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Abstract 

According to the CABT Hypothesis, elevated GluN2B/GluN2A ratio in the dendritic 

branches that encode a memory should promote extinction of the memory. Brain-derived 

neurotrophic factor (BDNF) has been shown to increase localization of GluN2B-containing 

NMDARs to the dendritic membrane, which may explain why BDNF promotes extinction. 

Calcineurin has also been demonstrated to activate the transcription factor, nuclear factor 

of activated T-cells (NFAT), thereby enhancing extinction. BDNF is a key target of NFAT. 

Posttraumatic stress disorder (PTSD) is characterized by the inability to forget or 

extinguish traumatic events. As expected, lower BDNF level is prone to develop PTSD. 

Glucocorticoid, which can be enhanced by stress, is known to facilitate PTSD. In support 

of this hypothesis, glucocorticoid has been shown to suppress the BDNF level. On the 

other hand, PTSD can also arise from strengthening of traumatic memory. NF-κB plays a 

key role in memory strengthening. Therefore, the pathways leading to activation of NF-κB 

should exacerbate PTSD, as observed for the metabotropic glutamate receptor subtype 5 

(mGluR5) and α1-adrenergic receptor. 

  

Introduction 

The previous paper proposes that memory extinction could result from the inhibition of 

NMDA receptors (NMDARs) by the CABT complex which consists of a CRMP2 monomer 

and a tubulin heterodimer. Since CABT binds only to the GluN2B subunit, not GluN2A, it 

may inhibit only the GluN2B-containing NMDARs. Therefore, the macroscopic memory 

extinction should depend on the GluN2B/GluN2A ratio in the dendritic branches that 

encode the memory. A high GluN2B/GluN2A ratio is prone to develop memory extinction. 

As shown below, this could be the underlying mechanism for infantile amnesia and 

posttraumatic stress disorder. 

http://www.geon.us/Memory/CRMP2.htm
http://www.geon.us/Papers/P19/


The Mechanism of Infantile Amnesia 

It is virtually impossible for an adult to recall early childhood memories - the events that 

occurred earlier than 5 years old. This phenomenon is known as infantile amnesia 

(Travaglia et al., 2016), which may arise from the GluN2B-GluN2A switch during 

development. 

Storage of Episodic Memory in Dentate Gyrus 

In the dentate gyrus (DG) of the hippocampus, the same population of DG granule cells is 

activated repeatedly in the same environment, but different environments or different 

tasks activate different populations of DG granule cells (Liu et al., 2012), suggesting that 

an episodic memory is stored in a particular set of DG neurons. However, this does not 

mean that DG is the sole area to store episodic memories. Other areas are also involved 

(Herry and Johansen, 2014). Nonetheless, DG may play a unique role in the index and 

binding of memory information distributed over the brain. This notion is supported by the 

demonstration that activation of a set of DG neurons is sufficient to retrieve a particular 

fear memory (Liu et al., 2012). 

The granule cells in DG are continuously generated throughout life. The newborn 

population is active only for a short period of time (Aimone et al., 2006). During the active 

period, the population may engage in memory acquisition and then become silent, that is, 

they do not respond to environmental stimuli and no longer participate in memory 

acquisition (Alme et al., 2010). Therefore, the DG granule cells that store childhood 

memories are different from those storing adult memories. 

GluN2B-GluN2A Switch During Development 

https://www.ncbi.nlm.nih.gov/pubmed/27428652
https://www.ncbi.nlm.nih.gov/pubmed/22441246
https://www.ncbi.nlm.nih.gov/pubmed/25413091
https://www.ncbi.nlm.nih.gov/pubmed/22441246
https://www.ncbi.nlm.nih.gov/pubmed/16732202
https://www.ncbi.nlm.nih.gov/pubmed/20872737


 

Figure 20-1. In early childhood, dentate granule cells are dominated by 

GluN2B-containing NMDARs, which could be inhibited by the CABT 

complex, resulting in the extinction (silent) state.  

An NMDA receptor (NMDAR) consists of two GluN1 subunits and two additional 

subunits which are predominately either GluN2A or GluN2B. It has been well 

documented that the GluN2B/GluN2A ratio varies with the age of animals (including 

humans). In the hippocampus, the newborn animal expresses mostly GluN2B, with little 

GluN2A. As the animal grows older, GluN2B decreases while GluN2A increases (Dong 

et al., 2006). 

The CABT complex bind to GluN2B, not GluN2A. Therefore, CABT can inhibit only the 

GluN2B-containing NMDARs, resulting in the "extinction state" (see this article). The 

GluN2A-containing NMDARs will not be extinguished. Hence, the degree of memory 

extinction should depend on the GluN2B/GluN2A ratio. Weakly extinguished memory 

(with low GluN2B/GluN2A ratio) can easily be retrieved by reminding cues, but severely 

extinguished neurons may not respond to any cue at all. Since the childhood DG 

neurons are dominated by GluN2B-containing NMDARs, they could be severely 

extinguished by the CABT binding. 

https://www.ncbi.nlm.nih.gov/pubmed/16899064
https://www.ncbi.nlm.nih.gov/pubmed/16899064
http://www.geon.us/Memory/CRMP2.htm


The Role of BDNF in Extinction 

Brain-derived neurotrophic factor (BDNF) infused into the infralimbic cortex is capable 

of inducing fear extinction (Peters et al., 2010). Infusion of BDNF into the dorsal medial 

prefrontal cortex (mPFC) attenuates reinstatement to cocaine-seeking behavior 

(Berglind et al., 2009), suggesting that the memory of cocaine-induced pleasure could 

be suppressed by BDNF. Furthermore, hippocampal-specific deletion of the BDNF 

gene significantly reduced extinction of conditioned fear (Heldt et al., 2007). Therefore, 

BDNF in both mPFC and hippocampus has the capacity to cause memory extinction. Its 

underlying mechanism could be quite simple. 

