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Abstract: Depression is an affective disorder that endangers human health, and its main clinical feature is 
significant and persistent depression. The pathological mechanism of depression is complex and has not been 
fully elucidated so far. In recent years, with the further study of molecular biology techniques, depression is 
closely related with mood regulation, cognitive function, function changes of specific protein and abnormal 
cell signal transduction pathways in the brain, causing cell dysfunction, which affects the brain nerve cells 
apoptosis regeneration mechanism of trigger depressive symptoms. By referring to and sorting out relevant 
literatures, this paper comprehensively described the research progress of the signal transduction mechanism 
of cyclic adenosine phosphate (cAMP), mitogen-activated protein kinase (MAPK) and calmodulin kinase 
(CaMK) in depression, so as to provide reference for explaining the pathogenesis of depression and 
developing treatment plans. 

1 Introduction 

Depression is a persistent and recurring mood disorder [1]. 
Its clinical manifestations include low mood, reduced 
speech and movement, mental retardation, loss of interest 
in work, self-guilt, self-consciousness of uselessness, and 
often suicidal tendencies, which are common symptoms 
that harm all mankind [2]. The signal transduction 
pathway has the function of cascade amplification, which 
means one of the most primitive signals can cause the 
activation of multilevel messengers, which produces the 
biological effect of tens of thousands of times 
amplification [3]. Three pathways, namely cyclic 
adenosine phosphate (cAMP), mitogen-activated protein 
kinase (MAPK) and calmodulin kinase (CaMK), are 
currently considered to be related to antidepressant. They 
constitute the three main upstream pathways of CREB, 
and ultimately phosphorylate CREB to regulate gene 
expression in its downstream pathways and complete the 
biochemical function of neurons [4]. The research 
progress of signaling pathway in depression is reviewed 
in this paper, which will provide reference for the 
explanation of its pathogenesis and the development of 
treatment plan. 

2 cAMP signaling pathway and 
depression 

Intracellular signal transduction pathway is the focus and 
difficulty in the current study of antidepressant 
mechanism. The cAMP Response element binding 
protein (CREB) is a key protein for many antidepressant 

drugs and can be activated by many different signaling 
pathways [5]. CREB plays an extremely important role in 
the signal transduction pathway. It can connect the 
upstream and downstream parts of the signal pathway, 
which are important transportation hubs of the upstream 
and downstream [6]. Therefore, Cyclic adenosine 
phosphate (cAMP) is an important second messenger in 
cells. 

2.1 AC/cAMP/PKA signaling pathway 

AC/cAMP/PKA pathway plays an important role in 
emotion regulation. Most antidepressants can cause 
increase of concentrations of 5-hydroxytryptamine (5-HT) 
and norepinephrine (NE) in the brain. 5-HT and NE bind 
to g-protein-coupled receptors and activate the cAMP 
pathway [7]. The main process of the cAMP signaling 
cascade reaction is as follows: activation of adenylate 
cyclase (AC) → catalysis of ATP to cAMP → activation 
of protein kinase A(PKA) → phosphorylation of CREB 
→ regulation of gene transcription → biological effect[8]. 
Under normal physiological conditions, cAMP is 
generated by ATP catalyzed by AC and degraded by 
TYPE IV phosphodiesterase (PDE4) [9]. Jiang H J et al. 
found that PKA agonist 8-BR-camp could 
dose-dependently reduce the immobility time of rats in 
the forced swimming experiment, showing an 
antidepressant effect. This study proved the 
antidepressant effect of PKA agonist through animal 
experiments for the first time[10].Wang etc injected 
phosphoric acid lipase 2-4 (PDE4) specific inhibitor 
raleigh alvin (rolipram) which can inhibit cAMP 
hydrolysis, into mice after continuous dosing 17-23 d 
finding increase of cAMP, pCREB levels in mice 
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hippocampus, reduce of immobile time of the mice in the 
force swimming test and force tail suspension test in the 
fixed time, a similar fluoxetine behavior change after the 
treatment, suggests that the activation of the hippocampus 
cAMP pathways can improve depressive symptoms, 
Jiang H J also holds this opinion[11]. Kim et al. 
confirmed that the activity of cAMP and PKA in the 
prefrontal cortex of suicidal depressed patients was 
decreased, and the expression of RAP-1, a 
neuroprotective and synaptic plasticity molecule 
activated by cAMP or PKA, was also decreased. In 
addition, in the rat model of acquired helplessness 
depression, the behavior change of avoiding failure in the 
rat was related to it[12]. Ringsevgen et al. studied 
peripheral blood and autopsy brain tissue samples of 
depressed patients and found that PKA activity was 
reduced in depressed patients [13]. Therefore, cAMP and 
its mediators, AC and PKA, which regulate the 
concentration of cAMP and regulate the role of cells, play 
a crucial role in the cAMP signaling pathway. 

