	BIOGRAPHICAL SKETCH

	NAME
David J. Clark
	POSITION TITLE

Professor of Anesthesiology

	eRA COMMONS USER NAME (credential, e.g., agency login)
clark.david
	

	EDUCATION/TRAINING  

	INSTITUTION AND LOCATION
	DEGREE
(if applicable)
	MM/YY
	FIELD OF STUDY

	Carleton College, Northfield, MN
	B.A.
	06/85
	Chemistry

	Vanderbilt University, Nashville, TN
	Ph.D.
	06/91
	Pharmacology

	Vanderbilt University, Nashville, TN
	M.D.
	06/92
	Medicine

	Vanderbilt University, Nashville, TN
	
	07/93
	Medicine Internship

	University of Washington, Seattle, WA
	Board Certification
	07/96
	Anesthesiology Residency

	University of Washington, Seattle, WA
	Board Certification
	07/98
	Pain Management Clinical and Research Fellowship



A. Personal Statement
Ultimately my interests and motivations towards understanding pain and maladaptations to opioids stem from ongoing clinical experience.  I am a founder and former Director of the Palo Alto VA Pain Clinic and currently work clinically with our institution’s Transitional Pain Service. These experiences have brought me into contact with pain and its consequences in many settings.  Commonly encountered pain consultations include patients with very difficult to manage postoperative pain, patients with chronic pain after surgical procedures, patients with chronic pain syndromes related to war injuries and pain occurring in association with traumatic brain injury. I have worked extensively on issues related to chronic opioid consumption, lectured internationally on the topic and participated in a National Academies effort to define and address the causes of America’s Opioid Epidemic.
My laboratory has been dedicated for more than a decade to identifying mechanisms supporting chronic pain as well as maladaptations to opioids. We have developed and employed various animal model systems, conducted human volunteer studies and are currently involved in clinical trials. The group’s most recent work is focused on damage to endogenous pain control circuits caused by traumatic brain injury (TBI), and the contributions of the adaptive system of immunity to chronic pain. The laboratory has an active training program and academic and well as industrial collaborations.

B. Positions and Honors
Positions and Employment
1996-1998 	Acting Instructor in Anesthesia, University of Washington, Seattle, WA
1998-2004 	Assistant Professor of Anesthesia, Stanford University, CA, Stanford, CA 
1998-2020 	Director, Pain Management Service, VA Palo Alto Health Care System, Palo Alto, CA
2003-2020			Co-Chair, VAPAHCS Pain Management Committee, Palo Alto, CA
2004-2008	Associate Professor of Anesthesia, Stanford University, Stanford, CA
2008-2011		Associate Chief of Staff for Research, VAPAHCS, Palo Alto, CA
2008-		Professor of Anesthesia, Stanford University, Stanford, CA
2012-2022	Vice-Chair for Research, Stanford Department of Anesthesia, Stanford, CA
2022-		Vice-Chair for Academic Affairs, Stanford Department of Anesthesia, Stanford, CA
2015-		T-32 Research in Anesthesia Program (REAP) Program Director 

Other Experience, Honors and Professional Memberships
1993-		Member, American Society of Anesthesiologists
1993-		Member, International Anesthesia Research Society
1995-		Member, International Association for the Study of Pain
1998-		Member, American Pain Society
2005-2009	Member, NIH Surgery, Anesthesia and Trauma Scientific Review Group
2005-2010	Associate Editor of Anesthesiology
2008-2009	Co-Chair, American Pain Society Genetics Special Interest Group
2009-2011	American Pain Society Educational Committee
2017-2019	Member, Interagency Pain Research Coordinating Committee (IPRCC)
2014-2022	Member, Board of Directors, Palo Alto Institute for Research and Education (PAVIR)
2013-2022	Handling Editor, Anesthesiology
2013-2021		Chair, Palo Alto VA Research and Development Committee


