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Gao et al.: Consequences of microRNA-665 Suppression on Depression

This study explores the consequences of microRNA-665 suppression on depression, shedding light on the 
mechanisms involved through the phosphoinositide 3-kinase/protein kinase B/c-Jun N-terminal kinase 
signaling pathways. The findings aim to identify new therapeutic targets and offer deeper insights for treating 
depression. To model depression, mice were subjected to a chronic unpredictable mild stress protocol and 
subsequently distributed randomly into four groups; control, depression model, microRNA-665 silencing, and 
microRNA-665 silencing combined with phosphoinositide 3-kinase/protein kinase B inhibitor. MicroRNA-665 
expression was silenced using adenoviral vectors. Serum cortisol levels were measured using enzyme-linked 
immunosorbent assay. In the depression model, silencing microRNA-665 notably decreased immobility duration 
in both the forced swim test and the tail suspension test. Additionally, it led to a significant increase in the total 
movement distance observed in the open field test. Enzyme-linked immunosorbent assay results showed a 
decrease in serum cortisol levels in the microRNA-665 silencing group. Reverse transcription-quantitative 
polymerase chain reaction analysis indicated that silencing microRNA-665 regulated the expression levels 
of phosphoinositide 3-kinase, protein kinase B, and c-Jun N-terminal kinase genes towards normal levels. 
Silencing miR-665 expression significantly improved the behavioral performance of depressed mice and 
normalized the levels of associated proteins and genes through the phosphoinositide 3-kinase, protein kinase 
B, and c-Jun N-terminal kinase signaling pathways, as well as regulated physiological indicators associated 
with depression.
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Depression, a prevalent and severe mental illness, 
profoundly impacts individual’s quality of life and 
social functionality[1,2]. Key symptoms include a 
persistent sadness, reduced interest in everyday 
activities, alterations in sleep and appetite patterns, 
fatigue, concentration difficulties, and severe suicidal 
ideation[3]. Primary symptoms involve a prolonged 
period of low mood, reduced engagement in everyday 
activities, disturbances in sleep and appetite, 
persistent fatigue, difficulties in concentration, and 
intense thoughts of suicide. Although current 
treatments provide some relief, 30 %-50 % of patients 
exhibit poor responses to these therapies. 
Furthermore, antidepressants are frequently linked to 
negative side effects, such as weight gain and sexual 
dysfunction, further compromising patient’s quality 
of life. Thus, comprehending the pathogenesis of 

depression and identifying new therapeutic targets 
remain critical areas of psychiatric research[4]. Recent 
research has increasingly emphasized the significance 
of microRNAs (miRNAs) in the onset of depression[5]. 
miRNAs are pivotal in regulating various biological 
and processes related to diseases, such as cellular 
growth, differentiation and apoptosis, and metabolic 
control. In depression research, miRNAs are 
considered potential biomarkers and therapeutic 
targets[6]. miR-665 has been shown to exhibit 
abnormal expression in various diseases, playing key 
roles in conditions such as tumors and cardiovascular 
diseases[7,8]. Despite this, research on the role of 
miR-665 in neurological disorders is limited. Some 
studies indicate that the Phosphoinositide 3-Kinase 
(PI3K)/Protein Kinase B (AKT)/c-Jun N-Terminal 
Kinase (JNK) signaling pathways play a crucial role 
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in regulating cellular growth, differentiation, 
survival, and metabolism, and it plays a critical role 
in various psychiatric conditions[9-12]. The PI3K/AKT 
pathway supports cell survival and prevents 
apoptosis, thereby aiding neuronal growth and 
development. Conversely, the JNK pathway is 
involved in stress responses and inflammatory 
reactions, playing key roles in neuroinflammation 
and neurodegenerative diseases[13-16]. This study aims 
to investigate how silencing miR-665 expression 
impacts depression, focusing on the underlying 
mechanisms involving the PI3K/AKT/JNK signaling 
pathway. By establishing a Chronic Unpredictable 
Mild Stress (CUMS) mouse model, behavioral tests 
(Forced Swim Test (FST), Tail Suspension Test 
(TST) and Open Field Test (OFT)), molecular 
biology analyses (Reverse Transcription-quantitative 
Polymerase Chain Reaction (RT-qPCR), Western 
blot, Enzyme-Linked Immunosorbent Assay 
(ELISA)), and systematic evaluations of the impact 
of miR-665 silencing on behavioral performance, 
physiological indicators, and related molecular 
mechanisms in depression model mice are conducted. 
Eighty Specific Pathogen Free (SPF)-grade C57BL/6 
mice (n=80), comprising both males and females 
weighing between (20-25) g, were utilized in the 
study. These mice were housed under strictly 
controlled conditions, including 22°±2°, a humidity 
level of 55 %±5 %, and a 12 h light/dark cycle. A 
CUMS protocol was employed over 4 w to induce 
depression in mice. The mice were subjected to 
various daily stressors, including cold water swims, 
restraint, vibration, and reversed light-dark cycles. 
The mice were randomly divided into four groups, 
with each group containing 20 individuals. Control 
(no CUMS treatment), depression model (CUMS 
treatment), miR-665 silencing (CUMS treatment 
with adenoviral vector-mediated miR-665 silencing), 
and miR-665 silencing+PI3K/AKT inhibitor (CUMS 
treatment with miR-665 silencing and PI3K/AKT 
pathway inhibitor). In FST, the mice were placed in a 
clear cylindrical tank with dimensions of 20 cm in 
diameter and 25 cm in height. The immobility time 
was recorded over a 6 min session, where immobility 
was defined as the minimum movement required to 
keep the mouse afloat. In TST, mice were suspended 
by the tail on a suspension device 30 cm above the 
ground. The total immobility time (seconds) within 6 
min was recorded, with immobility defined as 
complete stillness. In OFT, the mice were placed in 
an open field apparatus measuring 50×50×40 cm for 

