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University of Pennsylvania, Philadelphia, PA Ph.D. 09/2008 Pharmacology 
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A.  Personal Statement 
 
B.  Positions and Honors 
Positions and Employment 
2002-2004 Masters student, Department of Pharmacology, St. John's University, Jamaica, NY  
2002-2004 Teaching assistant, Department of Pharmacology, St. John's University, Jamaica, NY 
2004-2008  Doctoral student, Department of Pharmacology, University of Pennsylvania, Philadelphia, PA, 

Laboratory of Dr. Irwin Lucki 
2008-2012 Postdoctoral Fellow, Department of Psychiatry, McLean Hospital/Harvard Medical School, 

Belmont, MA. Laboratory of Dr. Joseph T. Coyle 
2012-2014 Instructor, Department of Psychiatry, McLean Hospital/Harvard Medical School, Belmont, MA. 

Laboratory of Dr. Joseph T. Coyle  
2014-present Assistant Professor, McLean Hospital/Harvard Medical School, Belmont, MA 
 
 
Other Experience and Professional Memberships 
2005-2008 Associate member: Institute for Translational Medicine and Therapeutics 
2005-pres.  Member: Society for Neuroscience 
2011-pres.  Member: Society of Biological Psychiatry 
2016-pres.  Associate member: American College of Neuropsychopharmacology 
 
Honors 
1998-2002 Dean’s list (> 3.5 GPA) 
1998-2002 Presidential Scholarship, Hofstra University 
1999                Golden Key National Honors Society  
2001                Summer Research Fellowship, Hofstra University 
2001 Provost’s list (4.0 GPA) 
2002                Cum laude, High Honors in Biology, Hofstra University 
2002-2004       Teaching assistantship, Saint John’s University  
2008-2010 Institutional NRSA, Pharmacology Graduate Group, University of Pennsylvania 
2009                Division 28: Psychopharmacology and Substance Abuse Outstanding Dissertation Award: 



 

      American Psychological Association       
2009 Voice poster selection (Basic/Translational research): American College of 

Neuropsychopharmacology Annual Meeting, Hollywood, Florida  
2009                Invited lecture: American Psychological Association Annual Conference, Toronto, Canada 
2010 Honorable Mention Neal Alan Mysell Award (Best poster presentation for a fellow): Harvard 

Psychiatry Research Day 
2010 Selection into Cold Spring Harbor course: Workshop on Schizophrenia and Related Disorders 
2011 Acceptance into the Society of Biological Psychiatry 
2011 Selection into Cold Spring Harbor course: Advanced Techniques in Molecular Neuroscience 
2012 American College of Neuropsychopharmacology Young Investigator Memorial Travel Award 
2014 Selection into Cold Spring Harbor course: Leadership in Bioscience 
2014 Chair's Choice Travel Award (Society of Biological Psychiatry) 
2016   Associate member: American College of Neuropsychopharmacology 
 
C. Contribution to Science 
a. D-serine and glycine regulate neuronal dendritic plasticity in vivo. Schizophrenia is associated with 

deficiencies in dendritic arborization and cortico-hippocampal atrophy, with many of the strongest candidate 
risk genes interacting directly with the NMDAR receptor (NMDAR). My initial postdoctoral work utilized a 
mutant mouse that lacks the enzyme serine racemase (SR-/-), and thus exhibits NMDAR hypofunction due 
to a lack of the NMDAR co-agonist, D-serine. These publications demonstrated that SR-/- mice have similar 
dendritic abnormalities and cortical atrophy as what is observed in schizophrenia, regardless of whether SR 
was constitutive or conditionally deleted in excitatory neurons during adulthood. In contrast, dendritic spine 
density was increased on pyramidal neurons in mice with a heterozygous deletion of the glycine transporter 
1 (GlyT1 +/-), which leads to NMDAR hyperfunction. These findings demonstrate that glycine modulatory site 
agonist (D-serine and glycine) regulated-NMDAR activity is important for the fidelity of dendritic architecture 
in vivo.  
a. Devito, L.M.*, Balu, D.T.*, Kanter, B.R., Lykenn, C., Basu, A.C., Coyle, J.T., Eichenbaum, H. (2011) 

Selective deletion of serine racemase impairs memory for the order of events and alters cortical dendritic 
morphology. Genes Brain Behav 10(2): 210-22. PMC3348622 

*Co first authors   
b. Balu, D.T., Basu, A.C., Corradi, J.P., Cacace, A.M., Coyle, J.T. (2012) The NMDA receptor co-agonists, 

D-serine and glycine, regulate neuronal dendritic architecture in the somatosensory cortex. Neurobiol 
Dis. 45(2): 671-82. PMC3259183 

c. Balu, D.T., Coyle, J.T. (2012) Neuronal D-serine regulates dendritic architecture in the somatosensory 
cortex. Neurosci Lett. 517(2): 77-81. PMC3400345 
 

