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Abstract 

Introduction: Neurogenesis and neural stem cell development in the adult hippocampus remains an understudied and 

controversial area of research. These processes are known to be regulated by the dynamic interplay of transcription factors, 

cell-niche signalling, and recently, microRNAs. microRNA-132 (miR-132) is one example of a miRNA that offers critical 

insight into neurogenesis and neural stem cell development. The aim of this study was to systematically review the current 

literature regarding the role of miR-132-mediated post-transcriptional regulation of adult hippocampal neurogenesis (AHN) 

and neural stem cell (NSC) development.  

Methods: The literature search consisted of research articles found in PubMed, MEDLINE, Google Scholar, Cochrane, and 

Scopus databases using combinations of the Medical Subject Headings (MeSH) keywords “micro-RNA 132”, “miR-132”, 

“adult hippocampal neurogenesis”, and “neural stem cell development” to filter initial results. The study abstracted data in 

regards to the modalities of miR-132-mediated post-transcriptional regulation and the histophysiological implications 

associated with AHN and NSC development. 

Results: miR-132 has been implicated in mediating AHN as well as NSC differentiation and integration into the adult 

hippocampal dentate gyrus. Knockdown and overexpression of micro-RNA 132 in studies have demonstrated that miR-132 

acts as a regulator of several downstream pathways and biochemical targets, including p250-GAP, methyl CpG-binding 

protein 2, AMPA glutamate receptors, and the RAS/MAPK axon signaling pathway. The fine-tuned modulation of neuronal 

plasticity associated with miR-132 suggests a role in higher level cognition, learning, and neurodegeneration within the 

context of Alzheimer’s disease.  

Discussion: The findings that miR-132 serves as a regulator of AHN and NSC development have significant clinical 

implications, specifically towards better understanding the pathological basis of neurodegenerative disorders as well as the 

development of novel miRNA-based therapeutics.    

Conclusion: The systematic review aggregated key findings on multiple potential biochemical targets and downstream 

feedback regulation pathways associated with miR-132 expression. Further research is needed to elucidate the mechanism of 

each pathway and the potential interplay between multiple proteins regulated by miR-132 that are associated with clinical 

disorders such as Alzheimer’s disease.  
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Introduction 

Over the past few decades, research on the topics of 

adult neurogenesis (AN) and neural stem cells (NSCs) has 

made exciting progress. For many years, neurogenesis was 

believed to be restricted to the embryonic stages of central 

nervous system development [1]. The paradigm shift began 

with Altman and Das’ landmark studies in the 1960s that 

first showed the presence of neurogenesis in adult 

mammalian brains [2,3]. The possibility that non-

differentiated neural stem cells in the adult brain could 

develop into new neurons in vivo was first hypothesized 

after two critical studies from Altman’s and Das’ studies. 

These studies focused on glial cell proliferation kinetics 

following brain trauma published in 1962 and the 

proliferative region of the dentate gyrus in the hippocampus 

published in 1963 [2,3]. Since the 1990s, AN has been 

observed and studied in several models, including birds, 

primates, rodents, as well as humans [4]. Today, 

neurogenesis is defined as the formation of neurons de novo 

and is often found in the developing brain [5]. The debated 

REVIEW           OPEN ACCESS 
 

https://www.urncst.com/
https://doi.org/10.26685/urncst.211
http://crossmark.crossref.org/dialog/?doi=https://doi.org/10.26685/urncst.211&domain=pdf
mailto:dchen362@uwo.ca


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

Chen et al. | URNCST Journal (2021): Volume 5, Issue 2 Page 2 of 7 

DOI Link: https://doi.org/10.26685/urncst.211 

frequency, location and functions of neurogenesis has 

attracted investigations to uncover regulators in the 

neurogenesis pathway that can attenuate the de novo 

potential for neurogenesis. 

Mammalian AN is primarily restricted to two key 

areas: the subgranular zone (SGZ) of the hippocampal 

dentate gyrus (DG) and the subventricular zone (SVZ) of 

the lateral ventricles, with the former region being the more 

attractive target for research [1]. The hippocampus is 

known to be involved with learning and memory and it is 

hypothesized that adult hippocampal neurogenesis (AHN) 

plays a role in cognition [1]. Moreover, the generation of 

new neurons in the hippocampus confers increased neural 

plasticity and cognitive effects that have yet to be 

holistically described in vivo [1]. In fact, alterations in AHN 

have been linked to age-related cognitive decline as well as 

several neurodegenerative diseases such as Alzheimer’s 

Disease, Parkinson’s Disease, mood disorders, and epilepsy 

[6].  

