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Abstract

Depression is primarily characterized by low mood, decreased interest, and anhedonia, along with psychological and somatic symptoms. These symptoms 
form a multidimensional clinical picture that impairs patients’ social functioning and significantly reduces their quality of life. Accumulating evidence suggests 
a bidirectional relationship between peripheral and central inflammatory responses and depression. This relationship is mediated through mechanisms such 
as damaging the blood-brain barrier, activating glial cells, and causing neurotransmitter metabolic disorders. This review aims to provide a comprehensive 
overview of the potential of inflammatory factors as biomarkers for depression, focusing on the core inflammatory mediators—Interleukin-1 beta (IL-1β), 
Interleukin-2 (IL-2), Interleukin-6 (IL-6), Interleukin-17A (IL-17A), Interleukin-23 (IL-23), and Tumor Necrosis Factor-alpha (TNF-α)—and their mechanistic links 
to depression. We critically evaluate recent advancements in the field, integrating findings from preclinical models and clinical studies to elucidate the 
bidirectional relationship between inflammation and depression. This review also discusses the potential of inflammatory biomarkers for diagnostic and 
therapeutic applications, emphasizing the need for a more nuanced understanding of the inflammatory pathways involved in depression.

ABBREVIATIONS

IL-1β: Interleukin-1 beta; IL-2: Interleukin-2; IL-4: 
Interleukin-4; IL-6: Interleukin-6; IL-10: Interleukin-10; 
IL-11: Interleukin-11; IL-17A: Interleukin-17A; IL-23: 
Interleukin-23; IL-27: Interleukin-27; TNF-α: Tumor 
Necrosis Factor-alpha; NF- κB: Nuclear Factor kappa-light-
chain-enhancer of activated B cells; JAK/STAT: Janus Kinase/
Signal Transducer and Activator of Transcription; HPA: 
Hypothalamic-Pituitary- Adrenal; MDD: Major Depressive 
Disorder; PPD: postpartum depression; AD: Alzheimer’s 
disease; SNPs: Single Nucleotide Polymorphisms; TLRs: 
Toll-Like Receptors; IFN-γ: Interferon-gamma; TGF-β: 
Transforming Growth Factor-beta; Th17 and Treg cell: T 
helper 17 and Regulatory T cell; CNTF: ciliary neurotrophic 
factor; LIF: leukemia inhibitory factor; OSM: oncostatin M; 
CT-1: cardiotrophin-1; CLC: cardiotrophin-like cytokine; 
IL-6R: Interleukin-6 Receptor; p38MAPK: p38 Mitogen- 

Activated Protein Kinase; VTA: ventral tegmental area; 
FDA: Food and Drug Administration; OUD: opioid use 
disorder; HAMD: Hamilton Depression Rating Scale; 
BBB: blood-brain barrier permeability; STAT3: Signal 
Transducer and Activator of Transcription 3; TNF: Tumor 
Necrosis Factor; IKK: IκB Kinase; EP: ethyl propionate; 
NSAIDs: nonsteroidal anti-inflammatory drugs; DAMPs: 
Damage-Associated Molecular Patterns

INTRODUCTION

Depression, a major global public-health burden [1], 
has long had its pathogenesis constrained by the one-
sided “monoamine hypothesis,” which can’t explain the 
treatment- resistant phenomenon seen in up to 30% 
of clinical patients. WHO statistics indicate depression 
currently ranks as the principal worldwide source of 
incapacitation [1]. The heterogeneity and chronicity of its 



Yanluan Z, et al. (2025)

Ann Neurodegener Dis 9(1): 1042 (2025) 2/11

Central
Bringing Excellence in Open Access





multidimensional symptom clusters (affective- cognitive-
somatic) highlight the dual challenges of traditional 
diagnostic and therapeutic strategies in terms of etiological 
interpretation and intervention precision. In recent 
years, neuroimmunology has made breakthroughs. It has 
revealed a bidirectional association between inflammatory 
responses and depressive phenotypes. Peripheral immune 
activation reshapes the central microenvironment via the 
“brain-periphery” interaction network. This opens up a 
new way to explore the mechanisms of depression [1].

