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Abstract 

As depression has become one of the most deadly diseases in the world, different 
hypotheses are posted to solve this problem. The work below provide a new hypothesis 
that the potentiation of newborn neurons in the hippocampus might be a way to 
decrease the level of depression. In this work, NMDA receptors are knocked out in new-
born neurons or CA3 neurons connected to them through different kinds of gene 
recombination. Since the whole thing is just a possible hypothesis, its feasibility depends 
on the results of real experiments done afterwards. 
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1. Introduction 

Depression, which is one of the most common psychiatric disorders, has several factors to be 

discussed as its mechanism. The neurogenesis hypothesis of depression is formed based on both the 

structural changes in the hippocampus and most of antidepressant treatments are stimulation of the 

proliferation of adult hippocampal neurogenesis.[1] 

Although alterations in endophenotypes and neurogenesis are not always causally linked, several 

researches suggest that the activity of hippocampal new neurons is essential for antidepressant effects. 

For example, Tunc-Ozcan et al.[2] conclude from there experiments that while maintaining the number 

of new neurons, suppressing their excitability can reduce the effect of fluoxetine, and activating them 

is sufficient to alleviate depression-like behavior and reverse the adverse effects of unpredictable 

chronic mild stress. Since the hippocampus plays a critical role in the formation, organization, and 

storage of new memories through mechanisms such as LTP, we assume that the function or activity 

of learning and memorizing of these newborn neurons in the hippocampus can somehow affect the 

process of anti-depression.  

Since potentiations are transferred through synapses, we assume that both former synapses between 

the entorhinal cortex neurons and DG neurons and the latter synapses between CA3 neurons and DG 

neurons are worth studying. The NMDA receptor is a kind of receptor on the membrane of neurons 

that is both a glutamate-gated channel and a voltage-dependent one. With suitable stimulation, the 

NMDA receptor opens, lets calcium into the postsynaptic neuron, and finally triggers LTP.[3] Because 

of this, knocking out the NMDA receptor in neurons to block their potentiation seems worth a try. 

Considering what stated about the two synapses before, and the interesting phenomenon observed in 

researches from Denny et al.[4] about silencing CA3 neurons, we decide that our first part of the whole 

experiment is to knock out the NMDA receptor in adult-born neurons, and the second is to knock it 

out in CA3 neurons that are connected to new neurons.  
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2. Experimental Approach 

2.1 Knocking Out the NMDA Receptor in Adult Born Neurons(ABNs) 

To accomplish genetic recombination successfully, this work uses genetically engineered mice, which 

are equipped with all the genes which are edited as wish, in the following statements. 

The Nestin protein is a protein found in neural stem cells (NSCs)[5] or described as immature neurons, 

which indicates that it is a good promoter leading to gene expression in ABNs. To knock out NMDAR 

gene in ABNs, the work uses the Nestin-FLP[6] construct as a recombinant gene, which only makes 

FLP in ABNs, for the Nestin gene is only expressed in immature neurons. The other recombinant 

DNA construct is a modification of the NMDAR gene that places FRT sites on opposite sides of the 

NMDAR gene. In the meantime, GFP is put on the 3’ side of NMDAR and the second FRT site. In 

this way, when FLP combines out the NMDAR gene, the GFP gene is placed next to the promoter. 

To conclude, when introduced Tamoxifen(TAM), which is the inducer of this reaction, ABNs lose 

the NMDAR and express GFP instead, in which way these neurons in the hippocampus under a 

fluorescent microscope can be observed. (Fig.1) 

In the meanwhile, two control groups are set. One is the same type of animals treated with the same 

techniques as above, but because they are not introducing TAM while their NMDAR genes are not 

knocked out. The other group is wild type animals with the same surgery since there may be adverse 

effects of surgeries and gene editing on mice.  

After that, to test whether their depression levels will rise, three behavioral tests are employed, 

including one learning test (Contextual fear memory consolidation test) and two depression tests (Tail 

suspension test and Forced swim test). The learning test is to confirm the level of potentiation, while 

the two tests for depression are the purpose of the whole experiment.  

 

 

Figure 1. Process of knocking out the NMDA receptor in adult-born neurons(ABNs) using Nestin-

FLP recombination in ABNs 

 

2.2 Knocking Out the NMDA Receptor in CA3 Neurons connected to ABNs 

One possible way to knock out the gene specifically in CA3 neurons connected to ABNs is to use 

optogenetics to stimulate new neurons only and then find and label the CA3 neurons downstream. 

