
Response to Reviewers (Application ID: 1 F32 MH115431-01) 

I thank the Program Official, Reviewers, and Scientific Review Group members for their thorough and thoughtful 
discussion of my application. I address their concerns below. Where appropriate, reviewer comments are indicated in 
bold font, with my response following in plain text. 

Resume and Summary of Discussion: 
I recognize and appreciate the uniform praise of my accomplishments, my sponsors, and the institutional environment 
and commitment to training conveyed in this section of the review. Indeed, the consensus critique stems from 
discussions of the research strategy. The summary statement reads “…while the research plan addresses an interesting 
topic, it appears somewhat underdeveloped and aim 3 is not well-connected to aims 1 and 2.” Aims 1 and 2 hope to 
gain an understanding of how aberrant Hcrt and VTA neural activity can alter memory consolidation during sleep. Aim 3 
constitutes a first step at bridging the circuit-level analyses of aims 1 and 2 towards the network-level, by using ofMRI 
techniques to examine brain-wide responses to hypocretin neuron stimulation. I discuss this in further detail below. 
The summary further reads “…lacks a clear description of how specific changes in VTA activity either promote or 
inhibit memory consolidation during sleep and if any such changes would be due to direct effects on limbic circuits, or 
an indirect effect of altering sleep architecture”. I address this potential caveat in the original application by using a 
range of optogenetic frequencies as well as a positive-control (sleep deprived) group to compare the magnitude of the 
observed effects from optical stimulations to those of sleep deprived animals. Additionally, through optical silencing 
experiments (which will not induce arousal), I will be able to tease apart whether temporally precise cellular activity 
(rather than simple ‘on’ = worse memory, ‘off’ = better memory) is required for normal memory consolidation. 
EEG/EMG monitoring will permit careful examination of the effects of all manipulations on sleep allowing these 
approaches to determine whether the effect is due to a specific effect on circuits downstream of the VTA, or simple 
sleep fragmentation. I discuss targeting strategies for investigating specific brain regions and their connections with the 
VTA in the context of memory below. 

Finally, the statement notes that “…[Aim 3] may be confounded by the use of isoflurane, and the anesthetized state 
will not allow informative comparison to the results obtained from Aims 1 and 2”. Indeed, this was a concern that was 
noted in the alternative outcomes section of Aim 3, “A potential problem of high frequency (10 Hz) LH-Hcrt activation is 
the potential to arouse the mouse from anesthesia…”, which would prevent reliable data from being obtained via ofMRI. 
“Therefore, we will titrate stimulation frequencies (~1-10 Hz) to promote differential BOLD responses without arousal. 
This has the potential to demonstrate brain-wide responses of a wide physiological range of firing frequencies…”. In Aim 
1, I stated that VTA-DA neurons would be stimulated at low (1 Hz) and high (25 Hz) frequencies and in aim 2 hypocretin 
neurons would be stimulated at 1 and 10 Hz to test the role low and high physiological firing rates have on memory 
consolidation (similar to Rolls et al, 2011 PNAS). The approach of titrating frequencies in aim 3 falls squarely in line with 
the optogenetic manipulations in aims 1 and 2.  

Critique 1: 
This reviewer brings up that “there are no clear predictions about how changes in VTA or Hcrt-VTA activity would lead 
to increases or decreases in sleep-dependent memory consolidation” and suggests that the given predictions were 
“…too vague”. The primary concern seems to be that if the result of Hcrt-VTA stimulation is arousal, and therefore 
impaired sleep, then the effects of this circuitry on sleep-dependent memory consolidation would be rather indirect. 
This is something that was addressed in the application through the use of multiple optogenetic stimulation protocols 
(high and low frequency stimulation) which alter the spectral components of sleep without disrupting the overall 
amount or structure (Rolls et al, 2011 PNAS), and the addition of a positive control group (manual sleep deprivation).  
The reviewer further states “While there is some evidence that VTA GABAergic neurons change their activity across 
the sleep-wake cycle, there is little evidence that this is true for DA neurons…”. Multiple papers report vigilance-state 
dependent changes in VTA-DA neuron activity (e.g., Eban-Rothschild et al, 2016 Nat Neurosci; Dahan et al, 2007 
Neuropsychopharmacology), with firing rates low during NREM sleep, and high during active waking and REM sleep 
where the neurons fire in a burst pattern consistent with dopamine release. The reviewer states ”…it is not clear what 
would be learned by measuring activity of DA neurons using calcium fluorescence during sleep…why would this be 
more informative than electrophysiological measures?”. The primary point of this measure is to gather fiber 
photometry data both during specific memory tasks and post-learning sleep. Fiber photometry allows visualization of 



