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Jeremy C. Borniger, PhD 
Abstract 
 
Cancer patients and survivors frequently experience chronic sleep disruption. Sleep problems are prevalent 
across nearly all cancer types, and they are intimately related to cancer-associated mood disorders and 
cognitive impairments. Subsequently, its effect on quality of life is severe. Further, poor sleep efficiency, 
insomnia, fatigue, and daytime hypersomnia are negative predictors of survival. Due to the heterogeneity 
among cancer types, treatment regimens, patient demographics, and lifestyle factors, it has been difficult to 
identify a common mechanism underlying sleep disturbance in cancer. Using mouse models, we are able to 
control for nearly all of these variables.  Here, we plan to use state-of-the-art techniques from systems 
neuroscience and cancer biology to narrow in on the mechanisms driving sleep disturbance in cancer. Using a 
mouse model of breast cancer (syngeneic EO771 cells), we will address two primary questions: 1) how do 
tumors in the body influence the activity of specific neurons in the brain that control sleep and wakefulness?; 
and 2) can manipulation (stimulation/inhibition) of these neurons normalize sleep and alter cancer growth or 
metastasis? In my prior work (Borniger et al., 2018; Cell Metabolism), we demonstrated that neurons 
expressing hypocretin/orexin (HO) in the lateral hypothalamus (LH) become aberrantly activated in response to 
breast cancer. This leads to sleep fragmentation and the development of a ‘pre-diabetic’ state in mice. 
Blockade of HO signaling rescued cancer-induced perturbations in sleep and systemic glucose metabolism. 
Building on this work, I aim to use genetically-encoded calcium indicators (e.g., GCaMP6f) in tandem with 
electroencephalogram/electromyogram (EEG/EMG) recordings to simultaneously monitor natural sleep/wake 
cycles and HO neural activity during the course of tumor growth. By injecting cre-dependent viral vectors (e.g., 
AAV-DJ-DIO-EF1a-GCaMP6f) into the lateral hypothalamus of HO-cre mice, we are able to restrict calcium 
indicator expression only to HO neurons. I have ample experience with these techniques and use them 
routinely in my current work (see Research Plan). Importantly, I plan to use this same approach to investigate 
how four other neural populations important for sleep/wake control become disrupted during cancer 
progression (i.e., DA neurons in the VTA, LepRb neurons in the LH, adrenergic neurons in the LC, and 5-HT 
neurons in the DRN). Based on my prior findings, I predict that tumors in the periphery will drastically alter the 
activity of HO neurons with concomitant sleep fragmentation. I predict a similar phenotype to emerge for the 
other subcortical neural populations targeted in this proposal. This will allow us to construct a cancer-brain 
effector map detailing how tumors disrupt discrete neural circuits, and how these changes are temporally 
related to each other, tumor growth, and changes in sleep/wake states. Following these studies, we will use 
optogenetics/chemogenetic tools to stimulate and inhibit these circuits during tumor growth. Together, these 
experiments will identify discrete neural populations altered by cancer in the periphery, and reciprocally, how 
manipulation of neural firing can combat sleep/wake abnormalities and cancer itself.  
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A. Personal Statement 
 
My main interest is in unraveling bi-directional communication between the brain and cancer in the periphery. 
This is an understudied area with enormous potential for paradigm shifting discoveries. Indeed, systemic 
complaints are common in patients with cancer (e.g., sleep disruption, cachexia, fatigue, systemic inflammation). 
Despite these clear phenotypes, their underlying mechanisms, which involve cross-talk between multiple organ 
systems, remain unknown. This is due to several factors, the primary being the limited interactions among 
clinicians, neuroscientists, and cancer biologists, who use highly specialized language in their respective fields.  
 
I have taken a rather unconventional route into this research area. While conducting field ecological research in 
western Uganda as the assistant project director for the Semliki Chimpanzee Project, I became fascinated by 
the behaviors I was observing and the neural mechanisms underpinning these complex traits. To pursue this 
further, I entered the field of neuroscience as a graduate student. Shortly thereafter, I focused my attention on a 
stereotyped behavior that is essential to- and ubiquitous across nearly all life, sleep. While I was beginning to 
understand the neural circuits underlying sleep and wakefulness, I attended several talks from a clinical 
researcher, on systemic complaints of patients with cancer. Notably, they mentioned that cancer patients have 
many cancer-associated co-morbidities with unknown etiologies. She highlighted sleep disruption as a major 
problem in these patients, and that due to the heterogeneity among cancers, treatment regimens, patient 
populations, and lifestyle factors, it is very hard to discern the underlying mechanisms. I immediately thought 
about basic science approaches to this problem and began to combine my own interest in sleep with cancer 
biology. I was awarded the Pelotonia Graduate Fellowship from the non-profit cancer charity Pelotonia, and a 
Presidential Fellowship from OSU, to support my new line of research. 
 
This culminated in a series of experiments investigating how non-metastatic tumors in the periphery (i.e., 
mammary fat pad) influence sleep independent of other confounds like treatment, age, sex, and other factors in 
a mouse model of breast cancer (Borniger et al., 2018; Cell Metabolism). In 2017, I joined Luis de Lecea’s lab 
to further pursue my interest of tumor-brain interactions with a new focus on the hypocretin system. Since coming 
to Stanford, I have developed expertise in the methodology that is fundamental to the completion of the proposed 
experiments, including AAV-mediated delivery of transgenes for fiber photometry, optogenetics, and 
chemogenetics, as well as advanced EEG/EMG techniques. I am convinced that cancer cannot be addressed 
through a ‘tumoricentric’ approach, but rather through understanding tumor-host interactions. Using this 
knowledge, we can harness the host-response to eliminate cancer and alleviate systemic symptoms of the 
disease. As the brain controls and modulates virtually every system in the body, I am focusing on brain-cancer 



 

communication, a virtually unexplored research area. My trajectory, building on prior experiences and my current 
research environment, uniquely positions me to carry out this important work.  
 
B. Positions and Honors 
 
2007  Indiana University Faculty Award 
2010  DC IU Alumni Scholarship 
  Hutton Honors School Thesis Award 
2011  Departmental Honors – Department of Anthropology (IU) 
2012   Assistant Project Director – Semliki Chimpanzee Project, Toro-Semliki Wildlife Reserve, Uganda 
2012-2014 Graduate Student – Neuroscience – The Ohio State University 
2014  Society for Neuroscience Advocacy Ambassador 
  Society for Neuroscience Travel Award 
2015  Pelotonia Graduate Student Fellowship 
  The Ohio State University Presidential Fellowship 
2015-2017 PhD Candidate – Neuroscience – The Ohio State University 
2016  Invited Speaker – SRI International – Kilduff Laboratory 
2017  T32 – National Institutes of Health 
  Society for Behavioral Neuroendocrinology Travel Award (Declined) 
2018  F32 BRAIN Initiative NRSA – National Institutes of Mental Health 
  WC Young Recent Graduate Award – Society for Behavioral Neuroendocrinology 
  Stanford Innovator Grant – Department of Psychiatry & Behavioral Sciences 
  Invited Speaker – Young Scholars Symposium, Cold Spring Harbor Lab 
2019  Finalist – iBiology Young Scientist Seminar Series 
 
