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Drug Addiction 

• Is a huge problem for 
the individual and for 
society. 

• Most addicts go 
through many cycles of 
abstinence and relapse. 

• Craving and relapse are 
driven by MEMORIES of 
drug use. 
 



What memories? 
People, Places, Things repeatedly associated with drug use 



Can Drug-Associated Memories be 
Weakened to Reduce the Craving 

Response that Precipitates Relapse? 



How can memories be manipulated?  

1. Disruption of Memory Reconsolidation 
2. Extinction Training (Exposure Therapy)  
 



What is reconsolidation? 
Process of restabilizing a memory into long-term storage after a 
reminder/destabilization event. 
 
The purpose of reconsolidation is likely to allow weakening, strengthening, 
and/or incorporation of new information into a memory based on 
experience. 
 
Reconsolidation can be interrupted during a brief period of time after 
memory reactivation with protein synthesis inhibitors, etc. to potentially 
“erase” the memory. 
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Disrupting Reconsolidation can Reduce 
Craving in Human Cocaine Addicts 

Saladin et al., 2013 



How can memories be manipulated?  

1. Disruption of Memory Reconsolidation 
2. Extinction Training (Exposure Therapy)  
 



Extinction 
Learning that a cue no longer predicts reward by repeated cue presentation 
in the absence of the drug. 
 
Formation of a new memory, not forgetting. 
 
Extinction can be inhibited or enhanced with pharmacological manipulations. 

Quirk and Mueller, 2008 



Craving can be Reduced in Human  
Cocaine Addicts with Extinction Training 

Foltin and Haney, 2000 Price et al., 2012 



Can we enhance extinction to prevent 
relapse? 

D-cycloserine (DCS) 
 
-Partial agonist at the 
glycine site of the NMDA 
receptor. 
-Increases efficiency of 
channel opening. 
-Has shown efficacy as a 
“cognitive enhancer”. 
 
 



Can DCS enhance extinction learning to 
prevent relapse? 

Torregrossa et al., 2010 
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DCS + Extinction Reduces Relapse in Rats 

Torregrossa et al., 2010 
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Clinical Efficacy of DCS? 

Price et al., 2012 



Is DCS enhancing reconsolidation? 

Lee et al., 2009 

Cocaine-Intra LA DCS Food-Systemic DCS 



Summary 

• DCS enhanced extinction training might 
be a viable treatment for addictive 
disorders. 

• Unintentional enhancement of 
reconsolidation or inhibition of 
extinction may limit the use of these 
therapies. 

 



Do extinction and reconsolidation 
processes engage different signaling 

cascades that can be selectively 
targeted for treatment? 



Extinction and Reconsolidation are Distinct 
Processes. Is there selective signaling? 
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NMDAR, Protein Synthesis, MAPK 

Selectively activated proteins? 

Common proteins regulated 
in opposite directions? 



Use of an unbiased, discovery based phospho-
proteomics approach can answer this question. 



Experimental Design- 
Initial Analysis of Amygdala and NAc 

Extinction Handled Reconsolidation 

120 cues  no cues  3 cues  

15 min 60 min 15 min 60 min 15 min 60 min 



Experiment 1-Combined Discovery and 
Targeted Proteomics 

Amygdala Tissue 

Homogenization 

Trypsin Digestion 

TiO2 Enrichment 
For Phosphopeptides 

Data- Identification of LOTS of Phosphopeptides 

~80 Phosphopeptides Chosen for MRM 

*Samples run in 3-4 biological 
replicates, technical triplicate, and 
randomized across a run. 
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Analysis of Amygdala 
Phosphoprotein 
Regulation in Response to 
Extinction vs. 
Reconsolidation     

  Number of Phosphopeptides Examples 
Differential Regulation 6 MK10, KCC2A*, CXA1* 

Same Regulation 16 BSN, FAK2, RLA1, RLA2 
Reconsolidation Only 21 CTNA1, FGF12, KPCG 

Extinction Only 3 GIT1, KCC2A*, STX1A 
No Regulation 37 AKA12, DGKB, IF3M 

  
*Two different peptides 
from the same protein   

Amygdala Analysis Summary 



Reconsolidation regulates proteins 
associated with dendritic spines 



FGFR 
FGF12? 

IntegrinR 

α/βIntegrin 
Cadherin 

  RAC1 
CaMKIIa 

JNK3 

β-catenin 

α-catenin 

F-actin 

ECM 

PAK3bp 

cortactin 

NMDAR 

 SRC 
  PAK1 

cortactin 

GFR 

 ARG 

GIT1 Spine 

Dendritic Shaft 

FAK2 
FAK2 

Microtubule 

MAPKK 

Map2 EB3 p140Cap 
Caskin 

Shank3 
Shank2 

mGluR 

Homer Stathmin 

ARGBP2 

TNIK 

Syntaxin1a Bassoon 



Experiment 2-Label Free Quantitation 
Nucleus Accumbens 

Nucleus Accumbens Tissue 

Homogenization 

Trypsin Digestion 

TiO2 Enrichment 
For Phosphopeptides 

Data- Identification of LOTS of Phosphopeptides 



pNCAM1-S784    AAFSKDESKEPIVEVR 



pGAP43-S96 KEGDGSATTDAAPATSPK 



Summary 

• Discovery based, unbiased proteomics is an 
exciting method for identifying novel proteins 
involved in a process. 

• Label free methods are particularly helpful in 
identifying PTMs involved in specific signaling 
cascades. 

• Follow up targeted proteomics on “interesting” 
peptides are a valuable addition to the workflow. 

• Once the proteomics analysis is complete, the 
hard work begins. 
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