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Research on neurological disorders is currently funded by 18 separate NIH Institutes including 
the NINDS and the NIMH. While there has been explosive growth in basic and translational 
science and clinical research initiatives in the brain sciences, DSM-5 encapsulates the dilemma 
of focusing on mental disorders as primary areas of research inquiry, rather than as 
complementary areas of focus in instances exhibiting a partial continuum of clinical signs and 
symptoms to those of neurological disorders, particularly given their frequent phenotypic 
complexity, heterogeneity, intricate inciting events and incomplete nosology. The 2018 NIMH 
Strategic Plan and an extensive review of the relevant biomedical literature highlights the 
benefits of keeping the focus of funding separate for neurological and psychiatric disorders 
while deriving shared benefits from explosive growth in each discipline as they relate to the 
scientific underpinnings of normal and deregulated brain functions and of commonalities of 
cross-over syndromes such as autism spectrum disorders.  
 
It is important to place these issues within the relevant context. Components of the NIH BRAIN 
Initiative are helping to interrogate the enormous and poorly defined diversity of regional neural 
cell types, cell fate specification hierarchies, profiles of associated synaptic connections and 
neural circuitries, electrophysiological properties, behavioral outputs, functional modularity, 
mechanisms orchestrating specification and maintenance of neural precursor and terminally 
differentiated cellular identities, and advanced technologies and analytical tools to better 
interrogate the micro-circuitry and associated neural network properties. Whole brain multimodal 
imaging parameters will determine the involvement of brain networks, such as default mode and 
saliency networks in health and specific neuropsychiatric disease states and associated state-
dependent transitions. At the nanotechnology level, the ability to visualize individual cellular 
transcriptional events and translational processing as well as intra- and inter-cellular transport of 
biomolecules within the brain and throughout non-neural tissues and organs including the germ 
line has already allowed an unprecedented examination of biophysical parameters (including 
transcriptional pausing, circadian rhythmicity and intercellular transport routes and principles) 
underlying dynamic genomic processes as well as informational pathways involving whole 
organism and even intergenerational signaling and relevant biological processes. One 
potentially tangible goal will be to link single molecule to whole organism functional imaging in 
health and disease.  
 
These initiatives encompass the fields of evolutionary biology; developmental, molecular, 
cellular, systems and computational neuroscience; genetics, epigenetics, epitranscriptomics 
(biochemical modifications of RNA with protean functions including mediating developmental 
timing and cell fate mechanisms); translational control and proteostasis; autophagy and cellular 
biomolecular turnover; immunobiology and inflammatory states; the microbiome and associated 
ecosystems; energy regulation and metabolism; aging and longevity; organelle interactomes; 
stem cell biology and tissue regeneration; cell division, planar polarity, viability and cell death; 
cellular vulnerability; cellular competition and extrusion of irrevocably damaged cells through 
signaling mechanisms; cell intrinsic and environmental stressors; and critical periods of plasticity 
amongst many others. 
 
Scientific investigations into neurological disorders and mental illnesses have also furnished 
major new insights into the observation that each neuron (and macro- and microglia and other 
constituents of the cellular microenvironment) may harbor hundreds of somatic mutations with 
dynamic trajectories based on DNA repair processes, context-specific enzyme effectors, 



transcriptional and replication stressor states, and excessive degrees of aneuploidy. Brain 
somatic mosaicism may therefore arise, in part, from developmental stage-specific mutations 
that alter subsets of neural transcriptomes and proteomes that, in turn, affect cardinal cellular 
and systems processes including homeostasis, plasticity, connectivity, reprogramming efficiency 
and many other seminal cellular properties. In this regard, there is increasing recognition of a 
variety of structural variations including copy number variations, inversions, translocations, 
chromotripsis (thousands of clustered chromosomal rearrangements occurring as a single event 
in localized and confined genomic regions in a limited subset of chromosomes) with micronuclei 
and immunostimulatory DNA linking genomic instability to innate immunity, as well as the 
dynamic insertions of mobile genetic elements.  
 