2.2 5-HT1AR/cAMP/PKA signaling pathway 

It has been reported in the literature that depression is 
related to the disorder of monoamine neurotransmitter 
system in brain, especially the central monoamine 
neurotransmitter[14].5-hydroxy tryptamine 1A receptor 
may play an important role in the pathogenesis of 
depression [15].5-HT1AR is a g-protein-coupled receptor, 
5-hydroxy Tryptamine is involved in the pathological 
process of depression through 5-HT1AR mediated C 
AMP/PKA/CREB signaling pathway.  

2.3 Research on cAMP Pathway and clinical 
depression 

With the increasing attention paid to the role of cAMP 
signaling pathway in an animal model, people gradually 
shifted their attention to the patients with depression-like 
emotions. In order to explore the effect of SRP on 
depressed rats, Wei Haojie et al. randomly divided 60 SD 
rats into 6 groups: normal group, model group, SRP (100, 
200, 400 mg/kg) group and fluoxetine (2 mg/kg) group. 
Different stress methods were used to establish chronic 
stress depression model in rats, and the changes of 
behavioral indicators in rats were observed. The content 
of cAMP was determined by radioimmunoassay, protein 
kinase A (PKA), and reactive element binding protein 
(CREB) in the hippocampus were determined by 
immunohistochemistry[16]. The research results of the 
experiment shows that the depression model rats after 
stimulation experiments, depression great heat will 
appear all sorts of state changes, mainly characterized by 
typical less activity, also it is because of less activity, 
reduced rats sugar water consumption and weight loss, 
integrated the above three kinds of performance, the rats 
can be judged in a state of depression. 
Immunohistochemical results showed that, compared 
with the normal group, the expressions of 5-HT1AR, 
cAMP, PKA and CREB in the hippocampus of the model 
group were significantly decreased, while the expressions 
of 5-HT1AR, cAMP, PKA and CREB in the SRP group 
were significantly up-regulated (P<0.01). The data are 
shown in the figure below: 
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3 CaMK signaling pathway and 
depression 

The CaMK pathway plays an important role in the 
pathogenesis of depression and the antidepressant 
treatment pathway. Postsynaptic density structure of Ca2 
+ / CaMK Ⅱ signaling pathway is very important. CaMK 
Ⅱ is a kind of multi-functional silk/threonine protein 

kinase, highly expressed in the brain tissue. Lee and 
others think CaMK Ⅱ is a high expression of protein 
kinase, brain tissue, especially the hippocampus area 
changes in neural plasticity and memory have into with a 
weight will be used, after CREB is within the nucleus of 
CaMKII swim points[17]. Phosphorylation of 
Ca2+-CaM-CaMKII-CREB site is one of a series of 
cascade reactions in vivo. The activation pathway is as 
follows: increase of intracellular calcium concentration 
→ binding of calcium ions to CaM → activation of 
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CaMK→ phosphorylation of CREB → regulation of gene 
transcription → expression of neurotrophic factors. 
Studies have found that chronic stress depression can lead 
to increase of levels of glutamate (GLU) in hippocampal 
neurons and excessive activation of N-methyl-D-aspartic 
acid receptor (NMDAR)[18], then the membrane 
permeability to calcium (Ca2+) will increase, causing a 
large amount of Ca2+ influx leading to intracellular 
calcium overload, however, Calcium plays an important 
role in nerve growth and synaptic remodeling[19]. By 
binding to specific calmodulin (CaM), calcium ions 
further activate downstream signaling pathways such as 
cyclic adenosine reactive element binding protein (CREB) 
that regulate cognition-related gene transcription, 
affecting the mood of the living organism. Therefore, 
changes in Ca2+ concentration are believed to play a key 
role in depression[20]. 

4 MAPK signaling pathway and 
depression 

The CaMK pathway plays an important role in the 
pathogenesis of depression and in antidepressant 
treatment. The Ca2+ / CAMK II signaling pathway is 
structurally important postsynaptically, and CAMK II 
manifests itself as a multipurpose serine kinase that is 
highly frustrated. After MAPK nuclear transposition, it 
activates intracellular transcription factors, regulates gene 
expression, promotes the synthesis of related proteins, 
and completes the response to extracellular stimuli. The 
basic process of the signaling cascade is as follows: G 
protein RAS-activated MAPK kinase (MAP-KKK, RAF) 
-activated MAP kinase (MAPKK, MEK) -activated 
extracellular regulatory protein kinase (ERK) 1/2 
-activated ribosome S6 kinase (RSK) -CRE 
phosphorylation - regulation of downstream gene 
transcription - to produce biological effects. The signal 
transduction pathway has many functions in neurons, 
including synaptic plasticity, long-term enhancement 
effect, protection and survival of damaged neurons [21]. 

