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Abstract 
MicroRNAs are involved in regulation of the central nervous system (CNS) 
development, and miR-181d highly expressed in mature neurons. CREB is 
many signal pathways converged point in hippocampal neurons, and it plays 
a crucial role in learning and memory. In this study, we detected the negative 
relationship between CREB1 protein and miR-181d expression in lewis rat 
hippocampus development. And the bioinformatic analysis showed that, 
CREB1 mRNA contains complementary sequence to the miR-181d seed re-
gion. Then we further demonstrated that miR-181d controls the expression 
level of CREB1 gene in PC12 cells by luciferase assay and western blot. Taken 
together, our data demonstrated that CREB1 mRNA is the target gene of 
miR-181d, and conformed CREB1 protein expression was regulated by miR-181d 
in PC12 cells. 
 

Keywords 
miR-181d, CREB1, PC12 Cells 

 

1. Introduction 

The microRNAs (miRNAs) are a group of small noncoding RNAs that are single 
stranded chains consisting of 19 - 25 nucleotides (~22 nucleotides). They are 
transcribed by RNA polymerase II or III in the nucleus [1] [2]. During tran-
scription, the primary transcripts (pri-miRNA) are capped, polyadenylated, and 
then cleaved by the Drosha ribonuclease III enzymes to form ~70 nucleotide 
stem-loop precursor miRNA [3] [4], which is then transported to the cytoplasm 
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by exportin 5 [5], and further processed into mature miRNAs by a RNase III 
enzyme Dicer [6]. More and more studies show miRNAs play an important role 
in gene regulations and the basic regulation mechanism is that miRNAs imper-
fectly bind to the 3'-untranslated region (3'-UTR) of the target mRNAs leading 
to either translational repression or target mRNA cleavage [7] [8]. 

CREB, the cAMP response element binding protein, is a 43-kDa nuclear tran-
scription factor belonging to the CREB/ATF family that regulates the transcrip-
tion of the downstream genes [9]. It is one of the common nuclear targets of the 
extracellular signal-regulated kinase (ERK) pathway as well as the PI 3-kinase 
signaling pathway [10]. There is a large amount of evidence to suggest that 
CREB plays a significant role in memory formation, stabilization and retention 
[11] [12]. CREB controls the transcriptional responses of neurons to many 
extracellular stimuli and also participates in synaptic plasticity and memory 
consolidation [13] [14]. Hippocampal CREB gene transfer increases CREB ex-
pression and significantly improves the learning and memory function in aging 
rats [15]. During the aging process CREB activity is decreased resulting in re-
duced learning and memory function; on the other hand, memory function can 
be improved by enhancing CREB protein levels [15]. PC12 cell line is a model of 
neuronal tissue derived from a transplantable rat adrenal phaeochromocytoma. 
It responds reversibly to nerve growth factor by induction of neuronal pheno-
type. Pugazhenthi’s study shows stimuli mediated phosphorylation and tran-
scriptional activation of CREB in PC12 cells [16]. 

MiR-181 family, including miR-181d, miR-181a, miR-181b and miR-181c, is 
one of the identified miRNAs that widely exists in vertebrate cells. MiR-181d 
was found highly expressed in adult mouse brain tissues [17] [18]. And miR-181d, 
showing different expression profiles at different stages of human neurodeve-
lopment, was observed highly expressed in mature human neurons [19]. These 
studies strongly suggest that miR-181d is closely related to brain cell develop-
ment and differentiation. In addition, the expression of CREB delays the arrival 
of cognitive and memory dysfunction with aging. In this study, we investigated 
is it possible that miRNA-181d acted as a negative regulator for CREB1 expres-
sion and participated in regulation of CREB1 expression. 

2. Materials and Methods 
2.1. Animals 

Newborn Lewis wild type rats (postnatal day, PD < 2 days; n = 9) and adult Lew-
is wild type rats (9 - 11 months old; n = 9) were used in the study. The rats were 
maintained and bred under standard conditions. The investigation conforms to 
the guide for the care and use of laboratory animals published by the U.S. Na-
tional Institutes of Health (NIH Publication No. 85-23, revised 1996). Each rat 
was treated briefly with CO2 before decapitation. The brain was quickly removed 
and placed on a chilled glass plate on ice. Fresh hippocampi were then dissected 
from the brain according to the procedures described by Glowinski et al. [20]. 
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Hippocampal tissue samples were stored at −70˚C until the day of assay. 

2.2. Cell Culture 

Rat pheochromocytoma (PC12) cells were maintained in Dulbecco’s Modified 
Eagle’s Medium (DMEM) (HG/DMEM, Invitrogen, Ontario, Canada) contain-
ing 10% fetal bovine serum (FBS) (HyClone, Logan, UT), 5% heat inactivated 
horse serum (HyClone, Logan, UT), 100 mg/ml streptomycin, and 100 micro-
units/ml penicillin at 37˚C. HEK 293 cells were cultured in DMEM supple-
mented with 10% FBS and 1% penicillin-streptomycin at 37˚C. 

2.3. Bioinformatics Analysis 

The mature sequence of miR-181d (5'-AACAUUCAUUGUUGUCGGUGGGU-3') 
was retrieved from the miRBase Sequence Database (http://www.mirbase.org/), 
and mRNA 3'UTRs of CREB1 from human and rat were aligned with miR-181d 
sequence using the ClustalW program (http://www.ebi.ac.uk/Tools/msa/clustalw2/). 
The miR-181d gene targets were predicted from the MicroCosm Targets Version 5 
(http://www.ebi.ac.uk/enright-srv/microcosm/cgi-bin/targets/v5/search.pl), and 
Target Scan version 5.1 (www.targetscan.org) was used to scan for seed matches 
between the miR-181d seed region and the predicted gene. 

2.4. Vector Construction and Transfection 

Total RNA was extracted using Trizol reagent (Invitrogen). cDNA was synthe-
sised using the PrimeScript RT Reagent Kit (TaKaRa, Tokyo, Japan), and a 622 
bp fragment of the rat CREB1 mRNA 3'UTR (corresponding to nt 4303 - 4924 of 
the Entrez PubMed transcript FQ211925) was PCR amplified from CREB1 full 
length cDNA. The PCR products were cloned into pGL3-control luciferase re-
porter vector (Promega) via an XbaI (TaKaRa, Tokyo, Japan) restriction site, 
immediately downstream of the luciferase gene, named pGL3C-CREB1 3’UTR 
and pGL3C-CREB1 3'UTR mutant. The primers selected areas the following:  

CREB1 3'UTR-wt-up: 5'-GCTCTAGAGCCGTAGAAAGAAGAAAGAAT-3'; 
CREB1 3'UTR-wt-dn: 5'-TGCTCTAGATGGCAATCAACACTTCTTCAT-3'; 
CREB1 3'UTR-mu-up: 5'-TGCGGACGTCCACAACCGCTTCCACTT-3'; 
CREB1 3'UTR-mu-dn: 5'-GGACGTCCGCAGTTTAACGCGAAAGCAG-3'. 
The miR-181d mimics, negative control, and miR-181d inhibitor were pur-

chased from RiboBio (RiboBio Co. Ltd., Guangdong, China). Transfection of 
microRNA or microRNA inhibitor was performed using the X-tremeGENE HP 
DNA Transfection Reagent (Roche) according to the manufacturer’s instruction. 

2.5. Western Blot Analysis  

PC12 cells (1.5 × 105) were seeded in 6-well plates and allowed to settle for 24 h. 
miR-181d mimics (50 nM, 100 nM) or miR-181d inhibitor (100 nM, 200 nM) 
were transfected into cells using the X-tremeGENE HP DNA Transfection Rea-
gent (Roche). Cells were collected 24 h after transfection. Hippocampal and cells 
were homogenized in RIPA buffer (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 1% 
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NP-40, 1% Sodium deoxycholate and 0.1% SDS) containing complete EDTA-free 
protease inhibitor (Roche). Total proteins were determined by colorimetric me-
thod using BSA protein assay reagent (Pierce, Rockford, IL, USA). 60 μg pro-
teins were electrophoresed through 12% polyacrylamide gel, transferred onto 
polyvinylidene fluoride membrane at 200 mA for 120 min. After blocked with 
5% non-fat milk in TBS/0.1% Tween-20 (TBST), the membranes were incubated 
overnight at 4˚C with primary antibodies: rabbit monoclonal antibody (mAb) 
anti-CREB1 (#9197, Cell Signaling Technology Inc., Danvers, MA), followed by 
the corresponding horseradish peroxidase-conjugated secondary antibody for 1 
hr at room temperature. 

Bands were detected using Super Signal Femto chemiluminescent reagent 
(Pierce) and quantified using the Chemi-doc gel quantification system (Bio-Rad). 
All data were normalized to mouse β-actin. 

2.6. RNA Isolation and Quantitative RT-PCR Detection 

Total RNA was isolated using TRIzol reagent (Invitrogen) according to the 
manufacturer’s instructions, and converted into cDNA using the PrimeScript RT 
reagent kit (TaKaRa, Tokyo, Japan). Detection of the mature form of miR-181d 
was performed using Quantitect SYBR Green PCR Kit (TaKaRa, Tokyo, Japan) 
and quantitative RT-PCR Primer Sets (Ribobio, Guangzhou, China) with the U6 
small nuclear RNA as an internal control. 

2.7. Luciferase Assay 

HEK 293 cells (1 × 104) were seeded in triplicates in 96-well plates and allowed 
to settle for 24 h. 100 ng of luciferase reporter plasmids of pGL3C-CREB1 3'UTR 
(wt/mu), or the control-luciferase plasmid, or miR-181d mimics (100 ng), or 
miR-181d inhibitor (200 ng), plus 1 ng of pRL-TK renilla plasmid (Promega, 
Madison, WI), were transfected into cells using the X-tremeGENE HP DNA 
Transfection Reagent (Roche) according to the manufacturer’s recommenda-
tion. Luciferase and renilla signals were measured 48 h after transfection using 
the Dual Luciferase Reporter Assay Kit (Promega, Madison, WI) according to 
the protocol provided by the manufacturer. Three independent experiments 
were performed and the data are presented as means ± SD. 

2.8. Data Analysis 

All data were analyzed by Prism (PrismGraphPad Software). Data are presented 
as mean ± SEM. Differences between groups were calculated using the Student’s 
t-test. P Values less than 0.05 were defined as statistically significant. 

3. Results 
3.1. miR-181d Expression in Vivo 

To examine possible expression of miRNA-181d in vivo, we analyzed the miR-
NA expression profile by miRNA microarray in hippocampus and found that 
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miR-181d expression was much lower in adult Lewis wild type rat then in the 
newborn (data not shown). With quantitative RT-PCR we confirmed the pres-
ence of miR-181d (Figure 1). These data suggest that the expression of 
miR-181d was decreased during growth and development.  

