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Review Article

Growth factors associated with clinical depression 

The intricate relationship between growth factors and clinical depression has garnered significant attention in recent years, particularly 
in the context of neurotrophic factors such as Brain-Derived Neurotrophic Factor (BDNF), Glial Cell Line-Derived Neurotrophic Factor 
(GDNF), and Insulin-Like Growth Factor (IGF). These factors are pivotal in neurogenesis, neuronal survival, and synaptic plasticity, all of 
which are crucial for maintaining emotional and cognitive functions. The neurotrophic hypothesis of depression posits that a deficiency in 
these neurotrophic factors contributes to the pathophysiology of depression, leading to decreased neuroplasticity and neuronal atrophy 
in brain regions associated with mood regulation, such as the hippocampus and prefrontal cortex [1-3]. 

 BDNF, in particular, has been extensively studied as a key player in the neurotrophic hypothesis. Research indicates that stress and 
depressive states are associated with decreased BDNF expression, which in turn leads to impaired neurogenesis and increased neuronal 
apoptosis [4-6]. For instance, studies have shown that chronic stress results in reduced BDNF levels, which correlates with the atrophy of 
neurons in the hippocampus, a brain region critical for mood regulation and memory [4-6]. Furthermore, antidepressant treatments have 
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Abstract
Clinical depression is a multifaceted disorder characterized by various neurobiological alterations, including dysregulation of 

intracellular signaling pathways. Neurotrophic growth factors such as Brain-Derived Neurotrophic Factor (BDNF), Glial Cell Line-
Derived Neurotrophic Factor (GDNF), and Insulin-Like Growth Factor (IGF). These factors are pivotal in neurogenesis, neuronal 
survival, and synaptic plasticity, all crucial for maintaining emotional and cognitive functions. Various receptor systems, including 
serotonin receptors, dopamine receptors, GABA receptors, and purinergic receptors, play critical roles in the pathophysiology of 
depression. The mitogen-activated protein kinase (MAPK) pathway, particularly the extracellular signal-regulated kinase (ERK) 
pathway, has been extensively studied for its involvement in mood regulation and the efficacy of antidepressant treatments. The 
cyclic adenosine monophosphate response element-binding protein (CREB) is a well-established transcription factor implicated in 
the pathophysiology of depression. Collectively, these pathway elements are implicated in the etiology of clinical depression.
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been shown to reverse these deficits by increasing BDNF levels, thereby promoting neuroplasticity and neuronal survival [2,7,8]. This 
relationship underscores the importance of BDNF as both a biomarker and a therapeutic target in depression. 

 In addition to BDNF, other neurotrophic factors such as GDNF and IGF have also been implicated in the pathophysiology of depression. 
GDNF is known to support the survival of dopaminergic neurons and has been shown to exert neuroprotective effects in various models 
of neurodegeneration [9,10]. Similarly, IGF has been linked to neuroplasticity and cognitive function, with evidence suggesting that 
alterations in IGF signaling may contribute to the development of depressive symptoms [10,11]. The interplay between these neurotrophic 
factors and their receptors is crucial for maintaining neuronal health and function, and disruptions in this signaling cascade may lead to 
the onset of depressive disorders [10,11]. 

 Moreover, the role of neurotrophic factors extends beyond their neuroprotective properties; they are also involved in the modulation 
of neurotransmitter systems that are often dysregulated in depression. For example, BDNF signaling has been shown to influence 
serotonin and dopamine pathways, which are critical for mood regulation [2,3,12]. The interaction between neurotrophic factors and 
neurotransmitter systems suggests a complex network of signaling pathways that contribute to the development and maintenance of 
depressive symptoms. This complexity highlights the need for a multifaceted approach to understanding and treating depression, as 
targeting a single pathway may not be sufficient for all patients. 

 Recent advancements in therapeutic strategies have also focused on enhancing neurotrophic factor signaling as a means to alleviate 
depressive symptoms. For instance, ketamine, an NMDA receptor antagonist, has been shown to rapidly increase BDNF levels and promote 
synaptic plasticity, offering a novel mechanism for treating treatment-resistant depression [8,12]. Additionally, phytochemicals and other 
natural compounds that enhance neurotrophic factor expression are being explored as potential adjunctive therapies for depression 
[9,13]. These emerging treatments underscore the importance of neurotrophic factors in developing innovative therapeutic strategies for 
managing depression. 

 The relationship between neurotrophic factors and depression is further complicated by genetic and environmental factors that 
can influence their expression and function. Genetic polymorphisms in the BDNF gene have been associated with an increased risk of 
developing depression, suggesting that individual differences in neurotrophic factor signaling may contribute to the heterogeneity of 
depressive disorders [14-16]. Environmental stressors, such as trauma and chronic stress, can also lead to alterations in neurotrophic 
factor levels, thereby exacerbating the risk of depression [11,16]. Understanding these interactions is crucial for developing personalized 
treatment approaches that consider both biological and environmental factors. 