AHN is a complicated process that is regulated by the 

dynamic interplay between several factors, including 

transcription factors and cell-niche signalling [7]. Within 

the last few years, an emergent area of research has been 

the role of microRNAs (miRNAs) in the regulation of 

neurogenesis. miRNAs are composed of small noncoding 

RNA molecules of approximately 22 nucleotides in length 

[8]. They are expressed in a tissue-specific and tightly 

regulated manner and function to regulate gene expression 

at the post-transcriptional level through several methods, 

such as targeted degradation and by inhibiting translation of 

mRNA molecules [8]. While research into the role of 

miRNAs as post-transcriptional regulators of neural stem 

cells is still in its infancy, it offers an exciting perspective 

as a critical post-transcriptional mediator of neuronal stem 

cell self-renewal and fate determination that can serve as a 

component of cell replacement therapies.  

Among these many miRNAs, miR-132 is one that has 

been extensively studied in the past, specifically regarding 

its role in mature neurons as a regulator of synaptic 

plasticity, neurite outgrowth and neuronal morphogenesis. 

The mature microRNA-132 sequence produced after post-

transcriptional modification of precursor microRNA is 

conserved between mice, rats and humans which brings a 

degree of transitivity when using mice and rats as 

mammalian models. However, its role in NSCs is not as 

clear. miR-132 dysfunction has been implicated in 

polyglutamine diseases including Huntington’s disease, 

spinobulbar muscular atrophy, dentatorubral-pallidoluysian 

atrophy and six spinocerebellar ataxias, as well as several 

neuropathologies such as multiple sclerosis, epilepsy, and 

severe mood disorders. [6, 8] Specifically in the context of 

Alzheimer’s disease (AD), miR-132 has been found to be 

consistently downregulated in the brains of these patients, 

making it an attractive target for research [9,10]. Studies 

continue to better understand the regulatory pathways 

involved in miR-132 expression and its role in NSCs and 

AHN. This review aims to provide a summary of the 

existing literature surrounding miR-132, emphasizing its 

role in NSCsas a post-transcriptional regulator of adult 

hippocampal neurogenesis (AHN) as well as commenting 

on the recent progress towards its clinical applications for 

Alzheimer’s Disease (AD).  

 

Methods  

The aim of this study was to systematically review the 

current literature about the role of miR-132 in neural stem 

cells (NSCs) as a post-transcriptional regulator of adult 

hippocampal neurogenesis and neural stem cell 

development. A four-stage approach was employed to 

further refine selection criteria and to assess credibility of 

articles.  

Stage 1 of the review methodology covered peer-

reviewed studies documented in English. Randomized 

control trials, cohort, longitudinal studies, and systematic 

meta-analyses were evaluated. The literature search 

consisted of research articles found in PubMed, MEDLINE, 

Google Scholar, Cochrane, and Scopus databases using 

combinations of the Medical Subject Headings (MeSH) 

keywords “micro-RNA 132”, “miR-132”, “adult 

hippocampal neurogenesis” to filter initial results. Stage 2 

of the review methodology employed a utilitarian approach 

to refine the selection criteria of research articles included 

in the review. This approach sampled articles published 

within the last 20 years in peer-reviewed journals to ensure 

credibility and relevance. Stage 3 of the review 

methodology abstracted data in regards to the modalities of 

miR-132 post-transcriptional regulation and the 

physiological implications associated with adult 

hippocampal neurogenesis. Stage 4 of the review 

methodology synthesized abstracted data into five key 

topics: neurogenesis and NSC differentiation in the 

hippocampal dentate gyrus (DG), dendritic growth and 

arborization of new neurons, neuronal plasticity and 

implications to Alzheimer’s Disease. Relationships within 

and between studies were scrutinized to provide a holistic 

review and limit sampling bias.  

 

Results 

miR-132 is required for neurogenesis in the adult 

hippocampal DG  

Over the past few years, several studies have 

implicated the importance of miR-132 in promoting 

neurogenesis in the adult hippocampal dentate gyrus (DG). 

Salta et. al. have conducted several comprehensive studies 

on miR-132 and its role in AHN, demonstrating that miR-

132 is required for neurogenesis to occur in the DG in vivo 

[11]. Exercise is a well-known factor that induces AHN and 

the authors were interested in whether miR-132 is both 

necessary and sufficient for this process to occur. Exercise-

mediated AHN was observed in both wild type C57BL/6 

mice as well as those that received an 

intracerebroventricular (ICV) injection of a scrambled 
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siRNA control; however, this was abrogated in mice 

injected with an antisense oligonucleotide against miR-132 

[11]. Similarly, transfection of AD mouse models with 

synthetic miR-132 mimics restored levels of AHN and 

cognition [11]. To understand miR-132’s molecular 

network, this experiment was followed-up with gene set 

enrichment analyses and semi-quantitative real-time PCR 

validation. 5 mRNAs (DOCK1, EPHB3, BTG2, CAMK1 

and RAC1), all of which have known roles in neuronal 

differentiation and function, were identified to be 

downregulated and hypothesized to be effectors of miR-132 

[11].  