3.2. CREB1 Protein Expression in Vivo 

CREB1 expression was evaluated by western blot. As seen in Figure 2, Western 
blot analysis of materials extracted from hippocampus revealed that CREB1 
protein levels were significantly higher in adult Lewis wild type rats compared 
with the newborns (5.43 ± 0.11 vs 1.00 ± 0.19, P < 0.001). 
 

 

Figure 1. Hippocampal miR-181d expression levels with Q-PCR. miR-181d expression 
was detected with quantitative RT-PCR in hippocampus. U6 small nuclear RNA was re-
garded as an endogenous normalize, and the relative miR-181d expression level is shown. 
Values are mean ± SEM run in triplicates, *, P < 0.05. (Newborn: PD < 2 days; Adult: 9 - 
11 months old) 
 

 

Figure 2. Hippocampal CREB1 protein levels. CREB1 protein expression was analyzed by 
western blot. β-actin signal was used to normalize the data. Values are mean ± SEM run 
in triplicates, ***, P < 0.001. A representative blot is shown. (Newborn: PD < 2 days; 
Adult: 9 - 11 months old) 
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3.3. Identification of miR-181d Target Gene in PC12 Cells 

Since CREB1 plays a key role in learning and memory and CREB controls the 
transcriptional responses of neurons to various extracellular stimulations and 
miR-181d is highly expressed in mature neurons and rich in the adult brain tis-
sue (26 - 27), there could be a close regulation relationships between miR-181d 
and CREB1. First we used Target Scan to screen the candidate miRNAs and ob-
served the presence of about 90 miRNAs, including miR-181d. Then we re-
trieved the predicted 783 target genes of miR-181d from the miRBase target da-
tabase and confirmed CREB1 is one of them. By manually aligning the mRNA 
3’UTR and the miR-181d seed region, we found that they are highly matched, as 
shown in Figure 3. 

We investigated whether miR-181d could affect the identified gene target 
through interaction with the mRNA 3'UTR. In HEK 293 cells, co-transfection 
with miR-181d mimics could repress the luciferase activity generated by lucife-
rase vectors containing the mRNA 3'UTR of CREB1 of rat (Figure 4), evidenc-
ing direct binding between the miRNA sequence and the CREB1 gene. In com-
parison, the negative control miRNA, or scramble miRNA, did not cause any 
significant reduction of luciferase activity (Figure 4). Similarly, miR-181d mimic 
co-transfection with pGL3C-CREB1 3'UTR mutant did not reduce the luciferase 
activity obviously (Figure 4). 

3.4. CREB1 Protein Was Inhibited with miR-181d Mimics 

To evaluate the repression of CREB1 by miR-181d, we used transfection to  
 

 

Figure 3. Sequence alignment between miR-181d seed region and the seed matches on CREB1 mRNA 3’UTR region. The analyses 
were performed using the miRBase target database. The line indicates conserved seed match (A-T, C-G) in rat. 

 

 

Figure 4. miR-181d directly binds and represses CREB1 mRNA through 3'UTR. 
pGL3-control luciferase vector containing the mRNA 3'UTR of CREB1 gene of rat origin 
and the mutant were co-transfected with the indicated amount of miR-181d mimic in 
HEK293 cells, and luciferase activity was analyzed 48 h post-transfection. The structurally 
unrelated scramble miRNA served as negtive control. Values are mean ± SEM run in 
triplicates, *, P < 0.05. (Wild Type: pGL3C-CREB1 3'UTR; Mutant: pGL3C-CREB1 3'UTR 
mutant) 
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over-express miR-181d (50 nM, 100 nM) in PC12 cells. As expected, CREB1 ex-
pression was repressed in miRNA transfected cultures (0.73 ± 0.11 vs 1.00 ± 
0.07, P < 0.05; 0.24 ± 0.03 vs 1.00 ± 0.07, P < 0.05) (Figure 5). The densitometry 
values from the acquired images provide quantitative indices for this repression 
effect, plotted as histograms of miRNA expression in relationship to the re-
pressed level of CREB1 in transfected cells. 

3.5. CREB1 Protein Expression Was Upregulated with miR-181d  
Inhibitor 

As shown in Figure 6, transfection with miR-181d inhibitor (100 nM, 200 nM) 
in PC12 cells resulted in miR-181d knock down and marked up-regulation of 
CREB1 product (1.67 ± 0.09 vs 1.00 ± 0.21, P < 0.05; 1.46 ± 0.14 vs 1.00 ± 0.21, P 
< 0.05), presumably because of a decrease in miR-181d mediated CREB1 mRNA 
inhibition or degradation. 
 

 

Figure 5. CREB1 protein expression was inhibited by miR-181d mimics. CREB1 protein 
expression were examined in PC12 cells 24 h after transfection with miR-181d mimics (50 
nM, 100 nM). CREB1 protein level was was analyzed by western blot. β-actin signal was 
used to normalize the data. Values are mean ± SEM run in triplicates, *, P < 0.05. ***, P < 
0.001. A representative blot is shown. 
 

 

Figure 6. CREB1 protein expression was upregulated with miR-181d inhibitor. CREB1 
protein expression were examined in PC12 cells 24 h after transfection with miR-181d 
inhibitor (100 nM, 200 nM). CREB1 protein level was analyzed by western blot. β-actin 
signal was used to normalize the data. Values are mean ± SEM run in triplicates, *, P < 
0.05. A representative blot is shown. 

https://doi.org/10.4236/ym.2022.62002


J. Yang et al. 
 

 

DOI: 10.4236/ym.2022.62002 20 Yangtze Medicine 
 

4. Discussion 

MiRNA is prevalent in multi-cellular organisms, and has considerable numbers, 
for about 2% of the entire genome [21] [22]. Bioinformatics analysis prompted 
near the 30 percent of human genes was controlled by the miRNAs [23]. MiRNA 
is involved in regulation of the central nervous system (CNS) development, 
making the central nervous system development and differentiation in the cor-
rect timing and spatial order, at the same time, miRNA is also involved in the 
maintenance of variety different nerve cells in the normal morphology. MiRNA 
expression has conservative, short-term and tissue-specific features in CNS [24]. 
miR-181d was highly expressed in mature neurons and adult mouse brains [17] 
[19]. CREB is many signal pathways converged point in hippocampal neurons, 
and it plays a crucial role in learning and memory [13] [14] [25]. MiRNA-181d 
expression in PC12 neuronal cell lines has not been studied and its role in regu-
lation of CREB1 remains to be determined. In this study, we successfully con-
firmed CREB1 mRNA 3’UTR is direct target of miR-181d, implicating a role for 
miR-181d in regulation of the transcription factor CREB1 expression in PC12 
cells. 

In this report, we first examined CREB1 and miR-181d expression in vivo 
(Figure 1 and Figure 2). Western blot analysis revealed that CREB1 protein le-
vels were significantly higher in hippocampus of adult lewis wild type rats com-
pared with the newborns (Figure 2). While miRNA microarray and quantitative 
RT-PCR results (Figure 1) showed that miR-181d expression was obviously 
lower in hippocampus of adult lewis wild type rats compared with the newborns. 
These results indicate that miR-181d expression was negatively correlated with 
CREB1 expression level during the hippocampal growth and development. 
These results suggest the possibility that the higher miR-181d expression inhibit 
CREB1 protein expression in hippocampus of newborn lewis wild type rats.  

In order to confirm this proposition, we simply advance to validate the possi-
ble relationship between miR-181d and CREB1 in vitro. Then, we examined 
whether miR-181d can bind and affect the predicted target mRNA through 
CREB1 mRNA 3'UTR interactions. Accordingly the mRNA 3'UTR of CREB1 
was cloned into a reporter vector, downstream of a firefly luciferase cDNA. As 
seen in Figure 4, in HEK 293 cells, the vector pGL3C-CREB1 3'UTR containing 
the 3'UTR of CREB1 mRNA displayed clearly light emission reduction upon 
co-transfection with miR-181d mimics. On the other hand, in the groups of 
scramble miRNA and miR-181d mimics co-transfection with pGL3C-CREB1 
3'UTR mutant, the luciferase activity didn’t reduce obviously, indicating the 
presence of a direct binding site for miR-181d. 

When transfected with miR-181d inhibitor and miR-181d mimics in PC12 
cells, western blot analysis of CREB1 protein levels demonstrated that CREB1 
was induced upon miR-181d repression and inhibited with over-express 
miR-181d in PC12 cells (Figure 5 and Figure 6), further supporting an effect of 
miR-181d regulation on CREB1 gene. 
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In summary, this study demonstrated that miR-181d can inhibit expression of 
CREB1 by specifically targeting its mRNA, and confirmed the repressed expres-
sion of miR-181d may be involved in regulation of CREB1 expression in PC12 
cells, which could be a suitable candidate for neurodegenerative diseases. 

Acknowledgements 

This study was funded by The National Natural Science Foundation of China 
(81401095, Yang Liu); This study was funded by Hubei Province health and 
family planning scientific research project of China (WJ2018H188, Yang Liu); 
This study was funded by Hubei Province health and family planning scientific 
research project of China (WJ2015Q045, Yang Liu); This study was supported by 
The Yangtze Youth Fund (2015cqr24, Yang Liu).  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Lee, Y., Kim, M., Han, J., Yeom, K.H., Lee, S., Baek, S.H. and Kim, V.N. (2004) Mi-

croRNA Genes Are Transcribed by RNA Polymerase II. The EMBO Journal, 23, 
4051-4060. https://doi.org/10.1038/sj.emboj.7600385 

[2] Roufayel, R. and Kadry, S. (2020) MicroRNAs: Crucial Regulators of Stress. Micro-
rna, 9, 93-100. https://doi.org/10.2174/2211536608666190625120127 

[3] Lee, Y., Ahn, C., Han, J., Choi, H., Kim, J., Yim, J., Lee, J., Provost, P., Radmark, O., 
Kim, S. and Kim, V.N. (2003) The Nuclear RNase III Drosha Initiates MicroRNA 
Processing. Nature, 425, 415-419. https://doi.org/10.1038/nature01957 

[4] Han, J., Lee, Y., Yeom, K.H., Kim, Y.K., Jin, H. and Kim, V.N. (2004) The Dro-
sha-DGCR8 Complex in Primary MicroRNA Processing. Genes & Development, 
18, 3016-3027. https://doi.org/10.1101/gad.1262504 

[5] Lund, E., Guttinger, S., Calado, A., Dahlberg, J.E. and Kutay, U. (2004) Nuclear Ex-
port of MicroRNA Precursors. Science, 303, 95-98.  
https://doi.org/10.1126/science.1090599 

