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Background: Obsessive-compulsive disorder (OCD) is a severe, chronic, disabling neuropsychiatric 
disorder, the pathophysiology of which has yet to be fully understood. In this study, we aimed to detect 
the levels of miRNA-132 and miRNA-134 in the plasma of patients with OCD and to analyze the factors 
influencing OCD. 
Methods: The levels of miRNA-132 and miRNA-134 in peripheral blood of 30 patients with OCD and 32 
normal controls were detected by quantitative reverse transcription polymerase chain reaction (RT-qPCR). 
Patients were assessed using clinical scales, including the Hamilton Anxiety Rating Scale (HAMA), Hamilton 
Depression Rating Scale (HAMD), and Yale-Brown Obsessive-Compulsive Scale (Y-BOCS).
Results: The plasma levels of miRNA-132 and miRNA 134 in the OCD group were significantly higher 
than those in the control group (P<0.05). There was no significant correlation between the plasma levels of 
miR-132 and miR-134 in the OCD group and general demographic (gender, age, and education level) and 
clinical characteristics (duration of disease, HAMA, HAMD, and Y-BOCS scores).
Conclusions: Patients with OCD have abnormal plasma levels of miRNA-132 and miRNA-134, which 
may influence the number of dendrites in the cerebral cortex and formation of synapses. Therefore, 
miRNA-132 and miRNA-134 plasma levels should be considered as potential biomarkers for OCD 
detection.
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Introduction

Obsessive-compulsive disorder (OCD) is a severe, chronic, 
and disabling neuropsychiatric disorder. OCD is a complex 
disorder that is influenced by gene-environment interactions 
(1,2). Previous studies have confirmed significant familial 
aggregation of OCD (2,3), and multiple susceptibility genes 
(4,5) and neuroplasticity (6) have been associated with its 
pathogenesis. Despite clinical trials of selective serotonin 

reuptake inhibitors (SSRIs) and cognitive-behavioral 
therapy producing adequate results, residual symptoms 
were still reported in 40–60% of patients, which stresses 
the need for augmentation strategies to be developed (7,8). 
In addition to the serotonergic and dopaminergic systems, 
studies have also identified other genes, such as SAPAP/
DLGAP, SLC1A1, GRIN /GRIK, BDNF, and NGFR/
NTRK2, as contributing to the increased risk of OCD (4,9). 

MicroRNAs (miRNAs)  are  a  highly  conserved 
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group of small, non-coding RNA molecules, which are 
19–25 nucleotides in size and are believed to control the 
activity of as many as 30% of all protein-coding genes in  
mammals (10). MiRNAs act as fine tuners and on-off 
switches in gene expression patterns, playing a pivotal 
role in synaptic plasticity in the central nervous system 
(CNS) (6). MiR-132, for instance, is closely associated with 
neurite outgrowth, while miR-134 serves a significant role 
in postsynaptic regulation; this suggests that brain-specific 
miRNA families are crucial for synaptic plasticity. Brain-
derived neurotrophic factor (BDNF) and cAMP-response 
element-binding protein (CREB) are two closely related 
genes that are substantially involved in synaptic plasticity, 
as well as the modulation of synapse formation (11). There 
is an evidence that BDNF and CREB may mediate the 
occurrence of OCD (12,13).

MicroRNA-132 (miR-132) is significant for regulating 
neuronal differentiation, maturation, and functioning, and 
participates broadly in axon growth, neural migration, 
and plasticity (14,15). BDNF upregulates CREB by acting 
on neurons, thus promoting the expression of miR-132. 
miR132 was revealed in a previous study to influence 
neurodevelopment by regulating the expression level of 
methyl-CpG binding protein 2 (MeCP2) (16). miR132 
inhibits the expression of MeCP2 by targeting the three 
prime untranslated region (3'-UTR) of MeCP2 mRNA, 
while MeCP2 increases the content of BDNF, which 
regulates the expression of the miR-132 cluster, thereby 
maintaining the stability of the brain environment. Changes 
in the level of miR-132 in the brain affect the secretion of 
MeCP2, and an imbalance in the level of MeCP2 can lead 
to nervous system disorders, such as Rett syndrome.

