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ABSTRACT: Alzheimer's Disease (AD) is a neurological disease that degenerates memories and cognitive abilities. A key 
factor of the disease that is still being studied is microRNA (miRNA), a non-coding strand of RNA that regulates gene expression. 
Particularly, miRNA-132 is known to play a significant role in AD. Past research has shown that miRNA-132 functions as a 
negative regulator and slows down the progression of the disease in the later stages. Through this study, four genes were identified 
to be associated with the regulating G1/S transition: RB1, EP300, PTEN, and CDKN1A. These four genes were known to inhibit 
the G1/S transition. However, the result was contrary to our expectations because if the microRNA-132 activates G1/S transition 
in neurons by silencing these four genes, the neurofibrillary tangles and amyloid plaques may be formed, inducing apoptosis in 
neurons. We transfected miRNA-132 on A172 (human brain cell) to confirm this result. The miRNA-132 transfection cells 
showed decreased cell proliferation and increased cell death. This result indicates that microRNA-132 may advance the progression 
of AD in the early stages. 
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�   Introduction
Alzheimer’s disease is one of the most common neurodegen-

erative diseases worldwide.¹ It is a neurodegenerative disease 
that worsens the functions of neurons and destroys the connec-
tions between its networks. The disease most commonly harms 
the neurons that are part of the brain associated with memory, 
such as the hippocampus and entorhinal cortex.² This disease 
causes symptoms including memory loss, abrupt changes in per-
sonality and emotions, and cognitive impairments.³ Although 
drugs were created to reduce their symptoms; an effective cure 
has not been developed yet due to a lack of funding.⁴ 

miRNA is a single strand of non-coding RNAs that reg-
ulates gene expression.⁵ These strands, mainly composed of 
22 nucleotides, silence the mRNAs by binding to mRNAs 
and controlling the types and number of proteins.⁶ A miR-
NA is first transcribed from the DNA sequence into primary 
miRNA, which then undergoes modifications (such as RNA 
splicing) to become mature miRNA. In the cytoplasm, the 
miRNA binds to RISC molecules (RNA Interference Si-
lencing Complex) before binding to a specific mRNA.⁷ The 
binding between the miRNA and the mRNA in the 3’ un-
translated region leads to suppression in translation and even 
degradation. A miRNA-bound mRNA that was not destroyed 
is preserved for translation.⁷ 

miRNA-132 is a non-coding RNA that has several roles 
within the brain. It is crucial for axon growth, the development 
of brain cells, and plasticity.⁸ This RNA is vital for matura-
tion, a process of neurons developing molecular functions to be 
complete brain cells. In addition, studies have shown that miR-
NA-132 could correlate with Alzheimer’s Disease. Against the 
Amyloid Beta, which is a polypeptide of amino acids that can 

cause AD, miRNA-132 has shown to have the strongest neu-
roprotective activity.⁹ 

Target Scan is a website that predicts biological targets of 
microRNAs. It does so by searching for 8mer, 7mer, or 6mer 
sites that match the seeding region of a miRNA. It also finds 
mismatches within the seed regions and uses conserved 3’ pair-
ing and centered sites to fix them.¹⁰ The seed region is vital 
because miRNA can repress mRNA by binding the miRNA’s 
seed region and the mRNA’s 3’ UTR. And this is also how 
miRNA targets are recognized as well. However, many of the 
sites are ineffective, and the mRNAs are targeted through 
non-canonical interactions.¹¹

EnrichR is a system application that can identify the specific 
genes or proteins from the gene sets of interest.¹² For this re-
search, this program was used to find the genes that could be 
linked to the protective role of miRNA-132 during a case of 
Alzheimer’s disease. Gene enrichment analysis was performed 
in this research to identify the correlated genes between miR-
NA-132 and Alzheimer’s Disease. This program provides a 
wide variety of studies, including transcription analysis, bio-
logical pathway analysis, ontology analysis, disease, and drugs 
analysis, etc.¹²