[6] Hutvagner, G., McLachlan, J., Pasquinelli, A.E., Balint, E., Tuschl, T. and Zamore, 
P.D. (2001) A Cellular Function for the RNA-Interference Enzyme Dicer in the 
Maturation of the Let-7 Small Temporal RNA. Science, 293, 834-838.  
https://doi.org/10.1126/science.1062961 

[7] Lee, R.C., Feinbaum, R.L. and Ambros, V. (1993) The C. Elegans Heterochronic 
Gene Lin-4 Encodes Small RNAs with Antisense Complementarity to lin-14. Cell, 
75, 843-854. https://doi.org/10.1016/0092-8674(93)90529-Y 

[8] Diggins, N.L., Crawford, L.B., Struthers, H.M., Hook, L.M., Landais, I., Skalsky, 
R.L. and Hancock, M.H. (2021) Techniques for Characterizing Cytomegalovi-
rus-Encoded MiRNAs. Methods in Molecular Biology, 2244, 301-342.  
https://doi.org/10.1007/978-1-0716-1111-1_16 

[9] Kulik, G., Klippel, A. and Weber, M.J. (1997) Antiapoptotic Signalling by the Insu-
lin-Like Growth Factor I Receptor, Phosphatidylinositol 3-Kinase, and Akt. Mole-
cular and Cellular Biology, 17, 1595-1606. https://doi.org/10.1128/MCB.17.3.1595 

https://doi.org/10.4236/ym.2022.62002
https://doi.org/10.1038/sj.emboj.7600385
https://doi.org/10.2174/2211536608666190625120127
https://doi.org/10.1038/nature01957
https://doi.org/10.1101/gad.1262504
https://doi.org/10.1126/science.1090599
https://doi.org/10.1126/science.1062961
https://doi.org/10.1016/0092-8674(93)90529-Y
https://doi.org/10.1007/978-1-0716-1111-1_16
https://doi.org/10.1128/MCB.17.3.1595


J. Yang et al. 
 

 

DOI: 10.4236/ym.2022.62002 22 Yangtze Medicine 
 

[10] Johannessen, M., Delghandi, M.P. and Moens, U. (2004) What Turns CREB on? 
Cellular Signalling, 16, 1211-1227. https://doi.org/10.1016/j.cellsig.2004.05.001 

[11] Bartsch, D., Ghirardi, M., Skehel, P.A., Karl, K.A., Herder, S.P., Chen, M., Bailey, 
C.H. and Kandel, E.R. (1995) Aplysia CREB2 Represses Long-Term Facilitation: Re-
lief of Repression Converts Transient Facilitation into Long-Term Functional and 
Structural Change. Cell, 83, 979-992. https://doi.org/10.1016/0092-8674(95)90213-9 

[12] Amidfar, M., de Oliveira, J., Kucharska, E., Budni, J. and Kim, Y.K. (2020) The Role 
of CREB and BDNF in Neurobiology and Treatment of Alzheimer’s Disease. Life 
Sciences, 257, Article ID: 118020. 
https://doi.org/10.1016/j.lfs.2020.118020 

[13] Mozzachiodi, R. and Byrne, J.H. (2010) More Than Synaptic Plasticity: Role of 
Nonsynaptic Plasticity in Learning and Memory. Trends in Neurosciences, 33, 
17-26. https://doi.org/10.1016/j.tins.2009.10.001 

[14] Kaldun, J.C. and Sprecher, S.G. (2019) Initiated by CREB: Resolving Gene Regula-
tory Programs in Learning and Memory Switch in Cofactors and Transcription 
Regulators between Memory Consolidation and Maintenance Network. Bioessays, 
41, e1900045. https://doi.org/10.1002/bies.201900045 

[15] Mouravlev, A., Dunning, J., Young, D. and During, M.J. (2006) Somatic Gene 
Transfer of cAMP Response Element-Binding Protein Attenuates Memory Impair-
ment in Aging Rats. Proceedings of the National Academy of Sciences of the United 
States of America, 103, 4705-4710. https://doi.org/10.1073/pnas.0506137103 

[16] Pugazhenthi, S., Boras, T., O’Connor, D., Meintzer, M.K., Heidenreich, K.A. and 
Reusch, J.E. (1999) Insulin-Like Growth Factor I-Mediated Activation of the Tran-
scription Factor cAMP Response Element-Binding Protein in PC12 Cells. Involve-
ment of p38 Mitogen-Activated Protein Kinase-Mediated Pathway. Journal of Bio-
logical Chemistry, 274, 2829-2837. https://doi.org/10.1074/jbc.274.5.2829 

[17] Miska, E.A., Alvarez-Saavedra, E., Townsend, M., Yoshii, A., Sestan, N., Rakic, P., 
Constantine-Paton, M. and Horvitz, H.R. (2004) Microarray Analysis of MicroRNA 
Expression in the Developing Mammalian Brain. Genome Biology, 5, Article No. 
R68. https://doi.org/10.1186/gb-2004-5-9-r68 

[18] Ma, S.Q., Xu, X.X., He, Z.Z., Li, X.H. and Luo, J.M. (2019) Dynamic Changes in Pe-
ripheral Blood-Targeted MiRNA Expression Profiles in Patients with Severe Trau-
matic Brain Injury at High Altitude. Military Medical Research, 6, Article No. 12. 
https://doi.org/10.1186/s40779-019-0203-z 

[19] Smith, B., Treadwell, J., Zhang, D., Ly, D., McKinnell, I., Walker, P.R. and Sikorska, 
M. (2010) Large-Scale Expression Analysis Reveals Distinct MicroRNA Profiles at 
Different Stages of Human Neurodevelopment. PLOS One, 5, e11109.  
https://doi.org/10.1371/journal.pone.0011109 

[20] Glowinski, J. and Iversen, L.L. (1966) Regional Studies of Catecholamines in the rat 
Brain. I. The Disposition of [3H]Norepinephrine, [3H]Dopamine and [3H]Dopa in 
Various Regions of the Brain. Journal of Neurochemistry, 13, 655-669.  
https://doi.org/10.1111/j.1471-4159.1966.tb09873.x 

[21] Berezikov, E., Guryev, V., van de Belt, J., Wienholds, E., Plasterk, R.H. and Cuppen, 
E. (2005) Phylogenetic Shadowing and Computational Identification of Human 
MicroRNA Genes. Cell, 120, 21-24. https://doi.org/10.1016/j.cell.2004.12.031 

[22] Saliminejad, K., Khorram Khorshid, H.R., Soleymani Fard, S. and Ghaffari, S.H. 
(2019) An Overview of MicroRNAs: Biology, Functions, Therapeutics, and Analysis 
Methods. Journal of Cellular Physiology, 234, 5451-5465. 
https://doi.org/10.1002/jcp.27486 

https://doi.org/10.4236/ym.2022.62002
https://doi.org/10.1016/j.cellsig.2004.05.001
https://doi.org/10.1016/0092-8674(95)90213-9
https://doi.org/10.1016/j.lfs.2020.118020
https://doi.org/10.1016/j.tins.2009.10.001
https://doi.org/10.1002/bies.201900045
https://doi.org/10.1073/pnas.0506137103
https://doi.org/10.1074/jbc.274.5.2829
https://doi.org/10.1186/gb-2004-5-9-r68
https://doi.org/10.1186/s40779-019-0203-z
https://doi.org/10.1371/journal.pone.0011109
https://doi.org/10.1111/j.1471-4159.1966.tb09873.x
https://doi.org/10.1016/j.cell.2004.12.031
https://doi.org/10.1002/jcp.27486


J. Yang et al. 
 

 

DOI: 10.4236/ym.2022.62002 23 Yangtze Medicine 
 

[23] Lewis, B.P., Burge, C.B. and Bartel, D.P. (2005) Conserved Seed Pairing, often 
Flanked by Adenosines, Indicates that Thousands of Human Genes Are MicroRNA 
Targets. Cell, 120, 15-20. https://doi.org/10.1016/j.cell.2004.12.035 

[24] Kapsimali, M., Kloosterman, W.P., de Bruijn, E., Rosa, F., Plasterk, R.H. and Wil-
son, S.W. (2007) MicroRNAs Show a Wide Diversity of Expression Profiles in the 
Developing and Mature Central Nervous System. Genome Biology, 8, Article No. 
R173. https://doi.org/10.1186/gb-2007-8-8-r173 

[25] Disterhoft, J.F. and Oh, M.M. (2006) Learning, Aging and Intrinsic Neuronal Plas-
ticity. Trends in Neurosciences, 29, 587-599. 
https://doi.org/10.1016/j.tins.2006.08.005 

 
 

https://doi.org/10.4236/ym.2022.62002
https://doi.org/10.1016/j.cell.2004.12.035
https://doi.org/10.1186/gb-2007-8-8-r173
https://doi.org/10.1016/j.tins.2006.08.005


Yangtze Medicine, 2022, 6, 24-40 
https://www.scirp.org/journal/ym 

ISSN Online: 2475-7349 
ISSN Print: 2475-7330 

 

DOI: 10.4236/ym.2022.62003  Jun. 23, 2022 24 Yangtze Medicine 
 

 
 
 

Microarray Analysis of MicroRNA Expression 
Profiles in Newborn and Adult Rats 
Hippocampus 

Jia Yang1, Yueyang Yu2, Zhengze Zhang2, Bo Su3, Yun Zheng4, Yang Liu2* 

1The Second Clinical Medical College of Yangtze University/The Radiology Department of Jingzhou Central Hospital, Jingzhou, 
China 
2Department of Pathogenic Biology, School of Medicine, Yangtze University, Jingzhou, China 
3Department of Medical Morphology, School of Medicine, Yangtze University, Jingzhou, China 
4Department of Medical Function, School of Medicine, Yangtze University, Jingzhou, China  

 
 
 

Abstract 
MicroRNAs (miRNAs) are a functional small non-coding RNA and play es-
sential roles in gene regulation indevelopment, differentiation and prolifera-
tion. In order to investigate the miRNAs function in Lewis rat hippocampal 
development, in this study, newborn and adult hippocampi were deliberately 
selected to analyze the miRNA expression profiles by microarray. Microarray 
analyses identified 22 differentially expressed miRNAs (>1.5 fold, intersection 
of two sets). Of these, 12 were down-regulated and 10 were up-regulated 
during hippocampus development. DAVID Functional Annotation Cluster 
(FAC) analysis of the 317 predicted target genes of down-regulated miRNAs 
revealed confident enrichment scores for cell adhesion and neuron develop-
ment etc., indicating the functional significance and importance of these 
miRNAs during hippocampal development. Bioinformatic analyses of the 
differentially expressed miRNAs have identified a number of miRNAs with 
putative involvement in the hippocampus developing process. This study lays 
a solid foundation for further studies to clarify the important regulation func-
tion of miRNAs in brain tissue.  
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1. Introduction 

The microRNAs (miRNAs) are a group of small non-coding RNAs that are sin-
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gle stranded chains consisting of 19 - 25 nucleotides (~22 nucleotides) and tran-
scribed by RNA polymerase II or III in the nucleus [1]. More and more studies 
showed that miRNAs play an important role in gene regulations by binding to 
the 3'-untranslated regions (3'-UTRs) of target messenger RNAs (mRNAs), re-
sulting in post-transcriptional silencing by translational repression, mRNA de-
gradation, or a combination of the two [2] [3]. 