MicroRNA-134 (miR-134) plays a significant role in 
synaptic plasticity and modulating synapse formation. MiR-
134, which is localized to the synaptodendritic compartment 
of rat hippocampal neurons, negatively regulates the size of 
dendritic spines, which are postsynaptic sites of excitatory 
synaptic transmission (17). Besides, miR-134-5p inhibits 
the translation of LIM domain kinase 1 (Limk1) at the 
synapse until synaptic activation, at which point miR-134-
5p is inactivated and Limk1 protein is expressed, leading 
to dendritic spine growth (18). Moreover, BDNF could 
relieve the repressive effect of miR-134 on Limk1 mRNA 
translation. The regulation of translation in dendrites by 
microRNAs, in a BDNF-sensitive manner, may constitute 
a mechanism whereby the neurotrophin regulates the 
postsynaptic proteome during the late phases of long-
term potentiation (LTP). Another study demonstrated that 

miR-134 regulates memory and neuronal plasticity (19). 
Furthermore, Sirtuin 1 (SIRT1) normally functions to limit 
miR-134 expression via a repressor complex containing 
transcription factor Yin Yang 1 (YY1). Unchecked miR-134 
expression after SIRT1 deficiency leads to down-regulated 
expression of CREB and BDNF, thereby impairing synaptic 
plasticity.

Although There are several studies reporting the role 
of miRNAs in OCD (20), such as miR-485, miR-488, the 
study about miRNAs is still much few.  Studies found that 
miR-132 and miR-134 are related to BDNF; the level of 
BDNF is regulated by miR-132 and miR-134, while the 
levels of miR-132 and miR-134 are influenced by BDNF 
(16,19). As BDNF levels are correlated with OCD, we 
speculate the plasma levels of miR-132 and miR-134 may 
also be related to OCD; however, no studies to date have 
examined this possible relationship. Hence, the present 
study aimed to analyze the plasma levels of miRNA-132 and 
miRNA-134 in patients with OCD and to assess the factors 
influencing OCD. 

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5217).

Methods

Participants

Between July, 2014, and February, 2016, study subjects were 
recruited from the Third Affiliated Hospital of Sun Yat-
sen University (Guangzhou, China). The subjects had been 
diagnosed with OCD by two psychiatrists. The control 
group comprised employees, students, and patients from 
the Third Affiliated Hospital of Sun Yat-sen University 
who met the inclusion and exclusion criteria, and were 
identified via health checkups. A signed informed consent 
form was obtained from each of the study subjects or their 
legal guardians. The study was approved by the Ethics 
Committee of the Third Affiliated Hospital of Sun Yat-
sen University and was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

The inclusion criteria for subjects were as follows: (I) 
meeting the criteria of the Diagnostic and Statistical Manual 
of Mental Disorders, fifth edition (DSM-5) presented by 
the American Psychiatric Association (Washington, D.C., 
USA); (II) aged between 16 and 50 years old; (III) a Yale-
Brown Obsessive-Compulsive Scale (Y-BOCS) score >16 
points; for simple obsessive or forced behavior, a Y-BOCS 
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score >8 points; (IV) no other major mental illnesses in the 
first 3 months after enrollment; (V) no psychiatric drug use; 
(VI) discontinuing medication for more than 5 half-lives; 
and (Ⅶ) signed the written informed consent form. 

The exclusion criteria were as follows: (I) a history of 
organic brain disease or serious physical illness, symptoms 
of psychosis, or a history of other mental illnesses; (II) 
severe depression (a Hamilton Depression Rating Scale 
(HAMD) score >35 points); or (III) second-generation with 
a family history of mental illness. 

As shown in Table 1, a total of 26 patients (17 males 
and 9 females),  aged between 16 and 49 (median,  
24.19±7.67) years old, were enrolled. Disease duration 
ranged from 9 months to 10 years (median duration,  
3.49 years). The control group comprised 28 individuals  
(12 males and 16 females), aged between 18 and 45 (median, 
26.14±9.67) years old. There were no significant differences 
between the OCD group and the control group in terms of 
gender (χ2=2.752, P=0.097) and age (t=0.817, P=0.418). 

Detection of plasma levels of miRNA-132 and miRNA-134

A venous blood sample (4 mL) was collected from each 
study subject in ethylenediaminetetraacetic acid (EDTA) 
tubes. After centrifugation at 4 ℃ for 10 min at 2,400 rpm, 
1.5 mL of the upper layer of plasma was taken and stored at 
−80 ℃ for examination. Quantitative reverse transcription 
polymerase chain reaction (RT-qPCR) was carried out to 

detect miRNA-132 and miRNA-134, with miRNA-16 used 
as an internal control. Total RNA was extracted using the 
miRVana PARIS kit (AM1556; Life Technologies, Carlsbad, 
CA, USA), and reverse transcription was performed with 
the Transcriptor First Strand cDNA Synthesis kit (Roche, 
Basel, Switzerland). FastStart Universal SYBR Green 
Master (ROX; Roche, Basel, Switzerland) was used for 
fluorescence quantification.