GeneMania is a system application that finds and visually 
illustrates the correlation between the inputted genes. 
This application provides multiple ways the correlation of 
genes can be viewed, along with the networks, such as the 
physical interaction or co-expression of each gene.¹³ For this 
research, the genes that EnrichR identified were inserted into 
GeneMANIA, revealing the genes that are associated with the 
G1/S transition of the cell cycle. It also identified the specific 
genes linked to several neurodegenerative diseases, including 
Alzheimer’s.
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The cell cycle is a process that cells undergo to replicate 
themselves. There is a difference in the cell cycle between 
somatic cells and gametes. Still, for somatic cells (non-
reproductive cells), the cycle mainly consists of stages called 
G1, S, G2, and M.¹⁴ During the G1 phase, the cell prepares 
for division by growing larger and making more organelles. 
In the S phase, the DNA is replicated. The synthesis of 
organelles, proteins, and cell growth continues during the G2 
phase. These three stages are known as Interphase. After the 
G2 phase ends, mitosis begins. The M phase also occurs in 
several steps: Prophase, Prometaphase, Metaphase, Anaphase, 
Telophase.¹⁵

Cell cycle regulation is the ability of cells to control the 
progression into the cycle. A dysregulation would lead to an 
uncontrollable division of cells; a typical result of dysregulation 
is cancer.¹⁶ This dysregulation can also be seen in patients 
with Alzheimer's disease. Instead of progressing into the 
cell cycle and dividing, most neurons stay in the stage of G1 
or G2. Alzheimer's disease can cause the G1 and S control 
mechanisms to fail and cause the neurons to divide. As a result, 
neurofibrillary tangles and amyloid plaques are formed, and 
then the neurons undergo apoptosis.

MicroRNA-132 has been extensively studied in Alzheimer’s 
disease for its protective role. However, it is still unclear how 
MicroRNA-132 interacts with the target genes and how 
these target gene networks protect the neuronal cells in the 
brain. To find how MicroRNA-132 has a protective role in 
Alzheimer’s disease, we screened all potential target genes of 
MicroRNA-132 by Target Scan. Then, these target genes were 
further analyzed by the web-based programs Enrich R and 
Gene Mania. Enrich R identified the significant biological 
pathways of the target genes of MicroRNA-132. GeneMania 
provided the protein physical interacting gene network among 
the target genes of MicroRNA-132.
�   Methods
Target Scan:
Target Scan is a web-based program that predicts the tar-

get genes of the specific miRNA in human cells. To find all 
possible target genes of miR-132. On the microRNA name, 
“miR-132-3p” was inserted in the search tab. Then, the pro-
gram provides the list of all the predicted target genes. The list 
of all predicted genes was saved as an excel file.  

EnrichR analysis:
EnrichR is a web-based program that profiles the genes 

and proteins in mammalian cells. To find the novel role of the 
miR-132-3p target genes, all 474 genes were inserted into the 
input data. This program provides interactive visualizations 
of the results in many ways. The biological pathway section 
showed a significant result of gene enrichment analysis. 

GeneMania:
GeneMania analyzes the gene list and prioritizes the genes 

for functional assays. The 14 genes analyzed from the Enrich 
R were used to analyze the relative gene functions and bio-
logical pathways. 

Cell culture and Maintenance:
A172 cells were purchased from Korea Cell Line Bank.

A172 cells were cultured with RPMI 1640 cell culture media

(Gibco). The cells were maintained in the CO2 incubator. 
Cell transfection and viability assay:
RNAimax transfection (Invitrogen) reagent was used 

to transfect miR-132 on A172 cells. First, A172 cells were 
plated 24 hrs. before the experiment into 24-well plates at 
50,000 cells/well. Subsequently, each well was provided with 
the appropriate amount of complex solution in 500 μL Op-
ti-MEM, corresponding to 10 pmol of siRNA per well. After 
four hrs. incubation, the transfection medium was replaced 
by fresh culture medium. After 48 hrs. transfection, the cells 
were imaged, and cell viability was measured by Prestoblue 
assay (Invitrogen). PrestoBlue® reagent was added directly to 
the wells (1:10) and incubated at 37o C for 60 min. To mea-
sure the samples' absorbance (570 nm) was measured using a 
spectrophotometer (Biotek).

