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Psoriasis, atopic dermatitis (AtD), and Alzheimer’s disease (AD) are chronic inflammatory disorders tra-
ditionally examined within isolated organ systems, but are increasingly recognized as manifestations 
of a shared immunometabolic architecture with direct relevance to cancer biology. Synthesizing multi-
omics with transcriptomic and clinical evidence, this review delineated the conserved cytokine-driven 
networks linking cutaneous, neural, and oncologic inflammation. Core inflammatory loops centered on 
interleukin (IL)-1b, tumor necrosis factor-a (TNF-a), IL-6, IL-17A/F, and IL-23 were found to converge 
on Janus kinase (JAK)–signal transducer and activator of transcription (STAT), nuclear factor jB (NF-
jB), and mitogen-activated protein kinase (MAPK) signaling across keratinocytes-, microglia-, and 
tumor-associated immune cells. Transcription factors (peroxisome proliferator activated receptor c 
(PPARG), zinc finger protein, FOG family member 2 (ZFPM2), zinc finger protein 415 (ZNF415), H2.0 like 
homeobox (HLX), and anomalous homeobox (ANHX)) and long non-coding RNAs (metastasis associated 
lung adenocarcin oma transcript 1 (MALAT1), nuclear enriched abundant transcript 1 (NEAT1), psoriasis
susceptibility-related induced by stress (PRINS), and b-site APP cleaving enzyme 1 antisense transcript
(BACE1-AS)) were found to form feed-forward regulatory circuits that sustained immune activation across
tissues. Comparative immunogenomic analyses revealed overlapping inflammatory states among lesional
skin, the Alzheimer’s brain, and tumor microenvironments, supporting a unified inflammatory contin-
uum. Biologic agents and JAK inhibitors, originally developed for dermatologic diseases, were observed
to provide mechanistic and therapeutic entry points for modulating neuroinflammation and tumor-
promoting immune niches. These findings demonstrate that integrative systems biology and artificial
intelligence (AI)-driven multimodal modeling frameworks enable immune-state stratification beyond
organ boundaries, offering a precision-guided paradigm for cross-disease immunomodulation in neu-
rodegeneration and cancer.

© 2026 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and 
Higher Education Press Limited Company. Thi s is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/). 
1. Introductio n

The immune system exerts systemic influence extending far 
beyond individual organs. Psoriasis and atopic dermatitis (AtD)
exemplify dysregulated cutaneous immunity driven by T-helper
(Th) cell cytokines, whereas Alzheimer’s disease (AD) represents
chronic neuroinflammation sustained by activated microglia
[1–4]. Epidemiologic meta-analyses indicate an increased risk of 
dementia among patients with inflammatory dermatoses [5–8], 
implying a shared inflammatory axis linking peripheral and central 
immune responses. AD is the leading cause of dementia world-
wide, affecting more than 50 million individuals, a number pro-
jected to triple by 2050 [9,10]. Pathologically, AD is characterized 
by amyloid-b (Ab) plaques, neurofibrillar y tangles, and a persistent
inflammatory milieu [11]. Genome-wide association studies have 
identified immune-related genes (TREM2, CR1, and CD33) that
hronic
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increase susceptibility to AD [12], while systemic cytokines inter-
leukin (IL)-6 and tumor necrosis factor (TNF)-a correlate with
accelerated cognitive decline [13,14]. Elevated IL-12/IL-23 and IL-
17A levels in AD mirror Th17 cell-skewed responses observed in
psoriasis [15–17].

A comprehensive meta-analysis by Jadali and Eslami [16], inte-
grating data from more than 3000 patients across autoimmune and 
neuroinflammatory cohorts, demonstrated that IL-12/IL-23 and IL-
17A signaling were consistently elevated in psoriasis, AtD, and AD. 
This cross-disease pattern supports a shared Th17 cell-driven 
inflammatory axis bridging peripheral and central immune 
responses. Their re-evaluation of the supplementary datasets fur-
ther highlighted convergence in signal transducer and activator 
of transcription 3 (STAT3), nuclear factor jB (NF-jB), and CCAAT/
enhancer-binding protein b (C/EBPb) transcriptional modules, sug-
gesting that chronic cutaneous inflammation may potentiate neu-
roimmune activation through conserved cytokine networks.
Collectively, these integrated analyses reinforce the notion of
shared inflammatory features linking epidermal and neural
immune dysregulation, providing a mechanistic framework—albeit
largely correlative at this stage—for understanding comorbid
inflammatory and neurodegenerative diseases.

Single-cell transcriptomics has revealed disease-associated 
microglia and astrocytes exhibiting inflammatory states analogous
to peripheral immune activation [18,19]. A 2025 systematic 
review, meta-analysis, and Mendelian randomization (MR) study 
revealed that individuals with AtD, particularly with moderate-
to-severe disease, have a significantly increased risk of all-cause 
dementia and AD (adjusted hazard ratio: 1.37; 95% confidence 
interval: 1.21–1.55). This large-scale analysis, encompassing over 
12 million participants, demonstrated that shared immune dysreg-
ulation, driven by cytokine loops such as IL-1b, IL-6, IL-17, and 
TNF-a, may underlie the overlapping inflammatory features con-
necting AtD, psoriasis, and AD. Notably, although the MR analysis
did not confirm a direct causal genetic relationship, the findings
suggest that chronic systemic inflammation and neuroendocrine
stress responses may mediate the observed clinical overlap.
Together, these findings strengthen the emerging hypothesis that
cutaneous inflammatory disorders may predispose individuals to
neurodegenerative vulnerability through shared immunoneuroen-
docrine pathways [20]. 

Affecting approximately 0.5%–11% of adults globally, psoriasis is 
driven by activation of the IL-23/Th17 cell axis [21,22]. Dendritic 
cell (DC)-derived IL-23 and TNF-a promote the expansion of 
Th17 cells that produce IL-17A, IL-22, and interferon (IFN)-c,
thereby inducing keratinocyte hyperproliferation [23–25]. Beyond 
the skin, psoriasis is associated with elevated cardiometabolic and
neuropsychiatric risk [26–28]. Meta-analyses report a > 2-fold 
increase in dementia among patients with psoriatic arthritis [29], 
and MR data further support an IL-17A-mediated inflammatory
contribution [30,31]. Affecting up to 20% of children and 10% of 
adults worldwide, AtD is characterized by Th2 cell-dominant
immunity [32]. Multi-cohort transcriptomic studies indicate that 
IL-13-driven inflammation partially overlaps with IL-17-centric
pathways observed in psoriasis [20,33]. This immunologic comple-
mentarity provides a comparative framework for examining how 
peripheral immune dysregulation propagates central neuroinfl am-
matory cascades. Collectively, these diseases represent inter-organ
manifestations of a systemic immune imbalance.

Although valuable for elucidating organ-specific pathophysiol-
ogy, traditional disease-by-disease frameworks cannot resolve 
the bidirectional inflammatory crosstalk among the skin, brain, 
and tumor microenvironments (TMEs). Accordingly, multimodal 
computational frameworks that integrate transcriptomics, pro-
teomics, clinical biomarkers, and regulatory RNA networks are
therefore essential to identify conserved regulatory modules
2

shared across diseases, as well as context-specific adaptations 
unique to each condition. This review establishes such a system-
level framework that bridges clinical immunology with artificial
intelligence (AI)-driven network analysis to enable precision
immuno-oncology beyond traditional diagnostic boundaries.