4.1 ERK1/2 signaling pathway 

Extracellular adjusting protein kinase (ERK1/2) signal 
transduction pathway is an important subtribe of 
mitogen-activated protein kinase pathway (MAPKs) 
family. ERK1 /2 is mainly activated by phosphorylation 
of various growth factors, ion rays, hydrogen peroxide, 
etc., enters the nucleus and acts on transcription factors, 
promotes the transcription and expression of certain genes, 
and are closely related to cause of the depression[22]. 

ERK1/2 channel signal cascade follows MAPKs 
tertiary enzymatic cascade, after the ras/raf/MEK/ERK 
cascade amplification effect to extracellular signals into 
the cell, its process is as follows: extracellular signals 
through the cell membrane surface receptor activation and 
GTP protein made connection ras proteins, which in turn 
raf and MEK downstream protein kinase. MEK 
heterosexual phosphorylation plays an important 
biological significance, which can effectively prevent 
ERK1/2 signal error activation, improve the accuracy[23]. 

The inhibitor PD98059 can specifically inhibit the 
activation and phosphorylation of MEK1 through binding 
with ERR, the upstream kinase of ERK1/2 (MEK1 is the 
main activator of ERK1/2), and thus blocks the ERK1/2 
signaling pathway[24]. Part of activated ERK1/2 rapidly 
enters the nucleus, phosphorylates ribosomal S6 kinase 
(RSK), and then promotes the phosphorylation of CREB, 
C-FOS, cJun, ELK-1, NF-XB and other nuclear 
transcription factors [25]. ERK, which is not activated in 
the nucleus, stays in the cytoplasm, phosphorylates 
cytoskeleton proteins, regulates cell morphology and 
cytoskeletal redistribution, or regulates other protein 
kinases, mediating other biological effects[26].  

ERK1/2 signaling pathway does not exist in isolation. 
It is cross-linked with other signal transduction pathways 
and together forms a complex regulatory network to 
regulate the biological function of cells[27]. For example, 
the P13K/AKT pathway can affect the cascade effect of 
the ERK1/2 pathway, and the interaction between the two 
signaling pathways is manifested in the form of 
coordination or withdrawal[28]. The acidification of 
ERK1/2 is positively and negatively regulated by a 
variety of factors[29]. ERK can phosphorylate the 
upstream proteins of ERK1/2 pathway, such as Raf-1 and 
MEK, and further strengthen the MAPK signaling 
pathway [30], BDNF is the target protein in the 
downstream of ERK1/2 signaling pathway. Binding with 
the protein receptor TrkB can activate the ERK signaling 
pathway and form a circulating pathway[31]. 

Recent studies have shown that ERK1/2 activity in the 
prefrontal cortex and hippocampus is significantly 
reduced in depressed patients[32].SCHMUNK et al. 
found that ERK blockers could cause depressed-like 
behaviors in mice, and could also block the antidepressant 
effect of antidepressants[33]. KURY et al. found that the 
ERK signaling pathway in the frontal cortex of rats is 
correlated to anhedonia and decreased activity level to 
some extent[34]. COLEY A A et al. found that improving 
the expression and function of key molecules of 
BDNF/CREB/ERK signaling pathway in rat brain could 
effectively improve the mechanism of action of 4ERK1/2 
signaling pathway involved in antidepressant treatment in 
rat depressive behavior[35]. 

In conclusion, in nerve cells, activation of ERK1/2 
signaling pathway not only has a protective effect, but 
also has a role of promoting damage, which is a 
double-edged sword. In order to make good use of the 
neuroprotective effect of ERK1/2 signaling pathway, 
specific physiological and pathological regulatory 
mechanisms of this pathway in different models and 
different parts must be clarified.  

4.2c-Jun amino-terminal kinase signaling 
pathway 

JNK and other members of the MAPK family, its 
substrate molecule phosphorylation of serine/threonine 
site. JNK family has three subtypes, JNK1, JNK2 and 
JNK3. They are different from expression in tissue 
distribution, active regulation and function. JNK1 and 
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JNK2 are widely expressed in whole body including the 
brain, while JNK3 is mainly expressed in the brain.  

The involved MAPK kinases include MEKK1, 
MEKK4, MLK1, MLK3, ASK1, TAOK2, etc., which are 
known to have important functions in the nervous 
system[36].A genome-wide expression profile screening 
study on the hippocampus of mice with unpredictable 
chronic mild stress depression and mice with isolated 
mother and child stress depression found that JNk1 (also 
known as Mapk8) was differentially expressed in both 
types of depressed mice compared with the control 
group[37].  