C. Contributions to Science 
 
1. Discovery of Novel Tumor-Brain Communication Pathways Influencing Sleep and Metabolism 
 
Through investigating mechanisms of cancer-associated sleep disruption, we discovered that mice harboring 
non-metastatic breast cancer had fragmented sleep towards the later stages of tumor growth, which was 
associated with systemic IL-6 driven inflammation and drastic changes in hepatic glucose metabolism resulting 
in impaired insulin signaling and hyperglycemia. In the brain, we discovered that tumor-bearing mice displayed 
aberrant activity within wake-stabilizing hypocretin/orexin neurons, independent of local inflammation. 
Mechanistically, we showed that tumor-induced changes in satiety-hormone signaling (leptin/ghrelin) activated 
these neurons, causing sleep disruption, and further, metabolic changes in the periphery via the sympathetic 
nervous system. These changes could be rescued via administration of a dual hypocretin/orexin receptor 
antagonist (Almorexant), causally implicating hypocretin signaling in cancer-induced sleep and metabolic 
disruption. This was the first mechanistic description of bi-directional brain-cancer cross-talk influencing multiple 
systemic problems frequently observed in patients with cancer. 
 

a) Borniger JC*, Walker II WH*, Surbhi, Emmer KM, Zhang N, Zalenski AA1, Muscarella SL1, Fitzgerald 
JA, Smith AN, Braam CJ1, Tinkai T, Magalang UJ, Lustberg MB, Nelson RJ, DeVries AC. (2018) A role 
for hypocretin/orexin in metabolic and sleep abnormalities in a mouse model of non-metastatic breast 
cancer. Cell Metabolism 27: 118-129 (*co-first authors; 1undergraduate trainee). 
https://doi.org/10.1016/j.cmet.2018.04.021 (Featured on Nature Reviews Cancer and Nature Reviews 
Endocrinology, among others) 

 
b) Walker II WH, Borniger JC, Surbhi, Zalenski AA, Muscarella SL, Fitzgerald JA, Zhang N, Gaudier-Diaz 

MM, DeVries AC (2017). Mammary tumors induce central pro-inflammatory cytokine expression, but not 
behavioral deficits in Balb/C mice. Scientific Reports 7: 8152 doi:10.1038/s41598-017-07596-9  

 
2. Direct Actions of Cytotoxic Chemotherapy on Sleep and Circadian Rhythms 
 
Independent of cancer itself, cancer survivors have significant problems with sleep and circadian rhythms, which 
persist for many years following treatment. To tease apart the role of cytotoxic chemotherapy alone 



 

(cyclophosphamide and doxorubicin, IV), we examined changes in sleep continuously and gene expression at 
multiple timepoints following chemo administration in female Balb/C mice. We demonstrated, for the first time, 
that chemotherapy directly influences sleep, and that circadian timing of treatment drastically alters the 
inflammatory response to these drugs.  
 

a) Borniger JC, Walker WH II, Gaudier-Diaz MM, Stegman CJ*, Zhang N, Hollyfield JL, Nelson RJ, DeVries 
AC. (2017). Time-of-day dictates transcriptional inflammatory responses to cytotoxic chemotherapy. 
Scientific Reports 7: 41220 doi: 10.1038/srep41220 (*indicates undergraduate trainee) (Featured on 
EurekAlert, with > 18 subsequent articles written on various news sites) 

 
b) Borniger JC, Gaudier-Diaz MM, Zhang N, Nelson RJ, DeVries AC. (2015) Cytotoxic chemotherapy 

increases sleep and sleep fragmentation in non-tumor-bearing mice. Brain, Behavior, and Immunity 
47: 218-227 (first demonstration of direct effects of cytotoxic chemotherapy on sleep in mice) 

 
3. Environmental Modulation of Sleep and Physiology 
 
Keeping in line with my long-held interest in integrative systems, I have conducted several studies focusing on 
how environmental challenges (e.g., brain injury, early-life nicotine exposure, and photoperiod switching) 
influence sleep and brain physiology. Through these studies, we discovered that juvenile mild traumatic brain 
injury (mTBI) alters REM sleep dynamics in adulthood, which is accompanied by reductions in the amount of 
melanin-concentrating hormone neurons in the hypothalamus (which control REM sleep). This matches what is 
observed in TBI patients years after the injury. We further showed that early-life nicotine exposure has long-
lasting effects on sleep well into adulthood, providing evidence for life-long effects of in utero nicotine exposure 
relevant to humans. Additionally, we demonstrated that short days (8 hours light, 16 hours dark; photoperiod) 
alone were sufficient to decrease hippocampal blood density and cerebral blood flow in white-footed mice, which 
may mechanistically underlie changes in mood associated with the poorly described condition ‘seasonal affective 
disorder’, which is most prevalent during the short days of winter. Together, these studies (and more listed below) 
have given me a diverse toolkit ideal for understanding cancer-brain cross-talk.  
 

a) Borniger JC*, Ungerleider K1*, Zhang N, Karelina K, Weil ZM (2018). Repetitive brain injury of juvenile 
mice impairs environmental enrichment-induced modulation of REM sleep in adulthood. Neuroscience 
375: 74-83 doi: 10.1016/j.neuroscience.2018.01.064 *co-first authors, 1undergraduate trainee 

 
b) Borniger JC, Don RF*, Zhang N, Boyd RT, Nelson RJ. (2017) Enduring effects of perinatal nicotine 

exposure on murine sleep in adulthood. American Journal of Physiology – Regulatory, Integrative and 
Comparative Physiology 313: R280-289 (*indicates undergraduate trainee; featured article) (wrote 
kid-friendly version of this paper in Frontiers for Young Minds) 

 
c) Borniger JC, Teplitsky S, Gnyawali S, Nelson RJ, Rink C (2016). Photoperiodic regulation of cerebral 

blood flow in white-footed mice (Peromyscus leucopus). eNeuro (doi: 10.1523/ENEURO.0058-16.2016) 
(Wrote summary for lay-audience on NeurOnline) 

 
4. Other Graduate and Post-Doctoral Peer-Reviewed Contributions 
 

a) Borniger JC (2019). Central regulation of breast cancer growth & metastasis. Journal of Cancer 
Metastasis and Treatment. (in press) (invited review) 

b) Czeisler C, Silva TM, Borniger JC, Fair SR, Liu J, Tupal S, Kaya B, Cowgill A, Mahajan S, Wang Y, 
Blissett AR, Goeksel M, Catacutan F, Nelson RJ, Sundaresean V, Rekling J, Takakura AC, Moreira TS, 
Otero JJ. (2019) PHOX2B regulates development of nested astrocytes that control breathing and sleep 
homeostasis. The Journal of Physiology (in press). 

c) Walker WH II, Borniger JC* (2019). Molecular mechanisms of cancer-induced sleep disruption. 
International Journal of Molecular Sciences (in press) *senior author (invited review) 

d) Tyree SM*, Borniger JC*, de Lecea L (2018). Hypocretin as a hub for arousal and motivation. Frontiers 
in Neurology. *co-first authors 9:413 doi: 10.3389/fneur.2018.00413 

e) Surbhi, Borniger JC, Russart KLG, Zhang N, Magalang UJ, Nelson RJ. (2018). miR-155 deletion 
modulates lipopolysaccharide-induced sleep in female mice. Chronobiology International (in press). 