A unique feature of these miRNAs is their ability to bind and regulate many 
genes, and in some cases multiple miRNAs target similar families of genes [4] 
[5], thereby enhancing their regulation ability. And emerging evidence indicates 
that miRNAs are actively involved in regulating gene expression patterns in the 
adult brain [6] [7]. 

miRNA microarray technology is an efficient method to generate miRNA ex-
pression profiles. These microarray data can be used to extract information re-
garding the regulatory pathways initiated by miRNAs, especially regulation due 
to development, by integrating the mRNA expression profiles of predicted 
miRNA target genes. Suchan approach has been applied to study the functional 
linkage between miRNAs and physiological or pathological processes [8] [9]. 

The microarray technology has facilitated large-scale studies on miRNAs ex-
pression changes during brain development [9] [10] [11]. Recent estimates put 
the number of human miRNAs at 1100 or more, composing complex regulatory 
networks that influence the expression of as many as two thirds of all genes [12]. 
Such a large family of genes could explain some of the difficulties that neurobi-
ologists generally have encountered in their efforts to link individual miRNA 
genes to mental disorders, because they are single molecular entities that dictate 
the expression of fundamental regulatory pathways, miRNAs represent potential 
drug targets of unprecedented power. 

Previous studies mainly focused on miRNA expression in human, mouse and 
rat central nervous system (CNS) or brain different regions. Lewis rat is a gener-
al animal model for biological research, in order to investigate the miRNAs ex-
pression profiles in Lewis rat hippocampus in detail, unlike the previous reports, 
newborn and adult hippocampi were deliberately selected to analyze the miRNA 
expression profiles by microarray. 

Furthermore, the functional information of these hippocampus specific 
miRNAs and the related regulatory networks were investigated, and the target 
genes of the differentially expressed miRNAs predicted by three public datasets 
(Mirbase, Miranda, and Mirdb) were studied in detail by function and pathway 
enrichment analysis. Thus, a global view of developmental Lewis rat hippocam-
pus specific miRNA expression profiles and their target maps was developed in 
this study. 

2. Methods 
2.1. Animals 

Adult male (10 months old) and pregnant female (in gestation days 14 - 16) 
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Lewis rats were obtained from Vital River Laboratory Animal Technology Co., 
Ltd. (Beijing, China). The adult animals were acclimated for 5 - 7 days under 
standard conditions and the pregnant females were kept for generation of new-
borns. Seven 10 months old and seven newborn (postnatal day two, P2) Lewis 
rats were killed and the brains were quickly removed, two of them were used for 
chip assay, the remaining five were used for quantitative real time PCR 
(qRT-PCR) verification in each group. Fresh hippocampi were then dissected 
from the brain on a chilled glass plate on ice according to the procedures de-
scribed in reference [13]. The hippocampi were sent to microarray detection or 
stored at −70˚C until the day of assay. All animal experiments in this study were 
approved by Medical Ethics Committee of Yangtze University, and carried out 
in accordance with the guiding principles for the care and use of laboratory an-
imals published by the U.S. National Institutes of Health (NIH Publication No. 
85 - 23, revised 1996) and the ARRIVE guidelines. 

2.2. MiRNA Microarray 

Microarray analysis was performed by Kangcheng Bio-tech Inc. (Shanghai, Chi-
na). Briefly, total RNA was harvested using Trizol (Invitrogen, CA, USA) and 
miRNeasy mini kit (Qiagen, CA, USA) according to manufacturer’s instructions. 
After RNA quantity measurement with the NanoDrop 1000, the samples were 
labeled using the miRCURYTMHy3TM/Hy5TM Power labeling kit and hybri-
dized on the miRCURYTMLNA Array (v.16.0, Exiqon, Skelstedet, Vedbaek, 
Denmark). After hybridization, scanning was performed with the Axon GenePix 
4000B microarray scanner (Molecular Devices, PA, USA). The raw intensity of 
the image was read with GenePix pro V6.0 (Molecular Devices) and the intensity 
of green signal was calculated after background subtraction. Four replicated 
spots of each probe on the same slide were averaged. Median Normalization 
Method was used to obtain ‘Normalized Data’: Normalized Data = (Foreground 
- Background)/median, where the median was the 50% quantile of miRNA in-
tensity, which was larger than 50 in all samples after background correction. 

2.3. Quantitative RT-PCR Validation 

Total RNA was extracted using Trizol reagent (Invitrogen). cDNA was synthe-
sized using the PrimeScript RT Reagent Kit (GeneCopoeia, MD, USA). A total of 
five differentially expressed miRNAs were selected based on their function and 
involvement in pathways and processes important to Lewis rat development. 
Detection of the mature form of miRNAs was performed using Quantitect SYBR 
Green PCR Kit (GeneCopoeia) and quantitative RT-PCR Primer Sets (GeneCo-
poeia) with the U6 small nuclear RNA as an internal control. 

2.4. Bioinformatics Analysis of Normalized Microarray Data 

The 10 months old vs newborn 1.5 fold change up and down regulated miRNAs 
were selected from miRNAs expression profiling data (Intersection of two sets of 
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chip results). Three types of miRNA target prediction software, ENCORI 
(http://starbase.sysu.edu.cn/) and Mirdb (http://mirdb.org/miRDB/) were used 
to predict the target genes of the selected miRNAs. The intersection of these 
three datasets was used as the prediction results of the target gene of the selected 
miRNAs. 

2.5. Clustering and Principal Component Analysis 

The hierarchical clustering method [14] was used to classify different group pat-
terns. Principal component analysis (PCA) [15] was used to produce a 
two-dimensional graph of the distances between different groups. 

Gene Ontology (GO) classification systems were used to assign putative func-
tion to each clone by the way of biological process, molecular function and cel-
lular components. The Database for Annotation, Visualization and Integrated 
Discovery (DAVID) v6.7b [16] was used to determine pathways and processes of 
major biological significance and importance through the Functional Annota-
tion Cluster (FAC) tool based on the GO annotation function. 

2.6. DAVID Functional Annotation Cluster Analysis 

DAVID FAC analysis was conducted on two independent normalized gene lists 
containing the target genes (Intersection of 3 or more miRNAs) of 1.5-fold 
up-regulated normalized miRNAs and 1.5-fold down-regulated normalized 
miRNAs (3 or more). High stringency ease score parameters were selected, to 
indicate confident enrichment scores of functional significance and importance 
of the given pathways and processes investigated. The GO system in DAVID was 
utilized to identify enriched biological themes in both gene lists. 

2.7. Mapping and Visual Pathway Analysis 

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway tools were used to 
visually map cluster of the target genes involved in common pathways and 
processes for both pathway-specific and molecular overview purposes. KEGG 
pathway tools were utilized through DAVID online tools. Since visual mapping 
was the primary objective, all target genes (Intersection of 3 or more miRNAs) 
of normalized miRNAs that were differentially expressed by 1.5-fold were con-
sidered for the KEGG pathway analysis. Heat map analyses were also conducted 
through DAVID to produce a matrix of enriched GO terms with common target 
genes (Intersection of 3 or more miRNAs) of normalized miRNAs that were 
1.5-fold or more up and down-regulated. The green and black shading on the 
heat map matrix indicates a positive and negative correlation between the 
enriched GO term and the given target gene, respectively. 

3. Results 
3.1. All Differentially Expressed MiRNAs 

The 6th generation of miRNA array (Exiqon) contains about 680 capture probes, 
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covering rat microRNAs annotated in miRBase 16.0. 10 months old and newborn 
Lewis rats hippocampi were used for miRNAs microarray analysis. 10 months old 
vs newborn 1.5 fold change up and down regulated miRNAs (Intersection of two 
sets of chip results) were chosen for further study (Table 1 and Table 2). In total, 
two sets replicate microarray hybridizations were performed and analysis of the 
results identified 22 differentially expressed miRNAs (>1.5 fold, intersection of two 
sets). Of these, 10 were up-regulated and 12 down-regulated during hippocampus 
development. The intersections of three or more selected miRNAs’ predicted tar-
get genes were analyzed using the FAC tool contained in DAVID [16]. DAVID 
FAC analysis of the 317 predicted target genes of down-regulated miRNAs 
(>1.5-fold) produced a total of 63 enriched functional clusters under high strin-
gency conditions (Enrichment Score > 1). The enrichment score gives an indica-
tion of the biological significance of the gene groups being analyzed, from which 
the top 8 were considered in our study, they are cell adhesion, response to hor-
mone stimulus, regulation of neuron development, regulation of cell growth, neu-
tral lipid metabolic process, regulation of cell motion, regulation of apoptosis and 
neuron projection (Figure 1). DAVID FAC analysis of the 311 predicted target 
genes of up-regulated miRNAs (>1.5-fold) produced a total of 26 enriched func-
tional clusters under high stringency conditions (Enrichment Score > 1). The top 8 
were shown in Figure 2. Considering the negative regulation is the main characte-
ristic of miRNA function, target genes of down-regulated miRNAs (>1.5-fold) 
were chosen for deeper analysis. 
 
Table 1. The miRNAs of 1.5 fold and above down-regulated in hippoccampus of 10 
months old VS newborn rats (intersection of 10 m1 VS P21 and 10 m2 VS P22). 