Although numerous studies have confirmed that 
pro-inflammatory factors such as IL-6 and TNF-α are 
significantly elevated in the periphery and cerebrospinal 
fluid of patients with depression, the neuroregulatory 
mechanisms remain a subject of key controversy. On 
one hand, inflammatory factors can induce synaptic 
pruning abnormalities and neurotransmitter imbalances 
through glial cell polarization [2]. On the other hand, in 
specific contexts, these inflammatory factors may exert 
neuroprotective effects [3]. This “double-edged sword” 
effect has yet to be systematically elucidated. Furthermore, 
the efficacy of anti-inflammatory treatments in clinical 
trials has shown heterogeneity, indicating an urgent need 
for stratification of inflammatory subtypes and screening 
of biomarkers. Current research, mostly focused on 
single pathways, lacks an integrated analysis of the cross-
scale regulatory network of “immune-neural-endocrine” 
interactions, which restricts the optimization of targeted 
intervention strategies.

This analysis meticulously analyzes the molecular 
pathways through which key inflammatory factors like 
interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α) influence monoamine metabolic processes, 
neuroplasticity, and Hypothalamic-Pituitary- Adrenal 
(HPA) axis function through dynamic penetration of the 
blood-brain barrier, vagal nerve signal transmission, 
and astrocyte-microglia dialogue, up to Octorber 2025, 
standing at the intersection of multiple disciplines.

It also deeply explores their spatiotemporal specificity 
and dose-dependent effects. By integrating evidence from 
pre-clinical models with translational medical data, this 
review focuses on evaluating the potential therapeutic 
windows and risk boundaries of anti-cytokine therapies, 
vagal nerve modulation, and nutritional immunological 
interventions. Finally, it proposes a precision diagnosis 
and treatment framework based on “inflammatory 
endophenotypes-multiplex biomarkers-individualized 
interventions,” providing a theoretical anchor and 
translational pathway for breaking through existing 
therapeutic bottlenecks.

Inflammatory Factors and Clinical Findings in 
Depression

The link between systemic inflammation and major 
depressive disorder (MDD) is strongly supported by a large 
body of clinical evidence. Specifically, altered levels of key 
circulating cytokines have positioned them as promising, 
albeit complex, biomarkers for the disease. Therefore, 
this section systematically reviews the clinical research 
findings for several key cytokines—IL-1β, IL-2, IL-6, IL-
17A, and TNF-α—to clarify their respective associations 
with the diagnosis, severity, and clinical course of MDD 
(Figure 1).

IL-1β: The IL1B gene encodes the pro-inflammatory 
cytokine IL-1β. This cytokine was initially tied to 
sickness behavior, with subsequent research connecting 
it—alongside IL-6 and TNF-α—to depression [4,5]. In 
clinical settings, it’s well-documented that depressive 
episodes often coincide with heightened levels of multiple 
inflammatory biomarkers [6,7], and researchers have been 
actively exploring whether IL-1β might serve as a valuable 
indicator for predicting how patients will respond to 
depression treatments [8]. Specifically, IL-1β levels in the 
cerebrospinal fluid are markedly elevated in individuals 
suffering from unipolar depression and are positively 
correlated with the severity of depression [9]. Thomas et 
al., confirmed the link between IL-1β concentrations and 
depressive symptom intensity: IL-1β levels in elderly (over 
60 years old) patients with major depressive disorder 
(MDD) were significantly increased (by 170%) compared 
with healthy subjects, and these levels were closely related 
to the current severity of depression [10]. Corwin et al., 
reported elevated IL-1β levels in women with postpartum 
depression (PPD) [11]. A meta-analysis concluded that 
IL-1β is significantly elevated in patients with depression 
and Alzheimer’s disease (AD), while IL-6 is only elevated 
in patients with depression [12,13]. Additionally, a study 
in Bangladesh also showed that serum IL-1β and TNF-α 
levels in MDD patients were significantly higher than 
those in the control group. Their grade of severity was 
positively associated with the intensity of depressive 
symptoms, indicating that inflammatory responses are 
associated with the severity of depression; among them, 
female patients had significantly higher levels of IL- 1β 
and TNF-α than male patients. The study suggested that 
IL-1β and TNF-α could be used as biomarkers for assessing 
the risk of depression [14]. A recent study on the role of 
single nucleotide polymorphisms (SNPs) in promoting 
the occurrence, severity, and treatment outcomes of 
depression, it was found that specific genetic variations 
of IL-1β is linked to depression risk and intensity [15]. 
Furthermore, studies indicate that interleukin- 1beta (IL-
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1β) could influence the correlation between mesolimbic 
pathway connectivity and depressive signs [16]. In 
summary, clinical phenomena emphasize the central role 
of IL-1β in depression, which is not only related to disease 
severity and gender differences but also suggests its 
potential as a biomarker for diagnosis and risk assessment, 
helping with early diagnosis and identification.