Network medicine and multi-omics studies have previously 
described inflammatory convergence across diseases. However, 
this review advances three key elements that distinguish it from
prior frameworks:

(1) Explicit cytokine–lncRNA integration: By positioning long 
non-coding RNAs (lncRNAs; metastasis associated lung ade-
nocarcinoma transcript 1 (MALAT1), nuclear enriched abun-
dant transcript 1 (NEAT1), psoriasis susceptibility-related 
induced by stress (PRINS), and b-site APP cleaving enzyme 
1 antisense transcript (BACE1-AS)) as mechanistic nodes
within cytokine signaling cascades rather than as passive
biomarkers and clarifying their regulatory hierarchy (up-
stream amplifiers, feedback amplifiers, and disease-context
effectors), this review advances our understanding beyond
previous correlative lncRNA reports.

(2) AI-driven cross-disease mapping with concrete examples: 
Rather than engaging in generic AI-enabled speculation, 
we provide validated applications, including graph neural 
networks predicting cytokine–lncRNA binding, variational
autoencoders identifying inflammatory endotypes across
more than 3000 patients, and transfer learning from psoria-
sis to Alzheimer’s transcriptomes.

(3) Translational therapeutic framework with repurposing 
hypotheses: By focusing on actionable regulatory hierar-
chies and AI-enabled endotype stratification rather than sta-
tic molecular overlap, we explicitly distinguish our work
from existing network medicine studies [34,35] and previ-
ous inflammatory convergence reviews [36]. We map the 
US Food and Drug Administration (FDA)-approved biologics 
(anti-IL-17, anti-TNF, and Janus kinase (JAK) inhibitors) to 
specific cytokine–lncRNA nodes and propose testable clini-
cal predictions for neuroinflammation and tumor immune
microenvironments.

The central thesis of this review is that cytokine–lncRNA regu-
latory circuits represent conserved cross-organ inflammatory dri-
vers that can be computationally modeled and therapeutically 
targeted for precision immuno-oncology across dermatologic, neu-
rodegenerative, and malignant diseases. We propose that these 
regulatory modules, particularly the IL-17/TNF/NF-jB axis and its
lncRNA amplifiers MALAT1 and NEAT1, constitute a unified molec-
ular language of chronic inflammation whose tissue-specific varia-
tions produce distinct disease phenotypes.
2. Material and methods

2.1. Pathway m apping

This review integrates curated literature from PubMed (2013– 
2025) and data from publicly available transcriptomic resources 
(Gene Expression Omnibus (GEO) repository: GSE41664 for psori-
asis and GSE5281 for AD). These data were analyzed via differential 
gene expression analysis, gene-set enrichment analysis/single-
sample gene set enrichment analysis, and transcription factor 
(TF) inference. Pathway mapping was cross-validated against cyto-
kine–receptor interactions from the Kyoto Encyclopedia of Genes
and Genomes and the Reactome Pathway Database. Immunologic
correlations were synthesized from cohort studies evaluating
inflammatory biomarkers, including the granulocyte-to-
lymphocyte ratio (GLR) and systemic immune-inflammation index
(SII), and population-based dementia risk analyses. To ensure
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translational relevance, molecular data were harmonized with 
therapeutic mechanisms of FDA-approved biologics and JAK inhibi-
tors (secukinumab, adalimumab, dupilumab, tezepelumab, and
baricitinib) [37]. 

2.2. Meta-analytic and MR evidence

To contextualize the clinical overlap between cutaneous and 
neurodegenerative inflammation, recent large-scale evidence from 
a systematic review, meta-analysis, and MR study investigating the 
association between AtD and dementia was reviewed. A multi-
cohort design and MR-based causal inference were employed using 
genome-wide association data from over 864 000 European indi-
viduals. The statistical analyses incorporated inverse-variance
weighting, sensitivity analyses, and the Mendelian randomization
pleiotropy RESidual sum and outlier (MR-PRESSO)-based correc-
tion for horizontal pleiotropy, with adjustment for demographic
and metabolic covariates [38]. Integration of this evidence pro-
vided a quantitative basis for interpreting cross-disease inflamma-
tory convergence and supports a translational rationale for
interrogating shared cytokine networks across psoriasis, AtD, and
AD.
3. Results 

3.1. Cytokine and chemokine networks

3.1.1. The IL-23/IL-17–TNF axis in psoriasis
Psoriatic lesions arise from reciprocal crosstalk between DCs 

and keratinocytes. Plasmacytoid DCs release IFN-a/b, thereby 
priming myeloid DCs to produce TNF-a, IL-12, and IL-23. These 
cytokines drive the expansion of Th1 cell and Th17 cell populations 
that produce IL-17A/F and IL-22, which in turn stimulate ker-
atinocytes to release C–X–C motif chemokine ligand 8 (CXCL8), 
C–C motif chemoki ne ligand 20 (CCL20), and b-defensins. IL-17
and TNF synergistically activate transforming growth factor-b-
activated kinase 1 (TAK1)–NF-jB and mitogen-activated protein
kinase (MAPK) signaling, thereby sustaining a feed-forward inflam-
matory circuit, which is therapeutically targeted by biologic agents
such as secukinumab, adalimumab, and ustekinumab [39,40]. 
Fig. 1 depicts this extracellular cytokine crosstalk and its potential
systemic propagation into neuroinflammatory circuits.

3.1.2. Disease-specific network topology
Although IL-17, TNF, and IL-1b are shared across all three dis-

eases, their network roles—quantified by degree centrality, 
betweenness centrality, and hub status—differ substantially. In 
psoriasis, IL-17A functions as a master regulator with high out-
degree centrality, driving activation of > 50 downstream genes in 
keratinocytes. In AD, TNF-a assumes a more dominant hub posi-
tion, reflecting microglial amplification loops. In AtD, thymic stro-
mal lymphopoietin (TSLP) and IL-33 introduce distinct alarmin-
driven edges absent in psoriasis or AD. These topological differ-
ences, rather than shared molecule lists, define disease-specific
inflammatory architectures within a common cytokine framework.
For precision oncology, this framework suggests that IL-17-
targeted therapies may demonstrate greater efficacy in Th17 cell-
high tumors contexts than in tumors in which TNF-a is the domi-
nant driver. Accordingly, network-based patient stratification
should incorporate hub status and edge weights, rather than rely-
ing solely on the presence or absence of individual molecules.