Name 10 m1 P21 10 m1/P21 10 m2 P22 10 m2/P22 

miR-100 0.0775 0.9293 0.0834 0.1835 0.4524 0.4055 

miR-135a 1.6155 4.7287 0.3416 0.5144 0.8333 0.6173 

miR-145 0.0226 0.3160 0.0716 0.2230 0.3762 0.5928 

miR-181b 0.2569 0.8638 0.2974 0.3777 0.8190 0.4611 

miR-181c 0.0420 0.5010 0.0838 0.1331 0.4286 0.3106 

miR-20b-5p 0.0355 0.1622 0.2192 0.2050 0.3381 0.6064 

miR-21* 0.0695 0.1133 0.6131 0.3345 0.6571 0.5091 

miR-341 0.1228 0.9865 0.1245 2.5324 4.3143 0.5870 

miR-466d 0.0145 0.3368 0.0432 0.5108 1.0571 0.4832 

miR-500 0.0194 0.3378 0.0574 0.2338 0.4000 0.5845 

miR-664 0.0290 0.1154 0.2520 0.9604 2.7048 0.3551 

miR-665 0.0388 0.0759 0.5109 0.2410 0.4667 0.5164 

(10 m: 10 months old; P2: postnatal day two). 
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Figure 1. DAVID FAC analysis of target genes of 10 months old VS newborn 
down-regulated miRNAs (>1.5 fold). Major FACs for down-regulated miRNAs. Signific-
ance is determined by corresponding enrichment scores. 
 

 

Figure 2. DAVID FAC analysis of target genes of 10 months old VS newborn 
up-regulated miRNAs (>1.5 fold). Major FACs for up-regulated miRNAs. Significance is 
determined by corresponding enrichment scores. 
 
Table 2. The miRNAs of 1.5 fold and above up-regulated in hippoccampus of 10 months 
old VS newborn rats (intersection of 10 m1 VS P21 and 10 m2 VS P22). 

Name 10 m1 P21 10 m1/P21 10 m2 P22 10 m2/P22 

miR-101b 1.3360 0.7495 1.7826 1.4281 0.7905 1.8066 

miR-128 3.7609 1.9220 1.9567 1.4604 0.7762 1.8815 

miR-137 1.7447 1.0000 1.7447 0.5288 0.1857 2.8473 

miR-139-5p 0.9790 0.1871 5.2322 2.4173 1.6000 1.5108 

miR-222 0.8271 0.4938 1.6752 9.8058 2.2286 4.4000 

miR-24 4.5186 1.0790 4.1878 1.8381 0.7619 2.4125 

miR-27b 1.9790 0.3773 5.2446 0.6367 0.3905 1.6305 

miR-329* 0.6478 0.1538 4.2108 1.8561 1.0000 1.8561 

miR-675 0.5299 0.0738 7.1796 1.9784 0.9857 2.0071 

miR-9 27.2051 15.6112 1.7426 4.9065 1.3857 3.5408 

(10 m: 10 months old; P2: postnatal day two). 
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3.2. Validation of Microarray Data by qRT-PCR 

In order to validate microarray results, qRT-PCR were performed to determine 
the expression levels of five miRNAs selected from the list of miRNAs differen-
tially expressed across newborn and 10 months old rats hippocampus. The 
qRT-PCR results are correlated with the microarray expression data (Figure 3, 
Table 1 and Table 2).  

3.2.1. Cell Adhesion 
Cell adhesion showed the highest enrichment score in the FAC analysis with the 
target genes of down-regulated miRNAs (>1.5-fold) during the development 
(Figure 1). DAVID two dimensional figure analysis shows 43 genes are corre-
lated with cell adhesion, biological adhesion, etc. of GO classifications (Figure 
4(a)). Among them, neuronal cell adhesion molecular (NCAM) is a kind of gly-
coprotein, it can mediate interactions between cells and cells, or cells and extra-
cellular matrix, it also play a certain role on recognition and transfer in cells, 
tumor infiltration and growth, neural regeneration, transmembrane signal 
transmission, learning and memory and so on. Transforming growth factor-βII 
(TGF-βII) binding with TβRII, the signal could transmitted by SMAD signaling 
pathway. These important cytokines are closely related to the cell adhesion, 
growth and development, and they are all the predicted target genes of signifi-
cant reduced miRNAs during the process of growth and development from 
newborn to adult hippocampus. 

3.2.2. Regulation of Neuron Growth and Development 
FAC analysis identified neuron development and regulation of cell growth as 
significant biological processes during hippocampus development (Figure 1). 
DAVID heat map analyses identified 23 genes that functionally clustered into 
common GO terms related to neuron differentiation, regulation of cell development,  
 

 

Figure 3. Validation of microarray data. A total of five miRNAs in our microarray expe-
riments were selected and their relative expression determined using qRT-PCR. The bars 
represent relative levels (mean ± SEM, n = 5) of miRNAs normalized by U6 small nuclear 
RNA (**P < 0.01, ***P < 0.001) (10 m: 10 months old; P2: postnatal day two). 
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Figure 4. DAVID 2D view analysis of biologically significant FACs containing target genes of 10 months old VS newborn 
down-regulated miRNAs (>1.5 fold). (a) Cell adhesion. (b) Regulation of neuron development. (c) Regulation of cell growth. (d) 
Apoptosis. (e) Regulation of cell motion. (f) Neuron projection. Green and black shading indicates positive and unconfirmed cor-
relation of annotated gene and functional GO terms, respectively. 

 
regulation of nervous system development and regulation of neuron develop-
ment (Figure 4(b)). 20 genes that functionally clustered into common GO terms 
related to regulation of growth, regulation of cell size and negative regulation of 
cell growth (Figure 4(c)). These include brain derived neurotrophic factor 
(BDNF), TGF-βII, transforming growth factor-β receptor 1 (TGF-β R1), neuro-
ligin 1, SMAD family member 3 (SMAD3) and tumor necrosis factor (TNF) etc. 
The results suggest, these significantly reduced miRNAs are negative regulation 
factors of hippocampus normal growth, and are inhibited in the process of 
growth and development. 
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3.2.3. Regulation of Apoptosis 
FAC analysis identified regulation of apoptosis as important biological processes 
during hippocampus development (Figure 1). DAVID heat map analyses identi-
fied 27 genes that functionally clustered into common GO terms related to regu-
lation of apoptosis, regulation of cell death and programmed cell death. B-cell 
translocation gene 2 (Bcl2), BDNF, TGF-βII, TβRI, TGF-α, SMAD 3, and TNF 
are among them (Figure 4(d)). 

3.2.4. Regulation of Neuron Motion and Projection 
FAC analysis also showed regulation of cell motion and neuron projection are 
significant clusters during hippocampus development (Figure 1). DAVID heat 
map analysis revealed a total of 33 genes that functionally cluster with GO terms 
related to neuron differentiation, cell motion, cell morphogenesis and axonoge-
nesis (Figure 4(e)). A total of 25 genes that functionally cluster with GO terms 
related to neuron projection, dentrite and axon (Figure 4(f)). These include do-
pamine receptor D1A, TGF-βII, TβRI, SMAD 3 and NCAM. 

3.2.5. Response to Endogenous Stimulus and Lipid Metabolism 
DAVID FAC analysis indicated that response to endogenous stimulus and lipid 
metabolism are active in both newborn and adult hippocampus (Figure 1 and 
Figure 2). The enrichment scores for response to endogenous stimulus and lipid 
metabolism were comparable between both FAC analyses (Figure 1 and Figure 
2). DAVID heat map analysis identified 41 target genes of down-regulated 
miRNAs (Figure 5(a)) and 35 target genes of up-regulated miRNAs (not shown)  
 

 

Figure 5. DAVID 2D view analysis of important FACs containing target genes of 10 months old VS newborn up and 
down-regulated miRNAs (>1.5 fold). (a) Response to endogenousstimulus. (b) Neutral lipid metabolic process. Green and black 
shading indicates positive and unconfirmed correlation of annotated gene and functional GO terms, respectively. 
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involved in response to endogenous stimulus, and 20 target genes of down-regulated 
miRNAs (Figure 5(b)) and 17 target genes of up-regulated miRNAs (not 
shown) involved in lipid metabolism. These include dopamine receptor D1A, 
TGF-βII, TβRI, ras gene, TNF and acyl-CoA synthetase etc. These results illu-
strated that endogenous stimulus and lipid metabolism are both important for 
newborn and adult hippocampus, and significant cytokines of endogenous sti-
mulus and lipid metabolism could be modulated by miRNAs. The differentially 
expressed miRNAs might regulate the expression of target genes, and involve in 
endogenous stimulus and lipid metabolism from early differentiation to synap-
togenesis and maturation, and then, they exert an important influence in the 
molecular networks of nervous system.  

3.3. Results of KEGG Pathway Analysis 

The important GO terms of FAC analysis were chose for KEGG pathway analy-
sis. Among them, neurotrophin signaling pathway, which widely exists in brain 
tissue, and plays an important physiological role in all kinds of neural cells 
growth, differentiation, maintenance and regeneration (Figure 6(a)); TGF-β 
signaling pathway, which can regulate multiple cellular functions, including cell 
growth, adhesion, cell transfer, differentiation and apoptosis, and plays an im-
portant role in regulating immune inflammation, wound healing, immune 
steady and tolerance (Figure 6(b)); cell apoptosis signaling pathway, which is 
closely related to the hippocampal growth and aging (Figure 6(c)); dopamine 
synaptic pathway, which participates in the control of the movement in central 
nervous system, and plays an important role in regulating brain development, 
learning and memory function (Figure 6(d)). In the KEGG pathway maps, red 
colour was used to mark the predicted target genes of miRNAs and differentially 
expressed miRNAs (Figure 6, Table 3). If further studies confirm these differentially  
 

Table 3. List of miRNAs from Mirbase, Miranda and Mirdb with predicted target mRNAs KEGG ID, description and KEGGpath-
way. 

KEGG ID Description KEGG Pathway miRNAs 

K04355 Bdnf, brain derived neurophic factor Neurotrophin signaling pathway 
miR-27b, miR-181b/c, 

miR-20-5p, miR-145, miR-128; 

K07828 Rhoq, ras homolog family member Q Neurotrophin signaling pathway miR-9, miR-101b, miR-139-5p; 

K04500 Smad3, SMAD family member 3 TGF-beta signaling pathway 
miR-9, miR-145, miR-135a, 

miR-101b, miR-20-5p; 

K13376 
Tgfb2, transforming growth factor, 

beta 2 
TGF-beta signaling pathway miR-27b, miR-135a, miR-20-5p; 

K04674 
Tgfbr1, transforming growth factor, 

beta receptor 1 
TGF-beta signaling pathway 

miR-139-5p, miR-27b, miR-9, 
miR-135a, miR-101b, miR-128; 

K02161 Bcl2, B-cell CLL/lymphoma 2 Apoptosis miR-9, miR-181b/c, miR-135a; 

K03156 Tnf, tumor necrosis factor Apoptosis miR-181b/c, miR-27b, miR-145, miR-24; 

K04144 Drd1, dopamine receptor D1A Dopaminergic synapse miR-181b/c, miR-20-5p, miR-24. 
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Figure 6. KEGG pathway map analyses of significant GO terms correlated with target genesof differentially expressed miRNAs. 
(a) Neurotrophin signaling pathway. (b) TGF-β signaling pathway. (c) Apoptosis. (d) Dopamine synaptic pathway. 

 
expressed miRNAs (Table 3) could combine with mRNA 3'UTR sequence of 
predicted target genes and inhibited the expression of target genes, that suggests 
these miRNAs are involved in regulation of the above mentioned important sig-
naling pathways by inhibiting the expression of the important cytokines, and at-
tend in regulated hippocampal growth, development and maintenance, and then 
regulate learning and memory function. 

