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A. Personal Statement
Over the past 33 years I have been engaged in neuroanatomic studies of the primate brain. As a postdoctoral associate in the Goldman-Rakic laboratory, I utilized tract tracing methodologies based on intracellular transport of tritiated amino acids and horseradish peroxidase to delineate neural circuitry related of the dorsolateral prefrontal cortex (dlPFC). My case studies, with those of other Goldman-Rakic lab members in the 1980s, form Case Set 2 for the proposed primate resource. I have extensive expertise in quantitative morphologic studies of human and non-human primate brains, including stereologic cell counting. My postmortem studies of brains from schizophrenia subjects uncovered deficits in the neuropil compartment of the dorsolateral prefrontal cortex, leading to the hypothesis that reduced connectivity of the prefrontal cortex is a major feature of the pathology of the disease.  I have utilized these same methods for analysis of a nonhuman primate model of schizophrenia, the fetally irradiated monkey, to examine the role that disruption of prenatal brain development may play in the etiology of schizophrenia. Fetally irradiated non-human primates (Cohort 1) were generated under the auspices of Dr. Goldman-Rakic’s original center grant for study of schizophrenia; I continued these studies with an RO1 and generated Cohort 2. These cases and their associated controls comprise Case Set 4. My expertise also extends to analysis of dendritic spine morphology in an animal model of schizophrenia, the amphetamine-sensitized monkey, and in postmortem human brains tissue from patients with schizophrenia and post-traumatic stress disorder. 
With regard to this proposal, my long term relationship with both the late Dr. Goldman-Rakic and Dr. Rakic has given me a unique appreciation for the breadth and depth of their research and its potential for future data mining. I am familiar with all 5 case sets of material, whether through personal involvement in generation of the slides, collegial relationships with Goldman-Rakic/Rakic lab members who produced materials (e.g., Carmen Cavada, Jean-Pierre Bourgeois, Nada Zecevic, Julie Bates, Anthony LaMantia and many others), or utilization of resource materials to inform my own prenatal irradiation studies (Case Set 1). These four recent review articles incorporate work from the Goldman-Rakic/Rakic laboratories:

Selemon LD (2013) A role for synaptic plasticity in the adolescent development of executive function. Trans Psychiatry 3: 3238. PMCID PMC3625918
Selemon LD (2014) Frontal lobe synaptic plasticity in development and disease: Modulation by the dopamine D1 receptor. Curr Pharm Des 20: 5194-5201. Pubmed in process.
Selemon LD (2015) Modular organization of the prefrontal cortex: The legacy of Patricia Goldman-Rakic. In: Casanova MF, Opris I (eds), Recent Advances on the Modular Organization of the Cortex, Chapter 3, Springer Science-Business Media, Dordrecht, Netherlands, pp 15-33.
Selemon LD, Zecevic N (2015) Schizophrenia: A tale of two critical periods for prefrontal cortical development. Trans Psychiatry, e623.

B. Positions and Honors
      Positions and Employment
	      1976	Teaching Assistant, Neurosciences, Univ. of Rochester School of Medicine, Rochester, NY
1980     Teaching Assistant, Developmental Neurobiology, University of Rochester, Rochester NY
1982-1986	  Postdoctoral Associate, Dept. Neurobiol., Yale Univ. Sch. of Med., New Haven, CT
1986-2002 Assoc. Research Scientist, Dept. Neurobiol., Yale Univ. Sch. Med., New Haven,        CT
2002-present	Res. Scientist, Dept. of Neurobiology, Yale Univ. Sch. of Medicine, New Haven, CT
     Service Positions
Mar., 2000	NIMH Neuroinformatics Review Panel
Feb., 2002	NIMH Conte Center Review Panel
Oct., 2005      NIMH Review Panel, Clinical Neuroplasticity and Neurotransmitters Study Section
Jun’09-Feb’10, Oct ‘14  NIMH Review Panel, Pathophysiological Basis of Mental Disorders and    Addictions 
     Invited Lectures
Symposium Participant, Max-Planck Institut fur Psychiatrie, Munich, Nov. 1999
Symposium Participant, American College of Neuropsychopharm., Puerto Rico,  Dec., 2000
Study Group Participant, American College of Neuropsychopharm., Puerto Rico, Dec., 2000
Symposium Participant, Society for Biological Psychiatry, Philadelphia, PA, May 2002
Symposium Participant, World Federation of Societies of Biological Psychiatry, Copenhagen, Denmark, 
                                      June 2002
International Keynote Speaker, Australasian Schizophrenia Conference, Sydney, Australia, October 2002
     Professional Affiliations
American Association for the Advancement of Science
Society for Neuroscience