The process was conducted as follows
(I)	 Extraction of total RNA:

(i)	 Plasma (1 mL) was taken and placed in a  
1.5 mL (500 μL each) Eppendorf tube (Hamburg, 
Germany).

(ii)	 Next, 200 μL per well of fixing/denaturing 
solution was added to each tube, along with  
700 μL of Acid-Phenol Chloroform. The plasma 
was then centrifuged at 10,000 g for 5 min at 
room temperature.

(iii)	 The supernatant was carefully transferred into a 
new 2.0 mL Eppendorf tube, and 10 g of sodium 
acetate was added (anhydrous; 0.24 M).

(iv)	 The cleaned spin column was placed into a 
clean collection tube, and the mixture from the 
previous step was piped (700 μL each time) to 
the spin column and centrifuged at 6,000 g for 
30 s at room temperature. The filter solution was 
discarded, and the spin column was repositioned 
into the collection tube. This step was repeated 

Table 1 Demographic and clinical characteristics of OCD patients and healthy controls

Variable OCD group Control group t/χ2/Z P

Sex 2.752 0.097

Male 17 (65.4%) 12 (42.9%)

Female 9 (34.6%) 16 (57.1%)

Age (years) 24.19±7.67 26.14±9.67 0.817 0.418

Length of education (years) 15.0±5.3 16.30±4.92 1.004 0.254

Duration of illness (years) 3.34±2.61

Y-BOCS score 24.15±6.14

HAMD score 11.00±4.38

HAMA score 6.19±3.35

miR-132 12.93±24.14 1.79±3.01

miR-134 19.84±28.80 2.81±6.63

P<0.05 denotes statistical significance. OCD, obsessive-compulsive disorder; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale; HAMD, 
Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale.
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until all the liquid had passed through the column.
(v)	 A pipette was used to put 700 μL of wash solution 

1 into a spin column. After centrifugation at 
6,000 g for 30 s at room temperature, the filter 
solution was discarded, and the spin column was 
repositioned into the collection tube.

(vi)	 The spin column was washed twice with 500 μL 
of phosphate-buffered saline (PBS) solution.

(vii)	 The spin column was emptied for 1 min and then 
placed in a new collection tube. After that, 35 μL 
of 95 ℃ preheated elution solution was added 
to the center of the column and centrifuged at 
10,000 g for 30 s at room temperature. The liquid 
in the collection tube was discarded and stored at 
−80 ℃.

(II)	 Preparation of cDNA:
(i)	 Total RNA (10 μL) was placed in a 200 μL 

RNAse-Free EP tube.
(ii)	 Next, 3 μL of RT primer working solution was 

added and mixed for 15 s.
(iii)	 The solution was incubated on an ice bath at  

370 ℃ for 10 min.
(iv)	 Then, 2 μL dNTP (10 μmol/L) was added and 

mixed.
(v)	 RNase inhibitor (0.5 μL) was added, and reverse 

transcription was performed using 0.5 μL 
ReverseTra Ace, before mixing and centrifugation.

(vi)	 The solution was incubated at 25 ℃ for 10 min, at 
55 ℃ for 60 min, at 85 ℃ for 5 min to extinguish 
the reverse transcriptase.

(vii)	 The cDNA solution was frozen at −20 ℃.
(III)	 RT-qPCR
RT-qPCR was carried out on an ABI 7500 Real-Time 

PCR System (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA) using the SYBR Green I dye method for detection 
and analysis. miRNA-16 was used as an internal control. 
The reaction conditions were set to pre-denaturation at  
95 ℃ for 10 min, denaturation at 95 ℃ for 15 s, and 
annealing at 60 ℃ for 32 s. The relative miRNA expression 
levels were calculated using the 2−ΔΔCt method.

Evaluation of symptoms of psychosis

On the first day of admission, the investigators assessed the 
subjects’ obsessive-compulsive symptoms and emotional 
symptoms using the Y-BOCS, Hamilton Anxiety Rating 
Scale (HAMA), and HAMD.