IL-2: IL-2 is a T-cell growth factor that plays a key role in 
immune regulation [17]. Clinical observations have shown 
a close correlation between IL-2 levels and depression: a 
recent study found that in patients with major depressive 
disorder, the speed of depressive episode onset (rapid vs. 
slow) significantly affects serum cytokine levels. Patients 
with rapid onset and shorter depressive episodes (less 
than 6 months) had markedly reduced IL-2, Interleukin-
4(IL-4), IL-6, Interleukin-10(IL-10), TNF-α, and Interferon-
gamma (IFN-γ) levels, and other cytokines in their serum. 
Additionally, patients with shorter depressive episodes 
(less than 6 months) exhibited lower levels of these serum 
factors, in contrast to those with longer depressive episodes 
(6-24 months) [18]. Clinical studies indicate that for 
individuals battling depression, boosting interleukin-2 (IL-

2) levels throughout therapeutic intervention can lead to 
a marked reduction in depressive symptoms as treatment 
progresses. Moreover, fortifying the T- cell system appears 
to amplify the effectiveness of antidepressant medications, 
potentially resulting in a more robust recovery for patients 
[19]. These findings suggest that IL-2 and other cytokines 
may be closely related to the onset pattern and duration of 
depression.

IL-6: IL-6 is a highly prevalent inflammatory factor 
that plays an extremely important role in both central 
and peripheral immunity. The IL-6 family consists of ten 
distinct ligands and nine receptors, featuring well-known 
members such as IL-6, Interleukin-11(IL-11), and ciliary 
neurotrophic factor (CNTF). Other key components include 
leukemia inhibitory factor (LIF), oncostatin M (OSM), 
cardiotrophin-1 (CT-1), cardiotrophin-like cytokine (CLC), 
and Interleukin-27(IL-27), along with several additional 
signaling molecules. These individuals all adhere to a 
uniform anatomical structure and communicate through 
similar signaling processes [20]. Research in the medical 
field has noted a strong link between the levels of IL-6 and 
feelings of depression; for instance, a study conducted 

Figure 1 Schematic diagram of the main cytokines influencing major depressive disorder (MDD)
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in China revealed that as depression becomes more 
severe, the concentrations of both IL-6 and TNF-α in the 
blood escalate and correspondingly, so does the level of 
depression[21]. Older patients dealing with depression 
typically exhibit higher IL-6 levels when compared to those 
without the condition [22-24]. Furthermore, the amount 
of IL-6 in patients with depression tends to correlate 
with the status and intensity of their depressive episodes 
[25]. Mendelian randomization studies have confirmed a 
causal relationship between IL-6 and major depressive 
disorder [26]. Additionally, IL-6 levels are correlated with 
specific symptoms, such as decreased appetite and sleep 
disturbances, and may be exacerbated by stress [27-36]. 
Moreover, research has linked IL-6 levels to the intensity 
of depressive symptoms in teenagers, hinting that this 
inflammatory marker could serve as a valuable indicator 
for spotting early-stage major depression in young people 
[37].These findings emphasize the key role of IL-6 in 
the dynamic process of depression. In summary, clinical 
studies indicate that elevated IL-6 levels are positively 
correlated with depression severity, suggesting its 
potential as a biomarker. This provides an important basis 
for the diagnosis and prognostic assessment of depression.

IL-17A: Recent clinical studies have increasingly 
revealed the significant role of IL-17A in major depressive 
disorder (MDD) and related psychological disorders. A 
study on patients with acute ischemic stroke found that 
elevated IL-17A levels showed a strong association with 
the progression of anxiety and cognitive impairment. 
Higher IL-17A levels correlated with more severe anxiety 
and cognitive impairment, suggesting that serum IL-
17A may serve as a potential biomarker for assessing 
post-stroke psychological and cognitive disorders [38]. 
Additionally, IL-17A has been proposed as a marker 
for treatment-resistant MDD, supporting its relevance 
in clinical assessments of treatment resistance [39]. 
Collectively, these clinical studies indicate that elevated 
IL-17A levels are closely associated with depression and 
psychological cognitive disorders, highlighting its potential 
as a diagnostic and prognostic biomarker.