 In summary, the evidence supporting the role of neurotrophic factors in the pathophysiology of clinical depression is robust and 
multifaceted. BDNF, GDNF, and IGF are central to maintaining neuronal health and function, and their dysregulation is closely linked to 
the development of depressive symptoms. The neurotrophic hypothesis provides a valuable framework for understanding the biological 
underpinnings of depression and highlights the potential for targeting neurotrophic factor signaling in therapeutic interventions. Future 
research should continue to explore the complex interactions between neurotrophic factors, neurotransmitter systems, and environmental 
influences to develop more effective strategies for preventing and treating depression.  

 Cell receptors associated with clinical depression  

The exploration of cell receptors associated with clinical depression has become a focal point in understanding the neurobiological 
underpinnings of this complex disorder. Various receptor systems, including serotonin receptors, dopamine receptors, GABA receptors, 
and purinergic receptors, play critical roles in the pathophysiology of depression. This multifaceted involvement underscores the necessity 
of a comprehensive approach to treatment that targets these receptors to restore neurochemical balance. 
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Serotonin receptors, particularly the 5-HT receptor subtypes, have been extensively studied in relation to depression. The 5-HT1B 
receptor, for instance, is implicated in the modulation of emotional memory and has been shown to influence the efficacy of antidepressants 
[17,18]. Activation of this receptor can enhance serotonergic signaling, which is crucial for mood regulation. Additionally, the 5-HT3 
receptor has been identified as playing a complex role in mood disorders, as it is involved in the regulation of neurotransmitter systems 
relevant to depression [19]. The intricate interplay between these serotonin receptors and their respective signaling pathways highlights 
the importance of serotonin in the etiology of depression and the therapeutic potential of targeting these receptors. 

 Dopamine receptors, particularly the D2 and D3 subtypes, are also significantly associated with mood disorders. Research indicates 
that D3 receptors in the nucleus accumbens are downregulated in response to stress, and this downregulation can be reversed with 
antidepressant treatment [20]. This suggests that dopamine signaling is not only crucial for reward processing but also plays a role in the 
emotional dysregulation observed in depression. Furthermore, the interaction between dopamine and serotonin systems is essential for 
understanding the neurobiological mechanisms underlying depression, as both neurotransmitter systems are interrelated and influence 
each other’s activity [21]. 

 GABAergic signaling, mediated by GABA receptors, has emerged as a critical factor in the pathophysiology of depression. Studies 
have shown that individuals with major depressive disorder (MDD) exhibit reduced levels of GABA, an inhibitory neurotransmitter, 
leading to increased neuronal excitability and mood dysregulation [22,23]. The GABA_A receptor, in particular, has been implicated in 
the therapeutic effects of various antidepressants, as enhancing GABAergic transmission can alleviate depressive symptoms [23]. The 
GABAergic deficit hypothesis posits that alterations in GABA receptor function contribute to the development of depressive disorders, 
emphasizing the need for treatments that target this receptor system [22]. 

 Purinergic receptors, specifically the P2X7 receptor, have gained attention in recent years for their role in mood disorders. The P2X7 
receptor is activated by adenosine triphosphate (ATP) and is involved in mediating inflammatory responses in the central nervous system 
[24,25]. Dysregulation of purinergic signaling has been linked to the pathophysiology of depression, with evidence suggesting that ATP-
mediated signaling through P2X7 receptors may influence synaptic plasticity and neuronal survival [24,26]. The potential of targeting 
purinergic receptors for therapeutic interventions in depression is an exciting area of research, as it may provide novel strategies for 
treatment-resistant cases. 

 The involvement of epigenetic factors in receptor expression and function further complicates the landscape of depression. Chronic 
stress has been shown to induce epigenetic changes that affect dopamine receptor signaling, particularly the D2 receptor, which may 
contribute to the onset of depressive symptoms [27]. Understanding how environmental factors influence receptor expression through 
epigenetic mechanisms could lead to innovative approaches for preventing and treating depression. Moreover, the role of estrogen 
receptors in depression, particularly in women, has been highlighted in recent studies. Variations in estrogen receptor genes have been 
associated with an increased risk of developing depression, suggesting that hormonal fluctuations may influence receptor-mediated 
signaling pathways involved in mood regulation [28]. This connection underscores the importance of considering gender differences in 
the pathophysiology of depression and the potential for hormone-based therapies. 