C. Contribution to Science
1. Delineation of prefrontal cortical circuitry in the non-human primate brain. Previous studies of brain circuitry relied on lesion/degeneration methods that were not sensitive or reliable. With the application of new tract tracing methodologies, we were able to establish that cortico-striatal projections exhibit a longitudinal topography with very specific and distinct domains for cortical projections that had once been thought to overlap, e.g., dorsolateral prefrontal and posterior parietal terminal domains. Our findings added to the literature establishing separate cortico-striatal-thalamo-cortical loops for processing through the basal ganglia. In addition, our tract tracing studies uncovered a widespread circuitry of common projections for the dlPFC and posterior parietal cortex that encompassed, in addition to the striatum, other associational cortices, the thalamus and superior colliculus. Tract tracing also elucidated connections between the dlPFC and the hippocampal formation that included a heretofore unrecognized transitional cortical area, the caudomedial lobule. These three papers alone have been cited over 2100 times, as basic information about connectivity in the non-human primate brain forms the foundation for study of normative brain function and dysfunction in disease. These studies were conducted when I was a postdoctoral associate in the Goldman-Rakic lab. I performed the surgeries for tracer injection and perfusions of the monkey brains in conjunction with Dr. Goldman-Rakic. I processed histologic tissue, performed the analyses and wrote the papers. 

Goldman-Rakic PS, Selemon LD, Schwartz ML (1984) Dual pathways connecting the dorsolateral prefrontal cortex with the hippocampal formation and parahippocampal cortex in the rhesus monkey. Neuroscience 12:719-743. PMID 6472617
Selemon LD, Goldman-Rakic PS (1985) Longitudinal topography and interdigitation of corticostriatal projections in the rhesus monkey. J Neurosci 5: 776-794. PMID 2983048
Selemon LD, Goldman-Rakic PS (1988) Common cortical and subcortical targets of the dorsolateral prefrontal and posterior parietal cortices in the rhesus monkey: Evidence for a distributed neural network subserving spatially guided behavior. J Neurosci 8: 4049-4068. PMID 2846794
Selemon LD, Goldman-Rakic PS (1990) Topographic intermingling of striatonigral and striatopallidal neurons in the rhesus monkey. J Comp Neurol 297:359-376. PMID 1697864

2. Discovery of reduced neuropil in the dorsolateral prefrontal cortex of schizophrenic patients. At the time that we began our quantitative neuroanatomic studies of the dlPFC, most morphometric studies of diseased brains had found reductions in neuron number or density, including some early studies in the brains of schizophrenic patients. The direct 3-D counting method that we employed was significantly more precise than previously employed 2-D methods and uncovered increased neuronal density in area 9 the dlPFC. This finding, although at first glance paradoxical, could be explained by a decrease in intraneuronal space, i.e., the neuropil. Because the neuropil contains dendritic processes, axonal terminals and synapses, a reduction in this compartment suggested that dysfunction of the dlPFC in schizophrenia is due to impoverished connectivity rather than loss of neurons. Subsequent analyses established a regional specificity in the cortical pathology of surprising nature. While some nearby (area 46) and far distant cortices (area 17) exhibited similar pathology, Broca area 44 did not show the same increase in neuronal density. Our morphometric findings of reduced neuropil in the dlPFC of schizophrenic subjects remains a cornerstone of the literature on schizophrenic neuropathology. Our postmortem studies of the schizophrenic brain, including the four papers listed below, have been cited over 2600 times. I performed quantitative analyses on the human brains for these studies, interpreted the data, and wrote the papers.

Selemon LD, Rajkowska G, Goldman-Rakic PS (1995) Abnormally high neuronal density in the schizophrenic cortex: A morphometric analysis of prefrontal area 9 and occipital area 17. Arch Gen Psychiatry 52: 805-818. PMID 7575100
Selemon LD, Rajkowska G, Goldman-Rakic PS (1998) Elevated neuronal density in prefrontal area 46 in brains from schizophrenic patients: Application of a three-dimensional, stereologic counting method. J Comp Neurol 392: 402-412. PMID 9511926
Selemon LD, Goldman-Rakic PS (1999) The reduced neuropil hypothesis: A circuit based model of schizophrenia. Biol Psychiatry 45: 17-25. PMID 9894571
Selemon LD, Mrzljak J, Kleinman JE, Herman MM, Goldman-Rakic PS (2003) Regional specificity in the neuropathologic substrates of schizophrenia: A morphometric analysis of Broca’s area 44 and area 9. Arch Gen Psychiatry 60: 69-77. PMID 12511174