The cardinal point of this part is to express Channelrhodopsin (ChR2) which triggers potentials in 

neurons when lighted in ABNs. Firstly we use the Nestin-FLP construct as a recombinant gene again 

in ABNs. The FLP finds its FRT sides and recombines out an ‘RNA polymerase STOP signal’ that 

blocks the formation of the mRNA for ChR2. In this way, ABNs create ChR2 when a fiber optic light 

guide is inserted into the brain and shine lights on the hippocampus, and then cause action potentials. 

In the meanwhile, RFP is placed on the 3’ side of ChR2 and the second FRT site so that when 
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expressing ChR2, RFP is also expressed and could be observed under a fluorescent microscope. 

(Fig.2A) 

Since ABNs have action potentials, they would then stimulate CA3 neurons, which are equipped with 

Arc-Cre construct as a recombinant gene. Since Arc is only gathering in neurons that are having 

action potential, under this situation the ArcCreERT2 system only works in CA3 neurons that are 

activated and ABNs upstream.[4] In CA3 cells, Cre is expressed and recombines out the NMDAR 

gene, which is placed between two loxP sites, while GFP is again located on the 3’ side of NMDAR 

and the second loxP site. In this way, these CA3 neurons lose NMDAR and express GFP instead. 

(Fig.2B) On the other hand, in ABNs upstream, the ‘RNA polymerase STOP signal’ is changed to 

ArcCreERT2 gene in order not to activate this recombination and knock out the NMDAR in ABNs. 

(Fig. 2C) 

In the meanwhile, two control groups are set, which are the same as those set in Section 2.1. After 

that, to test whether their depression levels will rise, three behavioral tests are employed, including 

one learning test (Contextual fear memory consolidation test) and two depression tests (Tail 

suspension test and Forced swim test).  

 

Figure 2. Process of knocking out the NMDA receptor in CA3 Neurons connected to ABNs 

(A) Nestin-FLP recombination in ABNs to express ChR2 

(B) Arc-CreERT2 recombination in CA3 neurons to knock out NMDAR gene 

(C) change the ‘RNA polymerase STOP signal’ to ArcCreERT2 gene in order not to activate Arc-

CreERT2 recombination in ABNs 
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2.3 Results of Behavioral Tests 

Compared with its control groups, we assume that both experimental groups in the two steps of the 

experiment would perform less freezing time in the Contextual fear memory consolidation test, for 

the lack of NMDA receptor would in principle result in less potentiation, thus leads to a low level of 

learning ability. 

As for Tail suspension test and Forced swim test, the two sets of control groups in those two steps of 

the experiment should not show a significant difference in behaviors, both inside the same set and 

between the two sets. If, compared with its control groups, knocking out the NMDA receptor in ABNs 

gives rise to depression-like behaviors, including more immobility in the tail suspension test and less 

escape-related mobility behaviors, the potentiation in new neurons themselves might be the one that 

affects the neurogenesis’s activity, thus suppresses depression. If knocking out NMDA receptor in 

CA3 neurons connected to ABNs gives rise to depression-like behaviors compared with its control 

groups, the potentiation in ABNs’ downstream might be the reason that neurogenesis’s activity 

increases, thus suppresses depression. If knocking out NMDA receptor in new neurons and the 

knockout in CA3 neurons connected to ABNs both give rise to depression-like behaviors respectively 

compared with their control groups, the potentiation in ABNs and their downstream might both be 

the reason that neurogenesis’s activity increases, thus suppresses depression. If both the two groups 

have no impact on depression, then the knockout of ABNs and their downstream might not be the 

reason for suppressing depression, and the mechanism needs more research then. 

3. Conclusion 

The suppression of depression discussed by Tunc-Ozcan et al. in is researches are believed to be due 

to the activity of ABNs. In our experiments, we studied whether the potentiation of ABNs, which is 

the conventional function of hippocampal neurons, is the ‘activity’ to influence depression. By 

knocking out NMDA receptor in ABNs and CA3 neurons connected to ABNs respectively using gene 

recombination in mice, these neurons’ potentiation were blocked. Then through observing their 

behavior, the level of depression is measured to make conclusions about the relationship between 

potentiation and depression. 

Although we have designed a particular way to silence potentiation, it is necessary to have 

experiments about overacting potentiation. In the meanwhile, compensation tests should be taken into 

account if possible. 
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