Statistical analysis:
An enrichment p-value is calculated by comparing the ob-

served frequency of an annotation term with the frequency 
expected by random chance. The individual terms beyond a 
cut-off (p-value ≤ 0.05) were used for enrichment. One-way 
ANOVA with Tukey’s post hoc test was performed for cell 
proliferation to calculate the p-value. A p-value less than 0.05 
was considered to be statistically significant.

Results and Discussion
The purpose of this analysis was to find out the number of 

human genes that the miRNA-132-3p targets. Using Target 
Scan, 474 genes were identified. They were sorted by cumula-
tive weighted context, which means they are listed in order of 
the possibility of being targeted by the miRNA-132-3p. The 
next step was to identify the biological pathways and connec-
tions these identified genes have. The program EnrichR was 
used for this pathway enrichment analysis to find which genes 
are involved in AD progression. 

Pathway enrichment analysis helps researchers gain mech-
anistic insight into gene lists generated from genome-scale 
data. This method identifies biological pathways enriched in 
a gene list more than would be expected by chance. Gene set 
pathway enrichment analysis allows one to identify classes of 
genes or proteins over-represented in a large set of genes or 
proteins and may be associated with disease phenotypes. The 
method uses statistical approaches to identify significantly 
enriched or depleted groups of genes. 

Table 1 shows the result of the EnrichR biological pathway 
enrichment analysis based on the 474 genes that Targetscan 
previously identified. The P-value indicates the probability of 
the biological pathway occurring by random chance. There-
fore, the p-value was used to rank the biological pathway. 
Table 2 results show that the lowest p-value was identified as 
signaling pathways in glioblastoma. 

Table 1: Result of EnrichR biological pathway analysis.  
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To confirm the miR-132 function in human brain neurons, 
cell viability was analyzed in A172 cells. Figure 2 results show 
that neurons that were transfected with miRNA-132 died at 
a quicker rate. Figure 2A shows the two cell conditions: con-
trol A172 cells and miR132 transfected A172 cells in the 
brightfield image. Less viable cells were observed in miR132 
transfected A172 cells. A prestoblue assay was performed in 
Figure 2B to quantify the cell viability. This result is consistent 
in Figure 2A that cell viability decreased after the miRNA-132 
transfection. 

Among 474 target genes, four genes are associated with the 
G1/S transition of the mitotic cell cycle. Interestingly, all four 

genes encode proteins that inhibit the G1/S transition. For 
example, RB1 is a tumor-suppressor gene that codes for pro-
teins called RB.¹⁷ These proteins are essential because, without 
them, the cells would continuously divide without control.  
Thus, the RB1 gene acts as an inhibitor of G1/S transition. 
Through the creation of RB, the transition into the G1 or S 
phase is regulated.¹⁷ 

EP300, also known as p300, is a gene that codes for p300 
transcriptional co-activator protein. Cells lacking the p300 
proteins progress through the G1 phase without fully devel-
oping, suggesting that the protein acts as a negative regulator 
of the G1/S transition. p300 inhibits cdk6-mediated RB phos-
phorylation from occurring early in the G1 phase to prevent 
premature entry into the S phase.

PTEN is a well-known tumor-suppressor phosphatase that 
plays a key role in cell growth, embryonic development, and 
apoptosis.¹⁸ As a PI3-phosphatase (phosphatidylinositol-3 
phosphatase) negatively regulates the PI3 kinase pathway; 
thus, PTEN blocks the G1/S phase. In addition, by controlling 
the expression of cyclin D1 and p27Kip1, PTEN inhibits the 
transition to the G1/S phase.¹⁸

The lowest p-value pathway indicates that out of 82 genes 
associated with glioblastoma, 14 overlapped with 474 genes 
identified in Enrich R. Glioblastoma as a type of cancer that 
occurs in the brain or spinal cord starts from astrocyte cells. 
Interestingly, glioblastoma is also known to be associated with 
Alzheimer's disease. To find more information about these 14 
genes, we further analyzed the protein-protein interaction of 
these genes using GeneMania (Figure 1).

