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Abstract 

Autism spectrum disorder (ASD) is a neurological disorder that impacts brain 
development and social interactions. It can be induced by silencing Shank3 gene in mice 
brain. Research shows that Shank3 k/o mice demonstrate reduced number of adult-born 
neurogenesis (ABN) in ventral dentate gyrus (vDG) specifically. ABN is an important 
process involving memory consolidation and instrumental learning. ABN in vDG is also 
shown to be linked to anxiety behavior, which is an aspect of ASD. Given the important 
role of ABN, its reduction in vDG suggests a relationship with ASD. This paper proposes 
a possible method to determine the relationship between Shank3 gene, ASD, and ABN 
using Shank3 conditional k/o mice, DCX marking techniques, and behavioral paradigms. 
The reverse technique of increasing ABN in vDG by silencing the proapoptotic gene Bax 
is also applied to confirm the relationship between ASD and ABN. When conducted, this 
research method can shed light on the regional-specificity of Shank3 gene and the effect 
of ASD on brain structure. 
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1. Introduction 

1.1 Background 

Autism spectrum disorder (ASD) is a neurological disorder with different levels of symptoms that 

mainly impact social interaction and cause repetitive and obsessive behaviors.[1] Statistically 

speaking, 1 in 68 children under the age of 8 yo have ASD in the US.[2] The causation of ASD is 

complicated, however, there is ample evidence to believe that ASD has a large genetic component.[1] 

Shank3 gene is known for maintaining postsynaptic density by encoding for a scaffolding protein.[2] 

In mice, the silencing of Shank3 gene globally by deleting exons 4−22 produces mice models with 

severe Autism-like behavior, including impaired social behavior, repetitive behavior, and 

instrumental learning deficiency.[3] 

Adult-born neurogenesis (ABN) refers to the generation of new neurons after birth in mammals. [4] 

Using methods like bromodeoxyuridine (BrdU) labeling and radiocarbon dating, scientists were able 

to observe the proliferation of ABN neurons in the striatum and dentate gyrus (DG), a crucial part of 

the hippocampus in human brains. [4] In rodents, there is a larger number of ABN. Besides DG, it 

also occurs in the neocortex, cerebellum, and olfactory bulb. [4] There is increasing evidence showing 

the significant role of ABN in learning, memory, and resilience against stress. [4] 

1.2 Significant Researches 

In an experiment conducted by Elise C. Cope and colleagues, DCX marked samples of Shank3 k/o 

mice showed a significant reduction in the number of ABN in the ventral dentate gyrus (vDG) area 
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while it remained the same in dorsal DG. [2] ABN in vDG seems to have a special relationship with 

Shank3 gene and ASD. The best way to clarify it is to delete Shank3 only in vDG and analyze its 

impact on behavior and ABN. The research conducted by Alexandra L. Bey and colleagues silenced 

Shank3 gene in cortical and striatal circuits separately and produced mice with different Autism-

related symptoms. [3] For example, the k/o in prefrontal cortex resulted in mice with repetitive 

behavior while their sociability stayed unimpaired. This demonstrates the regional-specific nature of 

Shank3 gene and shows that conditional k/o of this gene is worth studying. Furthermore, ABN in 

vDG has special functions relating to anxiety behaviors and possibly ASD. In an experiment 

conducted by Christoph Anacker and colleagues, ABN is found to play a significant role in mediating 

stress response. Decreasing ABN in vDG decreases stress resilience while increasing ABN reduces 

the activities of stress responsive cells.[5] Using optogenetics, Stephen A. Allsop and colleagues 

found that anxiety behaviors formed by stimulating basolateral amygdala (BLA) to the ventral 

hippocampus (vHPC) altered social interactions, which means stress response, in some capacity, can 

translate to autism-related symptoms, such as repetitive behaviors.[6] All the research above points 

out the special function ABN in vDG might have in mediating autism-related behavior, but we do not 

know how exactly Shank3 gene is involved in this relationship. So the research method aims to 

answer the question how does the deletion of Shank3 in ventral Dentate Gyrus influence the mice’s 

social behavior and neurogenesis? 