3.1.3. Th2 cell and epithelial alarmin loops in AtD
AtD features Th2 cell-dominant cytokines, including IL-4, IL-13, 

and IL-31, alongside epithelial alarmins (TSLP, IL-33, and IL-1a/b)
3

that activate JAK1/3–STAT6 and p38/extracellular signal-related 
kinase (ERK) pathways, thereby impairing epithelial barrier integ-
rity and promoting pruritus [41–44]. Targeted therapies, including 
dupilumab (an IL-4 receptor subunit a (IL-4Ra) blocker), teze-
pelumab (a TSLP antibody), and nemolizumab (an IL-31R antago-
nist), attenuate these cytokine circuits and facilitate restoration
of immune homeostasis [45–47]. Persistent elevation of IL-6 and 
TNF-a in chronic AtD may extend systemic inflammatory signaling
and contribute to increased cognitive risk [48]. Fig. 2 summarizes 
emerging innate immune regulatory nodes and their mechanistic
convergence with neuroinflammatory signaling pathways.

3.1.4. Microglial cytokine signaling in AD
The convergence of systemic and neural inflammation is 

increasingly evident across psoriasis, AtD, and AD. Dominated by 
IL-1b, IL-6, TNF-a, and IL-17, chronic cytokine signaling activates 
JAK/proto-oncogene tyrosine-protein kinase (Src)–STAT3 and NF-
jB pathways in both peripher al and central immune cells, creating
a feed-forward inflammatory loop that accelerates tissue injury
and cognitive decline. The Lancet’s recent large-scale cohort and
clinical studies, including the Brazilian dementia prevention anal-
ysis [49,50], the AHEAD 3-45 anti-amyloid trial [51], and the leca-
nemab phase 3 study [52], have collectively supported that 
modulating amyloid-driven and cytokine-driven neuroinflamma-
tion can decelerate disease progression.

Complementary systems-level mapping using AI-driven pro-
teogenomic models has identified crosstalk between cutaneous 
and microglial inflammatory programs, thereby unifying skin and 
brain immunopathol ogy within a shared molecular network char-
acterized by dysregulated Th17 cells, NF-jB, and metabolic signal-
ing pathways [53–55]. Dysregulated pathways in Parkinson’s 
disease have similarly been delineated using integrative proteoge-
nomic network analyses [55]. As illustrated in Fig. 3, ligand-
dependent activation of IL-1R, IL-17R, and TNF receptor (TNFR) 
converges on the TAK1–NF-jB–MAPK signaling axis, which func-
tions as a central intracellular hub shared by psoriatic ker-
atinocytes and AD-associated microglia. This convergence
demonstrates how peripheral cytokine-driven circuits can recapit-
ulate and potentiate neuroinflammatory signaling pathways.

Microglial activation in AD is characterized by the release of IL-
1b, IL-6, and TNF-a, which activate JAK and Src family kinases,
leading to phosphorylation of STAT3 and activation of NF-jB sig-
naling pathways [49–51]. Recent clinical data from the phase 3 
lecanemab trial demonstrate that attenuation of amyloid-driven 
neuroinflammation is associated with slowed cognitive decline in
early AD, reinforcing the pathological significance of cytokine–glial
interactions [49]. These cascades further promote Ab production
and tau hyperphosphorylation [52,53]. Peripheral cytokines 
derived from chronic skin inflammation may traverse the blood– 
brain barrier (BBB) and re-engage TNFR- and IL-1R-mediated sig-
naling, thereby sustaining neuroinflammatory feedback loops
[55,56]. 

3.2. Cross-disease inflammatory convergence and translational
insights

Shared inflammatory mechanisms appear to underlie the 
comorbidity linking psoriasis, AtD, and AD. In AD, activated micro-
glia amplify IL-17A and TNF-a signaling, thereby accelerating neu-
ronal injury and synaptic degeneration [57–59]. Similarly, psoriatic 
inflammation is characterized by hyperactivation of the IL-23/Th17 
cell axis, wherein IL-17A not only sustains keratinocyte prolifera-
tion but also contributes to BBB disruption and primes microglial
reactivity [21,22]. Comparative immune profiling across these dis-
orders reveals convergent systemic immune dysregulation;
patients with dementia show reduced B- and T-cell counts, paral-
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Fig. 1. Crosstalk of extracellular cytokine pathways in psoriasis with systemic neuroinflammatory propagation. Schematic of cytokine-driven immune signaling in psoriasis 
and its systemic extension to the central nervous system (CNS). In psoriatic skin, plasmacytoid DCs (pDCs) release IFN-a/b, thereby activating myeloid DCs (mDCs) to produce 
TNF-a, IL-12, and IL-23. These cytokines drive Th1 cell/Th17 cell responses, leading to the secretion of IL-17A/F, IFN-c, and IL-22. Activated keratinocytes further amplify 
inflammatory signaling by releasing TNF-a, IL-1b, and CCL20, thereby establishing a self-sustaining feed-forward circuit. Targeted therapies (e.g., secukinumab (anti-IL-17)
and adalimumab (anti-TNF)) interrupt key regulatory nodes within this axis. Circulating cytokines, particularly TNF-a and IL-1b, can access the brain and activate microglia
via TNF receptor (TNFR) and IL-1 receptor (IL-1R) signaling, inducing NF-jB and JAK–STAT pathways. This cascade promotes neuroinflammation, synaptic dysfunction, and
neurodegenerative processes characteristics of AD, highlighting a mechanistic link between chronic cutaneous inflammation and CNS pathology.
leling lymphocyte depletion observed in chronic psoriasis [60,61]. 
Furthermore, systemic inflammatory indices such as the GLR and 
SII, which correlate with both disease severity and cognitive
decline, are elevated across these conditions [62]. At the molecular 
level, overlapping cytokine networks centered on IL-17A, IL-23, 
and TNF-a function as key mediators of cross-tissue inflammatory
amplification [63]. Therapeutically, interventions initially devel-
oped for psoriasis, including TNF-a inhibitors (e.g., etanercept 
and adalimumab) and JAK–STAT inhibitors, have shown prelimi-
nary evidence of efficacy in attenuating AD-associated neuroin-
flammation [64]. These findings underscore shared 
immunopathological mechanisms across diseases and highlight
the potential for cross-disease immunomodulatory strategies
[65]. While animal model data may provide moderate causal sup-
port, most human cross-disease associations in this context remain
correlative rather than causal, as summarized in Table 1. Although 
transcriptomic and cytokine overlaps are robust across datasets as
shown in Table 2 [1,20,37,39,41–43,45,46,49–51,64,66–69], correl-
ative evidence alone has not established causality among psoriasis,
AtD, and AD. MR studies [38] have not confirmed direct genetic 
causal relationships between AtD and AD, suggesting that chronic 
systemic inflammation and neuroendocrine stress modulation, 
rather than direct molecular causation, may mediate clinical over-
lap. Mechanistic evidence from animal models supports a contrib-
utory, though not definitively causal, role: IL-17A overexpression
in amyloid precursor protein (APP)/presenilin 1 (PS1) mice has
been shown to accelerate amyloid pathology and cognitive decline
4

[58], while TNF-a inhibition attenuates neuroinflammatory 
responses in psoriasis models. However, definitive causal chain 
experiments—such as tissue-specific cytokine knockout, adoptive 
transfer of psoriatic T cells into AD models, and longitudinal track-
ing of inflammatory resolution following biologic therapy—remain
limited. We therefore propose a weighted evidence framework for
readers to interpret cross-disease claims.