4.3 MAKP pathway and clinical depression 

With the increasing attention paid to the role of MAKP 
signaling pathway in an animal model, people gradually 
shifted their attention to the patients with depression-like 
emotions. Xu Ming-min （ 2016 ）  [38]specifically 
inhibited the ERK1/2 signaling pathway and to observe 
the changes in protein expression levels of key effectors 
p-ERK1/2, P-CREB and BDNF in the erK1/2 
creB-BDNF signaling pathway in the prefrontal cortex of 
rats with chronic stress depression. Experimental methods: 
64 SD rats dimensionality, randomly divided into 8 
groups, each group of eight: blank group, model group, 
model plus acupuncture group (acupuncture group), 
model + chlorine west group (fluoxetine group), model 
group, the model + + DMSO PD98059 + + PD group 
(model), model group acupuncture group (acupuncture + 
PD) + PD98059 group + + PD98059 fluoxetine group, 

model group chlorine paxil + (PD). Modeling methods: 
The depression rat model was prepared by the 
combination of solitary nutrition and chronic mild 
unforeseeable stress. Stress management involves a 
24-hour diet. Cut off the water for 24 h; Binding 2 h; 
vibration for 30 minutes; Editing for 3 minutes; The wet 
mat for 24h: 12h of night-light exposure, the stress 
stimulation averaged 3 times during the experiment, the 
same stress pattern was used intermittently, a total of 21 
days of modeling. 1 week before model preparation, 
lateral ventricular vesicle management was performed in 
model +DMSO group, model +PD group, acupuncture 
+PD group and fluoxetine +PD group. Normal group did 
not give any stimulation, normal group feeding. The other 
groups received chronic stress stimulation for 21 days and 
were fed in solitary cages. At the same time, the 
acupuncture group received acupuncture treatment 30min 
before modeling every day: the fluoxetine group received 
gastric administration 30min before stress every day: the 
model +DMSO group was given 10UL/LD DMSO lateral 
ventricle injection 1h before stress: the model +PD group 
was given 10UL / 1D blocking inhibitor PD98059 diluent 
lateral ventricle injection 1h before stress: The 
acupuncture +PD group and the cloxetine +PD group 
were injected with 10UL/LD blocking inhibitor PD98059 
diluent in the lateral ventricle 1h before the stress, and 
then acupuncture intervention and fluoxetine gavage 
administration were respectively administered 30min 
before the stress. Experimental results are shown in the 
following table: 

 

 

 

5

E3S Web of Conferences 218, 03017 (2020) https://doi.org/10.1051/e3sconf/202021803017
ISEESE 2020



 

    
From the above experimental data, it can be found that 

there is no significant difference in the expression of 
ERK1/2 protein in the prefrontal cortex between each 
group of experimental rats. C U M S combined with any 
other ingredients, can make the related research in the 
prefrontal cortex of the factor content is reduced, the 
protein expression decrease, means that use this way to be 
able to make the expression of these proteins by will, it is 
possible that inhibit the synthesis of these proteins, or 
blocking the protein synthesis pathway, according to the 
related research content of this study may prove that 
chronic stress stimulation inhibits the activity of ERK1/2 
signaling pathways. Through longitudinal comparison of 
acupuncture group and acupuncture + PD composite, can 
be found, as the hub of the signal factor BDNF not appear 
relatively obvious change, while the other two protein 
expression of all appear to drop the case, fluoxetine group 
with fluoxetine + PD group have the same performance, 
the two groups can be fully proved blocker PD98059 
inhibition, but these two approaches for transport hub of 
BDNF protein, no intervention. In addition, acupuncture 
and fluoxetine interventions have been shown to 
up-regulate CREB phosphorylation through other 
pathways, while oxoxetine may be more regulated 
through other pathways. 

5 conclusion 

The pathogenesis of depression is very complex, and the 
causes of depression are also various, including many 
factors such as environment, living habits, heredity and 
dietary habits. Research evidence tends to be related to 
the dysfunction of various neurotransmitters and 
receptors, neuroendocrine and BDNF abnormalities in the 
body. At the same time, the occurrence of depression may 
be related to the impairment of neuroperception function 
and the change of neuroelectrophysiology. Its 
abnormality involves multiple signaling pathways of life 
activity, and the pathogenesis of depression cannot be 
well elucidated only from one aspect, but its correlation 
has not been elucidated at present. Therefore, 
synthesizing various hypotheses and phenomena and 
finding out the key points of intersection is an important 
method to elucidate depression. 
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