TNF-α: TNF-α, a key inflammatory cytokine 
secreted by macrophages and monocytes during acute 
inflammatory responses, plays a pivotal role in triggering 
cellular signaling pathways that ultimately result in either 
programmed cell death (apoptosis) or tissue necrosis. 
This potent molecule serves as a critical mediator in the 
body’s immune defense mechanisms. It is also involved 
in physiological sleep regulation. Multiple clinical studies 
have shown that serum TNF-α levels in patients with major 
depressive disorder (MDD) are significantly higher than 
those in controls [40-45]. A study in antidepressant- naive 

MDD patients found that TNF-α and IL-1β concentrations 
were markedly elevated and positively linked to Hamilton 
Depression Rating Scale (HAMD) scores, while IL-8 levels 
were decreased and associated with lower HAMD and 
anxiety scores, suggesting a linear correlation of TNF-α 
with depression severity and comorbid anxiety [46]. 
Moreover, elevated baseline plasma TNF-α levels may 
predict the potential for improvement in suicidal ideation 
[47]. Childhood trauma in adolescents with depression 
often appears to correlate with increased levels of the 
proinflammatory cytokine, TNF-α. This correlation could 
potentially explain the variability in cytokine levels 
observed among these young individuals suffering from 
depression. Understanding this link might ultimately pave 
the way for more tailored and effective treatment plans for 
teenagers battling depression [48]. Research additionally 
indicates that TNF-α serum concentrations positively 
associate with depressive symptoms [49]. Nonetheless, 
research suggests a lack of correlation between TNF-α 
concentrations and the extent of MDD, suggesting that 
TNF-α may be more suitable as a diagnostic biomarker 
rather than an indicator of disease severity. In summary, 
clinical studies demonstrate that elevated TNF-α levels 
are closely related to MDD and have diagnostic value as a 
potential biomarker, although its relationship with disease 
severity requires further exploration.

Inflammatory Mechanisms of Depression: From 
Pathophysiological Insights to Therapeutic Targets

Stress-induced Peripheral Inflammation and its 
Transmission to the CNS: Animal studies have revealed 
the biological basis of inflammatory factors in depression. 
Long-term stress paradigms in animal studies including 
unpredictable chronic stress, repeated social defeat, 
and prolonged physical restraint—consistently trigger 
elevated concentrations of neuroinflammatory markers 
like IL-6, IL-1β, and TNF- α within cerebral tissues [50]. 
The establishment of animal models of depression mainly 
includes the despair model and the learned helplessness 
model. In these models, animals exhibit a lower intention to 
escape when exposed to uncontrollable and unpredictable 
aversive stimuli. The levels of catecholamines are the 
primary indicators, and these models have high predictive 
validity [51]. In a recent study in mice, persistent stress 
led to elevated levels of IL-6 in plasma, the prefrontal 
cortex, and the hippocampus [52]. In the same study, 
chronic stress was also found to elevate IL-17A levels in 
the plasma, prefrontal cortex, and hippocampus [52], 
and elevate TNF-α levels in the plasma, prefrontal cortex, 
and hippocampus, correlating with inflammatory and 
behavioral responses [52]. This reveals the mechanisms 
by which these cytokines contribute to depressive-like 
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behaviors. TNF-α has demonstrated its ability to enhance 
blood-brain barrier permeability (BBB) [53-55], which is 
associated with the emergence of depressive-like behaviors 
[56], providing direct evidence for how peripheral 
inflammation affects the central nervous system.

Cellular and Signaling Pathway Mechanisms of 
Inflammatory Factors within the CNS: Additionally, 
danger signals, inducers of inflammatory responses, can 
also elevate these cytokines via inflammasomes or toll-
like receptors (TLRs) [17]. In experiments with adult 
male rats, researchers observed changes in the discharge 
of neurons in the basolateral amygdala and found that 
these inflammatory mechanisms caused by the above - 
mentioned factors are directly associated with depressive-
like behaviors [9]. Current research has revealed the role 
of IL-6 derived from microglia promotes depressive-like 
behaviors by inducing astrocyte apoptosis [57]. In a mouse 
model of psoriasis-associated depression, IL-17A was 
shown to induce depressive-like symptoms via activation 
of the NF-κB and p38 Mitogen-Activated Protein Kinase ( 
p38MAPK ) signaling pathways, highlighting its key role 
in linking inflammation to depressive behaviors [58]. 
Additionally, exogenous TNF-α administration increases 
sleep, while TNF-α inhibition reduces spontaneous sleep, 
indicating its dual role in sleep regulation and depressive-
like behaviors. Moreover, TNF-α mRNA in the brain is 
produced in a circadian rhythm, with peak levels occurring 
during the high-sleep period [59].