individual cellular activity of hundreds of genetically-identified cells simultaneously, allowing for better understanding of 
ensemble activity, which is not possible with classic electrophysiology.  

The reviewer states that “it is not clear that any changes in VTA cells that might accompany a learning task would be 
detected with this approach…if VTA DA neuron firing is independent of vigilance state and activation of the VTA leads 
to arousal, it is not clear how DA signaling could contribute to something going on in sleep.” I provide numerous 
examples demonstrating that VTA-DA neurons show vigilance-state dependent changes in firing frequencies, and their 
function during REM sleep is currently unknown. Fiber photometry measures will allow for investigations into how these 
cells behave during and following different memory tasks, and due to simultaneous EEG/EMG recording, the GCamp6f 
signal can be synchronized to specific vigilance states. This, combined with video recordings of behavior, will allow for 
comparisons of cell activity both during learning and post-learning sleep.  

The reviewer asks “…VTA-DA neurons differ in their projections…how will the applicant know that the VTA region to 
be transfected projects to limbic/memory processing regions and not arousal circuits?” To answer this question, a Cre-
dependent retrograde tracer carrying optogenetic transgenes would need to be injected into the region of interest (e.g., 
dorsal hippocampus), allowing retrograde transgene expression only in Cre-expressing cells (TH-Cre) that directly project 
to the region of interest (from VTA). Then, quantification of the ratio of transfected neurons to the total amount of VTA-
DA neurons would allow for determination of how much (and which specific cells) of the dopaminergic VTA population 
directly projects to the target of interest. This would be a valuable follow-up experiment following Aim 1 to assess direct 
effects of VTA neural activity on different types of memory in a region-specific manner. In the application, I opted for 
indiscriminately stimulating VTA-DA neurons at different frequencies, and seeing which types of memory were affected 
in an unbiased fashion. Downstream analyses of specific regions contributing to different aspects of memory can be 
probed using the approach detailed above.  

The reviewer states that “If Hcrt neurons are generally silent during REM sleep and VTA DA neurons fire pretty much 
the same across sleep and wake, then what role could they play in VTA activity during sleep?” As referenced above, 
VTA-DA neurons do show vigilance-state dependent changes in firing rate. Aim 2 addressing the hcrt-VTA connection 
attempts to answer two questions sequentially: (1) does this circuit participate in arousal? And (2) does aberrant activity 
in this circuit impair memory consolidation during sleep? If the answers to these questions are ‘yes’, it provides evidence 
that these circuits controlling arousal are fundamentally coupled to those that modulate memory. As stated above, 
optogenetic silencing experiments will be critical for answering whether this connection is due to the arousal functions 
per se, or due to aberrant temporal activity of these cells.   

The reviewer suggests that “…it does not appear that the mentors or applicant has in depth experience in these 
[behavioral] paradigms”. I have extensive experience in NOR, passive avoidance, and the Barnes maze tasks (as well as 
many other assays not included in this application). The sponsor  (and other lab members) have extensive experience in 
conditioned place preference . Other memory tasks that will be completed will use established (published) protocols. I 
completed my PhD in a well-established behavioral neuroscience lab and have ample training in standard procedures for 
behavioral testing. 

The reviewer states “The project with Dr. Lee is not well-integrated with the overarching theme of investigating how 
VTA and Hcrt-VTA circuits contribute to sleep-dependent memory consolidation…[and] the experiments in aim 3 also 
will be conducted in anesthetized mice, so there are no direct links between this and aims 1 and 2”. I answer this 
below in response to Critique 3.  