C. Contribution to Science
A complete bibliography can be found at the following URL:
http://www.ncbi.nlm.nih.gov/sites/myncbi/david.clark.3/bibliography/46067182/public/?sort=date&direction=descending
Maladaptive responses to chronic opioid administration – Our research group and closely affiliated collaborators have provided key insights into the mechanisms governing tolerance, dependence and other changes related to the ongoing use of opioids. We have used mouse, rat and highly unique human models. We have studied central and peripheral mechanisms involving inflammatory mediators, neuropeptide signaling, neurotrophin production, genetics and epigenetics. Human studies have used volunteers in which to study acute tolerance and hyperalgesia. More recently we have prospectively followed the development of tolerance, opioid-induced hyperalgesia and physical dependence in chronic pain patients receiving opioids. We are using these models to assess the clinical utility of maladaptation prevention strategies suggested by our laboratory rodent work.
Selected references
a.	Angst, M.S., et al., No evidence for the development of acute tolerance to analgesic, respiratory depressant and sedative opioid effects in humans. Pain, 2009. 142(1-2): p. 17-26.
b.	Chu, L.F., et al., Modulation of remifentanil-induced postinfusion hyperalgesia by the beta-blocker propranolol in humans. Pain, 2012. 153(5): p. 974-81.
c.	 	Liang, D., et al., Chronic morphine administration enhances nociceptive sensitivity and local cytokine production after incision. Mol Pain, 2008. 4: p. 7.
d.	Liang, D.Y., et al., The Netrin-1 receptor DCC is a regulator of maladaptive responses to chronic morphine administration. BMC Genomics, 2014. 15: p. 345.
e. 	Mudumbai, S., et al., Time-to-Cessation of Postoperative Opioids: A Population-Level Analysis of the Veterans Affairs Healthcare System. Pain Medicine. (In Press).

Chronic pain after injuries – My research program has combined laboratory and clinical research as well as an international group of collaborators to understand mechanisms supporting chronic pain after limb trauma. Our group has developed models of limb injury involving fracture and immobilization in mice and rats. Recently we have developed models of chronic pain related to traumatic brain injury (TBI) in mice and rats as well. We have begun to discover some of the mechanisms involved in chronic TBI pain. Using these models we have completed extensive studies on neuropeptide and adrenergic control of mediators in skin, deep tissue and bone after injury. We have followed nociceptive, vascular, cognitive and emotional endpoints in rodent subjects. Biochemical, cytoarchitectural and electrophysiological studies of brain tissue have been completed. These studies have more recently involved a focus on innate and adaptive immune mechanisms. Human studies have examined tissues from patients suffering from chronic limb pain. In addition, we have developed a highly innovative method of following limb pain in humans after surgical injury, and combined tissue analysis with quantitative sensory testing in these subjects facilitating translation of our laboratory work. 
Selected references
a.	Birklein, F., et al., Activation of cutaneous immune responses in complex regional pain syndrome. J Pain, 2014. 15(5): p. 485-95.
b.	Feliciano, D.P., et al., Nociceptive sensitization and BDNF up-regulation in a rat model of traumatic brain injury. Neurosci Lett, 2014. 583: p. 55-9.
c.		Li, W.W., et al., Autoimmunity contributes to nociceptive sensitization in a mouse model of complex regional pain syndrome. Pain, 2014. 155(11): p. 2377-89.
d.	Tajerian, M., et al., Brain neuroplastic changes accompany anxiety and memory deficits in a model of complex regional pain syndrome. Anesthesiology, 2014. 121(4): p. 852-65.
e. 	Wei, T., et al., Acute versus chronic phase mechanisms in a rat model of CRPS. J. Neuroinflammation. (In Press).

Acute pain after injuries – My research program has used both laboratory models and human subjects to study acute pain mechanisms. Rodent studies have used models of acute pain including incision, chemical irritants and modality-specific stimuli such as thermal, mechanical and pressure to elucidate pain mechanisms. We have extensive experience examining the liberation of mediators in skin and deep tissues with primary afferent nociceptors as well as the activation of neurons and glia within the spinal cord. Behavioral, pharmacological, molecular and genetic tools have been employed in this work. Systems studied in detail by the laboratory include monoxide (NO/CO), neuropeptide, complement and cytokine signaling pathways. Our group has collaborated extensively with industry and other field leaders in this work, particularly on projects related to pain after soft tissue injury and surgery. There we have placed a very significant amount of effort on the control of production components of the innate system of immunity and blockade of their associated receptors. In human volunteers we have used freeze, UV burn and chemical sensitization models to study pain pathways, the role of neuropeptides and the production of cytokine mediators. Our current work is directed at understanding how innate immunity can be modulated after injury to reduce pain while preserving infection resistance and tissue healing functions.
Selected references
a.	Sahbaie, P., et al., Roles of Gr-1+ leukocytes in postincisional nociceptive sensitization and inflammation. Anesthesiology, 2012. 117(3): p. 602-12.
b.	Shi, X., et al., Keratinocytes express cytokines and nerve growth factor in response to neuropeptide activation of the ERK1/2 and JNK MAPK transcription pathways. Regul Pept, 2013. 186: p. 92-103.
c.		Sun, Y., et al., Opioids enhance CXCL1 expression and function after incision in mice. J Pain, 2014. 15(8): p. 856-66.
d.	Tajerian, M. and J.D. Clark, The role of the extracellular matrix in chronic pain following injury. Pain, 2015. 156(3): p. 366-70.

