes are the underpinning of altered E/I 
ratio across postnatal development. 
EXPERTISE: Electrophysiology 
 

66) CAREER OPTIONS 
============================================= 
 
Careers and Job Hunting:  Speak with a Colorado Bioscience Professional. Learn how to uncover 
bench-science job opportunities in Colorado?  Do you want to explore options for employment away 
from the bench?  Do you want to discuss the non-science skills that employers value in their science 
hires?  Come meet Cheryl Hite during the poster sessions. Come by Poster #66. 
 
Cheryl Hite, M.S., has over 25 years experience in the biotechnology and pharmaceutical industries. 
She spent a number of years at the bench in clinical immunological research and product 
development management before moving to the business side of science.  Her perspective is a result 
of her experiences as both a bench scientist and a business development professional. 
CHite@frii.com 
 
============================================ 
 

Postdoctoral Positions 
 

1) University of Colorado at Denver, Endocrinology Division 
Department: Medicine 
Nature of Work: To direct and perform projects in Neuroendocrinology / GnRH neuron biology 
Examples of Work Performed:  The applicant will design and conduct experiments using molecular 
and cell biology techniques, in vivo transgenic models, and immunohistochemistry and in situ 
techniques. In addition, he/she will be involved in training and supervising junior members of the 
laboratory.  The applicant will be responsible for the preparation and writing of manuscripts and 
administrative work concerning their projects. 
Knowledge, Skills, and Abilities:  Previous knowledge and training in molecular biology, 
neurobiology and/or physiology needed.  Advanced degree required and prior research experience 
preferred. Applicant will have excellent interpersonal skills to work well with others in the laboratory as 
well as with outside collaborators. 
Salary Range:  Commensurate with experience. 
EMAIL: mei.xu@ucdenver.edu 
 
2) Colorado State University, Veterinary Medicine & Biomedical Sciences  
Department: Biomedical Sciences 
Requirements:  The Department of Biomedical Sciences: This interdisciplinary department contains 
over 25 faculty with strong international reputations and a track record of extramural support.  Faculty 
research interests are focused in cellular, molecular and integrative biology, reproductive biology 
including gonadal function, and neurobiology with relevant emphasis in areas related to neuronal 
differentiation, degeneration and regeneration, ion channels and membrane physiology, synaptic 
mechanisms, neuronal circuitry, sensory biology, artificial neural networks, and neuroendocrinology.  
The department is highly interactive and offers postdoctoral fellows a friendly but rigorous learning 
environment.  There is ample opportunity for informal interactions between fellows and faculty, thus 
encouraging the kind of discussions and collaborations that are critical to success in the cutting-edge 
atmosphere of modern biomedical research.  Program faculty members are housed in modern 
research buildings with state-of-the-art equipment.  All of the training faculty members have 
laboratories that are within relatively close proximity.  University facilities that support research efforts 
include electron microscopes, flow cytometer and fluorescent activated cell sorter, confocal 
microscopes, DNA, RNA and protein sequencing and syntheses labs, a mass spectrometer lab, and 
facilities for genomics, preoteomics, and transgenic animal research.  The hard work of research is 



 

 

balanced by the unique opportunity to relax and reflect in the mountains and canyons of beautiful 
Colorado. 
Applicants must have a doctoral degree (Ph.D., M.D., D.V.M.) and publications in peer-reviewed 
journals. Applications will be accepted from graduate students completing their doctoral degree 
requirements but the degree must be completed before applicants can begin their appointment. 
 
Duties: 

• Assist in the design of interdisciplinary research that may include developmental, anatomical, 
neurochemical, cell biological, molecular biological and immunological fields; 

• Plan and carry out experiments and analyze data; 
• Prepare manuscripts for publication; 
• Help supervise and guide junior researchers working on related projects; 
• Attend scientific seminars and participate in journal clubs; 
• Prepare talks and posters of research results for presentation at national or international 

meetings. 
Salary:  Commensurate with experience 
Further information is available at http://www.cvmbs.colostate.edu/bms/ 
Application Deadline:  This pool is valid through January 31, 2011.  Individuals wishing to be 
considered beyond this date must reapply. 
To Apply:  Send resume and three letters of reference to Carol Dewbre, Department of Biomedical 
Sciences, 102 Physiology, Colorado State University, Fort Collins, CO 80523-1680.  Questions may 
be directed to Carol Dewbre at:  (970) 491-3259 or e-mail: Carol.Dewbre@colostate.edu; FAX:  (970) 
491-7569. 
Colorado State University conducts background checks on all final candidates.  CSU is an EEO/AA 
employer. 
 