3. Development of a non-human primate model of schizophrenia to explore the role of prenatal neurodevelopmental disruption.  At about same time that we began postmortem analyses of the dlPFC in schizophrenic subjects, Daniel Weinberger introduced his neurodevelopmental hypothesis of schizophrenia, proposing that an early brain lesion may go undetected until late developmental processes occurring in adolescence unmask the deficit causing the symptomatic expression of schizophrenia. We developed the fetal irradiation model with an early gestational exposure to see if anatomic and behavioral deficits akin to those observed in schizophrenic patients could be reproduced by this prenatal brain “lesion.”  Early gestational irradiation not only produced a deficit in thalamic neuron number as anticipated but also produced a pattern of cortical deficits that resembled the schizophrenic neuropathology. In addition monkeys that had been exposed to irradiation in early gestation exhibited motor stereotypies, cognitive perseveration and profound deficits on working memory but only once they matured to adulthood. Together these findings bolster the neurodevelopmental hypothesis by showing that early gestation is a critical period of vulnerability for schizophrenia and in particular that interference with neuronal proliferation can produce a pattern of morphologic, behavioral and cognitive deficits that resemble those observed in schizophrenia. I was involved in all facets of this research: conceptual design, supervision of fetal irradiation, behavioral testing, morphometric analyses, interpretation, and write-up. 

Selemon LD, Wang L, Nebel MB, Csernansky JG, Goldman-Rakic PS, Rakic P (2005) Direct and indirect effects of fetal irradiation on cortical gray and white matter volume in the macaque. Biol Psychiatry 57: 83-90. PMID 15607304
Friedman HR, Selemon LD (2010) Fetal irradiation interferes with adult cognition in the nonhuman primate. Biol Psychiatry 68: 108-111. PMCID PMC2900441
Selemon LD, Ceritoglu C, Ratnanather JT, Wang L, Harms MP, Aldridge K, Begovic’ A, Csernansky JG, Miller MI, Rakic P (2013) Distinct abnormalities of the primate prefrontal cortex caused by ionizing radition in early or midgestation. J Comp Neurol 521: 1040-1053. PMCID PMC3560314
Selemon LD, Friedman HR (2013) Motor stereotypies and cognitive perseveration in non-human primates exposed to early gestation irradiation. Neuroscience 248: 213-224. PMCID PMC3823672

A complete list of my publications is available on PubMed: http://www.ncbi.nlm.nih.gov/pubmed/?term=selemon+l


D. Research Support
Ongoing Research Support

1RO1MH113257-01   A. Duque, L.D. Selemon (co PIs)                                    02/15/17-12/31/21
NIH/NIMH
Yale Macaque Brain Resource
A non-human primate brain resource has been created from Drs. Rakic and Goldman-Rakic’s private collection of histologically prepared slides and plastic-embedded blocks from fetal, neonatal, juvenile, adult and senescent primate brains.  The resource, available to the neuroscience research community at-large, enables researchers to conduct studies of non-human primate neurodevelopment and neuroanatomy without the need to sacrifice additional animals.
[bookmark: _GoBack]
W81XWH-13-2-0065 CAP   Douglas Williamson (Program Director)                09/30/15-09/29/18
VA/DOD                              
The morphology component of project will examine postmortem tissues from PTSD patients, normal controls and patients with major depressive disorder to determine whether spine density is altered in frontal areas that have been implicated in PTSD. 



Completed Research Support

PO1 AG030004-05   A.F.T. Arnsten (Program Director)						04/01/08-02/28/14
NIH/NIA                        L.D. Selemon (Core C)
Molecular and Cellular Basis of Cognitive Aging in Prefrontal Cortical Networks 
This core provided histologic processing of rat and monkey brain tissue for Golgi impregnation and Lucifer Yellow injection to support studies of the molecular basis of aging and dendritic spine reduction in the prefrontal cortex. 
Role: PI, Core C

W81XWh 07-1-0244	K. Young PI												8/1/12 – 5/31/13			
DOD U.S. Army & Medical Research Acquisition Activity		
The Root Cause of Post Traumatic & Development Stress Disorders
Golgi methods were developed for use on frozen and long term fixed postmortem brain tissues. A pilot study was conducted to compare spine density in the medial orbitofrontal cortex from individuals with post-traumatic stress disorder with that of normal controls. 
Role: Investigator