In the cytoplasmic domain of the GluN2B subunit, there are three tyrosine residues 

(abbreviated as Y) which can be phosphorylated by Fyn or Src kinase. Phosphorylation 

of Y1472 prevents GluN2B-containing NMDARs from being internalized (Chen and 

Roche, 2007), consequently increasing their localization to the membrane. The 

membrane-bound GluN2B-containing NMDARs are subject to CABT inhibition, leading 

to memory extinction. BDNF has been shown to promote Y1472 phosphorylation (Xu et 

al., 2006), possibly via the BDNF/TrkB/Akt/Girdin/Src pathway (Nakai et al., 2014). This 

notion is supported by the finding that the Src family kinases are involved in the 

BDNF-mediated suppression of cocaine-seeking (Barry and McGinty, 2017). 

Tet1 also plays an important role in memory extinction (Rudenko et al., 2013), but its 

actions could be mediated by BDNF. Tet1 is an enzyme that promotes DNA 

demethylation which is commonly used to regulate gene expression. Tet1 has been 

demonstrated to regulate the expression of the BDNF gene (Hsieh et al., 2016; Keifer, 

2017). 

This mechanism is further supported by the following two reports: 

 Valproic acid, a histone deacetylase inhibitor, promotes the expression of BDNF 

(Bredy et al., 2007). 

 Vorinostat, another histone deacetylase inhibitor, facilitates fear extinction by 

enhancing the expression of the hippocampal GluN2B (NR2B) gene (Fujita et al., 

2012). 

Reconsolidation or Extinction 

Retrieval of a consolidated memory can cause the memory to become labile and lead to 

either reconsolidation (strengthening) or extinction. A brief reexposure to the reminding 

https://www.ncbi.nlm.nih.gov/pubmed/20522777
https://www.ncbi.nlm.nih.gov/pubmed/19321768
https://www.ncbi.nlm.nih.gov/pubmed/17264839/
https://www.ncbi.nlm.nih.gov/pubmed/17644144
https://www.ncbi.nlm.nih.gov/pubmed/17644144
https://www.ncbi.nlm.nih.gov/pubmed/17045972
https://www.ncbi.nlm.nih.gov/pubmed/17045972
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https://www.ncbi.nlm.nih.gov/pubmed/28585567
https://www.ncbi.nlm.nih.gov/pubmed/24050401
https://www.ncbi.nlm.nih.gov/pubmed/27857218
https://www.ncbi.nlm.nih.gov/pubmed/28208656
https://www.ncbi.nlm.nih.gov/pubmed/28208656
https://www.ncbi.nlm.nih.gov/pubmed/17522015
https://www.ncbi.nlm.nih.gov/pubmed/22364833
https://www.ncbi.nlm.nih.gov/pubmed/22364833


cues tends to induce reconsolidation whereas a prolonged reexposure triggers memory 

extinction (de la Fuente et al., 2011). It has been demonstrated that memory extinction 

requires calcineurin (CaN) to activate the transcription factor, nuclear factor of activated 

T-cells (NFAT). BDNF is a key target of NFAT (Groth and Mermelstein, 2003; Groth et 

al., 2007; Vashishta et al., 2009). In contrast, reconsolidation requires the transcription 

factor, NF-κB, which targets many genes involved in spinogenesis and synaptic 

strengthening (de la Fuente et al., 2015; Engelmann and Haenold, 2016). 

Recalling that brief tetanic stimulation induces long-term potentiation (LTP) whereas 

prolonged low frequency stimulation induces long-term depression (LTD) (Paper 17). 

This is because the anchoring of CaN to GluN2B-NMDARs which have slower kinetics 

than GluN2A-NMDARs. The same property also explains why prolonged reexposure 

triggers CaN signaling. The CaN activity depends on Ca2+. Therefore, the Ca2+ influx 

through GluN2B-NMDARs should favor extinction. Several pathways may activate 

NF-κB to promote reconsolidation, such as the metabotropic glutamate receptor 

subtype 5 (mGluR5) (O'Riordan et al., 2006) and α1-adrenergic receptor (Perez et al., 

2009). 

The Mechanism of Posttraumatic Stress Disorder 

Posttraumatic stress disorder (PTSD) is characterized by the inability to forget or 

extinguish traumatic events. It has been demonstrated to associate with several 

proteins, including BDNF, glucocorticoid, mGluR5 and α1-adrenergic receptor. As 

expected, lower BDNF level is prone to develop PTSD (Angelucci et al., 2014; Su et al., 

2015; Stratta et al., 2016). Activation of glucocorticoid receptors has been shown to 

suppress BDNF expression (Suri and Vaidya, 2013; Wosiski-Kuhn et al., 2014). This 

may account for the link between PTSD and enhanced glucocorticoid receptor 

responsiveness (Yehuda et al., 2009). In PTSD, mGluR5 is upregulated (Holmes et al., 

2017), which could over-activate NF-κB (O'Riordan et al., 2006) to strengthen the 

traumatic memory. α1-adrenergic receptor is also implicated in PTSD, possibly via its 

capacity to activate NF-κB (Perez et al., 2009). Its antagonist, Prazosin, has been used 

for the treatment of PTSD (De Berardis et al., 2015). 
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Figure 20-2. The proposed signaling cascades leading to PTSD.
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