 

f) Jarczok MN, Aguilar-Raab C, Koenig J, Kaess M, Borniger JC, Nelson RJ, Hall M, Ditzen B, Thayer JF, 
Fischer JE (2018). The heart’s rhythm’n’ blues: Sex differences in circadian variation patterns of vagal 
activity vary by depressive symptoms in predominantly healthy employees. Chronobiology International 
doi: https://doi.org/10.1080/07420528.2018.1439499 

g) Cisse YM*, Borniger JC*, Lemanski E1, Walker WH II, Nelson RJ (2018). Time-restricted feeding alters 
the innate immune response to bacterial endotoxin. Journal of Immunology 200: 681-687 doi: 
https://doi.org/10.4049/jimmunol.1701136  (*Co-first authors; 1undergraduate trainee) 

h) Borniger JC, Nelson RJ (2017). Photoperiodic regulation of behavior: Peromyscus as a model system. 
Seminars in Cell and Developmental Biology 61: 82-91 (Issue Cover Image) 

i) Borniger JC, Cisse YM, Surbhi, Nelson RJ (2017) Reciprocal regulation of circadian rhythms and 
immune function. Current Sleep Medicine Reports 3:93 (doi:10.1007/s40675-017-0070-7) 

j) Borniger JC, Hesp ZC (2016). Enhancing remyelination through a novel opioid-receptor pathway. 
Journal of Neuroscience 36: 11831-11833 (Journal Club) 

k) Borniger JC, Ding H, Williams M, Tweedle MF, Knopp MV, Maurya SK, Periasamy M, Weil ZM, Nelson 
RJ (2016). Photoperiod affects organ specific glucose metabolism in male Siberian hamsters (Phodopus 
sungorus). Journal of Clinical and Molecular Endocrinology 1;2:07 

l) Borniger JC, Cisse YM, Gaudier-Diaz MM, Walker II WH (2016). Commentary: Anxiety- and depression-
like states lead to pronounced olfactory deficits and impaired adult neurogenesis in mice. Frontiers in 
Behavioral Neuroscience (doi: 10.3389/fnbeh.2016.00130) 

m) Borniger JC*, Cisse YM*, Cantemir-Stone CZ, Bolon B, Nelson RJ, Marsh CB. (2016). Behavioral 
abnormalities in mice lacking mesenchyme-specific Pten. Behavioral Brain Research 304: 80-85 (*co-
first authors) 

n) Dominoni D, Borniger JC, Nelson RJ (2016). Light at night and health: From humans to wild organisms. 
Biology Letters 12: 20160015  

o) Weil ZM*, Borniger JC*, Cissé YM, Abi Salloum BA, Nelson RJ (2015) Neuroendocrine control of 
photoperiodic changes in immune function. Frontiers in Neuroendocrinology 37:108-118 (*co-first 
authors) 

p) Borniger JC, Maurya SK, Periasamy M, Nelson RJ (2014). Acute dim light at night increases body mass, 
alters metabolism, and shifts core body temperature circadian rhythms. Chronobiology International 
31(8): 917-925 

q) Borniger JC, McHenry ZD*, Abi Salloum BA, Nelson RJ (2014). Exposure to dim light at night during 
early development increases adult anxiety-like responses. Physiology & Behavior 133: 99-106 
(*indicates undergraduate trainee) 

r) Borniger JC, Chaudhry A, Muehlenbein MP (2013). Relationships among musical aptitude, digit ratio 
and testosterone in men and women. PLoS One 8(3): e57637 (my undergraduate thesis) 

s) Borniger JC, Weil ZM, Zhang N, Nelson RJ (2013). Dim light at night does not disrupt timing or quality 
of sleep in mice. Chronobiology International 30: 1016-1023 

 
4. Book Chapters 
 

a) Borniger JC, Nevárez N (2019). Lateral hypothalamic control of sleep in the context of cancer. 
Neurological Modulators of Sleep: Mechanisms and Function in Sleep Health (in press) (invited chapter). 

b) Borniger JC, de Lecea L (2019). The Hypocretin Arousal Network. Oxford Research Encyclopedia of 
Neuroscience (in press) 

c) Borniger JC, Cissé YM, Nelson RJ, Martin LB (2017). Seasonal Variation in Stress Responses. In: Fink 
G: Stress: Neuroendocrinology and Endocrinology: Handbook of Stress, Volume 2 (Chapter 41: pp. 411-
419) 

d) Cissé YM, Borniger JC, Nelson RJ (2017). Hormones, Circadian Rhythms, and Mental Health. In: The 
Oxford Handbook on Evolutionary Psychology and Behavioral Endocrinology (Chapter 28) 

 
5. In Revision 

 
a) Walker WH II, Borniger JC, Gaudier-Diaz MM, DeVries AC, Nelson RJ (2019). Acute exposure to dim 

light at night is sufficient to induce neurological changes and depressive-like behavior. (in re-review).  
b) Eban-Rothschild A, Borniger JC, Giardino WJ, Rothschild G, de Lecea L (2019). Arousal-state 

dependent alterations in VTA-GABAergic neural activity. (in re-review). 



 

 
Complete List of Published Work in My Bibliography:  
https://www.ncbi.nlm.nih.gov/pubmed/?term=borniger+jc  
 
D.  Research Support and Relevant Scholastic Performance:  
 
Ongoing: 
 
Investigating the Hypocretin to VTA Circuit in Memory Consolidation during Sleep 
BRAIN Initiative Ruth L. Kirschstein National Research Service Award (NRSA)  
Principal Investigator: Jeremy C Borniger, Mentors: Luis de Lecea, Jin Hyung Lee 
Agency: National Institutes of Neurological Disorders & Stroke, Type: F32MH115431 Period: 3/1/2018-3/1/2021 
 
Linking the Brain to Immunity via Deep Brain Stimulation (DBS) and Mass Cytometry 
Department of Psychiatry & Behavioral Sciences Innovator Grant ($25,000) 
Principal Investigators: Jeremy C Borniger, Luis de Lecea; Co-Investigators: Aric Prather (UCSD), Andrew 
Krystal (UCSD), Brice Gaudilliere (Stanford).  
Agency: Stanford University, Type: Intramural, Period: 1/14/2019 – 1/14/2020 
 
Completed: 
 
Multi-institutional Training in Genetic/Genomic Approaches to Sleep Disorders  
Principle Investigator: Allan Pack (U Penn), Mentors: Luis de Lecea, Emmanuel Mignot (Stanford U) 
Agency: National Institutes of Health. Type: T32HL110952 Period: 7/1/2017-2/28/2018 
 