 

miR-132 promotes NSC differentiation in the adult 

hippocampal DG  

miR-132 also appears to play a critical role in 

promoting NSC differentiation in the DG. Jia et al. reported 

that miR-132 overexpression enhanced NSC differentiation 

in both in vitro and in vivo models. Notably, in vivo, adult 

male Sprague-Dawley rats injected with an adeno-

associated virus (AAV) vector into the dorsal and ventral 

DG to selectively overexpress miR-132 in the NSCs 

demonstrated enhanced differentiation [12]. Other studies, 

such as one conducted by Chen et al., have suggested that 

miR-132 promotes glial cell differentiation but negatively 

regulates NSC self-renewal and neuronal differentiation 

[13]. Glial cells, which play a supplementary role by 

providing support and protection for neurons, provide an 

alternative perspective in how miR-132 can regulate AHN. 

It is suggested miR-132-mediated glial cell differentiation 

is facilitated via decreased expression of methyl-CpG-

binding protein 2, a well-known transcription repressor 

[14]. Thus, while it is well understood that miR-132 

probably plays a crucial role in the process of NSC 

differentiation, the exact molecular mechanisms by which 

miR-132 mediates this process is still under investigation. 

 

miR-132 regulates dendritic growth and arborization of 

newborn neurons in the adult hippocampus 

The expression of miRNA-132 has been implicated in 

the knockdown of several key signalling pathways that 

positively regulate adult hippocampal neurogenesis and 

dendritic growth of newborn neurons. Luikart et al. 

assessed the effects of miR-132 knockdown on newborn 

neuron dendrites using a fluorescently tagged, retroviral 

miR-132 sponge in adult mice and determined that the 

dendritic spine density decreased 21% in miR-132 

knockdown cells (1.36±0.06 spines/µm in control, 

1.07±0.09 spines/µm in miR-132 expressing mice neurons, 

respectively) [15]. The positive regulatory role of miR-132 

in neuronal morphogenesis was further confirmed in an in 

vivo study in mice by Magill et al., which reported a 

dramatic decrease in spine density, dendrite length and 

arborization upon targeted retroviral deletion of the miR-

132 locus [16]. The Magill et al. study also identifies 

p250GAP and methyl CpG-binding protein 2 as potential 

targets that mediate miR-132 effects on dendritic outgrowth 

in neurons [16].  

miR-132 is associated with downstream cAMP 

response element binding (CREB)-mediated signalling 

required for normal neuronal morphogenesis and 

proliferation of newborn neurons in the adult hippocampus 

of mice [17]. Ablation of miR-132 can lead to downstream 

effects due to CREB’s role as a transcription factor and 

ultimately impair arborization of adult hippocampal 

neurons [17]. In addition, microRNA-132 was reported to 

target methyl CpG binding protein 2 (MeCP2), a key 

protein associated with silencing gene transcription and 

found within constitutive heterochromatin that plays a role 

in regulation of neuronal maturation, synaptogenesis as 

well as dendritic development [18]. miR-132 knockdown 

increased MeCP2 expression and brain-derived 

neurotrophic factor (BDNF) levels in rat neurons in vitro 

and was proposed by Klein et al. as a method of 

homeostatic control of MeCP2 expression [18]. The two 

studies of miR-132 knockdown cells by Luikart et al. and 

Magill et al. demonstrate that miR-132 regulates the 

transcription of key targets necessary for dendritic growth, 

arborization of newborn neurons and de novo dendritic 

spine formation in the adult hippocampus.  

Kawashima et al. described the influence of 

microRNA-132 overexpression on marked upregulation of 

glutamate receptors GluA1, GluN2A and GluN2B in 

cultured rat cortical neurons [19]. The results of 

Kawashima et al. support the finding that microRNA-132 

expression has a positive correlation with the increase in 

proliferation of hippocampal neural progenitor cells 

associated with AMPA receptor activation [19]. Overall, 

miRNA-132 has been shown to be positively correlated 

with dendritic growth, arborization of newborn neurons and 

dendritic spine formation. miRNA-132 can regulate the 

synaptic circuitry and growth of newborn neurons in the 

adult hippocampus through multiple downstream 

biochemical targets such as the CREB signalling pathway, 

MeCP2 in heterochromatin and AMPA-associated neural 

proliferation, although the extent of each mechanism 

remains to be identified. 