2. Multiple schizophrenia risk pathways converge at the NMDAR. This study found that SR-/- mice recapitulated 
many of the hippocampal deficiencies found in schizophrenia, including: reduced hippocampal volume, 
decreased dendritic spine density, altered neuroplasticity signaling pathways, and cognitive deficits 
associated with impaired hippocampal function. Chronic peripheral administration of D-serine reversed the 
electrophysiological, biochemical, and cognitive deficits observed in adult SR-/- mice. A follow-up study found 
that D-serine treatment also partially restored the dendritic spine deficits in the hippocampus of SR-/- mice. 
These findings demonstrate that neuroplasticity and behavioral deficits resulting from constitutive genetic 
ablation can be reversed with interventions that occur in adulthood and highlight the glycine modulatory site 
on the NMDAR as a potential therapeutic target for schizophrenia. 
a. Balu, D.T., Li Y., Puhl, M.D., Benneyworth MA, Basu, A.C., Takagi, S., Bolshakov V.Y., Coyle, J.T. (2013) 

Multiple risk pathways for schizophrenia converge in a mouse model of NMDA receptor hypofunction. 
Proc Natl Acad Sci U S A 110 (26): E2400-E2409. PMC3696825 

  *PNAS Plus, In This Issue 
b. Balu D.T., Coyle, J.T. (2014) Chronic D-serine reverses Arc expression and partially rescues dendritic 

abnormalities in a mouse model of NMDA receptor hypofunction. Neurochem Int. 75: 76-78. 
PMC4122302 

c. Balu, D.T., Li Y., Takagi, S., Presti KT, Ramikie TS, Rook JM, Jones CK, Lindsey CW, Conn JP, 
Bolshakov V.Y., Coyle, J.T. (2016) An mGlu5 Positive Allosteric Modulator Rescues the Neuroplasticity 
Deficits in a Genetic Model of NMDA Receptor Hypofunction Relevant to Schizophrenia. 



 

Neuropsychopharmacology. 41(8): 2052-61. PMC4908650 
* F1000 Prime: Pharmacology & Drug Discovery (3 recommendations) 
 

3.  D-serine and serine racemase are localized to neurons in the adult brain under physiological conditions but 
are expressed in reactive astrocytes under pathological conditions. SR and D-serine were originally believed 
to be located in astrocytes. Using an immunohistochemical protocol that I developed, I determined that nearly 
all of the D-serine in cortex and hippocampus was found in neurons with virtually no D-serine present in 
astrocytes. Greater than half of the D-serine positive neurons were GABAergic interneurons, with only a 
subset expressing SR. Finally, this study demonstrated for the first time in human post mortem cortex that 
SR is found in both excitatory and inhibitory neurons, but not in astrocytes. In sum, these findings conclusively 
demonstrated that the majority of D-serine is synthesized and stored in neurons in the mammalian brain 
under normal conditions. However, we found that SR and D-serine could be enriched in reactive astrocytes 
in vivo following traumatic brain injury, as well as in Alzheimer’s disease in both human post-mortem tissue 
and a transgenic AD rat model.  
a. Balu D.T., Takagi, S., Puhl, M.D., Benneyworth, M.A., Coyle J.T. (2014) D-serine and serine racemase 

are localized to neurons in the adult mouse and human forebrain. Cell Mol Neurobiol 34(3): 419-35. 
PMC4505359 

b. Wolosker, HW, Balu, D.T., Coyle. J.T. (2016) The rise and fall of the D-serine-mediated gliotransmission 
hypothesis. Trends Neurosci. 39(11): 712-721. PMC5113294 

c. Perez, E.J., Tapanes, S.A., Loris Z.B., Balu, D.T., Sick, T.J., Coyle. J.T., Liebl, D.J. (2017) Enhanced 
astrocytic D-serine underlies synaptic damage after traumatic brain injury. J Clin Invest. 127(8):3114-
3125. PMC5531405 

d. Balu D.T., Pantazopoulos H, Huang CCY, Muszynski K, Harvey TL, Uno Y, Rorabaugh JM, Galloway 
CR, Botz-Zapp C, Berretta S, Weinshenker D, Coyle J.T. (2019) Neurotoxic astrocytes express the d-
serine synthesizing enzyme, serine racemase, in Alzheimer's disease. Neurobiol Dis. 130, 104511 Oct. 
PMC6689433 (available on 2020-10-01). 