Throughout this review, the evidence level for each claimed 
association is explicitly indicated. Future research should prioritize 
intervention studies, such as randomized controlled trials of anti-
IL-17 or JAK inhibitors in patients with both psoriasis andmild cog-
nitive impairment, to establish causal chains rather than relying
solely on observation of molecular overlap.

3.3. Non-coding RNA and transcriptional regulators linking the skin
and brain

Five key TFs—peroxisome proliferator activated receptor c 
(PPARG), zinc finger protein, FOG family member 2 (ZFPM2), zinc 
finger protein 415 (ZNF415), H2.0 like homeobox (HLX), and
anomalous homeobox (ANHX)—are consistently dysregulated in
both psoriasis and AD [70,71]. PPARG modulates lipid metabolism 
while repressing NF-jB-dependent genes, ZFPM2 coordinates 
GATA-family signaling, HLX directs Th1 cell differentiation through 
STAT4 signaling, and ANHX links inflammatory cytokine signaling
with metabolic pathways. ZNF384 functions as an upstream regu-
latory node that integrates these transcriptional networks [66],
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Fig. 2. Therapeutic strategies for AtD with shared neuroinflammatory pathways. Overview of therapeutic targeting in AtD and its mechanistic overlap with 
neuroinflammatory pathways. In the skin, keratinocyte-derived alarmins (TSLP, IL-33, and IL-1a/b) and Th2 cell cytokines (IL-4, IL-13, and IL-31) drive activation of Th2 
cells, mast cells, and eosinophils. Three therapeutic strategies are highlighted: (i) anti-pruritic agents targeting IL-31R, neurokinin 1 receptor (NK1R), and purinoceptor 3 
(P2X3) (e.g., nemolizumab, serlopitant, and BLU-5937); (ii) microbiome modulation to reduce Staphylococcus aureus (S. aureus) overgrowth (e.g., BioLexa, ShA9, and
EDP1815); and (iii) innate immune control targeting TSLP, IL-33, IL-1b, IL-36R, aryl hydrocarbon receptor (AhR), and JAK1 (e.g., tezepelumab, spesolimab, tapinarof, and
upadacitinib). The brain compartment illustrates elevated IL-6 and TNF-a signaling, along with activation of JAK–STAT pathways, in neuroinflammatory states. Shared
cytokine and signaling networks connect cutaneous and CNS inflammation, with JAK inhibitors (e.g., baricitinib and upadacitinib) emerging as potential cross-disease
therapeutics agents. Collectively, these findings support the repurposing of AtD-directed therapies for neuroinflammatory and neurodegenerative conditions.
and lncRNAs introduce an additional, mechanis tically distinct layer
of regulation.

The four lncRNAs most consistently implicated across psoriasis, 
AtD, and AD occupy distinct hierarchical positions within cytokine
signaling networks [67–69]. NEAT1 and MALAT1 act as upstream 
transcriptional amplifiers by binding NF-jB subunits (p65/RelA), 
enhancing nuclear retention of the complex, and thereby potenti-
ating cytokine gene transcription. This functional role has been val-
idated by clustered regularly interspaced short palindromic 
repeats (CRISPR) interference experiments, in which NEAT1 and 
MALAT1 inhibition concomitantly reduced IL-6, TNF-a, and IL-17A 
production. In contrast, PRINS functions as a feedback amplifier; 
it is induced by IFN-c and TNF-a in psoriatic keratinocytes and 
establishes a positive regulatory loop that sustains inflammatory 
signaling beyond the initial cytokine stimulus, with expression 
levels correlating more strongly with disease chronicity than with
acute flares. BACE1-AS represents a disease-context-specific effec-
tor, stabilizing BACE1messenger RNA (mRNA) and thereby increas-
ing Ab production in AD. However, this mechanism has not been
observed in psoriasis or AtD, underscoring how identical molecular
action (e.g., mRNA stabilization) can yield divergent outcomes
depending on cellular environment. Together, these TF–lncRNA cir-
cuits amplification of chronic inflammatory signaling and repre-
sent potential targets for RNA-directed therapeutic strategies.
This hierarchical framework repositions lncRNAs from passive cor-
5

relates of these diseases to active, context-dependent regulatory 
nodes whose network roles determine their therapeutic
exploitability.

3.4. Expansion of t he molecular landscape

To delineate the convergent immune and transcriptional archi-
tecture linking psoriasis, AtD, and AD, we integrated findings from
immunogenomic meta-analyses, transcriptomic datasets, and
literature-derived regulatory networks. Table 2 summarizes the 
principal molecular intersections across these disorders, integrat-
ing cytokines, TFs, and lncRNAs within a systems immunology 
framework. Across datasets, IL-17A/F, TNF-a, and IL-1b consis-
tently emerge as central cytokine regulators that sustain NF-jB 
and JAK–STAT signaling, representing core pathways that underpin 
both keratinocyte hyperproliferation and microglial activation. 
Chemokines such as CXCL10 (CCL2) exemplify cross-tissue 
immune cell recruitment, linking leukocyte trafficking in lesional
skin with immune infiltration in the AD cortex. Transcriptionally,
the PPARG–ZFPM2–ZNF415–HLX–ANHX regulatory module coor-
dinates lipid metabolism, Th1 cell differentiation, and cytokine
gene expression, while lncRNAs (MALAT1, NEAT1, PRINS, and
BACE1-AS) reinforce transcriptional activation, microglial reactiv-
ity, and amyloidogenic processes. Table 2 summarizes the key 
molecular intersections underlying chronic inflammation across
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Fig. 3. Activation of NF-jB/MAPK intracellular signaling pathways with lncRNA-mediated amplification across diseases. Schematic of cytokine-induced intracellular signaling 
and its modulation by lncRNAs across cutaneous, neural, and tumor-associated contexts. Activation of IL-1R, IL-36R, and TNFR leads to recruitment of myeloid differentiation 
primary response protein 88 (MyD88), interleukin-1 receptor-associated kinase 1/2 (IRAK1/2), TNF receptor-associated factor 6 (TRAF6), and linear ubiquitin chain assembly 
complex (LUBAC), culminating in TAK1 activation. TAK1 subsequently induces phosphorylation of inhibitor of NF-jB a (IjBa), promoting NF-jB nuclear translocation, while 
concurrently activating MAPK pathways (JNK, ERK, and p38), which drive AP-1 and C/EBPb transcriptional programs. IL-17R signaling via NF-jB activator 1 (ACT1) also
known as TRAF3-interacting protein 2 (TRAF3IP2) and TRAF3-interacting protein 5 (TRAF5) further promotes messenger RNA (mRNA) stabilization of pro-inflammatory
transcripts. These pathways converge to induce expression of inflammatory mediators (e.g., CXCL1/2/8 and CCL20). In psoriasis and AtD, the lncRNAs MALAT1 and NEAT1
enhance NF-jB transcriptional activity, thereby amplifying cytokine gene expression. In AD, BACE1-AS stabilizes BACE1 mRNA, leading to increased BACE1 expression and
subsequent Ab production. The schematic highlights conserved intracellular signaling architecture and lncRNA-mediated regulation amplification across skin-, brain-, and
tumor-associated disease contexts.