The right column represents the gene sets, known as pro-
tein-protein physical interaction with 14 gene sets (Figure 
1). The red line represents the protein-protein interaction 
between genes. The Red in the circle represents the genes as-
sociated with the G1/S transition of the mitotic cell cycle. 
The blue in the circle indicates the genes associated with reg-
ulating chromosome organization.

As shown in Figure 1, the genes responsible for regulating 
G1/S transition, colored red, were RB1, EP300, PTEN, and 
CDKN1A. The genes that regulated chromosome organiza-
tion, colored blue, were RB1, MAPK3, MAPK1, and BRCA1. 
In this case, RB1 is responsible for regulating both G1/S 
transition and chromosome organization, thus indicated with 
blue and red together.     

Figure 1: The result of protein-protein physical interaction analysis by 
GeneMania. The left column represents the 14 gene sets identified from 
signaling pathways in glioblastoma.  

Figure 2: miR-132 decreased cell viability of human brain neurons. (A) The 
cell image of the A172 human brain cells compared to the control condition 
and miR-132 transfected A172. (B) The bar graph of cell viability comparing 
control A172 and miR-132 transfected A172 cells. The mean and standard 
deviation of 570 nm absorbance is shown in the graph. One-way ANOVA 
with Tukey’s post hoc test was performed to calculate the p-value. 
(p = 0.0007) 

Figure 3: Our proposed model of miR-132 impairing neurons in 
Alzheimer’s disease.  
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CDKN1A is a gene that encodes for a protein called p21. 
The protein acts as an inhibitor of the cyclin E/Cdk2 com-
plex.¹⁹ For p53-dependent G1 inhibition to happen, p21 is 
needed. Its presence is also required for G2 inhibition when 
there is DNA damage.¹⁹ 

Overall, the gene network analysis found that miR-132 
targets four genes (RB1, EP300, PTEN, CDKN1A) that in-
hibit G1/S transition. This result indicates that miR-132 may 
enhance the cell cycle in brain neuronal cells (Figure 3). How-
ever, many previous studies show that dysregulation of G1/S 
transition leads to an uncontrollable division of cells, a typical 
characteristic of cancer, and has been discovered in the brain 
neuronal cells of Alzheimer’s patients. Therefore, our gene 
network data suggest that miR-132 may be involved in Alz-
heimer’s progression by targeting G1/S inhibiting genes. 

Interestingly, one study suggested an initial increase in miR-
132 levels during early AD Braak stages I and II in the human 
prefrontal cortex, which contrasts with the decrease seen at 
more advanced stages of the disease. The Braak stages I and 
II are determined by the tau pathology, which is found within 
the entorhinal and transentorhinal cortex (stage 1) and hip-
pocampus (stage 2). In conclusion, this study discovered that 
miR-132 might play an essential role in developing the early 
stage of Alzheimer’s by targeting genes that inhibit G/S tran-
sition. 
�   Conclusion
Overall, the gene network analysis found that miR-132 tar-

gets four genes (RB1, EP300, PTEN, CDKN1A) that inhibit 
G1/S transition. This result indicates that miR-132 may en-
hance the cell cycle in brain neuronal cells. However, many 
previous studies show that dysregulation of G1/S transition 
leads to an uncontrollable division of cells, a typical character-
istic of cancer, and has been discovered in the brain neuronal 
cells of Alzheimer’s patients. To verify the effect of miR-132 
on AD, miR-132 transfection was conducted in A172 neuron 
cells (Figure 3). miR-132 decreased the cell viability of neu-
ron cells. However, our study has several limitations. We only 
investigated miR-132 target genes. Therefore, another type of 
miRNA should be examined in the future. Also, we only used 
one type of A172 brain cell. Therefore, more types of brain 
cells should be tested in the future. Overall, we concluded that 
miR-132 is a positive regulator of Alzheimer’s Disease by im-
pairing neuronal cells in the human brain.
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