Initially presented by the Goodman et al. in 1989, 

Y-BOCS is used to assess the severity of symptoms for 
OCD patients around the world. The scale comprises 10 
items: the first 5 items reflect forced thinking, and the 
second 5 items indicate forced behavior. The severity 
of symptoms of OCD are scored using a 5-point scale  
(0–4 points). The higher the score, the more severe the 
disease. Y-BOCS classifies OCD into different levels 
of severity: subclinical (0–7 points), mild (8–15 points), 
moderate (16–23 points), severe (24–31 points), and 
extremely severe (32–40 points). Additionally, according to 
the patients’ scores on the forced-thinking and the forced-
behavior subscales, they can divided into different levels of 
severity: mild (4–7 points) moderate (8–11 points), severe 
(12–15 points), and very severe (16–20 points).

HAMA and HAMD scores are assessed using 14 
HAMDs and 14 HAMDs to establish if a patient has 
major depressive disorder. HAMD <8 points indicates no 
depressive symptoms; HAMD >21 points shows mild or 
moderate depression; and HAMD >35 points indicates 
severe depression. HAMA <7 points indicates no symptoms 
of anxiety; 7-14 indicates the possibility of anxiety; HAMA 
>14 points indicates the existence of anxiety; HAMA in the 
range of 21–29 points indicates obvious anxiety; and HAMA 
>29 indicates severe anxiety.

Statistical analysis

Statistical analysis was performed using SPSS 19.0 software 
(IBM, Armonk, NY, USA). As the plasma levels of miR-
132 and miR-134 in the OCD group and the control 
group failed to meet the requirements of the t-test (normal 
distribution and variance), the two groups were compared 
using the rank-sum test. Spearman’s correlation analysis was 
employed to analyze the relationship between the plasma 
levels of miRNA-132 and miRNA-134 and clinical features. 
P<0.05 was considered to be statistically significant.

Results

Comparison of plasma levels of miR-132 and miR-134 
between the OCD group and the control group

As shown in Table 2, the plasma levels of miR-132 and 
miR-134 in the OCD group were significantly higher than 
those in the control group. The plasma levels of miR-132 
and miR-134 in the two groups were compared using the 
rank-sum test. The miR-132 level in the OCD group was 
markedly higher than that in the control group (Z=2.285, 
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P=0.022). Similarly, the level of miR-134 in the OCD group 
was significantly higher than that in the control group 
(Z=2.122, P=0.035).

Correlation analysis of miR-132 and miR-134 levels in 
the OCD group and clinical indicators 

Figure 1 shows that the levels of miR-132 and miR-134 were 
not normally distributed. As shown in Table 3, spearman’s 

correlation analysis revealed that the levels of miR-132 
and miR-134 were not significantly correlated with disease 
course, HAMA, HAMD, Y-BOCS scores, forced thinking, 
or forced behavior.

Correlation analysis of the levels of miR-132 and miR-134 
in the OCD group and general demographic and clinical 
features

As presented in Table 4, the levels of miR-132 and miR-
134 did not follow normal distribution or homogeneity of 
variance. Consequently, the Wilcoxon rank-sum test for 
two independent samples was used. The results showed 
no correlation between gender and the levels of miR-132 
and miR-134 (W=92, P=0.120; W=99, P=0.241), and the 
difference between the levels of miR-132 and miR-134 
at different ages was not statistically significant (W=126, 
P=0.660; W=115, P=0.310). Similarly, the course of the 
disease had no noticeable correlation with the levels of miR-
132 and miR-134 (W=127, P=0.698; W=114, P=0.286).

Table 2 Comparing plasma levels of miR-132 and miR-134 
between the OCD group and the control group

Items
Groups

Z P
OCD group Control group

miR-132 32.58 22.79 2.285 0.022

miR-134 32.19 23.14 2.122 0.035

P<0.05 denotes statistical significance. OCD, obsessive-
compulsive disorder.

Table 3 Correlation analysis of miR-132 and miR-134 in the OCD group and clinical indicators 

Variable
mir-132 mir-134

R P R P

Duration of illness −0.179 0.382 −0.315 0.116

HAMA 0.205 0.316 0.282 0.163

HAMD 0.012 0.952 0.237 0.243

Y-BOCS −0.178 0.383 0.141 0.493

OS −0.202 0.323 0.058 0.779

CS −0.134 0.514 0.212 0.297

P<0.05 denotes statistical significance. OCD, obsessive-compulsive disorder; HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton 
Anxiety Rating Scale; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale; OS, obsessive symptom; CS, compulsive symptom 
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Figure 1 The levels of miR-132 and miR-134 did not obey normal distribution and homogeneity of variance.
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Discussion

Several studies have reported that synaptic plasticity plays 
a pivotal role in mental disorders (21-23), including OCD 
(3,6). miRNAs act as fine tuners and on-off switches in 
gene expression patterns, especially in synaptic plasticity 
(6,10,11,17,18). MiR-132 and miR-134 are members of the 
miRNA family and play a significant role in the regulation 
of synaptic plasticity in neuropsychiatric disorders 
(14,18,19,24,25).