Assessing the role of neuroinflammation in cancer and chemotherapy-induced sleep disruption (2) 
Principle investigator: Jeremy C. Borniger, Mentors: Randy J. Nelson, A. Courtney DeVries 
Agency: The Ohio State University. Type: Pelotonia Pre-doctoral fellowship. Period: 8/1/2016-8/1/2018  
 
Assessing the role of neuroinflammation in cancer and chemotherapy-induced sleep disruption (1) 
Principle investigator: Jeremy C. Borniger, Mentor: Randy J. Nelson 
Agency: The Ohio State University. Type: Presidential Pre-doctoral fellowship. Period: 8/1/2015-8/1/2016  
 
Relevant Coursework 

 

INSTITUTION YEAR COURSE GRADE 
INDIANA UNIVERSITY 2008 Disease and the Body A 
 2009 Medical Science of 

Psychoactive Drugs 
A 

 2010 Basic Human Anatomy A 
 2010 Human Variation A 
 2010 Basic Human Physiology A 
 2011 Human Tissue Biology A 

THE OHIO STATE 
UNIVERSITY 

2012 Foundations of 
Neuroscience I 

A 

 2012 Curr Topics in Neurosci A 
 2013 Foundations of 

Neuroscience II 
A 

 2013 Neurobiology of Disease A 
 2014 Ethics in Neuroscience  S (satisfactory) 
 2015 Neuroimmunology A 
 2016 Cell/Mol Immunology A 
 2016 Biology of the Tumor 

Microenvironment 
A 



Jeremy C. Borniger, PhD 
RESEARCH PROPOSAL 
Broadly, cancer is a systemic disease that affects approximately 14.1 million new people per year worldwide 
(Dana Farber Cancer Institute, 2014). Patients across cancer types frequently experience systemic symptoms 
like depression, sleep/circadian disruption, cognitive impairment, appetite changes, metabolic dysfunction, and 
weight loss. Many, if not all, of these problems are controlled or modulated by the brain. As has been well 
described, a hallmark of cancer is marked disruption of metabolic and inflammatory processes. Depending on 
the salience and timing of these inputs, the brain responds via neural and humoral routes to alter whole-body 
physiology and behavior. These responses have consequences for tumor growth and metastasis, directly 
influencing patient quality of life and subsequent mortality1–5.  
 
For example, tumors are capable of altering local macronutrient contents that modulate infiltrating immune cell 
function, resulting in inflammation. Additionally, they secrete metabolic ‘waste’, which can promote inflammation 
and alter the function of distal organs and tissues such as the liver and brain. Reciprocally, the host system can 
influence tumor growth and metastasis via immune, endocrine, and neural pathways. For example, chronic 
stress, which results in dysregulation of glucocorticoid and adrenergic signaling, exacerbates tumor growth and 
angiogenesis. Similarly, chronic sleep fragmentation, resulting in top-down impairments to the immune system, 
further promotes tumor growth and the development of systemic inflammation. To address these problems, this 
proposal uses techniques spanning systems and behavioral neuroscience, cancer biology, and immunology. 
Due to the large heterogeneity in cancer types, treatment regimens, patient populations, and lifestyle factors that 
influence the host system, unraveling bidirectional communication between tumors in the periphery and the brain 
has remained challenging. This knowledge gap is further due to a lack of targeted studies on neural circuits 
controlling immunity, low precision or narrow scope in immune measurements, and limited interaction among 
neuroscientists, immunologists, and oncologists, who use highly specialized language in their respective fields. 
 
Hypothalamic, midbrain, and brainstem subcortical neural 
populations are primary candidates for linking tumor-induced changes 
in the periphery to disruption of brain function and behavior. Indeed, prior 
work from de Lecea Lab alumnus Asya Rolls has established a 
suppressive role for the midbrain reward system (VTA) in cancer 
growth, via sympathetic modulation of myeloid derived suppressor 
cells (MDSCs)6. My work (discussed below) provides further evidence 
that hypothalamic hypocretin/orexin (Hcrt) expressing neurons also 
participate in the generation of sleep and metabolic disruption in 
cancer7. Therefore, my overarching hypothesis is that specific 
subcortical neural populations alter their activity in response to 
cancer, resulting in sleep fragmentation associated with cognitive 
impairment and behavioral despair.  
 
Hypocretin as an Integrator 
A prime example of neurons that both monitor and respond to 
changes in physiology are those that express the excitatory 
neurotransmitters hypocretin-1 and -2 (Hcrt), located in the tuberal hypothalamus. They were discovered by two 
groups at essentially the same time8, and are causally involved in the sleep disorder narcolepsy. Hcrt neurons 
are sensitive to signals arriving from the periphery including satiety, stress, and immune factors. They integrate 
these inputs (through unknown mechanisms) and modulate their excitability or firing rates to adjust energy 
balance and behavioral state accordingly (Fig. 1). For example, fasting-induced reductions in circulating leptin 
concentrations disinhibits hcrt neurons to promote arousal and subsequent food intake9. Additionally, 
psychological stress engages the hcrt system, which then activates the hypothalamic-pituitary-adrenal (HPA) 
axis. Hcrt-induced production of glucocorticoids both mobilizes peripheral energy stores and leads to immune 
suppression. A multitude of factors that influence the activity of these neurons are drastically altered in the 
context of cancer, including leptin, ghrelin, glucocorticoids, cytokines/chemokines, dietary amino acids, and 
metabolic fuel sources like glucose, lactate, and pyruvate. 
 
To understand whether cancer alone could influence sleep, I used a mouse model of non-metastatic breast 
cancer in tandem with EEG/EMG biotelemetry. After a series of experiments that suggested that cancer-induced 

Figure 1: Hypocretin neurons act as 
integrators, monitoring diverse inputs to 
influence central and peripheral physiology 
and behavior (e.g., sleep) (From: Borniger & 
de Lecea, 2019 Oxford University Press). 



Jeremy C. Borniger, PhD 
IL-6 was not responsible for the fragmented sleep that we observed, I began to focus on alternative mechanisms. 
As IL-6-pSTAT3-SOCS3 signaling promotes insulin resistance via targeted destruction of its receptors 
IRS1/IRS2, we elected to examine metabolic function in tumor-bearing mice. We demonstrated that non-
metastatic cancer in the periphery deregulates normal sleep/wake states, via indirect actions on hypothalamic 
Hcrt neurons (Fig. 2). Cancer-associated disruption of leptin/ghrelin signaling aberrantly activated these 
neurons, leading to fragmentation of sleep. Hcrt receptor antagonism rescued cancer-induced sleep disruption, 
and other physiological phenotypes we observed. We repeated these findings in two additional models of breast 
cancer (using 4T07 and 4T1 sister cell lines), indicating that these results are generalizable to other cancer 
models. This was published in Cell Metabolism, and this 
topic has formed the foundation of my current work. 
 