4. Discussion 

The hippocampus is an essential part of the archaeo cortex. In mammals, it is 
three-layer structure located on the medial surface of the temporal lobe in the 
back of each cerebral hemisphere. The name hippocampus is derived from 
Greek and means sea horse, which it resembles in shape [17]. The hippocampus 
is an important part of the limbic system, which plays a vital role in the learn-
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ing/memory, spatial navigation, emotional behavior and regulation of the neu-
roendocrine stress axis processes [17] [18]. 

In order to comprehensive understanding of miRNAs expression differences 
and regulation functions in hippocampal growth and development, newborn 
and 10 months old Lewis rats were chosen, two sets and a total of four hippo-
campal samples were sent to miRNAs microarray detection. 10 months old vs 
newborn 1.5 fold change up and down regulated miRNAs (Intersection of two 
sets of chip results) were chosen for further study (Table 1 and Table 2). 
Through bioinformatic analysis, these predicted target genes are distributed in 
neurotrophic factor signaling pathway, transforming growth factor signal path-
way, apoptosis pathway, dopamine synaptic pathway, and many of them are the 
significant cytokines of these signaling pathways. 

Neurotrophic factors, especially the BDNF can regulate the development and 
function of the CNS. The neurotrophin BDNF has been shown to modulate the 
development and function of synapses in the nervous system [19]. BDNF is im-
portant in modulating dentate gyrus neurogenesis [20] and in synaptogenesis 
[21]. BDNF has been implicated in activity dependent synaptic plasticity and 
network remodeling [22]. Moreover, it is able to regulate the extent of adult 
hippocampal neurogenesis [23], presumably via its specific Trk Breceptors [24]. 
Proliferating neural progenitor cells in the dentate gyrus have been demonstrat-
ed to express TrkB receptors [25], suggesting a direct influence of BDNF on 
neurogenesis. It is well known that BDNF binding to TrkB receptors evokes sev-
eral intracellular signaling pathways, including MAP/ERK pathway and the ac-
tivation of CREB [26]. BDNF is known to regulate dendritic development in 
particular, and it has been shown to induce primary dendrite formation in de-
veloping neurons via PI3-K and MAPK pathway activation [27]. Through bio-
information analysis, here from newborn to adult development process, 
miR-27b, miR-181b/c, miR-20-5p, miR-145, miR-128 may bind with BDNF 
mRNA to participate in the regulation of neurotrophin signaling pathway 
(Table 3, Figure 6(a)). 

TGF-β signaling pathway, which can regulate multiple cellular functions, in-
cluding cell growth, adhesion, cell transfer, differentiation and apoptosis, and 
plays an important role in regulating immune inflammation, wound healing, 
immune steady and tolerance [28]. TGF-β signaling pathway was precision re-
gulated in different levels, and dysfunction is closely related to the occurrence of 
a variety of diseases. Smad3 protein was the key molecule in TGF-β signal 
transduction, it play an important role in maintaining the normal function of 
cells [29]. Through bioinformation analysis, here from newborn to adult devel-
opment process, miR-27b, miR-135a, miR-20-5p may bound with TGF-β II 
mRNA, miR-139-5p, miR-27b, miR-9, miR-135a, miR-101b, miR-128 may bind 
with TGF-βR I mRNA, miR-9, miR-145, miR-135a, miR-101b, miR-20-5p may 
bind with SMAD3 mRNA to participate in the regulation of TGF-β signaling 
pathway (Table 3, Figure 6(b)). 
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FAC analysis identified apoptosis as an important biological process during 
hippocampus development (Figure 1). DAVID heat map analyses identified 
Bcl2, TNF, TGF-β, SMAD 3, BDNF etc. functionally clustered into common GO 
terms related to apoptosis and other associated processes (Figure 4(d)). Apop-
tosis suits itself into antagonistic pleiotropy theory and as it has deleterious ef-
fects in aging neurons while it is needed during development where it removes 
neurons that don’t integrate into the growing neuronal network [30]. However, 
after the development of the neuronal network into the mature nervous system, 
the fight of neurons for survival and healthy existence with plasticity becomes 
anti-apoptotic [31]. In the mitochondrial pathway of apoptosis, intracellular 
signals result in releasing cytochrome c from mitochondria, which binds to the 
adaptor protein APAF-1 (apoptotic protease-activating factor-1), which further 
leads to the activation of caspase 9 and subsequently caspase 3 [32]. 

Bcl2 as a pro-survival gene is a member of the anti-apoptotic group, which 
binds to and inhibits the action of multi-domain pro-apoptotic proteins like Bax 
[33]. Moreover, the up-regulation of Bcl2 expression leads to down-regulation of 
Bax, and interferes with the release of cytochrome c from the mitochondrial in-
termembrane space into the cytosol, where it associates with caspase 9 and 
Apaf1 to form the apoptosome complex, thus effecting apoptosis [34]. The Bcl2 
protein resides in the outer mitochondrial wall, and acts as an anti-apoptotic 
factor by controlling mitochondrial permeability, thus regulating apoptosis [35]. 
TNF-α is secreted by non-neural cells in the brain, including activated astrocytes 
and microglial cells [36]. TNF-α has been reported to play important roles in 
neuronal functions such as neuron apoptosis, microglia activation, synaptic 
transmission, and synaptic plasticity [37]. 

Previous evidence of miRNA impact on cell survival mechanisms has been 
shown with miR-15, miR-16, miR-34a and miR-181a-1* targeting Bcl2 mRNA 
and inducing apoptosis [38] [39] [40]. Accordingly, these differentially expressed 
miRNAs could targeting their predicted targets, such as Bcl2, TNF, BDNF etc. 
and joined in regulation of apoptotic death in neuronal cells. Through bioinfor-
mation analysis, here from newborn to adult development process, miR-9, 
miR-181b/c, miR-135a may bind with Bcl2 mRNA, miR-181b/c, miR-27b, 
miR-145, miR-24 may bind with TNF mRNA to participate in the regulation of 
neural cells apoptosis (Table 3, Figure 6(c)). 

Dopamine is the mainly catecholamine neurotransmitter in mammalian 
brain, It controls the motion, cognition, emotion, positive reinforcement, feed-
ing and endocrine regulation and many other functions [41]. Dopamine recep-
tors can be divided into D1 and D2 receptors they are both expressed in hippo-
campus. Dopamine play an important role for motion control, and dopamine 
levels were positively correlated with cognitive function, and negatively corre-
lated with age [42]. Through bioinformation analysis, here from newborn to 
adult development process, miR-181b/c, miR-20-5p, miR-24 may bind with D1 
mRNA to participate in the regulation of dopamine synaptic pathway (Table 3, 
Figure 6(d)). 
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In conclusion, here from newborn to adult hippocampal development process, 
significantly differentially expressed miRNAs may bind with mRNA of their 
predicted target genes to participate in the regulation of neurotrophic factor 
signaling pathway, transforming growth factor signal pathway, apoptosis path-
way, dopamine synaptic pathway, and then regulate the hippocampal growth 
and development, aging and degradation, learning and memory functions. This 
study lays a solid foundation for further studies to clarify the important regula-
tion function of miRNAs in brain tissue.  
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Abstract 
Objective: This paper aims to evaluate the safety and efficacy of aspirin in 
primary stroke prevention by meta-analysis. Methods: By searching PubMed, 
Cochrane Library, Embase, MEDLINE, Web of Science, CNKI, China Bio-
medical Literature Database, VIP Database and Wanfang Database, we col-
lected randomized controlled trials on aspirin for primary prevention of 
stroke. The retrieval time limit is from the establishment of the database to 
December 2021. Two researchers independently conducted literature search, 
screening, data extraction and quality evaluation, and Meta-analysis was per-
formed using RevMan 5.3. Results: A total of 19 articles were included, in-
cluding 220,636 subjects. Meta-analysis results show that long-term preven-
tive use of aspirin can reduce the incidence of stroke [RR = 0.91, 95% CI 
(0.85, 0.98), P = 0.009], and reduce the incidence of ischemic stroke [RR = 
0.84, 95% CI] (0.77, 0.91), P < 0.0001], reduce the incidence of TIA [RR = 
0.80, 95% CI (0.72, 0.88), P < 0.0001], reduce the incidence of myocardial in-
farction [RR = 0.85, 95% CI (0.75, 0.97), P < 0.01], but increased the inci-
dence of hemorrhagic stroke [RR = 1.23, 95% CI (1.04, 1.46), P = 0.01] and 
gastrointestinal bleeding [RR = 1.62, 95% CI (1.35, 1.93), P < 0.01], no signif-
icant effect on mortality [RR = 0.97, 95% CI (0.93, 1.02), P = 0.20]. Conclu-
sion: Long-term prophylactic use of aspirin can reduce the overall incidence 
of stroke, but there is also a risk of bleeding. The advantages and disadvan-
tages of aspirin should be fully evaluated and strict screening should be car-
ried out before medication, which can minimize adverse reactions and im-
prove the safety and effectiveness of aspirin in the primary prevention of 
stroke. 
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1. Introduction 

Stroke is a cerebrovascular disease that seriously threatens the health of mid-
dle-aged and elderly people, with high morbidity, disability, mortality and re-
currence rates. According to reports, the incidence of stroke in my country in-
creases by 8.7% every year, and the mortality rate is 4 to 5 times than that of de-
veloped countries in Europe and America [1] [2]. As an anticoagulant widely 
used in clinic, aspirin plays an important role in the primary prevention of car-
diovascular and cerebrovascular diseases. At present, although a considerable 
number of patients choose to take aspirin preventively every day, its primary 
prevention effect on cerebrovascular disease is still controversial [3]. The most 
controversial of these is the risk of bleeding, which has been one of the main 
reasons limiting aspirin's widespread clinical use. In recent years, with the con-
tinuous development of evidence-based medicine, people began to review the 
role of aspirin in disease prevention, but more focused on to aspirin in primary 
prevention of cardiovascular disease and cancer related meta-analysis [4] [5] [6], 
and safety and effectiveness in cerebrovascular disease primary prevention ap-
plications are rarely reported. This study searched the latest literature at home 
and abroad, included three large-scale clinical trials in 2018, and combined with 
the latest data to systematically evaluate the safety and efficacy of aspirin for 
primary prevention of cerebrovascular disease, in order to provide evidence-based 
clinical standard use of aspirin evidence. 