MiR-132 is an endogenous small RNA that controls post-
transcriptional regulation of gene expression via controlled 
mRNA degradation or transcription inhibition. MiR-
132 is influential in the pathogenesis of various diseases, 
particularly those related to the CNS. The dysregulation of 
miR-132 results in the occurrence and exacerbation of neural 
developmental, degenerative diseases [such as Alzheimer’s 
disease (AD), Parkinson’s disease (PD), and epilepsy], 
neurological infections, and psychiatric disorders (14).  
Analysis of a PD rat model revealed that the expression 
level of BDNF was reduced in the midbrain and plasma, 
whereas miR-132 expression was significantly increased (26). 
Nudelman et al. found that pilocarpine-induced epilepsy led 
to a significant upregulation of pre-miR-132 and mature 
miR-132 (27). Studies on the functional sequence of miR-
132 demonstrated that by inhibiting miR-132 expression, 
hippocampal neuron damage can be remarkably attenuated, 
confirming that the overexpression of miR-132 aggravates 
neuronal damage (28). This study discovered that the 
plasma miR-132 level in the OCD group was markedly 
higher than that in the control group. We hypothesized 
that the upregulation of miR132 may directly or indirectly 

affect neural signaling to some extent, thereby resulting 
in excessive axonal damage. However, to confirm this 
hypothesis, further research needs to be carried out.

MiR-134 also plays a substantial role in synaptic plasticity 
and modulation of synapse formation. One previous study 
demonstrated the neuroprotective effect of a miR-134 
antagomir, which can reduce ischemic injury and lead to 
prolonged seizure suppression (17). The current study 
found that the plasma miR-134 level in the OCD group 
was significantly higher than that in the control group. In 
neurons, miR-134 expression restricts excitatory synapse 
development, whereas its inhibition promotes dendritic 
spine growth (11). Gao et al.’s study showed miR-134 to be 
involved in SIRT1 modulation of synaptic plasticity and 
memory formation (19). They found that SIRT1 functions 
to limit miR-134 expression through a repressor complex 
containing transcription factor YY1, and unchecked miR-
134 expression after SIRT1 deficiency results in the down-
regulation of CREB and BDNF expression, which impairs 
synaptic plasticity. 

The results of this study indicated that there was no 
correlation between the plasma levels of miR-132 and miR-
134 in the OCD group. Moreover, gender, age, disease 
duration, HAMD score, HAMA score, and Y-BOCS score, 
as well as elevated plasma levels of miR-132 and mrR134 in 
patients with first-onset OCD may be independent of the 
clinical symptoms.

The important role of miR-132 and miR-134 in 
neuroplasticity prompted us to explore their function in 
the pathogenesis of OCD. These miRNAs offer great 
potential as biomarkers for OCD detection because of 

Table 4 Correlation analysis of the levels of miR-132 and miR-134 in the OCD group and general demographic and clinical features

Variable miR-132 W P miR-134 W P

Duration of illness 127 0.698 114 0.286

≤36 m (n=14) 14.0 14.81

>36 m (n=12) 12.7 11.40

Sex 92 0.120 99 0.241

Female (n=9) 10.22 11.00

Male (n=17) 15.24 14.82

Age 126 0.660 115 0.310

5 years old [10] 14.06 14.75

≥25 years old [16] 12.60 11.50

P<0.05 denotes statistical significance. OCD, obsessive-compulsive disorder.
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their remarkable stability in blood and their characteristic 
expression in various diseases (11,13).

The current cross-sectional case-control study has some 
limitations. First, there is a lack of comparison before and 
after treatment. Further, the plasma levels of miR-132 and 
miR-134 were detected by RT-qPCR, which is less sensitive 
than the TaqMan probe method. Another, in this study, the 
sample size is insufficient, which is the deficiency of this 
study, so we will further expand the sample size to do more 
in-depth research in the next step. Hence, a multi-center, 
prospective study is necessary to verify our findings and to 
address the above-mentioned deficiencies.

Conclusions

Patients with OCD have abnormal plasma levels of 
miRNA-132 and miRNA-134, which may influence the 
number of dendrites in the cerebral cortex and synapse 
formation. Therefore, miRNA-132 and miRNA-134 should 
be considered as biomarkers for OCD detection.
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