 

Modulation of neuronal plasticity associated with miR-132 

Neuronal plasticity is an important feature of the brain 

that allows it to continuously adapt in response to changing 

stimuli. There is strong evidence that miR-132 is involved 

in mediating the synthesis of new hippocampal neurons that 

extends neonate developmental plasticity into adulthood 

[20]. Esposito et al. discovered that newborn neurons in the 

adult dentate gyrus of the mice models recapitulate neonate 

neuronal developmental pathways such as differentiation, 

proliferation and functional integration into the synaptic 

circuitry and suggests a model where additional 

checkpoints for neuronal connectivity can maintain a level 

of hippocampal plasticity necessary for higher-level 

learning [20]. Moreover, the understanding of the role of 
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miR-132 in mature hippocampal neurons to modulate the 

synaptic phenotype and local biochemical pathways can 

lead to a deeper understanding of the hippocampal 

environmental factors conducive to AHN [15]. Impey et al. 

demonstrated that microRNA-132 expression activates 

Rac1-Pal actin remodelling pathways involved in activity-

dependent dendritic spine plasticity in rat hippocampal 

neurons from postnatal weeks 2 to 4 [21]. Furthermore, the 

study by Hancock et al. observed the presence of both miR-

132 and the Ras1 protein that regulate the RAS/MAPK 

signaling pathway in axons and suggested a model where 

miR-132 regulated translation of Rasa1 locally within the 

axon [22]. These findings supported the idea that miR-132 

regulates protein synthesis through moderation of target 

mRNA translation that ultimately affects signal 

transduction pathways associated with long-term neuronal 

plasticity.  

Lambert et al. reported that in mice, hippocampal 

neurons overexpressing miR-132 showed decreased rate of 

synaptic depression (10th Stimulus: EGFP Control 

0.34±0.04, n = 33; miR-132 0.69±0.07, n = 21; P<0.0005) 

compared to controls at all time points and increased 

paired-pulse ratio (EGFP Control 0.77±0.04, n = 34; 

miR132 1.06±0.06, n = 21; P<0.0005), a measure of 

activity-dependent signal transduction associated with 

synaptic plasticity, following a train of 40 stimuli delivered 

at 20 Hz and normalization [23]. This suggests that activity-

dependent miR-132 expression selectively affects short-

term plasticity of adult hippocampal neurons in mice, which 

uniquely compares to the previous studies that focused on 

long-term neuronal plasticity [23]. However, further 

research is needed to elucidate the candidate mRNA targets 

of miRNA-132 that can mediate neuronal plasticity. 

Together, these studies demonstrate that the critical role of 

microRNA-132 in modulating synaptic plasticity is highly 

regulated based on its degree of expression as a mediator 

between positive or negative feedback of downstream 

pathways. 

 

Clinical implications of miR-132, specifically in the context 

of Alzheimer’s Disease 

miR-132 has profound clinical implications as it is one 

of the few miRNAs to be consistently implicated with 

Alzheimer’s Disease. Several studies have conducted 

miRNA profiling on the brains of Alzheimer’s Disease 

(AD) patients, and they have all reported significant miR-

132 downregulation [9,10]. Follow-up studies have 

associated miR-132 deficiency with the two key pathologic 

markers of AD, aggregated amyloid 𝛽 (A𝛽) plaques and 

neurofibrillary tangles of hyperphosphorylated tau, both of 

which are implicated with impaired AHN [24,25]. As such, 

understanding the mechanisms by which miR-132 

dysfunction impairs AHN and contributes to AD pathology 

may provide insight into novel therapeutic approaches.  

Amyloid 𝛽 (A𝛽), a 39-43 amino acid peptide, is found 

in high levels in the brains of AD patients [26,27]. They 

aggregate to form plaques, which are implicated with 

neurodegeneration [26,27]. Extracellularly, they disrupt cell 

membrane function and intracellularly, they elicit cytotoxic 

signals, including binding to and disrupting Tau [26,27]. 

Overall, A𝛽 deregulates neurogenesis, which is one 

contributing factor to disease progression [28]. Hernandez-

Rapp et al. used triple transgenic AD mice to show that 

miR-132 deletion leads to enhanced A𝛽 plaque formation 

and is associated with the upregulation of Tau, Mapk and 

Sirt1, all proteins with known roles in regulating A𝛽 

metabolism [29]. Bioinformatics using GeneMANIA was 

used to identify the associated proteins within the miR-132 

network and the association was confirmed through 

Western blot analysis [29].  