2. Materials and Methods 
2.1. Search Strategy 

The randomized controlled trials of aspirin on primary prevention of stroke in 
PubMed, Cochrane Library, EMBASE, MEDLINE, web of science, CNKI, China 
biomedical literature database, VIP database and Wanfang database were 
searched by computer, and the included references were tracked and searched 
in the way of “snowball”. The retrieval time limit was from the establishment 
of the database to December 2021. A combination of subject headings and free 
words were used to search, and the search terms mainly included: aspirin, ace-
tylsalicylic acid, stroke, cerebrovascular accident, cerebrovascular disease, car-
dio-cerebrovascular disease, cardiovascular disease, primary prevention, rando-
mized controlled trial. Taking PubMed as an example, its specific retrieval strat-
egy is shown in Figure 1. 

2.2. Inclusion Criteria 

Inclusion criteria: 1) Study design. The content involves a randomized con-
trolled trial (RCT) of aspirin in the primary prevention of stroke; 2) Research 
subjects. Participants were ≥18 years old; 3) Interventions included in the study. 
Intervention group: aspirin was routinely taken every day or every other day; 
control group: no or placebo at the same dose every day or every other day; 4) 
Outcome indicators. Primary outcome measures: stroke, ischemic stroke,  
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Figure 1. PubMed retrieval strategy. 
 
hemorrhagic stroke, transient ischemic attack (TIA); Secondary outcome meas-
ures: myocardial infarction, gastrointestinal bleeding, mortality. 

2.3. Exclusion Criteria 

Exclusion criteria: 1) Taking aspirin, having a history of gastrointestinal disease, 
stroke or confirmed myocardial infarction; 2) Studies for which the full text was 
not available or incomplete data; 3) The study type was review, case report, qua-
litative study; 4) No relevant outcome indicators or could not be calculated; 5) 
Studies published in languages other than Chinese and English. 

2.4. Data Extraction 

Data were extracted from all the included literatures, including: inclusion study, 
year, country, study type, study object, dose, follow-up years, average age, sam-
ple size, intervention measures of intervention group and control group, out-
come indicators, etc. 

2.5. Quality Assessment 

The Cochrane Manual version 5.1.0 bias risk Assessment tool was used [7], 
which was completed by 3 evidence-based trained researchers, 2 of whom per-
formed independently, and the third researcher decided in case of disagreement. 
The evaluation contents include: random sequence generation, allocation con-
cealment, blinding of research subjects and implementers, blinding of outcome 
measurers, complete outcome data reporting, selective research reporting re-
sults, and other aspects of bias. Those who fully meet the above items indicate 
that various risk biases are low, and their quality grade is A; those who meet 
some of the items indicate that various risk biases are medium, and their quality 
grades are B; those who do not meet the above items at all indicate that various 
risk biases are high, and their quality is low. A grade of C is excluded. 

2.6. Statistical Methods 

Meta-analysis was performed using RevMan 5.3. The outcome indicators of this 
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study were all dichotomous data, so the relative risk (RR) value was calculated, 
and the 95% confidence interval (CI) was calculated for the effect analysis. The 
c2 test was used to determine whether there was heterogeneity among the stu-
dies, and the I2 value was used to judge the size of the heterogeneity. If P ≥ 0.1 
and I2 ≤ 50%, a fixed-effect model was used for Meta-analysis; If P < 0.1 and I2 > 
50%, the source of heterogeneity should be analyzed. If there was no obvious 
clinical heterogeneity, a random-effects model was used for Meta-analysis. If the 
heterogeneity is too large and the source cannot be judged, descriptive analysis 
of the results is carried out. 

3. Results 
3.1. Literature Search Results 

A total of 3791 literatures, 887 in Chinese and 2904 in English were obtained 
through preliminary search, and 3 related literatures were manually searched, 
and a total of 3794 relevant literatures were obtained. By reading the titles and 
abstracts, excluding duplicate publications, reviews, and literatures inconsistent 
with the theme, and further reading the full text, 19 literatures were finally in-
cluded, including 1 Chinese literature and 18 English literatures, including a to-
tal of 220,636 research subjects. The literature retrieval and screening process is 
shown in Figure 2. 

3.2. Characteristics of the Included Studies 

The basic characteristics of the included studies are shown in Table 1. All in-
cluded literatures were strictly assessed for quality according to the Cochrane  
 

 

Figure 2. Literature search and screening process. 
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Table 1. Basic characteristics of the 19 included studies. 
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Peto et al. 
1988 [8] 

UK RCT 
Healthy male 

doctor 

500 
or 

300 
5.6 63.6 3429 1710 

Take a 
daily 

aspirin 

Not 
taking 

①②③
⑤⑦ B 

PHS 
1989 [9] 

US RCT 

Male 
doctors 
between 
the ages 

of 40and 84 

325 5 53.8 11,037 11,034 

Take 
aspirin 
every 
other 
day 

Take a 
placebo 
every 
other 
day 

①②③
⑤⑥⑦ B 

Lindblad 
et al. 

1993 [10] 
Sweden RCT 

Patients 
undergoing 

carotid 
endarterectomy 

75 0.5 66 117 115 
Take a 
daily 

aspirin 

Take a 
placebo 

daily 
①④⑥ B 

TPT 
1998 
[11] 

UK RCT 

Men aged 
45 to 69 years 
at high risk of 
ischemic heart 

disease 

75 6.8 57.5 1268 1272 
Take a 
daily 

aspirin 

Take 
warfarin 

or a 
placebo 

daily 

①②③
⑤⑥⑦ A 

Hansson 
et al. 

1998 [12] 

26 countries 
in North and 

south 
Europe, US, 

Asia 

RCT 

Patients aged 
50 to 80 years 

with 
hypertension 

75 3.8 61.5 9399 9391 
Take a 
daily 

aspirin 

Take a 
placebo 

daily 

①②③
⑥⑦ B 

Meade et al. 
2000 [13] 

UK RCT 

Men between the 
ages of 45 and 69 
with an increased 
risk of coronary 

heart disease 

75 1 57.5 8105 8071 
Take a 
daily 

aspirin 

Take a 
placebo 

daily 
①⑦ B 

Roncaglioni 
2001 [14] 

Italian RCT 
Patients with 

cardiovascular 
risk factors 

100 3.6 64.4 2226 2269 
Take a 
daily 

aspirin 

Not 
taking 

①②③
⑤⑥⑦ B 

Sacco et al. 
2003 [15] 

Italian RCT 
Diabetic patients 
aged ≥ 50 years 

100 3.7 64.2 519 512 
Take a 
daily 

aspirin 

Not 
taking 

①④⑤
⑦ B 

Cleland et al. 
2004 [16] 

UK, US RCT 
Heart 

failure patients 
300 2.3 63.5 91 89 

Take a 
daily 

aspirin 

Not 
taking 

①⑤⑦ B 

Ridker et al. 
2005 [17] 

US RCT 
Healthy female 

specialist 
aged ≥ 45 years 

100 10.1 54.6 19,934 19,942 

Take 
aspirin 
every 

other day 

Take a 
placebo 
every 

other day 

①②③
④⑤⑥
⑦ 

B 
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Continued 

DPC 
2006 [18] 

China RCT 
Hypertensive 
patients aged 
40 - 75 years 

50 
or 

100 
3.2 60.27 1151 1029 

Take a 
daily 

aspirin 

Not 
taking 

①②③
⑤⑦ B 

Ogawa et al. 
2008 [19] 

Japan RCT 
Diabetic 
patients 

aged 30 - 85 

81 
or 

100 
4.37 64.5 1262 1277 

Take a 
daily 

aspirin 

Not 
taking 

①②③
⑤⑥⑦ B 

Belch et al. 
2008 [20] 

UK RCT 
Diabetic 
patients 

aged ≥ 40 years 
100 6.7 60.3 638 638 

Take a 
daily 

aspirin 

Take a 
placebo 

daily 

①②③
④⑤⑥
⑦ 

A 

Fowkes 
et al. 

2010 [21] 
UK RCT 

Age 50 - 75 
years old and 
ABPI ≤ 0.95 

100 8.2 62 1675 1675 
Take a 
daily 

aspirin 

Take a 
placebo 

daily 

①②③
④⑤⑥
⑦ 

A 

Kurth et al. 
2011 [22] 

US RCT 
Women 

aged ≥ 45 years 
100 2.7 54.8 19,869 19,888 

Take 
aspirin 
every 

other day 

Take a 
placebo 
every 

other day 

①②③
④⑤⑦ B 

Ikeda 
et al. 

2014 [23] 
Japan RCT 

Patients aged 
60 to 85 with 
hypertension, 
dyslipidemia 
or diabetes 

100 5 70.5 7220 7244 
Take a 
daily 

aspirin 

Not 
taking 

①②③
④⑤⑥
⑦ 

B 

McNeil 
et al. 2018 

[24] 

Australia, 
US 

RCT 
People aged 
70 or older 

100 4.7 74 9525 9589 
Take a 
daily 

aspirin 

Take a 
placebo 

daily 

①②③
⑤⑥⑦ A 

Gaziano 
et al. 

2018 [25] 

Germany, 
Italy, Ireland, 

Poland, 
Spain, 

US and UK 

RCT 
Patients with 

cardiovascular 
risk factors 

100 5 63.9 6270 6276 
Take a 
daily 

aspirin 

Take a 
placebo 

daily 

①③④
⑤⑥⑦ A 

ASCEND 
et al. 

2018 [26] 
US RCT 

Patients 
aged ≥ 40 years 
with diabetes 

100 7.4 63.2 7740 7740 
Take a 
daily 

aspirin 

Take a 
placebo 

daily 

①②③
④⑤⑥
⑦ 

A 

Note: ① Cerebral apoplexy; ② Ischemic stroke; ③ Hemorrhagic stroke; ④ TIA; ⑤ Myocardial infarction; ⑥ Gastrointestinal 
bleeding; ⑦ Mortality. 

 
Handbook version 5.1.0 tool for assessing risk of bias [7] and their quality was 
graded. The results showed that of the 19 included papers [8]-[26], 6 of them 
[11] [20] [21] [24] [25] [26] were graded A, and 13 [8] [9] [10] [12]-[19] [22] 
[23] were rated B. 

3.3. Outcome Indicators 
3.3.1. Incidence of Stroke 
19 studies [8]-[26] reported the effect of long-term prophylactic aspirin use on 
stroke incidence. The results showed that there was no heterogeneity among the 
studies (I2 = 9%, P = 0.34). Using a fixed effect model, the incidence of stroke in 

https://doi.org/10.4236/ym.2022.62004


P. P. Zheng et al. 
 

 

DOI: 10.4236/ym.2022.62004 47 Yangtze Medicine 
 

the aspirin group was lower than that in the control group [RR = 0.91, 95% CI 
(0.85, 0.98), P = 0.009], the difference was statistically significant, see Figure 3. 