Finally, the reviewer comments that “Dr. de Lecea has a fairly large lab. It is not clear how frequently he will meet 
personally with the applicant”. There are weekly lab meetings in the de Lecea lab in addition to weekly one-on-one 
meetings as needed. The mentoring plan in Dr. de Lecea’s lab has been carefully designed and highly effective for most 
trainees. 

Critique 2: 
I appreciate this reviewer’s enthusiasm for my application. No concerns other than “many aspects of the research plan 
are not fully developed” were noted, although the reviewer stated that “…this is not a major concern”. This criticism 
was addressed above in response to Critique 1.  
Critique 3: 



The reviewer notes that there is ”a one year gap in the sponsor’s funding to the ending date of this proposed F32 grant 
(09/2020)” Dr. de Lecea’s lab has been funded consistently without any gaps during the last two decades and has 
multiple grant applications pending (i.e., R01MH116470, R01NS104912, R01MH113529). In regards to the research 
training plan, the reviewer states that it is “overly ambitious” and “network level analysis might be a distraction to the 
PI”. This aim was specifically structured to meet the goals of the BRAIN Initiative, i.e., linking circuit and network level 
analyses. The aim allows for further hypothesis generation and examination of effective connectivity among distributed 
brain regions influenced by hypocretin neural activity, providing clues to how these neurons influence downstream 
structures involved in memory and arousal, as well as other functions. The reviewer adds further concern for lack of 
discussion of “laser light-related hemodynamic artifacts in ofMRI”. As stated in the application, I will use the ofMRI set 
up described by my co-sponsor and colleagues earlier this year (Bernal-Casas et al, 2017 Neuron). Using these 
parameters results in a time-averaged light power density of 86.6mW/mm2, which is far below the range that generates 
any artifact-derived responses (Duffy et al, 2015, NeuroImage).  The reviewer additionally notes the vasodilation 
properties of isoflurane and that this may confound the ofMRI analyses. The use of isoflurane in ofMRI experiments has 
been standard practice since the first description of the technology in 2010 (Lee et al, 2010 Nature) and, with proper 
optimization, using isoflurane in fMRI is reliable for repeated experimentation (Masamoto et al, 2007 Cerebral Cortex).  
The referee questioned the reliability of the closed-loop system for REM-specific optogenetic manipulations. As stated in 
the application, safe-guards will be put in place to ensure that the set-up specifically delivers light stimulus during REM-
sleep alone, including validation of accuracy using previously scored data and the development of machine-learning 
algorithms to reduce errors in the closed-loop configuration. A similar approach has been used by a previous member of 
the de Lecea lab to demonstrate a REM sleep modulatory circuit in the hypothalamus (Jego et al, 2013 Nat Neurosci), 
and others (Weber et al, 2015, Nature). Additionally, I discussed potentially using other optical tools (e.g., SwiChR) which 
allow for an extended stable step in hyperpolarization to be reversed with a subsequent pulse of red light (Berdnt et al, 
2014 Science). This would allow for ‘off’ and ‘on’ signals to be delivered at the start and end of each REM episode 
instead of constant laser stimulation throughout. 

Finally, the reviewer asks “…how the proposed study in Aim 3 can answer the question that the information of brain-
wide response to Hcrt neuron stimulation can be harnessed to understand relationships between arousal and 
memory”. This aim was structured to build on the behavioral findings from aims 1 and 2, by allowing examination of the 
effective connectivity among brain structures involved in memory processing and arousal upon hcrt-stimulation. 
Through the use of DCM, the relationships among distributed regions can be inferred following optogenetic stimulation 
of a genetically-defined cell type (i.e., hypocretin neurons).  

The reviewer questions the availability of Dr. Lee to meet and discuss ofMRI and DCM. In addition to my monthly 
meetings with Dr. Lee, I will be trained extensively by the 5 post-doctoral fellows in her lab on a daily basis in these 
methods, and receive training in general computational neuroscience through my courses at Stanford’s center for Mind, 
Brain and Computation. 
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