Instructor Positions 
 
1.) University of Colorado Denver, Division of Endocrinology 
Department: Medicine 
Metabolism & Diabetes has an opening for a full-time Instructor to direct projects in GnRH neuron 
biology. Experience in molecular and cell biology techniques required, in vivo work in transgenic 
models desired. The applicant will be able to work well with others, multi-task and train junior 
members of the laboratory. The applicant will be responsible for the preparation of manuscripts and 
grants. This is a full time position. Employee will work at both the Anschutz Medical Campus and the 
VA Medical Center. 
Previous knowledge and training in molecular biology and/or neurobiology required. Advanced 
degree (MD,PhD) and prior research experience. 
Salary is commensurate with skills and experience. The University of Colorado offers a full benefits 
package. Information on University benefits programs, including eligibility, is located at 
http://www.cu.edu/pbs/ 
Review of applications will continue until the position is filled. 
The University of Colorado Denver is dedicated to ensuring a safe and secure environment for our 
faculty, staff, students and visitors. To assist in achieving that goal, we conduct background 
investigations for all prospective employees prior to their employment. 
The University of Colorado is committed to diversity and equality in education and employment. 
EMAIL: margaret.wierman@ucdenver.edu 
 
2) Front Range Community College  
Part -Time Instructor positions at Front Range Community College,Larimer Campus. 
See Job Opportunity information at: http://www.frontrange.edu/About-Us/Job-Opportunities/Job-
Postings/PT-Instructors-LC.aspxClose date for Spring 2011 is December 16, 2010. 
EMAIL: lucindab@lamar.colostate.edu 
 



 

 

Product Manager Positions 
 
1) Stoelting (Neuroscience/ANY-maze Divisions) 
BACKGROUND: Stoelting, a successful US manufacturer and prominent figure in Neuroscience for 
more than 120 years, is seeking to fill the position of Product Manager in its Neuroscience Division. 
We are looking for a salesperson to assist in the management of our complete line of neuroscience 
instruments and behavioral software. 
CORE ACTIVITIES: You will be based at our main office in Wood Dale, IL (approximately 9 miles 
West of Chicago’s O’Hare Airport) where you will provide sales and technical support for the 
Neuroscience/Physiology Research Equipment and ANY-maze divisions. You will occasionally travel 
to meet customers, provide demonstrations and provide technical support for our products. You will 
also exhibit our products at academic meetings and will need to quickly develop a technical 
understanding of our complete product line. 
GOAL: To increase Stoelting sales, provide scientific support 
and advice, and give feedback and assistance in product improvement and development. 
REQUIRED SKILLS: You will have a qualification and possess a degree in a Life Science discipline 
(PhD preferred). You will have a general interest in technology, be presentable, hard-working, self-
motivated, and have a sociable nature. You must also have an interest in sales, but previous sales 
experience is not required. 
SALARY: Salary is negotiable, depending on experience and qualifications with an additional bonus 
scheme based on performance. 
Interested parties should email their resume, cover letter, and salary requirements to 
Trent@StoeltingCo.com 
EMAIL: Trent@StoeltingCo.com 
 

Research Associate Positions 
 
1) Colorado State University, Veterinary Medicine and Biomedical Sciences 
Department:  Biomedical Sciences 
Requirements: Research Associate positions available in biomedical sciences laboratories studying 
the role of selected molecules on biological processes in vivo or in vitro.  Must have Bachelor’s 
degree in Biology, Chemistry, Biochemistry, Molecular Biology, or Neuroscience related field. A 
minimum of one year work experience is preferred.  Requires experience with molecular, cellular or 
anatomical techniques, and familiarity with microcomputers, analytical instrumentation, and data 
analysis. Individuals will assist in the organization and operation of specific laboratories, and in some 
cases, the possibility of working with animal models (including surgery). Management duties may 
consist of managing inventory and databases, and ensuring a supply of solutions, and disposable and 
non-disposable supplies. Experimentation duties may involve basic techniques in molecular and 
cellular biology including PCR (genotyping), DNA digests, electrophoresis, recombinant protein 
expression and purification; basic techniques in molecular anatomy including immunocytochemistry 
and in situ hybridization; and basic techniques in cell culture. 
Salary: Commensurate with background and experience 
Application Deadline:  This pool is valid through January 31, 2011.  Individuals wishing to be 
considered beyond this date must reapply. 
To Apply:  Submit curriculum vitae and the names, addresses and telephone numbers of three 
references to:  Carol Dewbre, Department of Biomedical Sciences, 102 Physiology, Colorado State 
University, Fort Collins, CO 80523-1680.  Questions may be directed to Carol Dewbre at:  (970) 491-
3259 or e-mail: Carol.Dewbre@colostate.edu; FAX:  (970) 491-7569. 
Colorado State University conducts background checks on all final candidates.  CSU is an EEO/AA 
employer. 