 In summary, the intricate network of cell receptors involved in clinical depression encompasses serotonin, dopamine, GABA, and 
purinergic systems, each contributing to the neurobiological mechanisms underlying this disorder. The interplay between these receptors 
and their signaling pathways highlights the complexity of depression and the need for multifaceted treatment approaches. Future research 
should continue to explore the interactions between these receptor systems, the impact of epigenetic factors, and the potential for novel 
therapeutic targets to improve outcomes for individuals suffering from depression. 
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 Intracellular kinases associated with clinical depression 

Clinical depression is a multifaceted disorder characterized by various neurobiological alterations, including dysregulation of 
intracellular signaling pathways. A significant body of research has identified several intracellular kinases that play critical roles in the 
pathophysiology of depression. Among these, the mitogen-activated protein kinase (MAPK) pathway, particularly the extracellular signal-
regulated kinase (ERK) pathway, has been extensively studied for its involvement in mood regulation and the efficacy of antidepressant 
treatments. 

The ERK1/2 signaling pathway is a crucial mediator of neurotrophic factor signaling, particularly brain-derived neurotrophic factor 
(BDNF), which is essential for neuronal survival, growth, and synaptic plasticity. Studies have demonstrated that the activation of ERK1/2 
is necessary for the antidepressant-like effects observed in various animal models of depression [29,30]. For instance, the phosphorylation 
of ERK1/2 has been linked to the neurogenic effects of antidepressants, suggesting that enhancing this signaling pathway may contribute 
to the therapeutic effects of these medications [31]. Furthermore, alterations in ERK signaling have been observed in the brains of 
individuals with major depressive disorder, indicating a potential biomarker for the disease [32]. 

In addition to ERK1/2, glycogen synthase kinase 3 beta (GSK3β) is another critical kinase implicated in the pathophysiology of 
depression. GSK3β is involved in various cellular processes, including metabolism, cell differentiation, and apoptosis. Dysregulation 
of GSK3β activity has been associated with mood disorders, as its inhibition has been shown to produce antidepressant-like effects 
in preclinical models [33,34]. The interplay between GSK3β and the phosphatidylinositol 3-kinase (PI3K)/AKT signaling pathway is 
particularly noteworthy, as AKT activation leads to the inactivation of GSK3β, thereby promoting neuroprotective effects and enhancing 
mood [33,34].

Moreover, the role of the mTOR (mechanistic target of rapamycin) pathway in depression has garnered increasing attention. mTOR 
signaling is involved in protein synthesis and synaptic plasticity, and its dysregulation has been implicated in the development of depressive 
symptoms. Research indicates that mTOR activation may mediate the effects of various antidepressants, highlighting its potential as a 
therapeutic target for depression [35]. The interplay between mTOR and other signaling pathways, such as the MAPK and PI3K pathways, 
further underscores the complexity of intracellular signaling in mood regulation [36]. 

Neuroinflammation has also emerged as a critical factor in the pathophysiology of depression, with intracellular signaling pathways 
mediating the effects of inflammatory cytokines on mood. For instance, the activation of the nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-κB) pathway in response to pro-inflammatory cytokines can lead to alterations in neurotransmitter systems and 
neuroplasticity, contributing to depressive symptoms [37,38]. The interaction between inflammatory signaling and intracellular kinases, 
such as ERK and GSK3β, suggests a multifactorial approach to understanding the neurobiological underpinnings of depression [37]. 

Furthermore, recent studies have highlighted the significance of non-receptor tyrosine kinases (nRTKs) in the context of depression. 
These kinases, including focal adhesion kinase (FAK) and proline-rich tyrosine kinase 2 (PYK2), are involved in cell signaling pathways that 
regulate neuronal plasticity and stress responses. Their dysregulation has been linked to the development of depression-like behaviors in 
animal models, indicating their potential role in mood disorders [39,40]. The integration of nRTK signaling with other pathways, such as 
the MAPK and PI3K pathways, illustrates the complexity of intracellular signaling networks in the context of depression [39]. 

In summary, intracellular kinases, particularly those involved in the MAPK, PI3K/AKT, and mTOR pathways, play pivotal roles in 
the pathophysiology of clinical depression. The dysregulation of these signaling pathways can lead to impaired neuroplasticity, altered 
neurotransmitter systems, and increased vulnerability to stress, all of which contribute to the development and persistence of depressive 
symptoms. Future research aimed at elucidating the intricate interactions between these signaling pathways may provide valuable 
insights into novel therapeutic strategies for treating depression.
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Transcription factors associated with clinical depression

Clinical depression is a multifaceted disorder characterized by a complex interplay of genetic, environmental, and neurobiological 
factors. One of the critical components in understanding the pathophysiology of depression is the role of transcription factors, which are 
proteins that regulate gene expression and can significantly influence neuronal function and mood regulation. This synthesis will explore 
various transcription factors associated with clinical depression, drawing on a range of studies that highlight their roles in the disorder. 