Immune Dysregulation and its Protective 
Intervention Mechanisms in Depression: Animal model 
studies have provided important mechanistic support for 
the role of IL-2 in depression. In a rodent model exhibiting 
depressive symptoms triggered by prolonged stress, IL-2 
has been shown to alleviate depressive-like behaviors 
[60]. Emerging research has shown that small amounts of 
IL-2 can alleviate symptoms resembling depression and 
counteract harmful physiological shifts by bringing the 
IL-6 and Transforming Growth Factor-beta (TGF-β) levels 
back into equilibrium, while also rebalancing the T helper 
17 and Regulatory T cell (Th17 and Treg cell) populations 
[61].Though direct pharmacological evidence for IL-2 
in depression treatment is still limited, its potential as 
a therapeutic agent, suggested by both clinical and 
animal studies, deserves attention. Future research may 
investigate the possibility of IL-2 as a treatment target 
or predictor, based on its levels in MDD patients’ serum 
[60], and its role in balancing immunity in mouse models 
[61]. Also, the lower IL-2 levels in patients with rapidly-
occurring, short-duration depression hint at its potential 
for guiding personalized treatment strategies.

Pharmacological Evidence of Existing 
Antidepressants acting by Regulating Peripheral 
Inflammatory Factors: In terms of pharmacological 
evidence, clinical intervention studies have further verified 
the reversibility of the association between inflammatory 
factors and depression. In recent years, several clinical 
studies have confirmed that antidepressant treatment in 
patients with major depressive disorder (MDD) can reduce 
serum IL-1β levels [62-64]. In treatment-naive MDD 
patients, TNF-α levels in peripheral blood significantly 
decreased after antidepressant treatment, even falling 
below those of healthy controls [65]. This finding is 
consistent with recent studies on duloxetine treatment 
and was further confirmed in a recent pharmacological 
study [66]. Clinical data indicate that antidepressants such 
as fluoxetine improve depressive symptoms by reducing 
serum IL-6 levels [67]. This not only supports the influence 
of inflammatory mediators on depression development 
but also indicates that modulating inflammatory pathways 
may be an effective strategy for antidepressant treatment.

Potential of Targeting Specific Inflammatory 
Pathways as Novel Antidepressant Strategies: 
Laboratory experiments with animal subjects have 
demonstrated that mice lacking the IL-6 gene appear to 
be immune to developing these depressive behaviors 
when subjected to stress, which further underscores 
the crucial part IL-6 plays in the biological pathways of 
depression within these experimental models [68-69]. 
Additionally, ketamine exerts its antidepressant effects 
by reducing brain IL-6 levels, and blocking the IL-6 
receptor can produce sustained and rapid antidepressant 
effects [50-70]. These findings support IL-6 as a target for 
antidepressant treatment.

Cutting-edge pharmaceutical research has revealed 
novel prospects for IL-17A intervention. It has been 
found that blocking IL-17A can prevent oxycodone-
induced depressive-like behaviors, reduce levels of pro-
inflammatory factors such as IL-6 in the ventral tegmental 
area (VTA), and decrease oxycodone-derived physical 
dependence in rats, indicating that IL-17A promotes 
depression and allodynia by upregulating the VTA [71]. 
Meanwhile, IL-17A antibodies that have been approved 
by the Food and Drug Administration (FDA) (such as 
secukinumab) have shown potential for treating opioid 
use disorder (OUD) and related depression [72], providing 
a new direction for clinical applications. In summary, 
pharmacological evidence suggests that targeting IL-
17A has significant antidepressant and anti-dependence 
potential.
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INFLAMMATORY PATHWAYS AND THE 
REGULATION OF DEPRESSION

NF-κB or Signal Transducer and Activator of 
Transcription 3(STAT3)-activating cytokines like IL-6 
reciprocally stimulate both STAT3 and NF-κB pathways.