Experimental Approach 
How does breast cancer influence the activity of central 
neuromodulator populations? To understand how 
different neural ensembles are altered in cancer, we 
will use GCaMP6f fiber photometry. Given my prior 
work on hcrt neurons in mouse models of breast 
cancer, we will start by targeting this neural population 
using hcrt-IRES-cre mice that were generated in our 
lab10. To monitor arousal states, mice will 
simultaneously be equipped with EEG/EMG electrodes 
(custom made). Given the level of control and 
predictable time-course of tumor development, we will 
use syngeneic cell lines (administered orthotopically to 
the 4th mammary fat pad) to induce cancer in vivo. We 
will begin with EO771 mammary adenocarcinoma cells 
(0.5 x 106 cells in DMEM), allowing us to work with 
transgenic c57bl/6 mice (needed for fiber photometry and neural manipulation experiments). These cells are ‘triple 
negative’, lacking HER2, estrogen, and progesterone receptor expression. Additionally, they have loss of function 
mutations in critical oncogenes tp53 and Kras, exhibit moderate metastatic potential, and are used extensively to 
examine tumor-immune interactions. A benefit to using these cells is that they are readily modifiable, allowing us 
to express luciferase transgenes within them to track their growth and spread throughout the host organism 
(mouse) non-invasively using an IVIS Imaging System. Mice will be inoculated with E0771-luc cells, and sleep 
and photometry signals will be sampled over 24 hrs every 3 days, using a custom MATLAB code allowing us to 
sample calcium fluorescence in 10-minute intervals each hour for 24 hrs. This technique allows us to deconstruct 
circadian rhythms in neural activity without photobleaching the fluorescent GCaMP reporter. Every 5 days (out of 
phase with photometry recordings), mice will be injected with luciferin and positioned in an IVIS Imaging System 
to track tumor growth and metastatic spread (photon counts). After 20 days, brain tissue will be collected and 
processed to confirm GCaMP expression. This technique will further be applied to additional neural populations 
(VTA-DA, LC-NE, DRN-5-HT, and LH-LepRb), allowing us to understand how tumors deregulate the activity of 
multiple key subcortical neurons that regulate sleep, arousal, mood, and cognition. A separate cohort of mice 
(control and tumor-bearing) will be tested on key behavioral tasks for depressive- and anxiety-like states (forced 
swim, open field, elevated plus maze), as well as memory (Barnes Maze, novel object recognition).  
 
How does manipulation of subcortical neural activity influence sleep and cancer growth?  
I will use DREADD methods (cre-dependent hM3Dq, hM4Di) to test whether manipulation of these neural 
populations can rescue sleep disruption, behavioral deficits, and influence tumor progression. Mice with cancer 
will receive daily injections of the DREADD ligand J60 (0.1 mg kg-1) or the saline vehicle while sleep is monitored, 
and a second group will receive injections 30 mins before behavioral testing. This ligand was chosen as it is 
extremely specific and potent at the designer receptors, unlike commonly used clozapine-N-oxide (CNO), which 
has to be metabolized to clozapine and has many off target effects. Tumor growth/metastasis will be monitored 
using IVIS Imaging as before to assess growth and metastasis. Together, these experiments will answer two 
primary questions: (1) how does cancer alter specific subsets of neurons in the brain that are relevant to sleep 
and mental health?; and (2) can we reciprocally manipulate them to improve cancer-induced behavioral 
impairments and potentially combat cancer itself?  

Figure 2: Peripheral tumors aberrantly activate Hcrt/OxA neurons. 
Green-hcrt/OxA, red-cFos immediate early gene. (From: Borniger et 
al., 2018 Cell Metabolism) 



Jeremy C. Borniger, PhD 
Research Training/Career Plans 
 
My present research training focuses on using systems neuroscience approaches to interrogate sleep-wake 
circuitry in mouse models of cancer. This builds on my work from graduate school, where we demonstrated 
that cancer-induced changes in satiety hormone signaling (leptin/ghrelin) promoted aberrant activity within 
lateral hypothalamic hypocretin/orexin neurons. This resulted in fragmented sleep and peripheral metabolic 
disruption (Borniger et al., 2018; Cell Metabolism). In my post-doc, I am using genetically encoded calcium 
indicators (e.g., GCaMP6f) to gain real-time access to discrete neural circuit (e.g., hypocretin) activity in 
combination with EEG/EMG sleep recordings throughout the course of tumor growth. Simultaneously, I am 
manipulating these circuits using chemogenetic (DREADD) and optogenetic techniques to understand how 
changes in population activity influence sleep and downstream tumor growth and metastatic spread. I am now 
ready to transition into independence (at the time of writing this, I have one tenure-track offer from an R1 
institution in the USA). My plan is to develop these lines of inquiry into an overarching research program that 
forms the foundation of my lab. The ultimate goal is to unravel how cancer disrupts brain activity to cause 
impairments in mental health (e.g., sleep disruption, memory deficits, depression and anxiety). Through this 
work, we will discover new molecular targets to alleviate these impairments, and potentially, alter cancer 
growth and metastasis itself. Therefore, this NARSAD award would be integral to the completion of 
experiments needed to transition to independence and secure further funding while I get my lab up and 
running. 



Jeremy C. Borniger, PhD 
Budget Justification 
 
I am requesting two years of support to aid in my transition into independence while completing the studies 
described in this application. The funds provided through this NARSAD award would provide significant aid in 
funding experiments directly, as my salary is covered primarily through my current F32 NRSA. Stanford has 
assured me that the receipt of this grant will not result in duplication of funding or reduction of support from them. 
My current research funding is: 
 
Investigating the Hypocretin to VTA Circuit in Memory Consolidation during Sleep 
BRAIN Initiative Ruth L. Kirschstein National Research Service Award (NRSA)  
Principal Investigator: Jeremy C Borniger, Mentors: Luis de Lecea, Jin Hyung Lee 
Agency: National Institutes of Neurological Disorders & Stroke, Type: F32MH115431 Period: 3/1/2018-3/1/2021 
 
Linking the Brain to Immunity via Deep Brain Stimulation (DBS) and Mass Cytometry 
Department of Psychiatry & Behavioral Sciences Innovator Grant ($25,000) 
Principal Investigators: Jeremy C Borniger, Luis de Lecea; Co-Investigators: Aric Prather (UCSD), Andrew 
Krystal (UCSD), Brice Gaudilliere (Stanford).  
Agency: Stanford University , Type: Intramural, Period: 1/14/2019 – 1/14/2020 
Funds will be spent on four main components detailed below: 

1. Animal purchase costs and per diem charges 
2. Supplies for experiments  
3. Salary/Support (F32 support ends 3/1/2021) 
4. Travel to conferences/talks 