Neurofibrillary tangles form due to the 

hyperphosphorylation of Tau, causing Tau to detach from 

microtubules and form large intracellular lumps [30]. 

Neurofibrillary tangles contribute to impaired AHN by 

interfering with the neuron’s transport system and 

negatively affecting synaptic communication and signal 

transduction [30,31]. Smith et. al. focused their efforts on 

understanding the impacts of miR-132 downregulation on 

tau metabolism in vivo. They identified miR-132 as a direct 

regulator of Tau by targeting its mRNA, and miR-132 

knockout studies in mice demonstrated significantly 

increased Tau expression, phosphorylation and aggregation 

[29]. Salta et. al. proposed that miR-132 deficiency 

promotes both amyloid 𝛽 plaque and neurofibrillary tangle 

formation via upregulation of inositol 1,4,5-trisphosphate 3-

kinase B (ITPKB), which in turn leads to elevated levels of 

ERK1/2 and BACE1 activity as well as TAU 

phosphorylation [30]. While these results were observed in 

AD mouse models, they were confirmed in three distinct 

human AD patient cohorts, highlighting the relevance of the 

findings to human populations.  

Interestingly, miR-132 also offers promise as a 

potential therapeutic agent. Several studies have shown that 

transfection of miR-132 in AD mice has been shown to 

biochemically decrease overall levels of 

hyperphosphorylated Tau, reduce levels of neuronal death 

and offer protection against the toxic effects of A𝛽 plaques 

as well as improve behavioural outcomes in cognition and 

memory [31]. While further studies in animal models are 

still required, miR-132 has shown to be clinically 

significant towards the development of new treatments for 

AD patients.  

 

Discussion 

miRNAs as post-transcriptional regulators of 

neurogenesis have been an emergent area of research within 

the past few years. Specifically, miRNA dysregulation has 

been implicated with age-related cognitive decline as well 

as several neurodegenerative diseases such as Alzheimer’s 

Disease, Parkinson’s Disease, mood disorders, and 

epilepsy, making this a clinically relevant area of research 

[6]. However, the role of specific miRNAs for each of these 
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conditions and their utility as potential components of cell 

replacement therapies remains to be further investigated.  

This literature review focuses on miR-132, specifically 

on its role in AHN and NSC development as well as its 

clinical relevance to Alzheimer’s Disease. miR-132 

modulates neuronal processes through post-transcriptional 

regulation that affect hippocampal neurons across 

successive stages of development and lead to both positive 

and negative implications in differentiation, dendritic 

growth, synaptic plasticity, and neurological diseases [1]. 

Studies have shown that miR-132 is necessary for AHN in 

the DG and that overexpression of miR-132 both in vitro 

and in vivo enhances NSC differentiation [11,12]. Further 

studies have explored the exact molecular mechanisms 

mediated by miR-132. We found that the expression of 

miRNA-132 regulates Rac1-Pal actin remodelling pathways 

associated with activity-dependent dendritic spine plasticity 

and targets p250GAP protein by translational block and 

downstream CREB signalling to increase neuronal 

morphogenesis [17, 21]. The modulation of signal 

transduction by miRNA-132 is associated with 

neurodegenerative diseases such as Alzheimer’s Disease, 

where the deletion of miR-132 expression enhances 

amyloid 𝛽 plaque formation and negatively correlates with 

the upregulation of Tau protein expression and aggregation 

implicated in Alzheimer’s [26-30]. In addition, MAPK 

signalling cascades and Sirt1 activity, both of which are 

involved in regulating A𝛽 metabolism, were also found to 

be negatively regulated by post-transcription regulators 

such as miR-132 [31]. The association of miRNA-132 with 

the Tau, MAPK and Sirt1 pathways is significant cause for 

further research on the physiological and pathological 

consequences of their expression.  

 

Conclusions 

Our systematic literature review discussed the role of 

miR-132 in mediating AHN and promoting NSC 

development. The clinical significance of these findings 

was then discussed in the context of Alzheimer’s Disease. 

Evidence suggests that miR-132 serves as a post-

transcriptional regulator of AHN as well as a key regulator 

NSC differentiation, dendritic growth, arborization of new 

neurons and neuronal plasticity. In addition, several 

downstream pathways for miR-132 were identified 

regarding various aspects of AHN and NSC development. 

These results, coupled with the potential for miRNAs to 

serve as components of cell replacement therapies, provides 

great hope towards the development of novel miRNA-based 

therapeutics. miR-132 already shows great promise for the 

treatment of Alzheimer’s Disease and these findings have 

the potential to be extended towards developing 

breakthrough therapies for a range of neurodegenerative 

disorders.  
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