observation. The total movement distance (meters) 
within 10 min was recorded to assess activity levels 
and anxiety-like behavior. RT-qPCR analysis 
Ribonucleic Acid (RNA) was isolated using Trizol 
reagent, followed by the synthesis of complementary 
Deoxyribonucleic Acid (cDNA) through reverse 
transcription. SYBR Green qPCR kit was used for 
real-time quantitative PCR analysis. Genes analyzed 
included miR-665, PI3K, AKT, and JNK, with 
relative quantification (2-ΔΔCt method). ELISA for 
serum cortisol levels serum samples were collected 
by centrifuging orbital blood at 3000 rpm for 10 min. 
Serum cortisol levels were measured with an ELISA 
kit according to the manufacturer’s protocol. During 
the FST, mice in the depression model group showed 
a notable increase in immobility time (189.7±15.7) s, 
reflecting significant depressive-like behavior. In 
contrast, the miR-665 silencing group (140.4±12.1) 
s, and the miR-665 silencing combined with PI3K/
AKT inhibitor group (167.2±14.3) s exhibited a 
marked reduction in immobility time, indicating that 
miR-665 silencing mitigates depressive-like 
symptoms as shown in fig. 1. The depression model 
group exhibited significantly increased immobility 
time (190.1±16.4) s, further validating depressive-
like behavior. The miR-665 silencing group 
(158.3±13.6) s and the miR-665 silencing+PI3K/
AKT inhibitor group (174.2±15.3) s showed 
significantly reduced immobility time, further 
supporting the antidepressant effect of miR-665 
silencing. In contrast, groups with silenced miR-665 
expression exhibited notably reduced immobility 
times in comparison with the depression model group 
(p<0.05) as shown in fig. 2. The OFT results showed 
that the depression model group exhibited 
significantly reduced total movement distance 
(8.5±1.0) m, while the miR-665 silencing group 
(12.8±1.5) m, and the miR-665 silencing+PI3K/AKT 
inhibitor group (10.7±1.2) m exhibited significantly 
increased total movement distance, indicating that 
miR-665 silencing improved the activity levels of 
depressed mice as shown in Table 1. ELISA results 
showed that the depression model group exhibited 
significantly elevated serum cortisol levels 
(120.7±10.6) ng/ml, while the miR-665 silencing 
group (80.3±6.1) ng/ml and the miR-665 
silencing+PI3K/AKT inhibitor group (90.2±8.7) ng/
ml exhibited significantly reduced serum cortisol 
levels, indicating that miR-665 silencing modulated 
the stress response in depressed mice. The CUMS 
model simulates the pathological features of 
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inhibitor groups showed significant improvement in 
these behaviors, indicating that miR-665 silencing 
effectively alleviated depressive-like behaviors[17]. 
The miR-665 silencing and miR-665 silencing+PI3K/
AKT inhibitor groups exhibited normalized 
expression levels, indicating that miR-665 silencing 
exerts its effects on depression through regulating 
the PI3K/AKT/JNK signaling pathway. The PI3K/
AKT signaling pathway is crucial for cell survival 
and anti-apoptosis, while the JNK pathway plays 
essential roles in stress responses and inflammatory 
reactions. Depression patients often exhibit increased 
neuroinflammation and neuronal apoptosis. This 
study’s results suggest that miR-665 silencing 
alleviates depressive symptoms by regulating these 
signaling pathways. ELISA results showed 
significantly elevated serum cortisol levels in the 
depression model group, indicating enhanced stress 
responses. The miR-665 silencing and miR-665 
silencing+PI3K/AKT inhibitor groups exhibited 
significantly reduced serum cortisol levels, 
suggesting that miR-665 silencing effectively 
modulates stress responses[18-20]. Silencing miR-665 
increases PI3K/AKT pathway activity and decreases 
JNK pathway activity, potentially explaining its 
antidepressant effects. These findings align with 
previous studies, further confirming the importance 
of the PI3K/AKT/JNK signaling pathway in 
depression. Future studies should investigate the 
interactions between miR-665 and other miRNAs 
and signaling pathways to fully understand its role in 
depression. Understanding miR-665 and related 
signaling pathways in depression will provide new 
strategies and targets for prevention, diagnosis, and 
treatment, improving patients’ quality of life, and 
reducing social and economic burdens.