Moreover, the study of different classes of brain disorders have pioneered the study of how 
certain master transcription factors and epigenetic effectors associated with the risk architecture 
of specific neuropsychiatric diseases can improve cognitive profiles in model organisms. In a 
broader sense, these scientific initiatives have accelerated our understanding of cis- and trans- 
acting regulatory organization of the human genome in health and brain disorders. They have 
also defined the modular profiles of nuclear matrix microdomains, nuclear/cytoplasmic 
compartmentalization, mechanosensing and biophysical state transitions as well as 
chromosome-wide regulation of boundary elements that define topological-associated domains 
and higher-order chromatin interactions that define complementary compartmental structures. 
These evolving conceptual frameworks and their deregulated cytoskeletal-nucleoskeletal 
linkages help to define cell fate determination, transitional states and epigenetic corollaries. 
  
Such separate but conjoint research initiatives have also taken advantage of evolutionary 
biology to identify ‘human accelerated genes’ that impart evolutionary innovations in form and 
function to higher-order neocortical regions that frequently represent the unique brain substrate 
for mediating sophisticated cognitive and behavioral functions as well as enhanced vulnerability 
to neurological disorders such as neurodegenerative diseases as well as mental illnesses. 
These human-specific mechanisms can increasingly be interrogated through combinatorial 
techniques employing precision medicine applications such as patient-specific iPSC-mediated 
constituent functional differentiation in concert with self-organization within human organoids. 
These studies will foster innovative biomarker initiatives, next generation therapeutic 
applications, an enhanced and integrative nosology, more definitive assessment of biological 
mechanisms, cross-disciplinary application of deep-brain stimulation and related 
neuromodulatory procedures and investigations of disease co-morbidities and inverse co-
morbidities as well as their mechanisms of actions, societal contexts, and corresponding service 
models. 
 
However, there are specific areas where neurology and psychiatry meet and should be 
supportable. Most major classes of pediatric and adult neurological disorders have varying 
degrees of intricate behavioral and more classical psychiatric manifestations that frequently 
provide insights into disease pathogenesis and therapeutic applications. Two final instructive 
articles represent ideal examples of potential novel conceptual insights involving this 
neuropsychiatric interface. The first journal article postulates a unified ‘theory of mind’ that 
places metabolism and energy regulation (allostasis) as well as the sensory consequences of 
that regulation (interroception) at its core and postulates that depression may represent a 
disorder of allostasis that is due to an insensitivity to sensory context. Since the nervous system 
appears to represent the epicenter of longevity mechanisms with its modular organization 
mediating different components of sensory processing including nutrient sensing and energy 
regulation and remote somatic signaling promoting mitochondrial biogenesis and additional 
quality control mechanisms including hormesis. Interestingly, there is increasing evidence that 



both neuropsychiatric and neurodegenerative disorders are associated with developmental 
pathogenesis, and longevity mechanisms also appear to be developmentally programmed, with 
maternal and prenatal stressors deregulating hormonal and epigenetic mechanisms that 
maintain the integrity of longevity responses and mitigate the impact and consequences of 
earlier stressor states on late-onset nervous system dysfunction and disease. The second 
article highlights the fact that a subset of children with autism spectrum disorders (ASD) exhibit 
improved behaviors and enhanced communications during febrile episodes. The authors 
hypothesize that febrigenesis and the behavioral state changes associated with fever depend 
upon selective normalization of key components of a functionally impaired locus coeruleus-
noradrenergic (LC-NA) system. They posit that autistic behaviors result from developmental 
dysregulation of LC-NA specification and neural network deployment and modulation linked to 
the core behavioral features of autism. Fever transiently restores the modulatory functions of the 
LC-NA system and ameliorates autistic behaviors. Fever-induced reversibility of autism 
suggests preserved functional integrity of widespread neural networks orchestrated by the LC-
NA system, and specifically the subsystems involved in mediating changes of behavioral set 
(state-dependent switching mediated by the default mode network). Alterations of complex 
gene-environmental interactions and associated epigenetic mechanisms during seminal 
developmental critical periods are viewed as instrumental in LC-NA dysregulation as 
emphasized by the timing and severity of prenatal maternal stressors on autism prevalence. 
This hypothesis has major implications for a rational approach to further interrogating the 
interdisciplinary etiology of ASD and for designing novel biological detection systems and 
therapeutic agents that target the LC-NA system’s diverse network of pre- and postsynaptic 
receptors, intracellular signaling pathways and dynamic epigenetic remodeling processes 
involved in their regulation and functional plasticity. Most major classes of adult and pediatric 
neurological disorders have varying degrees of intricate behavioral and more classical 
psychiatric manifestations that frequently provide insight into disease pathogenesis and 
therapeutic applications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