2. Methods 

2.1 Preparation 

The experiment uses conditional k/o mice with the deletion of Shank3 gene in vDG. We will find the 

specific promoter in front of Cre so that it only turns on in vDG to slice the DNA. Using this method, 

we will produce 20 k/o mice. For all experiments, 5 to 6-month-old male mice are used, since male 

gender usually demonstrates more robust ASD. Together with 10 normal (control) male mice of the 

same species, mice models were kept in optimice cage for a reverse 12h light/dark cycle before the 

experiment. 

2.2 Experiment 

Part I: The Effect of Shank3 k/o in vDG 

10 k/o mice and 10 normal mice will be used in Part I. During the experiment, each of the 20 mice 

models is tested using 7 behavioral paradigms and were blinded to genotypes using independent 

observers. The behavioral tests include Sociability assay (3 chambers), self-grooming and lesions, 

hole board interaction, ultrasonic vocalization, prepulse inhibition, elevated zero maze, open field, 

and trace fear conditioning. These tests should thoroughly assess the extent of the mice’s autism 

behaviors, including sociability, repetitive behavior, voice, startle reflex, locomotor ability, and 

learning ability. The execution of these tests and corresponding interpretations are described in detail 

in the research conducted by Bey et al. [3] After the tests, we will perform DCX immunostaining on 

vDG samples and look for the difference in the number of ABN in the experiment and control groups. 

Now we will know how the behavior of the mice and the number of ABN are influenced by the 

deletion of Shank3 in vDG. According to previous research, ABN in vDG has a unique function in 

mediating stress response, which is demonstrated as repetitive behavior, reduced social interaction, 

and reduced novelty seeking in mice. So we predict the deletion of Shank3 in vDG is more likely to 

negatively impact the mice’s scores in these areas over their vocalization or instrumental learning. 

The possible results are listed below in Table 1 with probable explanations. 

Part I will demonstrate the effect of Shank3 k/o in vDG on social behavior and ABN. However, if the 

mice models show at least some extent of autism and reduction in ABN, we need to further investigate 

the possible causal relationship between vDG ABN and ASD, as shown in Figure 1, and determine 

whether vDG ABN is a cause for ASD or merely a side-effect of ASD. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5919902/#CR22
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Table 1 Possible Results and Explanation 

￼ Normal ASD part 

E.g. Only 

demonstrate 
repetitive 
behavior* 

ASD 

ABN 

Normal 

Shank3 ko in 

vDG has no 

effect on 

Neurogenesis 

or behavior 

- Shank3 expression in 

different brain regions 

causes different aspects 

of autism 

- Neurogenesis may be 

controlled by 

gene/deficits in other 

brain regions 

- Shank3 in vDG 
controls repetitive 

behavior 
- Neurogenesis 

may be controlled 
by gene/deficits in 

other brain 
regions 

- Shank3 ko in vDG is 

enough to cause full-

on ASD 

- Neurogenesis 

reduction is not 

caused by ASD 

ABN 

Reduced 

Neurogenesis 

is controlled by 

Shank3, not a 

side-effect of 

ASD 

- Shank3 expression in 

different brain regions 

causes different aspects 

of autism 

- Shank3 in vDG alone 

can influence 

neurogenesis 

- Shank3 in vDG 

controls repetitive 
behavior 

- Shank3 in vDG 
alone can 

influence 
neurogenesis 

Shank3 ko in vDG is 

enough to cause full-

on ASD and 

neurogenesis 

reduction 

*The Italic cells are an example for “ASD part” 

 
Figure 1, Possible Relationship between ABN and ASD 

 

Part II: Causal Relationship between ABN and ASD by Increasing Neurons in vDG 

We will proceed to use the other 10 conditional k/o mice prepared before the experiment and delete 

the proapoptotic gene Bax from adult neural stem cells and their progeny (Nestin-creERT2+/−; 