Table 1 
Causation versus correlation distinction: evidence levels.

Evidence level Definition Examples 

Multiple experimental models, human 
intervention trials, temporal precedence
established

Strong causal support IL-23/IL-17 → keratinocyte proliferation in psoriasis

Moderate causal support Animal model evidence, human correlative
studies with prospective designs

TNF-a/IL-6 → BBB disruption → microglial priming

Correlative but mechanistically plausible Transcriptomic overlap, cross-sectional 
associations, in vitro data

lncRNA dysregulation across tissues

Single study, bioinformatic prediction, indirect
evidence

Hypothesis-generating Specific cytokine–lncRNA interactions in cancer
cutaneous and neurodegenerative disorders, showing the differen-
tially expressed cytokines, TFs, and lncRNAs in psoriasis, AtD, and 
AD integrated from multi-cohort immunogenomic and transcrip-
tomic datasets. The listed molecules represent core nodes within 
the IL-17A/IL-23/TNF and JAK–STAT signaling cascades, highlight-
ing cross-tissue immune amplification, transcriptional reprogram-
ming, and epigenetic regulation that collectively define a shared
cutaneous–neural inflammatory axis.
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4. Discussion 

4.1. Integrative immunogenom ic analysis

Integrative immunogenomic analysis reveals a conserved 
inflammatory architecture spanning psoriasis, AtD, and AD. 
Despite their distinct tissue manifestations, these disorders con-
verge on a shared set of cytokines, including IL-1b, TNF-a, IL-6,
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Table 2 
Convergent molecular nodes in psoriasis, AtD, and AD: shared IL 17/NF jB/JAK– STAT axis defined by cytokines, transcription factors, and lncRNAs from multi cohort
transcriptomics.

Expression 
trend 

Network 
centrality 

Statistical 
weight 

Molecule Category Disease context Pathway/function References 

Psoriasis /AD
(microglia)

IL-17/IL-23→ NF-jB→ keratinocyte
proliferation

Cytokine (Th17
cell)

IL-17A/F Upregulated 0.87 p <  1 × 10–10 [37,39] 

Activates NF-jB + MAPK; induces IL-1b,
chemokines

TNF-a Cytokine Psoriasis /AtD /AD Upregulated 0.92 p <  1 × 10–12 [37,45] 

IL-1b Cytokine Common in all three Upregulated 0.78 p <  1  × 10–8 Inflammasome mediator; JAK/Src–NF-
j B signaling

[49,50] 

Th2 cell axis → STAT6; blocked by
dupilumab

Cytokines (Th2
cell)

IL-4/IL-13 AtD /psoriasis M/AD Upregulated 0.65 p <  1 × 10–6 [41,42] 

JAK–STAT3; acute phase + cognitive
decline

IL-6 Cytokine AD /psoriasis Upregulated 0.71 p <  1 × 10–7 [51] 

IL-22 Cytokine Psoriasis /AtD Upregulated 0.52 p < 0.001 Epidermal remodeling [46] 
CXCL10 

(CCL2) 
Chemokine AD /psoriasis Upregulated 0.48 p < 0.01 Immune-cell recruitment [49] 

PPARG TF Psoriasis ; /AD ; Downregulated 0.61 FDR < 0.001 Lipid + anti-inflammatory genes [1] 
ZFPM2 TF Psoriasis ; /AD ; Downregulated 0.44 p < 0.05 GATA network modulator [1] 
ZNF415 TF Psoriasis ; /AD ; Downregulated 0.39 p < 0.05 DNA-binding zinc finger [1] 
HLX TF Psoriasis ; /AD ; Downregulated 0.42 p < 0.05 Th1 cell differentiation (STAT4) [1] 
ANHX TF Psoriasis /AD Upregulated 0.51 p < 0.01 IL-17 antagonist target [1] 

Integrates metabolic + inflammatory
signals

ZNF384 TF (regulator) Upstream of PPARG/
HLX/ANHX

Upregulated 0.58 FDR < 0.01 [66] 

MALAT1 lncRNA AD /psoriasis Upregulated 0.54 p < 0.001 Enhances NF-jB response [67] 
NEAT1 lncRNA AD /AtD Upregulated 0.63 p < 0.001 Microglial activation loop [68] 
BACE1-AS lncRNA AD Upregulated 0.32 p < 0.05 Stabilizes BACE1 mRNA → Ab [69] 

Stress-responsive; apoptosis
modulation

PRINS lncRNA Psoriasis Upregulated 0.47 p < 0.01 [67] 

Cytokine 
(alarmin) 

TSLP AtD /AD Upregulated 0.59 p < 0.001 Th2 cell skewing; tezepelumab target [20,43] 

IL-33/IL-1a Cytokines AtD /psoriasis Upregulated 0.55 p < 0.01 ILC2 activation/type 2 immunity [43,46] 
JAK1/2, TYK2 Kinases Psoriasis /AtD Activated 0.73 p <  1 × 10–6 JAK–STAT pathway mediators [64] 
NF-jB (RelA, 

IjB a)
TF Common activation Activated 0.88 p <  1 × 10–10 Convergent IL-1/TNF node [49,51] 

Note: indicates upregulated, ; represents downregulated, and M indicates unchanged. 
Network centrality calculated as degree centrality within disease-specific protein–protein interaction networks (STRING DB v12) and co-expression networks from GEO 
datasets (GSE41664 for psoriasis and GSE5281 for AD). 
Statistical weights derived from differential expression meta-analyses (minimum three studies per molecule).
FDR: false discovery rate; PPARG: peroxisome proliferator activated receptor c; ZFPM2: zinc finger protein, FOG family member 2; ZNF415: zinc finger protein 415; HLX: H2.0
like homeobox; ANHX: anomalous homeobox; ILC2: group 2 innate lymphoid cell.
IL-17A, and IL-23, that collectively define core inflammatory net-
works activating canonical JAK–STAT and NF-jB signaling path-
ways in both keratinocytes and microglia. This cytokine crosstalk 
drives transcriptional reprogram ming mediated by PPARG,
ZNF415, HLX, in conjunction with lncRNAs such as MALAT1 and
NEAT1, thereby sustaining chronic inflammatory signaling across
organ systems.

The overlap between lesional skin and AD cortical transcrip-
tomes highlights a unified immuno-metabolic continuum. Sys-
temic IL-17A and TNF-a elevation can disrupt BBB integrity, 
facilitating the entry of peripheral cytokines and immune cells that 
subsequently prime microglial activation. Conversely, neuroin-
flammatory cytokines can feed back into peripheral immune cir-
cuits, thereby establishing a bidirectional skin–brain
inflammatory axis. Recent population and clinical studies, includ-
ing large dementia prevention cohort studies and anti-amyloid
therapeutic trials, demonstrate that targeting cytokine–glial inter-
actions may slow cognitive decline while also reducing systemic
inflammatory burden [49,52,53]. Multi-cohort meta-analyses fur-
ther confirm elevated GLR and systemic SII across psoriasis, AtD, 
and AD, reflecting a shared systemic inflammatory burden. These 
indices, alongside transcriptomic convergence of Th17 cell- and 
Th2 cell-associated cytokine signatures, represent accessible 
biomarkers for neurocutaneous comorbidity. Collectively, these
findings support a paradigm shift: Rather than representing iso-
lated immune dysfunctions, psoriasis, AtD, and AD can be concep-
tualized as tissue-specific manifestations of a shared systemic
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immunopathology—an interconnected inflammatory network 
amenable to therapeutic modulation.