NF-κB

The NF-κB signaling pathway encompasses both the 
classic and non-classic branches. The standard NF-κB route 
responds to multiple triggers, enabling swift yet ephemeral 
gene expression and regulating the expression of numerous 
pro-inflammatory genes, thus acting as a key mediator of 
inflammatory responses. Meanwhile, activation of the non-
canonical NF-κB pathway occurs through a few members 
of the Tumor Necrosis Factor (TNF) receptor superfamily. 
Since activation of this pathway involves protein synthesis, 
the kinetics of non-canonical NF-κB activation are slow 
but sustained, consistent with its biological functions in 
the development of immune cells and lymphoid organs, 
immune homeostasis, and immune responses. Canonical 
and non-canonical NF-κB pathway activation requires 
precise regulation, underscoring ubiquitination’s critical 
function in these processes [73].

NF-κB can impair the function and expression 
of glucocorticoid receptors, leading to uncontrolled 
inflammatory responses, which may further exacerbate 
depressive symptoms [74]. The NF-κB–(IκB kinase)IKK–
NF-κB signaling pathway plays a pivotal role in modulating 
neuronal structure and function. This molecular cascade 
is not only involved in but also directly responsible for 
triggering behaviors in mice that mirror anxiety and 
depression, such as social withdrawal and the inability 
to experience pleasure [75,76]. Neurotrophic factors 
and glutamate represent brain-specific NF-κB activators 
[77,78], and this transcription factor is closely related 
to neuronal function neural adaptability in cognitive 
physiology [79,80]. Compared with controls, men 
with depression show enhanced NF-κB DNA binding 
in white blood cells following a stressful social event 
[81]. Conclusively, the results underscore the critical 
involvement of IκB Kinase (IKK) and NF-κB in mood 
disorders’ progression and the prospect of neural and 
synaptic restructuring.

NF-κB signaling and IL-1β activation under stress 
suppress hippocampal neurogenesis and induce 
depressive behaviors in chronic mild stress (CMS) [82]. 
IL-17A may additionally stimulate NF-κB-activating 
receptors in certain cells [83], potentially contributing to 
depressive pathology in psoriatic arthritis patients. The 
NF-κB pathway regulates the levels of IL-1β, IL-6, and 

TNF-α in vivo [84,85]. In depressive mouse models, lower 
hippocampal neurogenesis is linked to elevated levels 
of IL-1, IL-6, and TNF-α, with the IKK/nuclear factor κB 
pathway mediating the effect [86].

JAK/STAT

Janus kinases (JAKs) mediate phosphorylation of signal 
transducers and activators of transcription (STATs). Post-
dimerization, the proteins migrate across the nuclear 
envelope and into the nucleus, thereby modulating the 
activation of pertinent genetic sequences. This pathway 
is referred to as the JAK/STAT (Janus kinase/signal 
transducer and activator of transcription) signaling 
cascade. The cytokine-activated signaling route, also 
known as the IL-6 pathway, has been identified as a 
newly discovered cytokine- stimulated pathway. This 
signaling pathway plays a crucial role in numerous vital 
biological mechanisms, influencing key cellular activities 
such as growth, specialization, programmed cell death, 
immune system modulation, and blood cell formation. 
Its multifaceted nature allows it to regulate diverse 
physiological functions throughout the body [87].

Research on depression using rodent models has 
shown that inflammatory cytokines such as IL-1, IL-6, and 
TNF-α play a role in impairing hippocampal neurogenesis. 
These effects are mediated, at least in part, through the 
JAK-STAT signaling pathway, which influences cellular 
communication and gene expression [88]. Researchers 
have found that downregulating the JAK2/STAT3 
pathway can inhibit abnormal activation of microglia and 
improve neuroinflammatory damage [89]. Research via 
cellular studies validates the decrease in JAK2/STAT3 
phosphorylation levels can reduce the secretion of TNF-α 
and IL-1β by lipopolysaccharide-induced microglia [90]. 
IL-1β activates JAK2/STAT3 by binding to the IL-1β 
receptor on the cell surface, triggering a T-cell immune 
response [91]. Additionally, experimental results have 
shown that under IL-6 induction, CD4+ T lymphocytes 
differentiate into Th17 cells via JAK2/STAT3 regulation 
[92]. Subsequently, JAK2/STAT3 binds to the IL-17 gene 
to enhance its transcription and lead to further secretion 
of inflammatory factors. Activation of the JAK1/STAT3 
signaling pathway can alleviate amyloid-beta-induced 
hippocampal neuronal damage in rats [93]. Activation of 
the JAK/STAT3 signaling pathway can also provide some 
protection to neural cells in brain tissue during traumatic 
injury [94] (Figure 2).

