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Abstract

Psoriasis is an autoimmune disease marked by excessive keratinocyte proliferation and aberrant
activation of immune cells, resulting in clinical manifestations such as erythema, pruritus, and skin
scaling. Although current treatments such as biologics, immunosuppressants, and phototherapy have
demonstrated certain therapeutic efficacy, their application remains constrained by systemic side
effects, limited drug permeability, and reduced long-term tolerability. Furthermore, the high relapse
rate and suboptimal patient compliance contribute to considerable physical and psychological
burdens. In recent years, nanomedicines have emerged as a promising therapeutic strategy for
psoriasis due to their unique physicochemical properties, including small size, high payload,
controllable release, and targeted delivery. By selectively modulating key cellular components,
cytokines, and signaling pathways involved in the pathogenesis of psoriasis, nanomedicines have
shown potential to achieve targeted, synergistic, and sustained therapeutic effects that are often
difficult to attain with conventional formulations. This review aims to summarize recent advances in
nanomedicine-based therapies for psoriasis, focusing on diverse therapeutic targets, thereby offering
novel perspectives and directions for future development in this field.

Keywords: psoriasis; nanomedicines; liposomes; polymeric and inorganic nanoparticles; biomimetic
nanocarriers

Introduction

Psoriasis is an autoimmune skin disease characterized
by abnormal keratinocyte proliferation and immune
dysregulation. The hyperactivation of the interleukin-
23(IL-23)/T helper(Th17) axis has been identified as
a central pathogenic mechanism in psoriasis [1].
Current therapeutic strategies mainly include topical
therapies (e.g., corticosteroids and vitamin D3
analogs), traditional systemic medications (e.g.,

methotrexate (MTX) and cyclosporine), and biologics
targeting the tumor necrosis factor-o (TNF-a) or IL-
17/IL-23 [2, 3]. Despite these therapeutic options,
there are still many limitations, such as limited
therapeutic efficacy. Traditional topical and systemic
medications often exhibit suboptimal efficacy
associated with considerable toxicity, while biologics
are expensive and susceptible to the loss of secondary
response due to immunogenicity [4-6]. Recently,
nano-based drug delivery systems have emerged as
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promising alternatives to overcome these limitations,
such as enhanced drug stability, improved skin-
targeting ability, reduced systemic toxicity, and the
ability to achieve controlled and sustained release [7].
Currently, nanomedicine for psoriasis treatment
encompasses various platforms, including liposomes,
polymeric nanoparticles, inorganic nanomaterials,
and microenvironment-
These approaches
primarily target key pathogenic mediators such as
TNF-a, 1L-23/IL-17A, antimicrobial peptide LL-37,
reactive oxygen species (ROS), etc. This review

biomimetic nanocarriers,

responsive nanoformulations.

provides a comprehensive overview of the main
therapeutic targets in psoriasis and evaluates the
potential applications of nanomedicines in enhancing
therapeutic efficacy, minimizing adverse effects, and
optimizing treatment strategies. It aims to offer new
insights for future research and to highlight the
potential of emerging nanomedicine technologies in
advancing psoriasis therapy.

Major Therapeutic Targets of
Psoriasis for Nanomedicines

Psoriasis is a T cell-mediated inflammatory disease

that relies on the interaction between various
components in the immune system, with dendritic
cells (DCs) and keratinocytes playing crucial roles.
The etiology and pathogenesis of psoriasis are
multifactorial and complex. Both immunological and
genetic studies have identified the IL-23/IL-17A axis
as a pivotal pathway in the disease development [8].
Other critical pathways include antiviral signaling
pathways, such as toll-like receptor (TLR)/nuclear
factor kappa B (NF-«kB), janus kinase (JAK)/signal
transducer and activator of transcription (STAT), and
cyclic GMP-AMP synthase (cGAS)/stimulator of
interferon genes (STING) [9-12], along with the
expression of pro-inflammatory cytokines (e.g., TNF-
a, IL-23, IL-1PB) and chemokines (e.g., C—X—C motif
ligand 1 (CXCL1), CXCL8, and CXCL10).

External stimuli, such as ultraviolet radiation (UV)
and bacterial infections, can cause skin injury, leading
to the hyperproduction of keratinocyte-derived ROS
and secretion of antimicrobial peptides, such as LL-
37 [13, 14]. LL-37, in turn, activates keratinocytes via
TLR8 signaling, thereby promoting ROS production
and initiating inflammatory pathways, such as NF-kB
[15]. LL-37 exerts anti-apoptotic effects, while ROS

promotes proliferation, driving abnormal keratinocyte
growth and psoriatic lesion formation [13]. Moreover,
LL-37-DNA/RNA complexes activate plasmacytoid
dendritic cells
(mDCs), and neutrophils, triggering excessive release
of inflammatory cytokines, such as interferon-o (IFN-
a), TNF-a, and IL-23 [16]. These cytokines amplify
local responses and
inflammation. Stressed keratinocytes also release
chemokines such as CXCL1, CXCL2, and CXCLS,
which  promote  neutrophil
infiltration,  further
progression. The IL-23/IL-17A axis serves as the core
pathway and a key indicator assessing disease
severity.