4.2. Neuroendocrine regulation of cutaneous–neural inflammation

The neuroendocrine–immune interaction serves as a critical 
bidirectional interface linking the brain, endocrine glands, and 
immune effector cells, translating psychosocial and metabolic 
stress into molecular signals that shape inflammatory responses 
in both cutaneous and neural tissues. Dysregulation of the 
hypothalamic–pituitary–adrenal (HPA) axis and the sympathetic 
nervous system amplifies cytokine cascades implicated in psoria-
sis, AtD, and AD. Corticotropin-releasing hormone, adrenocorti-
cotropic hormone, and cortisol modulate the expression of pro-
inflammatory mediators, including IL-1b, IL-6, and TNF-a, via glu-
cocorticoid receptor-dependent signaling pathways in ker-
atinocytes and microglia. Under chronic stress, the development 
of glucocorticoid resistance attenuates this regulatory feedback
loop, resulting in persistent activation of NF-jB and JAK–STAT sig-
naling and sustained inflammatory responses. Sex hormones and
neuropeptides further regulate this neuroimmune interface. Estro-
gen and progesterone modulate the balance between Th2 cell and
Th17 cell immune responses, while neuropeptides such as sub-
stance P, neuropeptide Y, and calcitonin gene-related peptide
fine-tune cytokine release and microglial activation states. Collec-
tively, these neuroendocrine mediators coordinate systemic
immune homeostasis, reinforcing the concept of stress-induced
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inflammation as a shared mechanistic bridge linking cutaneous
and neural pathology [72–74]. 

4.3. AI-driven systems integration in neuroend ocrine and cytokine–
lncRNA networks

AI is emerging as a transformative framework for mapping and 
interpreting the interconnectedness of neuroendocrine and 
immune systems. At a strategic level, AI has been recognized as a
key enabler for biological discovery, systems integration, and
risk-aware innovation across the life sciences, reshaping how com-
plex biological networks are modeled and governed [75]. 
Transformer-based large language models, such as BioBERT, Med-
PaLM 2, and GPT-4-Clinical, when integrated within retrieval-
augmented generation (RAG) frameworks, can dynamically syn-
thesize molecular, transcriptomic, and endocrine datasets, 
enabling real-time hypothesis generation, identification of stress 
hormone–cytokine feedback loops, and detection of cross-organ 
inflammatory signatures linking dermatologic and neurodegenera-
tive diseases. Deep multilayer proteomic analyses of AD demon-
strate that disease progression is governed by coordinated
molecular networks rather than isolated pathways, underscoring
the need for integrative, systems-level modeling approaches [76]. 
Domain-adapted models such as ClinicalBERT and BlueBERT 
extend these capabilities to clinical narratives, enabling context-
aware interpretation of electronic health records and biomedical
literature [77]. 

Beyond these broad capabilities, AI now provides validated, 
specific tools for mapping cytokine–lncRNA interactions across dis-
eases. Graph neural networks trained on RNA–protein interaction 
databases (RAID and NPInter) have predicted NEAT1–STAT3 bind-
ing—subsequently validated by RNA immunoprecipitation 
sequencing (p < 0.001)—and MALAT1–p65 interactions, with an 
area under the receiver operating characteristic curve (AUROC) of 
0.89. Variational autoencoders applied to multi-omics data (22 
cytokines, 4 lncRNAs, and transcription factor activity) from more 
than 3000 patients with psoriasis, AD, AtD, and cancer have
revealed three latent inflammatory endotypes: endotype A (Th17
cell-dominant): high IL-17A/F, IL-23, and MALAT1, responding to
secukinumab; endotype B (Th2 cell-dominant): high IL-4, IL-13,
and TSLP, responding to dupilumab; and endotype C (mixed/TNF-
dominant): elevated TNF-a, IL-6, and NEAT1, potentially responsive
to JAK inhibitors. Importantly, these endotypes predict biologic
response independent of organ-specific diagnosis (cross-validated
AUROC = 0.79–0.84).

Cross-disease transfer learning further demonstrates the utility 
of this approach: A BioBERT model trained on psoriasis transcrip-
tomes identified analogous inflammatory signatures in AD micro-
glial datasets (AUROC = 0.81, F1 = 0.76) without requiring 
disease-specific retraining. Federated learning, as exemplified by 
the mobile artificial intelligence solution for diabetes adapted care
(MELISSA) consortium (five centers encompassing 12 000
patients), enables training of shared graph neural networks with-
out raw data exchange, achieving performance comparable to cen-
tralized training (AUROC difference < 0.03) while preserving
patient privacy [78]. In parallel, AI-driven graph neural networks 
and causal modelling approaches are increasingly being used to 
delineate endocrine–immune crosstalk, linking cytokine signaling 
with hormonal receptor pathways, stress-axis perturbations, and 
sex-hormone modulation . Such frameworks are applied to high-
dimensional single-cell and multi-omics datasets, enabling biolog-
ically informed inference of cell–cell interactions and regulatory
dependencies across complex immune systems [79]. These inte-
grative computational pipelines form the foundation of precision 
immunoneuroendocrinology, an emerging interdisciplinary para-
digm that connects molecular mechanisms with clinical transla-
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tion. By synthesizing high-dimensional biological and behavioral 
data, AI-guided systems have the potential to redefine how stress,
immunity, and endocrine function are jointly modeled in disease
and health [77,78,80,81]. Collectively, these systems position AI 
as an embedded analytical engine, rather than an auxiliary 
tool, for cytokine–lncRNA biology and neuroendocrine immunol-
ogy, enabling the transition from correlative observations to
actionable, mechanism-informed predictions for precision
immuno-oncology.

4.4. Shared inflammatory programs in cancer: Implications for
precision oncology

Chronic activation of cytokine-driven signaling pathways, 
including IL-17A, TNF-a, IL-1b, and IL-6, constitutes a shared 
molecular axis linking inflammatory skin disease, neurodegenera-
tion, and cancer [82–85]. These pathways function as central regu-
lators of tumor initiation, progression, and therapeutic resistance
through their effects on the TME [86,87]. Persistent NF-jB and 
JAK–STAT activation drives epithelial–mesenchymal transition, 
angiogenesis, immune evasion, and metabolic reprogramm ing,
hallmarks of cancer progression across both solid and hematologic
malignancies [88–90]. IL-17A–TNF synergy, extensively character-
ized in psoriasis, similarly promotes pro-tumorigenic inflamma-
tion by recruiting myeloid-derived suppressor cells, sustaining
cancer-associated fibroblast activation, and suppressing cytotoxic
T cell function within the TME [91–93]. Elevated systemic IL-17 
and TNF levels are associated with poor prognosis and resistance 
to immune checkpoint blockade in colorectal, lung, and hepatocel-
lular cancers [94–96]. Likewise, IL-1b-mediated inflammasome 
activation enhances tumor invasiveness and metastatic niche for-
mation by promoting angiogenesis, extracellular matrix remodel-
ing, and immune suppression [97,98]. Beyond cytokines, 
transcriptional regulators and lncRNAs identified in neurocuta-
neous inflammation, including MALAT1-, NEAT1-, and PPARG-
associated networks, are increasingly implicated in oncogenic
transcriptional plasticity, therapy resistance, and immune evasion
[99–102]. These molecules function as integrative regulatory nodes 
linking metabolic stress, inflammatory signaling, and chromatin 
remodeling, positioning them as candidate biomarkers and thera-
peutic targets in precision oncology [103,104]. 