 
YEAR CATEGORY ITEM JUSTIFICATION PRICE 

1 Animal Breeding pairs To start colony $1,028 
  Per diem 25 cages at $1.977/day for 3 months 

x 4 times a year 
$18,040 

 Supplies Genotyping 
Materials 

For determining Cre+ pups $1,000 

  Viruses For GCaMP and DREADD Expts $4,000 
  Antibodies For immunohistochemistry $2,000 
  EO771 cells + 

related supplies 
Cell growth, maintenance, and tumor-

induction 
$2,436 

  IVIS Imaging System For non-invasive monitoring of tumor 
growth/spread 

$3,496 

 Travel n/a For travel to conferences $3,000 
 Subtotal   $35,000 
2 Animal Breeding Pairs To start additional Cre line colonies 

 
$1,000 

 Animal Per diem $2.036/day for 25 cages for (3 mo) X 
4 times a year 

 

$18,577 

 Supplies Genotyping 
materials 

For determining Cre+ pups $580 

  Viruses For GCaMP and DREADD expts $2,779 
  E0771 cells For tumor expts $501 
  Antibodies For immunohistochemistry $1,700 
 Travel n/a Conference travel $3,000 
 Salary/Support n/a For support following F32 expiration 

(salary + fringe) 
$6,703 

 Misc Telecommunications SoM fee policy $160 
 Subtotal   $35,000 
 Grand Total   $70,000 

 



LUIS DE LECEA, PHD 
  Professor 
  Department of Psychiatry & Behavioral Sciences 

1201 Welch Rd, P154 MSLS Building 
Stanford, CA 94305 T 650-736-4389 
 E llecea@stanford.edu 

Mentor Statement 
I am Professor in the Department of Psychiatry & Behavioral Sciences at Stanford University, arriving in 2006 
following 14 years at The Scripps Research Institute in La Jolla, CA. I discovered and characterized two 
neuropeptides important for the maintenance of sleep & wakefulness (hypocretin and cortistatin), and our group 
was the first to implement optogenetics in freely-moving animals. Our laboratory uses optogenetic and other in 
vivo neurophysiological methods to characterize neural arousal systems in behaviors relevant to psychiatric 
disorders. I have authored more than 150 publications, and this work has been cited over 22,000 times. Many of 
my former trainees have obtained prestigious positions and awards based on their work in my lab. Dr. Jeremy 
Borniger has surpassed my greatest expectations and is now on the cusp of independence. I have amassed 
extensive experience from advising 24 previous PhD- and postdoctoral-level trainees, and currently train 9 post-
doctoral fellows in my lab. Many of my trainees have obtained national recognition during their tenure in my 
laboratory, and accumulate a large number of awards including 5 NRSA Individual Fellowships, 4 NRSA (F32) 
Postdoctoral Fellowship Awards, 3 K99-R00 Pathway to Independence Awards, 3 NARSAD Young Investigator 
Awards, 2 Sleep Research Society Young Investigator Awards, among others.  
I fully support Dr. Borniger’s search for a tenure-track position at this early career stage (< 2 years in my lab). 
Distinctive attributes of his career have persuaded me that he is ideal for this award. These include the fact that 
he has published over 25 peer-reviewed papers on a wide variety of topics spanning neuroscience and cancer, 
and he has developed a truly independent line of work within my lab. From my 20+ years of experience, scholars 
that exhibited similar research philosophies to Dr. Borniger have been extremely successful (e.g., Asya Rolls, 
PhD, currently HHMI fellow and Professor at Technion, Israel; Antoine Adamantidis, Professor at University of 
Bern, etc). During his time in graduate school, Dr. Borniger uncovered a novel pathway between breast cancer 
and the brain influencing the activity of hypocretin neurons in the hypothalamus. To accomplish this set of 
experiments, Dr. Borniger had to become an expert in techniques from several distinct fields including systems 
neuroscience, cancer biology, immunology, and metabolic control. During his short training period in my lab he 
has mastered multiple methods that many take years to learn, including calcium fiber photometry, opto and 
chemogenetic manipulations, analytical methods etc. While defending this dissertation work, he simultaneously 
applied for (and received) a BRAIN Initiative NRSA to come and continue his work in my lab. Jeremy has already 
been identified as a potential faculty member by Cold Spring Harbor Laboratory and he will be even more 
competitive in the job market should this NARSAD application be awarded. Dr. Borniger will continue to learn new 
techniques and skills that will increase the likelihood of meeting his future career goals as an independently- 
funded researcher in academia. He will work closely with expert members of the de Lecea laboratory to extend 
his knowledge and expertise in EEG/EMG implantation surgeries, as well as in vivo fiber photometric 
measurements and chemogenetic manipulations of specific neural populations in freely behaving animals. 
Importantly, these techniques are well- established and commonly performed by lab members, providing an 
excellent environment for Dr. Borniger to learn these skills as he works to complete the proposed experiments. 
Taken together, Dr. Borniger has exceptional potential to develop into a thoughtful, independent and highly 
productive senior scientist in this nascent field bridging cancer and neuroscience. I am pleased with the 
achievements of my previous trainees, many of whom have landed postdoctoral fellowships and faculty 
appointments at prestigious institutions. My own mentoring enthusiasm and skills have been sharpened by past 
trainees, and I am eager to help Dr. Borniger to achieve his potential. Because of his high energy, motivation and 
intellect, Dr. Borniger will likely become a leader in this field, which he is already making seminal contributions to 
(see his Biosketch). He is an outstanding candidate for the NARSAD Young Investigator award, and I 
enthusiastically support his application. 
 
Sincerely, 
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NAME: Luis de Lecea 
eRA COMMONS USER NAME (credential, e.g., agency login): LLECEA 
POSITION TITLE: Professor 
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 

DEGREE 
(if 

applicable) 
 

Completion 
Date 

MM/YYYY 
 

FIELD OF STUDY 
 

University of Barcelona, Barcelona, Spain B.S. 1987 Biology 

University of Barcelona, Barcelona, Spain Ph.D. 1991 Molecular Biology 

The Scripps Research Institute, La Jolla, CA Postdoctoral 1992-1996 Molecular Neurobiology 

 
A. Personal Statement 
 
My main interest is the study of the molecular and cellular basis of arousal and sleep. Our program is based on 
our discovery of several neurotransmitters involved in the regulation of behavioral state transitions. These 
transmitters include the hypocretins, two neuropeptides with neuroexcitatory activity and that play a key role in 
the maintenance of wakefulness(1). Our group was the first to identify a role for this neuropeptide system in brain 
reward, and we were also first, in collaboration with Dr. Deisseroth (SU), at implementing millisecond scale 
optogenetic manipulation of genetically identified neurons in vivo (2). We have recently established a method 
that induces mutations in adult neurons of genetically defined circuits using CRISPR/Cas9, and used 
optogenetics to screen for functional mutants (3). My laboratory has a long track record of excellence in 
mentoring, with over 15 former postdoctoral fellows currently holding academic positions at top research 
institutions. My trainees have also garnered national and international recognition (1 Searle scholar, 1 
HHMI/Welcome Fellow, 3x Outstanding Young Investigator Award from Sleep research Society, 5 x NARSAD 
Young investigator awards, 3x K99/R00 Pathway to Independence awards, etc). I enthusiastically support Dr. 
Jeremy Borniger’s application for a BBRF NARSAD Young Investigator Award.  
 