Baxfl/fl) in these mice’s vDG. [5] We intend to produce mice that have an increase in ABN in vDG 

that can reverse the effect of reduced ABN after Shank3 k/o. The same behavioral tests will be applied 

to assess the extent to which autism behaviors are alleviated. If increasing ABN reduces the extent of 

autism behavior or cures ASD completely, we can conclude that the deletion of Shank3 in vDG 

reduces ABN, which causes ASD. If increasing ABN does not change ASD, we can conclude that 

Shank3 gene in vDG is the ultimate cause of ASD, and ABN is merely a side-effect. 

3. Conclusion 

This experiment seeks to investigate the relationship between Shank3 gene in vDG, ABN in vDG, 

and ASD. In Part I, we use DCX and behavioral tests on mice to study the effect of Shank3 k/o in 
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vDG. In Part II, we seek to establish a causal relationship between ABN and ASD using reverse 

experiment to stop neuron cell death. Existing researches point out the unique function of ABN in 

vDG and Shank3 gene’s regional specificity. This experiment further connects Shank3 in vDG with 

ABN and ASD while investigating in greater detail the role of ABN in causing ASD. Figure 2 shows 

the entire process. 

 

Figure 2, Experiment Flowchart 

 

If ABN is proved to be a major factor in causing ASD, scientists can design appropriate treatment by 

reversely increasing ABN. ASD is a disorder that affects virtually every part of the brain, so the 

causes for ASD, and possibly its relationship with ABN, may be far more complicated. However, all 

the genes and mechanisms underlying autism seem to have regional-specificity, and looking into 

these regions and mechanisms one by one may be a way to reduce the complexity of the disorder. 

There is room for improvement for this research design. The order of the behavioral tests can impact 

the results, and future research can alter the sequence to eliminate the confounding variables. The 

method can also incorporate the assessment of changes in other brain structures, such as radial glia, 

and learning, and memory impairments after the k/o of Shank3 in vDG. 

References 

[1] Ivanov HY, Stoyanova VK, Popov NT, Vachev TI. Autism Spectrum Disorder - A Complex Genetic 

Disorder. Folia Med (Plovdiv). 2015;57(1):19-28. doi:10.1515/folmed-2015-0015. 

[2] Cope EC, Briones BA, Brockett AT, et al. Immature Neurons and Radial Glia, But Not Astrocytes or 

Microglia, Are Altered in Adult Cntnap2 and Shank3 Mice, Models of Autism. eNeuro. 2016; 3(5): 

ENEURO. 0196-16.2016. Published 2016 Oct 17. doi:10.1523/ENEURO. 0196-16.2016. 

[3] Bey, Alexandra L et al. “Brain region-specific disruption of Shank3 in mice reveals a dissociation for 

cortical and striatal circuits in autism-related behaviors.” Translational psychiatry vol. 8,1 94. 27 Apr. 

2018, doi:10.1038/s41398-018-0142-6. 

[4] Gage, Fred H. “Adult Neurogenesis in Mammals.” Science, American Association for the Advancement 

of Science, 31 May 2019, science.sciencemag.org/content/364/6443/827.full. 

[5] Anacker, C., Luna, V.M., Stevens, G. et al. Hippocampal neurogenesis confers stress resilience by 

inhibiting the ventral dentate gyrus. Nature 559, 98–102 (2018). https://doi.org/10.1038/s41586-018-

0262-4. 

[6] Anacker, C., Luna, V.M., Stevens, G. et al. Hippocampal neurogenesis confers stress resilience by 

inhibiting the ventral dentate gyrus. Nature 559, 98–102 (2018). https://doi.org/10.1038/s41586-018-

0262-4. 

https://doi.org/10.1038/s41586-018-0262-4
https://doi.org/10.1038/s41586-018-0262-4
https://doi.org/10.1038/s41586-018-0262-4
https://doi.org/10.1038/s41586-018-0262-4