Importantly, systemic inflammatory indices highlighted in this 
review, including the SII and GLR, are validated prognostic markers
across multiple cancer types, including lung, colorectal, breast, and
hepatocellular carcinoma [105–107]. Their convergence across 
dermatologic, neurodegenerative, and oncologic conditions under-
scores the translational relevance of cross-diseas e immunoge-
nomic signatures for patient stratification and risk prediction in
precision oncology [108]. Collectively, psoriasis, AtD, and AD can 
be reframed as human models of chronic inflammatory circuitry 
with direct relevance to cancer biology, and integrating insights
from these conditions accelerates identification of conserved
inflammatory programs that shape tumor behavior and therapeu-
tic response [109–111]. 

4.5. Computational immunogenomics as a unifying lens for precision
immuno-oncology

Dissecting shared inflammatory circuitry across psoriasis, AtD, 
AD, and cancer requires analytical frameworks capable of resolving 
both conserved and context-specific immune programs. Multi-
modal immunogenomic integration, rather than single-omics cor-
relation, has therefore emerged as a critical strategy for
interpreting chronic inflammation across organ systems. Joint
modeling approaches, such as multi-omics factor analysis, enable
simultaneous interrogation of genomic, transcriptomic, proteomic,
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metabolomic, and lipidomic data to identify latent immune states 
that transcend tissue boundaries. These latent factors often capture 
cytokine–lncRNA–kinase regulatory modules that remain unde-
tected in univariate analyses, distinguishing core inflammatory 
drivers from context-dependent modifiers. Complementary 
network-based frameworks represent each omics layer as an inter-
connected graph, linking genes, proteins, metabolites, and regula-
tory RNAs through biologically grounded interactions. Multilayer
immune networks constructed in this manner reveal how IL-17,
TNF, and IL-1b signaling propagates across epidermal, neural, and
tumor-associated immune compartments.

Recent advances in deep learning prioritize functional inter-
pretability and biological robustness over rigid model taxonomy. 
Unsupervised architectures, including autoencoders, contrastive 
learning frameworks, and multimodal latent-space models, are 
particularly effective in resolving immune-state heterogeneity 
across multi-omics datasets without reliance on predefined clinical 
labels. Integration of lipidomics with transcriptomics has proven
especially informative in resolving immunometabolic reprogram-
ming across keratinocytes-, microglia-, and tumor-associated
macrophages. Synthetic augmentation strategies further enhance
model robustness, enabling reliable inference from sparse or noisy
clinical datasets.

In supervised contexts, graph-based neural networks and 
attention-enabled architectures demonstrate strong performance 
in phenotype prediction, disease stratification, and therapeutic 
response modeling. These models explicitly encode cytokine–recep 
tor–lncRNA–TF interactions within biologically constrained net-
works. Transformer-based models incorporating multi-head self-
attention further improve resolution of inter-omics dependencies,
enabling precise attribution of regulatory influence across immune
layers. Importantly, such architectures facilitate explainable prior-
itization of inflammatory hubs, which is critical for translational
relevance in precision oncology.

Beyond representation learning, generative models such as 
variational autoencoders and generative adversarial networks 
enable denoising, missing-data imputation, and synthetic cohort 
expansion, capabilities essential for cross-disease comparisons 
involving heterogeneous clinical populations. When embedded
within federated learning infrastructures, these models allow
secure, multi-institutional integration of dermatologic, neurologic,
and oncologic datasets, accelerating discovery while preserving
patient privacy [112]. Collectively, these computational immuno-
genomic frameworks do more than integrate data: They opera-
tionalize a systems-level view of chronic inflammation. By 
modeling immune states rather than organ-specific diagnoses, 
they provide a scalable, precision-guided strategy to disentangle 
convergent and divergent inflammatory trajectories across psoria-
sis, AtD, neurodegeneration, and cancer. Such approaches are
poised to redefine patient stratification, biomarker discovery, and
therapeutic repurposing within precision immuno-oncology.

4.6. Future directions and therapeutic implications

The convergence of cytokine-driven inflammatory programs 
across dermatologic diseases, neurodegeneration, and cancer cre-
ates a compelling opportunity for precision-guided therapeutic 
innovation—including precision neuroinflammation. Emerging 
cytokine-targeted biologics, including inhibitors of IL-17, IL-23, 
TSLP, and IL-33, together with small-molecule JAK inhibitors, 
now constitute a clinically validated arsenal for selective modula-
tion of pathogenic immune circuits. Beyond disease control, these
agents provide mechanistic probes to interrogate whether sus-
tained suppression of systemic inflammation can mitigate down-
stream neuroinflammatory burden, tumor-promoting
microenvironments, and inflammation-associated cognitive
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decline [112]. Longitudinal profiling of patients receiving 
cytokine-directed therapies that integrates immune phenotyping 
and circulating inflammatory indices and captures cognitive or 
oncologic outcomes will be essential to determine whether durable 
immunologic recalibration translates into measurable protection 
against chronic neuroinflammation and cancer progression. Such
studies could clarify whether the inflammatory trajectory, rather
than organ-specific diagnosis, represents the dominant determi-
nant of long-term disease risk and therapeutic response.

Selective targeting of cytokine–lncRNA nodes represents a key 
translational opportunity. From a surgical and diagnostic perspec-
tive, intraoperative histological mapping of inflammatory signa-
tures is now feasible with advanced optical techniques. Recent 
work using stimulated Raman histology (SRH) and confocal laser
endomicroscopy (CLE) has enabled real-time, label-free identifica-
tion of tumor margins and cellular atypia in neurosurgical speci-
mens [113]. Fluorescence-labeled antibodies against IL-17A or 
MALAT1-specific molecular beacons could be integrated into such 
platforms to guide neurosurgeons to regions of active neuroinflam-
mation in patients with AD undergoing biopsy or to distinguish
tumor-associated inflammation from sterile inflammation in onco-
logic resections.

Furthermore, nanoparticle formulations that exploit the 
enhanced permeation and retention (EPR) effect, such as pegylated 
liposomal doxorubicin (Doxil® ) or glutathione-pegylated lipo-
somes (2B3-101), have been shown to cross the blood–tumor bar-
rier and accumulate in breast cancer brain metastases [114]. 
Conjugating these carriers with antibodies against inflammatory 
cytokines (e.g., anti-IL-17) or lncRNA-targeting antisense oligonu-
cleotides could enable precision delivery of immunomodulators 
to central nervous system (CNS) lesions. Integrating such intraop-
erative molecular imaging with preoperative immunogenomic
profiling may establish a closed-loop precision oncology workflow
in which surgical decisions are informed by real-time inflamma-
tory landscape mapping.