The cyclic adenosine monophosphate response element-binding protein (CREB) is a well-established transcription factor implicated 
in the pathophysiology of depression. CREB is involved in the regulation of brain-derived neurotrophic factor (BDNF), which is crucial 
for neuronal survival and plasticity. Studies have shown that alterations in CREB signaling can lead to decreased BDNF expression, 
contributing to the development of depressive symptoms [41,42]. Furthermore, the phosphorylation of CREB in response to estrogen 
has been linked to affective behaviors, suggesting that hormonal fluctuations can modulate CREB activity and, consequently, mood [41]. 

Another significant transcription factor in the context of depression is nuclear factor kappa B (NF-κB). This factor is activated by 
pro-inflammatory cytokines, which are often elevated in individuals with depression. Research indicates that NF-κB mediates stress-
induced neuroinflammation, leading to impaired neurogenesis and exacerbation of depressive behaviors [43,44]. The interplay between 
NF-κB and cytokines such as interleukin-1β (IL-1β) and tumor necrosis factor-alpha (TNF-α) underscores the role of inflammation in the 
etiology of depression [45,46]. Elevated levels of these cytokines have been associated with reduced hippocampal volume, a common 
finding in depressed patients [47]. 

The transcription factor Nrf2 (nuclear factor erythroid 2-related factor 2) has emerged as a critical player in the oxidative stress 
response and inflammation, both of which are implicated in depression. Nrf2 regulates the expression of antioxidant genes and has been 
shown to ameliorate depression-like behaviors in animal models by promoting neuroprotection [48,49]. Its activation can counteract 
the detrimental effects of oxidative stress and inflammation, suggesting potential therapeutic avenues for targeting Nrf2 in depression 
treatment [50]. 

Additionally, the early growth response (EGR) family of transcription factors, particularly EGR-1, has been linked to mood regulation. 
EGR-1 is rapidly induced by various stimuli, including stress and neurotrophic factors, and is involved in synaptic plasticity and memory 
formation [51,52]. Dysregulation of EGR-1 has been observed in models of depression, indicating its potential role in the neurobiological 
underpinnings of the disorder [51,52]. 

The role of the transcription factor TCF7L2 in depression is also gaining attention. Recent studies suggest that TCF7L2 may regulate 
the effects of antidepressants on hippocampal astrocytes, highlighting its involvement in the neurobiological mechanisms of mood 
disorders [53]. This underscores the importance of exploring how various transcription factors interact with pharmacological treatments 
to enhance therapeutic outcomes. 

Moreover, the transcription factor AP-1, which is activated by the mitogen-activated protein kinase (MAPK) signaling pathway, has been 
implicated in the regulation of gene expression changes associated with chronic stress and depression [54,55]. The activation of AP-1 can 
lead to the expression of pro-inflammatory cytokines, further linking inflammation to the transcriptional landscape of depression [54,55]. 

In the context of epigenetics, histone deacetylases (HDACs) have been shown to play a role in the transcriptional regulation of genes 
associated with mood disorders. Inhibition of HDACs can lead to increased expression of neurotrophic factors and improved mood-
related behaviors in animal models, suggesting that epigenetic modifications are crucial in the pathophysiology of depression [54,55]. 
This highlights the potential for HDAC inhibitors as novel therapeutic agents in treating depression. 
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The interplay between transcription factors and neurotrophic factors such as BDNF is particularly noteworthy. BDNF signaling 
through its receptor TrkB is essential for neuronal survival and plasticity, and its dysregulation has been implicated in the development 
of depression [56,57]. Transcription factors like CREB and NF-κB influence BDNF expression, thus affecting mood and cognitive functions 
[56,58]. 

Furthermore, the role of microRNAs in regulating transcription factors and their downstream targets has been increasingly recognized 
in the context of depression. MicroRNA-124, for example, has been shown to suppress the expression of BDNF, linking microRNA regulation 
to the transcriptional control of mood-related genes [59,60]. This suggests that targeting microRNAs could provide a novel approach to 
modulating transcriptional responses in depression. 

Conclusion

In summary, transcription factors play a pivotal role in the pathophysiology of clinical depression through their regulation of gene 
expression, interaction with neurotrophic factors, and involvement in inflammatory processes. The intricate network of transcriptional 
regulation highlights the complexity of depression and the need for multifaceted therapeutic strategies that target these molecular 
pathways. Future research should continue to elucidate the specific roles of various transcription factors and their potential as therapeutic 
targets in the treatment of depression.
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