B. Positions and Honors 
 
1987-88  Graduate researcher. Unité de Biologie et Pharmacologie Cellulaires. Faculté de Medicine.   
    Université Catholique de Louvain. Belgium 
1988-91 Graduate student. Molecular Genetics Research Group. Dept. of Physiology. Faculty of 

Medicine. University of Barcelona  
1991-92 Research Associate. Neurobiology. Dept. of Biochemistry and Physiology. Faculty of Biology. 

University of Barcelona 
1992-94  Post-doctoral fellow. Molecular Neurobiology. The Scripps Research Institute 
1994-96  Senior Research Associate. Department of Molecular Biology. The Scripps Research Institute 
1996-2006  Assistant Professor. Department of Molecular Biology. The Scripps Research Institute 
2004           Merit Review Subcommittee, Neurobiology, Dept of Veterans Health, VA 
2004-06 Associate Professor, Depts of Molecular Biology and Neuropharmacology. The Scripps 

Research Institute 
2006-11  Member Board of Scientific Counselors. NIDA 
2006-11  Associate Professor Dept. of Psychiatry and Behavioral Sciences, Stanford University    
    School of Medicine 



    

    

2008-10  NARSAD Independent Investigator Award 
2010   ACNP Integrative Neuroscience Behavioral Award 
2011-pres  Professor Dept. of Psychiatry and Behavioral Sciences, Stanford University School of Medicine 
2013   Distinguished Investigator Award. NARSAD 
2015   Fulbright Senior Lectureship 
2016   Outstanding Scientific Achievement Award. Sleep Research Society 
2017   Visiting Professor. Brain and Mind Institute. EPFL Switzerland 
2018   Chief Editor. Frontiers in Sleep and Circadian Rhythms  
 
 
1. Discovery of Cortistatin, a somatostatin-like sleep-promoting neuropeptide.  
As part of our efforts to identify markers modulated by neuronal activity with restricted expression in the brain 
we conducted a subtractive hybridization experiment and first described preprocortistatin, a new neuropeptide 
with neuronal depressant and sleep modulating properties. We also described its unique expression pattern in 
mouse cortical interneurons, and described the structural activity relationships of cortistatin analogues. More 
recently we have uncovered roles for cortistatin in inflammation, pain and endocrine regulation.  
 

a) de Lecea, L., Criado, J.R., Prospero O., Gautvik, K.M., Schweitzer, P., Danielson, P.E., Dunlop, C.M., 
Siggins G.R., Henriksen, S.J., Sutcliffe, J.G. (1996) “A cortical neuropeptide with neuronal depressant 
and sleep-modulating properties”. Nature 381:242-245 

 
b) de Lecea, L., del Rio, J.A., Criado, J.R., Alcantara, S., Morales, M. Henriksen, S.J., Soriano, E., Sutcliffe, 

J.G. (1997) “Cortistatin is expressed in a distinct subset of cortical interneurons” J. Neurosci. 17:5868-
5880 

 
c) Criado JR, Li H., Jiang X , Spina M, Huitron-Resendiz S, Liapakis G, Calbet M, Siehler S, Henriksen SJ, 

Koob, GF, Hoyer D, Sutcliffe JG, Goodman M, de Lecea L. (1999) “Structural and compositional 
determinants of cortistatin activity”. J. Neurosci. Res. 56:611-619 

 
d) Souza-Moreira L, Morell M, Delgado-Maroto V, Pedreño M, Martinez-Escudero L, Caro M, O'Valle F, 

Luque R, Gallo M, de Lecea L, Castaño JP, Gonzalez-Rey E. (2013) Paradoxical Effect of Cortistatin 
Treatment and Its Deficiency on Experimental Autoimmune Encephalomyelitis. J Immunol 191(5):2144-
2154 

 
2. Discovery of the Hypocretins. We generated a library of cDNAs representing the most prevalent mRNAs 
whose expression was enriched or exclusive to the hypothalamus. From a collection of 100 of such transcripts 
we first identified the hypocretins as peptides expressed in ~5,000 neurons in the lateral hypothalamus. Work 
by many groups linked hypocretin deficiency with narcolepsy. Since then, the hypocretins have been shown as 
key elements in the control of sleep and wakefulness. 
 

a) de Lecea, L. Kilduff T., Peyron C, Gao XB, Fukuhara C, Danielson PE, Foye PE, Bartlett II FS, Gautvik 
VT, van den Pol AN, Frankel WN, Bloom FE, Sutcliffe JG (1998) “The hypocretins: two hypothalamic 
peptides with neuroexcitatory activity”. Proc. Natl. Acad. Sci. USA 95:322-327 * ISI Highly cited paper 
Top 100 most cited PNAS papers ever published  

 
b) Peyron C, Tighe D, van den Pol AN, de Lecea L, Heller C, Sutcliffe JG and Kilduff TS. (1998) “Hypocretin-

containing neurons have widespread projections throughout the brain”. J.  Neurosci. 18(23):9996-10015 
(4th most cited J Neurosci paper ever published) 

 
c) Bourgin P, Huitron S, Spier AD, Morte B, Criado JR, Sutcliffe JG, Henriksen SJ, de Lecea L. (2000) 

“Hypocretin-1 modulates REM sleep through activation  of locus coeruleus neurons”. J. Neurosci   20: 
7760-7765 

 
3. Hypothalamic control of brain reward and addiction. We were first to test the hypothesis that hyperactivity 
of hypocretin neurons could lead to hyperarousal and excessive consummatory behavior. Since then, more than 



    

    

200 publications have explored the connection between hypocretin neurons and dopaminergic pathways in brain 
reward and substance abuse.  
 

a) Boutrel B,  Kenny PJ, Specio S, V, Koob GF, Markou A,  and de Lecea L. (2005)  Role for hypocretin in 
mediating stress-induced reinstatement of cocaine-seeking behavior. Proc. Natl. Acad. Sci. USA Dec 
27;102(52):19168-73 

b) Kempadoo KA, Tourino C, Cho SL, Magnani F, Leinninger GM, Stuber GD, Zhang F, Myers MG, 
Deisseroth K, de Lecea L, Bonci A. (2013) Hypothalamic neurotensin projections promote reward by 
enhancing glutamate transmission in the VTA. J Neurosci 1;33(18):7618-26. 

c) Adamantidis A, Tsai HC, Boutrel B, Zhang F, Stuber G, Budygin E, Tourino C, Bonci A, Deisseroth K, de 
Lecea L (2011) Optogenetic interrogation of dopaminergic neurons modulation of the multiple phases of 
reward seeking behavior. J Neurosci 31:10829 

d) Tsai, H.C., Zhang, F., Adamantidis, A., Stuber, G.D., Bonci, A., de Lecea, L., Deisseroth, K. (2009) 
Phasic firing in dopaminergic neurons is sufficient for behavioral conditioning. Science. 324, 1080-4. 