 
4. Learning induces serine racemase and D-serine in the amygdala. The amygdala is a central component of 

the neural circuitry that underlies fear learning. NMDAR-dependent plasticity in the amygdala is required for 
Pavlovian threat conditioning and extinction. However, little is known about SR and D-serine function in the 
amygdala. We found that the acquisition and extinction of fear memory engages the SR/D-serine system in 
the mouse amygdala and that D-serine administration facilitates fear extinction. We also demonstrated that 
the SRR single nucleotide polymorphism, rs4523957, was associated with post-traumatic stress disorder in 
humans, consistent with the faciliatory effect of D-serine on fear extinction. These new findings have 
important implications for understanding D-serine-mediated NMDAR plasticity in the amygdala and how this 
system could contribute to disorders with maladaptive fear circuitry. 
a. Balu DT, Presti KT, Huang CCY, Muszynski K, Radzishevsky I, Wolosker H, Guffanti G, Ressler KJ, 

Coyle JT. (2018) Serine Racemase and D-serine in the Amygdala Are Dynamically Involved in Fear 
Learning. Biol Psychiatry 83(3):273-283. PMC5806199 

b. Wolosker H. and Balu, D.T. (2020) D-serine as the Gatekeeper of NMDA Receptor Activity: 
Implications for the Pharmacologic Management of Anxiety Disorders. Transl Psychiatry Jun 9;10(1) 
184 
 

5. Dysbindin regulates neuroplasticity in the amygdala. Dystrobrevin-binding protein 1 (DTNBP1), also known 
as dysbindin-1, has been implicated in the pathophysiology of schizophrenia. Specifically, dysbindin-1 mRNA 
and protein expression are decreased in the brains of subjects with this disorder. Mice lacking dysbinidn-1 
also display behavioral phenotypes similar to those observed in schizophrenic patients. However, it remains 
unknown whether deletion of dysbindin-1 impacts functions of the amygdala, a brain region that is critical for 
emotional processing that is disrupted in patients with schizophrenia. We have shown that dysbindin-1 is 
expressed in both excitatory and inhibitory neurons of the basolateral amygdala (BLA). Deletion of dysbindin-
1 in male mice (Dys-/-) impaired cued and context-dependent threat memory. The behavioral deficits 
observed in Dys-/- mice were associated with perturbations in the BLA, including the enhancement of 
GABAergic inhibition of pyramidal neurons along with increased numbers of parvalbumin interneurons, and 
morphological abnormalities of dendritic spines on pyramidal neurons. Our findings highlight an important 



 

role for dysbindin-1 in regulating amygdalar function and indicate that enhanced inhibition of BLA pyramidal 
neurons activity may contribute to the weakened threat memory expression observed in Dys-/- mice. 
a. Huang CCY, Muszynski KM, Bolshakov VY, Balu DT. Deletion of Dtnbp1 in mice impairs threat memory 

consolidation and is associated with enhanced inhibitory drive in the amygdala. (2019) Transl Psychiatry 
2019 Apr 9;9(1):132. PMC6456574 

 
Complete List of Published Work in MyBibliography:   
https://www.ncbi.nlm.nih.gov/myncbi/darrick.balu.1/bibliography/public/ 
 
D.  Research Support 
Ongoing Research Support 
R01NS098740 (Liebl)                        02/01/2017 – 12/31/2021           
NINDS                                                          
Stabilizing the tripartite synaptic complex following TBI 
The goal of this grant is to examine the role of D-serine in regulating the tripartite synapse after traumatic brain 
injury. 
 
2018-05-107 (Balu)        06/01/2018 – 05/31/2021 
Whitehall Foundation, Inc.  
D-serine Synthesis and Storage Regulates NMDA Receptors in Learning 
The major goals of this grant are to elucidate the precise subcellular localization of serine racemase and D-
serine in the brain, as well as to understand how SR neurons participate in the acquisition and extinction of 
fear memories.  
 
A2019034S (Balu)         07/01/2019 – 6/30/2022        
BrightFocus Foundation                    
Glial D-serine in the Amygdala and Alzheimer's Disease  
The major goals of this grant are to determine how serine racemase expression in reactive astrocytes of the 
amygdala contribute to the pathophysiology of AD. 
 
1R03AG063201-01 (Balu)                   09/15/2019 – 05/31/2021   
NIH/NIA         
Defining the Role of Glial D-serine in Alzheimer's Disease 
This grant aims to understand how serine racemase expression is induced in reactive astrocytes and microglia 
of the hippocampus and entorhinal cortex in Alzheimer’s disease.  
 
2019021 (Balu)          10/1/2020 – 9/30/2024 
US-Israel Binational Science Foundation   
Determining how glial reactivity perturbs D-serine homeostasis, synaptic plasticity, and memory 
The major goals of this project are to understand how inflammation changes D-serine metabolism in vitro and 
in vivo, and consequently affects synaptic transmission and cognition. 
 
Completed Research Support 
4R00MH099252-03 (Balu)      08/01/2015 – 04/30/2018   
NIMH        
NMDA receptor hypofunction contributes to the dendritic dysplasia in schizophrenia. 
The major goals of this grant are to: 1) determine whether microRNA changes are responsible for the 
hippocampal dendritic changes in a genetic model of NMDA receptor hypofunction and 2) whether dysbindin 
deficient mice show similar neurochemical abnormalities as serine racemase knockout mice. 
 
 
 
 