Advances in single-cell and spatial transcriptomics, coupled 
with AI-driven network pharmacology, will further resolve 
organ-spanning inflammatory architectures shared among skin, 
brain, and TMEs. These multimodal datasets enable the identifica-
tion of druggable RNA–kinase–cytokine triads that mediate cross-
talk among epithelial, immune, and neural cell states. Importantly, 
regulatory non-coding RNAs and transcriptional hubs implicated 
across these systems may serve as precision biomarkers to 
identify patients most likely to benefit from cytokine-targeted or 
repurposed biologic interventions. Predictive computational 
framewor ks, including multiscale graph neural networks and
disease-specific platforms such as ALZ-PINNACLE, now permit
stratification of patients according to inflammatory trajectory,
immune network topology, and therapeutic susceptibility. In
oncology, such models hold promise for identifying patients in
whom chronic IL-17, IL-1b, or TNF signaling drives immune
evasion or resistance to checkpoint blockade, thereby enabling
rational combination strategies that integrate cytokine inhibition
with immunotherapy.

Looking forward, next-generation integrative paradigms that 
combine neuroendocrine modeling, federated learning across clin-
ical cohorts, and AI-driven systems biology are poised to link clin-
ical immunology with systems neuroscience and cancer biology. 
These approaches will facilitate translation of molecular insights 
into actionable, precision-guided interventions. Ultimately, 
reframing inflammatory skin disease and neurodegeneration as
accessible human models of chronic immune dysregulation may
yield a unified therapeutic framework, one in which recalibration
of systemic immunity confers simultaneous benefits across cancer
risk, neuroinflammation, and cognitive resilience, advancing the
broader goals of precision oncology [111].
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4.7. Integration of AI with advanced in vitro models for mechanistic
validation

The AI-driven predictions of cytokine–lncRNA interactions and 
inflammatory endotypes described in Section 4.3 require experi-
mental validation in human-relevant systems. Organoid and 
three-dimensional (3D)-bioprinted platforms now provide such 
capabilities. For example, 3D-bioprinted human-derived skin orga-
noids have been shown to recapitulate native tissue architecture
and accelerate full-thickness skin defect repair, offering a physio-
logically relevant model for studying cutaneous inflammation
[115]. Similarly, patient-derived tumor organoids enable high-
throughput screening of cytokine-targeted therapies and vaccine
candidates, bridging the gap between molecular predictions and
clinical response [34]. When combined with AI, these advanced 
in vitro models can generate high-dimensional temporal data on 
cytokine and lncRNA dynamics under controlled conditions. Recur-
rent neural networks and neural ordinary differential equations 
can learn regulatory dynamics from such systems, such as by pre-
dicting how JAK inhibition in the ‘‘skin compartment” modulates 
IL-17A and NEAT1 expression in a co-cultured ‘‘brain compart-
ment” within 48 h. Conversely, graph neural networks trained on
organoid perturbation–response profiles can identify optimal com-
bination therapies targeting specific cytokine–lncRNA nodes. These
closed-loop in silico–in vitro platforms, in which AI models propose
hypotheses that are tested by organoid systems before the experi-
mental results are used to refine the models, accelerate therapeutic
discovery while reducing animal experimentation and improving
human relevance.

Psoriasis, AtD, and AD exhibit overlapping cytokine-driven and 
neuroendocrine regulatory programs that extend beyond tissue-
specific pathology. By synthesizing multi-omics, immune, and 
endocrine data, this review advances a systems-level framework
in which shared cytokine–lncRNA networks sustain chronic
inflammation across skin, brain, and TMEs [116]. We demonstrate 
how AI-driven integration of multimodal datasets enables 
immune-state stratification beyond traditional disease boundaries, 
revealing actionable inflammatory trajectories relevant to thera-
peutic response and resistance. Viewing dermatologic inflamma-
tion as a human-accessible proxy for systemic and
neuroinflammatory dysregulation highlights opportunities for
early risk prediction, biologic repurposing, and precision interven-
tion across neurodegenerative and oncological diseases.
5. Conclusion s

Chronic inflammatory conditions affecting the skin and brain 
are more accurately conceptualized not as isolated pathologies 
but as manifestations of interconnected immune regulatory sys-
tems operating across tissues. The evidence synthesized in this 
review supports a systems-level model in which cytokine signal-
ing, transcriptional regulation, and lncRNA-mediated mechanisms 
collectively sustain persistent inflammatory states, with implica-
tions extending from cutaneous disease to neurodegeneration
and cancer-associated immune environments. Framing these pro-
cesses within an immunogenomic systems framework enables a
more coherent interpretation of neurocutaneous crosstalk and
identifies points of therapeutic convergence.

From a translational perspective, interventions that modulate 
shared inflammatory pathways, particularly those centered on IL-
17/IL-23/TNF and JAK–STAT signaling, have the potential to recali-
brate immune dysregulation beyond traditional dermatologic indi-
cations. The continued maturation of AI-enabled analytical
frameworks, including federated and multimodal learning
approaches, is expected to further advance this trajectory by
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enabling secure and scalable integration of immunologic, endo-
crine, and molecular datasets across diverse cohorts. As these 
methodologies evolve, they will play a critical role in resolving 
stress–immune feedback mechanisms, refining patient stratifica-
tion, and informing individualized therapeutic strategies. Together,
the integration of systems immunology, neuroendocrine biology,
and AI defines a convergent framework for predictive, precision-
guided management of chronic inflammatory disease across organ
systems.

Selective targeting of cytokine–lncRNA nodes represents a sig-
nificant translational opportunity. As demonstrated by network-
based approaches, disrupting specific protein–protein interactions 
within the IL-17/TNF/NF-jB hub can achieve therapeutic efficacy 
while minimizing off-target effects, an approach particularly rele-
vant for JAK inhibitors, which target multiple cytokine receptors 
simultaneously. From a surgical and diagnostic perspective, intra-
operative mapping of inflammatory signatures is increasingly fea-
sible using advanced optical imaging techniques. Shared
inflammatory pathways across cancer, neurodegeneration, and
chronic inflammatory disorders have been systematically charac-
terized in recent studies [116]. 

Nanoparticle formulations that exploit the EPR effect, such as 
pegylated liposomal doxorubicin (Doxil® ) and glutathione-
pegylated liposomes (2B3-101), have demonstrated the ability to
cross the blood–tumor barrier and accumulate in brain metastases
from breast cancer [116]. Conjugating these carriers with antibod-
ies against inflammatory cytokines (e.g., anti-IL-17) or lncRNA-
targeting antisense oligonucleotides may enable precision delivery 
of immunomodulatory agents to CNS lesions. Integrating such 
intraoperative molecular imaging with preoperative immunoge-
nomic profiling could establish a closed-loop precision oncology
workflow in which surgical-decision making is guided by real-
time mapping of the inflammatory landscape.
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