3.3.2. Incidence of Ischemic Stroke 
13 studies [8] [9] [11] [14] [17]-[24] [26] reported the effect of long-term proph-
ylactic aspirin on the incidence of ischemic stroke. The results showed that there 
was no heterogeneity among the studies (I2 = 0%, P = 0.62). Using the fixed ef-
fect model, the incidence of ischemic stroke in the aspirin group was lower than 
that in the control group [RR = 0.84, 95% CI (0.77, 0.91), P < 0.0001]. The dif-
ference was statistically significant, as shown in Figure 4. 
 

 

Figure 3. The effect of aspirin on the incidence of stroke. 
 

 

Figure 4. The effect of aspirin on the incidence of ischemic stroke. 
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3.3.3. Incidence of Hemorrhagic Stroke 
15 studies [8] [9] [11] [12] [14] [17]-[26] reported the effect of long-term proph-
ylactic aspirin use on the incidence of hemorrhagic stroke. The results showed 
that there was no heterogeneity among the studies (I2 = 0%, P = 0.73), and a 
fixed-effect model [RR = 1.23, 95% CI (1.04, 1.46), P = 0.01] was used, indicating 
that it was comparable to the control group. Compared with the aspirin group, 
the incidence of hemorrhagic stroke was significantly increased, as shown in 
Figure 5. 

3.3.4. Incidence of TIA 
8 studies [10] [15] [17] [20] [21] [22] [23] [26] reported the effect of long-term 
prophylactic aspirin use on the incidence of TIA. The results showed that there 
was no heterogeneity among the studies (I2 = 0%, P = 0.91). Using a fixed effect 
model, the incidence of TIA in the aspirin group was lower than that in the con-
trol group [RR = 0.80, 95% CI (0.72, 0.88), P < 0.0001], the difference was statis-
tically significant, see Figure 6. 
 

 

Figure 5. The effect of aspirin on the incidence of hemorrhagic stroke. 
 

 

Figure 6. The effect of aspirin on the incidence of TIA. 
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3.3.5. Effects on Secondary Outcomes 
17 studies [8] [9] [11] [12] [14]-[26] reported the effect of long-term prophylac-
tic use of aspirin on the incidence of myocardial infarction. The results showed 
that there was heterogeneity among the results of each study (P < 0.01, I2 = 
63%). According to different aspirin doses, they were divided into 2 subgroups, 
75 mg and 100 mg. The results of subgroup analysis showed that different aspi-
rin doses were the source of heterogeneity between studies. 12 studies [9] [11] 
[12] [14] [17] [19] [20] [21] [23] [24] [25] [26] reported an effect on the inci-
dence of gastrointestinal bleeding. The results showed that there was hetero-
geneity among the results of each study (P < 0.01, I2 = 79%). The subgroup anal-
ysis of the heterogeneity showed that there was still a large heterogeneity, and 
only the descriptive analysis of the study results was carried out.6 studies [8] [9] 
[11] [13] [18] [24] described the dosage form of aspirin in detail, and one study 
[10] described the time of taking aspirin, suggesting that aspirin dosage form, 
time of taking may be a source of heterogeneity. 17 studies [8] [9] [10] [11] [12] 
[14] [16]-[26] reported the effect of long-term prophylactic aspirin use on mor-
tality. The results showed that there was no heterogeneity among the results of 
the studies (P = 0.66, I2 = 0%). The fixed-effect model was used for Me-
ta-analysis, and there was no significant difference in the mortality between the 
long-term preventive aspirin group and the control group. [RR = 0.97, 95% CI 
(0.93, 1.02), P = 0.20], the summary results are shown in Table 2. 

3.3.6. Sensitivity Analysis 
The included studies were excluded one by one, and the remaining studies were 
re-analyzed. The results showed that the combined effect size of the studies did 
not change significantly. Among the 19 studies included in the index of stroke 
incidence, one [22] study had the largest sample size (sample size was 39,757 
cases). RR = 0.93, 95% CI (0.86, 1.00), P < 0.05], the results did not change sig-
nificantly, suggesting that the results of this study are robust. 

3.3.7. Publication Bias Assessment 
A funnel plot was made for the 19 studies included in the stroke incidence indi-
cator. The effect points of each study were centered on the combined effect size, 
roughly symmetrically distributed, and there was no publication bias, as shown 
in Figure 7. 
 

Table 2. Meta-analysis results of secondary outcome indicators. 

Secondary outcome 
measure 

Number of included studies 
Effect 

of pattern 

Results of meta-analysis 
I2 P 

RR 95% CI P 

Incidence of 
myocardial infarction 

17 [8] [9] [11] [12] [14]-[26] Random 0.85 0.75 - 0.97 <0.01 63.0 <0.01 

Incidence of 
gastrointestinal bleeding 

12 [9] [11] [12] [14] [17] [19] [20] 
[21] [23] [24] [25] [26] 

Random 1.62 1.35 - 1.93 <0.01 79.0 <0.01 

Mortality rate 17 [8] [9] [10] [11] [12] [14] [16]-[26] Fixed 0.97 0.93 - 1.02 0.20 0 0.66 
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Figure 7. Publication bias detection results. 

4. Discussion 
4.1. Long-Term Prophylactic Use of Aspirin Reduces the Incidence  

of Stroke, Ischemic Stroke, and TIA 

The results of this study showed that long-term preventive use of aspirin can ef-
fectively reduce the incidence of stroke, ischemic stroke and TIA. There may be 
two reasons for this result: 1) Aspirin is an anticoagulant widely used in clinical 
practice. Its mechanism of action is the irreversible binding of aspirin and cyc-
looxygenase-1 to inhibit the synthesis of thrombin A2, thus blocking the platelet 
aggregation mediated by thrombin A2, preventing and controlling thrombosis, 
and reducing the risk of ischemic cardiovascular and cerebrovascular diseases. 
Ischemic stroke accounts for about 68% - 80% of all strokes and is one of the 
common types of cerebrovascular diseases. Therefore, long-term prophylactic 
use of aspirin has become a major reason for the benefits of this group [27] [28] 
[29]. 2) Among the 19 included studies, except for Peto et al. [8] and Ridker et 
al. [17], who were healthy male doctors and healthy women respectively, most of 
the other included subjects were people with cardiovascular and cerebrovascular 
diseases or who were at high risk of cardiovascular and cerebrovascular diseases, 
so they could benefit from the preventive use of aspirin. In addition, Guir-
guis-Blak et al. [29] once again verified that people with high cardiovascular risk 
may benefit from prophylactic aspirin use. Further research is needed to deter-
mine whether healthy people at risk of cardiovascular disease can benefit from 
long-term prophylactic use of aspirin. 

4.2. Long-Term Prophylactic Use of Aspirin Increases the  
Incidence of Hemorrhagic Stroke 

Results of this meta-analysis showed that long-term prophylactic use of aspirin 
increased the incidence of hemorrhagic stroke compared with the control group. 
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Bleeding is a major risk and a major limitation of aspirin’s widespread clinical 
use. In addition, age is not only a major risk factor for stroke, but also an impor-
tant factor to be considered in the process of drug application. With the increase 
of age, the organ function and immune function of the body show a trend of 
gradual decline, so the tolerance of the elderly population to drugs is worse, 
more prone to adverse reactions. In this study, the average age of the included 
subjects > 50 years old, which may be an important reason for the increased in-
cidence of hemorrhagic stroke. Therefore, in the latest guidelines, the applicable 
age of aspirin is reduced from the original 45 - 79 years old to 50 - 69 years old, 
in order to improve the safety of clinical medication [30].  

4.3. Effects of Long-Term Prophylactic Use of Aspirin on Other  
Outcome Indicators 

1) Aspirin can significantly reduce the incidence of myocardial infarction. Some 
domestic and foreign studies [31] [32] [33] have confirmed the safety and effec-
tiveness of aspirin for primary cardiovascular prevention, and the results showed 
that aspirin can significantly reduce the incidence of myocardial infarction, 
which is consistent with the results of this study. 2) Increased incidence of ga-
strointestinal bleeding. Aspirin is a class of nonsteroidal drugs, and the main risk 
of long-term use is bleeding, the most common of which is gastrointestinal 
bleeding. In this study, 12 studies [9] [11] [12] [14] [17] [19] [20] [21] [23] [24] 
[25] [26] reported the impact on the incidence of gastrointestinal bleeding, and 
some studies [9] [11] [14] [17] [21] [23] [26] reported bleeding in other parts of 
the nose, retina, urinary system and so on. There is high heterogeneity among 
studies. On the one hand, due to different definitions of massive bleeding in the 
tests and differences in assessment tools, measurement results are inconsistent. 
On the other hand, the dose, dosage form and duration of aspirin were also a 
cause of heterogeneity. 3) No effect on mortality. The results of this study 
showed that long-term prophylactic aspirin use did not reduce the risk of death, 
which was different from the study of Li Wei et al. [4]. Since the follow-up years 
of the studies included in this meta-analysis ranged from 0.5 years to 10.1 years, 
the results may be affected to some extent, suggesting that researchers should 
continue to pay attention to the long-term effects of aspirin. 

4.4. Limitation 

This study only searched Chinese and English databases, and there may be in-
complete literature inclusion. The research subjects included in the literature are 
quite different in terms of regions, races, cultural backgrounds, genetic factors, 
and economic levels, which may lead to heterogeneity among studies. Since the 
follow-up periods of the included studies vary (the shortest is 0.5 years, the 
longest is 10.1 years), the time span is long, the number of participants is large, 
and there are many confounding factors, which may have a certain impact on 
the results of the study. Only 1 domestic literature was included in this study 
[18], and the sample size was relatively small. Due to differences in regions, rac-
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es, and physiques, the safety and efficacy of aspirin in the domestic population 
needs to be further verified. 

4.5. Inspiration 

This suggests that it is necessary for Chinese researchers to carry out high-quality, 
multi-center clinical randomized controlled trials and extend the follow-up time 
to further verify the safety and efficacy of long-term preventive use of aspirin in 
the population.  

5. Conclusion 

Long-term prophylactic use of aspirin can reduce the overall incidence of stroke, 
but there is also a risk of bleeding. The advantages and disadvantages of aspirin 
should be fully evaluated and strict screening should be carried out before me-
dication, which can minimize adverse reactions and improve the safety and ef-
fectiveness of aspirin in the primary prevention of stroke.  
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