Genetic and epigenetic control of pain and analgesia – The laboratory and associated collaborators have for more than 10 years studied genetic and epigenetic contributions to pain and analgesic responses. Much of this work has been completed in mice using inbred strains and haplotypic genetic mapping. Using this approach we have discovered several genes contributing to opioid tolerance and dependence as well as pain signaling. We have used expression genetics to identify genes contributing to spinal mechanisms of pain sensitization. Importantly, we completed a human twin study involving the study of the effects of alfentanil infusion in 250 mono- and dizygotic twins thus establishing the genetic and environmental components of acute opioid responses, side effects and addiction-related responses such as drug liking.
Selected references
a.	Angst, M.S., et al., Aversive and reinforcing opioid effects: a pharmacogenomic twin study. Anesthesiology, 2012. 117(1): p. 22-37.
b.	Liang, D.Y., X. Li, and J.D. Clark, Epigenetic regulation of opioid-induced hyperalgesia, dependence, and tolerance in mice. J Pain, 2013. 14(1): p. 36-47.
c.		Liang, D.Y., et al., Epigenetic regulation of spinal cord gene expression controls opioid-induced hyperalgesia. Mol Pain, 2014. 10: p. 59.
d.	Sun, Y., et al., Epigenetic regulation of spinal CXCR2 signaling in incisional hypersensitivity in mice. Anesthesiology, 2013. 119(5): p. 1198-208.


D. Research Support

Ongoing 
MR130295			         	         					Clark										10/1/14-9/30/17
DoD/CDMRP				        
Targeting Epigenetic Mechanisms in Pain due to Trauma and TBI
Goals: This set of studies focuses on chemokine signaling as a set of mechanisms related to sustained pain after traumatic brain injury.

R01 NS072143                                                    Clark, Kingery 	8/1/11-7/31/16           
NIH/NINDS                                                      
Inflammasome Activation in Complex Regional Pain Syndrome
Goals: This study uses mice and cell culture systems to examine the roles for inflammasomes in generating cytokines relevant to CRPS.  There is no scientific or budgetary overlap between this and the project proposed.

2I01BX000881	                                  				Clark										4/1/16-3/31/20
VA-BLR&D                                                     
Epigenetic Modulation of Pain X Opioid Interactions
Goals: This group of studies examines the role of epigenetic factors in controlling adaptations during opioid administration such as tolerance, dependence, and addiction-related changes. This study uses mice as the primary model system. There is no scientific or budgetary overlap with the current application.

I01RX001475	         								Clark										8/1/15-7/31/19 	
VA-RR&D	
Autoimmune Mechanisms Supporting Chronic Pain after Limb Injury 
Goals: This project seeks to: 1) demonstrate that components of serum can exacerbate pain and vascular changes after hind limb injury to mice 2) that IVIG and rituximab can reverse CRPS-like symptoms in fracture mice, 3) characterize the comparative  time courses of adaptive and innate immune activation in relation to post-fracture CRPS-like symptoms in the mouse, 4) examine the effects of immobilization, early post-fracture remobilization, and exercise on these immune responses, and 5) characterize how immune system activation leads to the production of additional mediators such as cytokines and mast cell infiltration.

I01 RX001776-01									Clark										4/1/16-3/31/20
VA-RR&D
Pain after Trauma and TBI: Epigenetic Mechanisms
Goals: The goals of this project are to: 1) Define how alterations in descending inhibition contribute to nociceptive sensitization after TBI, 2) Define the role of loss of spinal noradrenalin after TBI in permitting excessive up-regulation of sensitization after TBI, and 3) Define the role of spinal BDNF in supporting nociceptive sensitization after TBI.														                

Completed 

5R21DA036333-02									Clark									6/7/13-8/31/15
NIH/NIDA
The In Silico Genetic Analysis of Opioid Adaptations
Goal: The goal of this study is to develop techniques for applying whole genome genetic mapping in mice to traits related to opioid analgesia and abuse.															                

I01 BX000881											Clark									10/1/10-9/30/14
VA Merit Review
Genetics and Gene X Environment Interactions during Opioid Administration
Goal: This study uses a classical twin paradigm to determine the genetic component of pain sensitivity and opioid sensitivity in humans.

R01 DA021332 										Clark									8/1/07-6/31/13 
NIH/NIDA		
Genetic Determinants of Opioid-Induced Hyperalgesia
Goal: This project seeks to identify and confirm using genetic methods gene variants contributing to opioid efficacy, tolerance, dependence, and hyperalgesia.

R01 GM079126  										Clark									8/1/08-4/30/13 
NIH/NIGMS
Complement System Modulation of Nociception and Inflammation after Incision
Goal: This project examines the role of complement fragments in supporting nociception after incision.