Emerging research continues to underscore the 
critical involvement of the JAK- STAT signaling pathway 
in mediating the link between neuroinflammation and 
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depressive disorders. Investigations into traditional 
Chinese medicinal compounds— including luteolin [95], 
and gastrodin [96], have demonstrated their efficacy in 
alleviating depression-like symptoms in murine models, 
with their therapeutic effects attributed to the modulation 
of JAK/STAT signaling. Similarly, ethyl propionate (EP) 
has shown promise in mitigating depressive behaviors, 
potentially through its interaction with the SIRT1/STAT 
pathway [97]. Furthermore, transcriptomic profiling 
in a post-stroke depression mouse model revealed that 
therapeutic targeting of the JAK-STAT cascade significantly 
reduced the manifestation of depressive symptoms [98].

DISCUSSION & CONCLUSION

In conclusion, the intricate and multilayered interplay 
between depression and inflammatory mediators 
represents a pivotal frontier in understanding the 
pathophysiology of depressive disorders. From an 
expert perspective, this review highlights that core 
inflammatory cytokines such as TNF-α, IL-6, and the IL-
1β, IL-17a, inflammasome are not merely bystanders but 
active regulators of the neuroimmune environment and 
neurotransmitter systems. Their roles extend beyond 
peripheral inflammation, profoundly influencing central 
nervous system homeostasis and contributing to the 
manifestation and progression of depressive symptoms.

Though current research has extensively uncovered 
the close relationship between the pathogenesis of 
depression and inflammatory responses, the precise 
mechanisms of action of inflammatory factors remain 
to be fully elucidated. This complexity arises from the 
multifaceted roles of inflammatory factors in depression, 
which encompass neuroinflammation, neuroplasticity, 
and neurotransmitter metabolism. While some studies 
have begun to unravel potential mechanisms, the exact 
functions of inflammatory factors in the development 
and progression of depression are still not well defined. 
For instance, certain inflammatory factors (such as IL-6) 
may exhibit dual pro-inflammatory or anti-inflammatory 
effects depending on the context, and their precise roles 
in depression require further investigation. Additionally, 
systematic research on specific inflammatory factors 
(such as IL-17, IL-23) remains inadequate. Although 
recent studies have indicated that significant activation 
of the IL-23/Th17 axis in patients with major depressive 
disorder may render it a potential therapeutic target [99], 
the number of related studies is limited and lacks sufficient 
clinical validation.

Balancing diverse research perspectives, it is evident 
that while inflammation contributes significantly to 
depression, it is not the sole driver. The heterogeneity of 
depressive disorders necessitates a nuanced approach 

Figure 2 Schematic diagram of the NF- κ B and JAK/STAT signaling pathways and their associations with depression
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that integrates inflammatory biomarkers with genetic, 
environmental, and psychosocial factors. This complexity 
calls for a paradigm shift from a one-size-fits-all model to 
precision psychiatry. Advanced multi-omics technologies, 
including transcriptomics, proteomics, and metabolomics, 
combined with machine learning algorithms, offer 
unprecedented opportunities to dissect the molecular 
signatures of inflammation-related depression. Such 
integrative approaches can identify patient subgroups 
with distinct inflammatory profiles, enabling personalized 
interventions that target specific inflammatory pathways.

In summary, the evolving understanding of the role 
of inflammatory mediators in depression underscores 
a transformative shift in both research and clinical 
management. By integrating molecular insights with 
cutting-edge technologies and a systems biology 
perspective, the field is poised to advance toward 
individualized, mechanism-based therapies. Continued 
interdisciplinary collaboration and rigorous clinical 
validation will be essential to translate these scientific 
advances into tangible benefits for patients

suffering from inflammation-associated depressive 
disorders. This review thus not only consolidates current 
knowledge but also charts a forward-looking roadmap for 
future investigations and therapeutic innovation in the 
complex nexus of depression and neuroinflammation.
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