 
4. Neuromodulation of arousal. We have applied in vivo optogenetics to interrogate the neuronal 
underpinnings of sleep/wake transitions including the hypocretinergic, noradrenergic, dopaminergic, 
histaminergic, cholinergic and serotonergic systems. We have also studied how stress pathways affect arousal 
and cognition using opto and chemogenetics. 
 

a) Adamantidis A, Zhang, F., Aravanis AM, Deisseroth K, de Lecea L. (2007) Neural substrates of 
awakening probed by optogenetic control of hypocretin neurons. Nature 15;450(7168):420-424. First 
report of an optogenetic experiment in a freely moving animal. ISI highly cited paper (in the 99th 
percentile of neuroscience papers) 

 
b) Carter ME, Yizhar O, Chikahisa S, Nguyen H, Adamantidis A ,Nishino S, Deisseroth K, de Lecea L (2010) 

“Tuning arousal with optogenetic modulation of locus coeruleus neurons” Nature Neurosci 13:1526-33 
ISI highly cited paper (in the 99th percentile of all neuroscience papers) 

 
c) Rolls, A , Pang W, Ibarra I., Colas D, Bonnavion P, Korin B., Heller HC, Weissman IL, de Lecea L. (2015) 

Sleep disruption impairs hematopoietic stem cell transplantation in mice. Nat. Commun. Oct 14;6:8516. 
doi: 10.1038/ncomms9516. 

 
d) Eban- Rothschild A, Rothschild G, Giardino WJ, Jones JR, de Lecea L (2016) VTA Dopaminergic 

neurons bidirectionally regulate ethologically relevant sleep/wake behaviors. Nature Neuroscience 
19:1356-66 

 
http://www.ncbi.nlm.nih.gov/sites/myncbi/luis.delecea.1/bibliography/40859504/public/?sort=date&direction=as
cending. 
 
D.  Research Support:  
 
Ongoing: 
 
1R01AG047671-01 (de Lecea/Wyss-Coray – MPI’s)  06/15/14 – 05/31/19          
Optogenetic interrogation of sleep circuits during aging       
In this proposal, we will use state of the art methods to interrogate whether specific neuronal systems affect 
specific features of the dynamic of sleep to wake transitions and their consequences in cognitive function. 
 
R01MH102638-01A1 (de Lecea – PI)07/22/14 – 06/30/19
   
Neuronal mapping of anxiety and panic             



    

    

We propose to study the causal role of four interconnected brain circuits (Lateral hypothalamus, A2 neurons, 
BNST and PVN) on the different components that affect anxiety and panic. Our experiments will increase our 
understanding of these circuits with unprecedented precision and may lead to better treatments for anxiety and 
panic disorders. 
 
NIH MH087592-05 (de Lecea – PI)08/10/15 – 07/31/18NCX
  
Optogenetic Control of Vigilance State Transition                                
Our data will expand the use of state-of-the-art optogenetic methods in sleep studies and will provide mechanistic 
models on how the hypocretinergic system stabilizes arousal. These experiments may also lead to new and 
enhanced treatments for narcolepsy, insomnia and other sleep disorders. 
 
NIHR01  (de Lecea PI, Appelbaum Co-PI)       12/1/2018-11/20/2023 
Functional diversity of Hypocretin neurons 
This proposal will use multiple ways to manipulate subgroups of Hcrt neurons that subserve distinct functions in 
arousal and reward.  
 
Completed: 
 
NIH MH087592-05 (de Lecea – PI)08/10/15 – 07/31/18
  
Optogenetic Control of Vigilance State Transition                                
Our data will expand the use of state-of-the-art optogenetic methods in sleep studies and will provide mechanistic 
models on how the hypocretinergic system stabilizes arousal. These experiments may also lead to new and 
enhanced treatments for narcolepsy, insomnia and other sleep disorders. 
 
 
BSF #2011335 (US-Israel Binational Science Foundation) 10/01/12 – 09/30/17     
(de Lecea & Applebaum / Co-PI’s) 
Optogenetic and live imaging of synapses in the hypothalamus: A mechanism for behavioral transitions 
We will use state-of-the art imaging and optogenetic techniques to uncover the mechanisms of synaptic plasticity 
that affect and control the function of HCRT-MCH-LepRB circuitry in mediating arousal-state transitions using 
the mouse and zebrafish models. 
 
Contract: Johnson & Johnson (de Lecea – PI)01/06/14 – 01/05/17
     
Functional Connectivity of GPR-139-Expressing Neurons           
To generate a mouse model (GPR139-IRES-cre) that expresses cre recombinase under the control of the 
endogenous GPR139 locus, as a tool to conduct a series of experiments that will decipher the functional 
connectivity of GPR139-expressing neurons 
 
 
Contract: Johnson & Johnson (de Lecea – PI)07/17/13 – 05/31/15
  
Orexin receptor antagonists in stress and anxiety        
We propose to investigate the role of the hypocretin 1 receptor using selective pharmacological tools 
 



Stanford University – School of Medicine 

Research Management Group 
3172 Porter Drive 

Palo Alto, CA 94304-1212 

March 18, 2019 

Brain & Behavior Research Foundation 
NARSAD Research Grants 
747 Third Avenue, 33rd Floor 
New York, NY 10017 

Re: 2019 NARSAD Young Investigator Grant Application, Dr. Jeremy Borniger 

To Whom It May Concern: 

This letter is to confirm Stanford University’s acceptance of BBRF/NARSAD’s guidelines and 
acknowledges and supports Dr. Jeremy Borniger’s application for the 2019 NARSAD Young Investigator 
Grant. He is a Postdoctoral Research Fellow in the Department of Psychiatry and Behavioral Sciences. 

If you need any additional information or have any questions, please feel free to contact me at (650) 
498-4963 or email: vleung@stanford.edu. 

Sincerely, 

______________________________________ 
Vivian Leung, Institutional Official 
Research Management Group 
vleung@stanford.edu 

mailto:vleung@stanford.edu


Jeremy C. Borniger, PhD 
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	The Brain _ Behavior Research _yePN-Odk4xliudF4OpC9-g: The work proposed in this application falls squarely in line with the mission of the Brain & Behavior Research Foundation. Cancer patients (and survivors) frequently experience systemic symptoms that can severely impair quality of life and lower the odds of survival. One of the most prevalent of these is disrupted sleep (e.g., insomnia, hypersomnia, poor sleep efficiency). Indeed, ~90% of patients will experience chronic sleep disruption and fatigue following a cancer diagnosis, continuing through surgery, treatment, recovery, and remission. The mechanisms underlying these problems are largely unknown. Sleep is critical to mental health, and chronic sleep disruption is strongly associated with depression and anxiety disorders, in addition to memory and cognitive impairments. Therefore, by uncovering mechanisms of sleep disruption in cancer, we can develop targeted therapies to improve sleep and a variety of other disorders of mental health. This work will use cutting-edge techniques to monitor and manipulate discrete brain circuits during the course of tumor growth in the periphery, allowing us to determine (1) how cancer alters the activity of neurons controlling sleep/wake states; and (2) how manipulation of this circuitry subsequently influences sleep, behavior, and cancer progression.
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