depression by subjecting mice to a series of 
unpredictable mild stresses, such as cold water 
swimming, restraint, and vibration, leading to 
significantly increased cortisol levels, reflecting the 
physiological response to chronic stress. In contrast, 
cortisol levels in the miR-665 silencing group were 
significantly reduced (80.3±6.1) ng/ml, indicating 
that miR-665 silencing effectively alleviated the 
stress response and lowered cortisol levels. As a 
small RNA that regulates gene expression, miR-665 
may exert its effects by modulating signaling 
pathways related to stress and inflammation 
responses. Additionally, cortisol levels in the miR-
665 silencing combined with PI3K/AKT inhibitor 
group were also significantly reduced (90.2±8.7) ng/
ml, further supporting the critical role of the PI3K/
AKT signaling pathway in miR-665 regulated stress 
response as shown in Table 2. RT-qPCR analysis 
revealed significant alterations in the expression 
levels of miR-665, PI3K, AKT, and JNK genes in the 
depression model group. The miR-665 silencing 
group and the miR-665 silencing+PI3K/AKT 
inhibitor group exhibited normalized expression 
levels, indicating the regulatory effect of miR-665 
silencing on these genes as shown in Table 3. The 
primary results of this study reveal that silencing 
miR-665 expression markedly enhances the 
behavioral outcomes of depression model mice and 
normalizes the expression levels of pertinent proteins 
and genes through the PI3K/AKT/JNK signaling 
cascade. Behavioral tests showed that depression 
model mice exhibited significant depressive-like 
behaviors, characterized by longer immobility 
durations in the FST and TST, as well as decreased 
overall movement distance in the OFT. The miR-665 
silencing and miR-665 silencing+PI3K/AKT 

Fig. 1: Time spent immobile during the FST
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Fig. 2: Time spent immobile during the TST

Group Total movement distance (meters)

Control 15.2±1.3

Depression model 8.5±1.0

miR-665 silencing 12.8±1.5

miR-665 silencing+inhibitor 10.7±1.2

TABLE 1: TOTAL MOVEMENT DISTANCE IN THE OFT

Group Serum cortisol levels (ng/ml)

Control 77.4±5.9

Depression model 120.7±10.6

miR-665 silencing 80.3±6.1

miR-665 silencing+inhibitor 90.2±8.7

TABLE 2: SERUM CORTISOL LEVELS MEASURED BY ELISA

Group miR-665 PI3K AKT JNK

Control 1.1±0.2 1.0±0.2 1.3±0.1 1.1±0.2

Depression model 1.5±0.3 0.7±0.1 0.8±0.1 1.3±0.2

miR-665 silencing 0.5±0.1 0.9±0.2 1.1±0.3 1.0±0.3

miR-665 
silencing+inhibitor 0.7±0.3 0.8±0.2 1.0±0.1 1.2±0.2

TABLE 3: GENE EXPRESSION LEVELS MEASURED BY RT-qPCR
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