(pDCs), myeloid dendritic cells

immune exacerbate skin

recruitment  and

contributing  to  disease

IL-23, primarily secreted by activated
mDCs, maintains the differentiation and phenotype of
Th17 cells. IL-17A, mainly produced by Th17 cells,
induces the production of IL-6 and CXCLS8 by
macrophages and DCs in the dermis, leading to the
recruitment of other immune cells [17]. Moreover, IL-
17A drives pathological keratinocyte proliferation
[18], fueling further production of pro-inflammatory
cytokines and chemokines that exacerbate local skin
inflammation. Collectively, the interplay among
keratinocytes, dendritic cells, and T cells orchestrates
a self-amplifying inflammatory loop that drives

psoriasis initiation and progression (Fig. 1).

The pathogenesis of psoriasis involves the complex
interplay of multiple signaling pathways, including
NF-«B, JAK/STAT, cGAS/STING, and
phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(Akt), etc. Elevated levels of phosphorylated NF-xB
have been observed in psoriatic lesions, with the
canonical pathway playing a significant role in
disease development [19]. Notably, TLR4, an
upstream regulator of NF-kB, can be activated by
lipopolysaccharide from bacteria,
exacerbating the progression of psoriasis [12]. The
JAK-STAT pathway,
cytokine signaling, is mediated by the JAK family
(JAK1, JAK2, JAK3, and tyrosine kinase 2 (TYK2))

and regulates gene transcription through STAT

thereby

essential for intracellular

proteins. JAKI is linked to disease severity [20], and
TYK2 deficiency reduces psoriatic features in mice,
while TYK2 polymorphisms increase susceptibility
[21]. Several JAK inhibitors, including tofacitinib,
baricitinib, ruxolitinib, and the selective TYK2
inhibitor deucravacitinib, are approved or offer novel
therapeutic options for psoriasis [22, 23]. Within the

psoriasis microenvironment, TNF-induced
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Fig. 1 The pathogenesis of psoriasis. Initial Triggers: The cycle begins with external stressors such as stress, microorganisms,
and trauma, which activate keratinocytes. Keratinocyte: Activated keratinocytes release a variety of cytokines and chemokines,
including LL-37, IL-1p, IL-6, TNF-a, CXCL1, CXCL2, and CXCLS. These mediators contribute to the recruitment and activation
of immune cells within the skin. Neutrophils: Attracted by CXCL1, CXCL2, and CXCLS8, neutrophils contribute to the formation
of neutrophil extracellular traps (NETs). pDC: These cells can be activated by the LL-37-DNA complex and release the interferon
cytokines. Macrophages: These cells are activated by LL-37, IL-1fB, IL-6, and TNF-a, further amplifying the inflammatory
response. mDC: These cells produce IL-12, IL-23, IFN-y, and TNF-0, which are crucial for T cell activation. Thl Cells:
Activated by IL-12, these cells produce IFN-y, which contributes to the inflammatory response. Th17 Cells: Stimulated by IL-23,
these cells produce IL-17A, IL-22, and TNF-a. Th22 Cells: These cells are involved in the production of IL-22. In the figure, the
color red is used to highlight the research targets of existing nanomedicines. The color blue indicates the core pathways involved

in psoriasis.

mitochondrial DNA (mtDNA) activates the cGAS-

STING pathway, promoting type I interferon
responses [11]. The STING antagonist H-151
alleviates inflammation in imiquimod-induced

psoriasis-like models by suppressing 1L-17A, 1L-23,

and IL-6 production, and by reducing M1
macrophage infiltration and Th17 differentiation [10].
The PI3K/Akt pathway contributes to epidermal
hyperplasia and [24]. Akt
activation stimulates keratinocyte proliferation by
modulating forkhead box O (FOXO) and mTOR
signaling, while its negative regulator, PTEN, is
downregulated in psoriatic skin [25]. Rapamycin, a
mechanistic target of rapamycin complex 1
(mTORC1) inhibitor, has demonstrated therapeutic

potential [26]. Together, these pathways orchestrate

immune activation

inflammatory responses and abnormal keratinocyte
activity, driving psoriasis pathogenesis. Targeting
these
therapeutic strategies

(Fig. 2).

signaling pathways and cytokines offers

for managing the disease

Versatile Types of Nanoformulation-
based Nanomedicines for Psoriasis
Treatment

Nanocarriers loaded with hemotherapeutic or
bioactive agents have introduced promising strategies
for psoriasis treatment. These nanoformulations, such
as liposomes, polymeric nanoparticles, inorganic
nanomaterials,

biomimetic nanocarriers and
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Fig. 2 Intracellular signaling pathways related to psoriasis. In psoriasis, multiple intracellular signaling pathways are activated,
including NF-«xB, JAK/STAT, cGAS/STING, and PI3K/Akt. The activation of these pathways leads to the phosphorylation of
transcription factors like NF-xB, interferon regulatory factor 3 (IRF3), and STATI1, which then translocate to the nucleus to
promote the transcription of pro-inflammatory cytokines. This intricate network of signaling pathways drives the inflammatory
responses and abnormal keratinocyte activity characteristic of psoriasis.

microenvironment-responsive nanoformulations,
offer advantages including low systemic toxicity,
enhanced targeting precision, and improved drug
stability [27]. However, each nanomaterial exhibits
distinct benefits and limitations in psoriasis therapy,

as shown in Table 1.
Liposome

Psoriasis, an autoimmune disorder, presents

substantial drug delivery challenges. The stratum
corneum, as the outermost layer, effectively blocks
the invasion of exogenous substances, while tight

of
cytoskeletal proteins serve as a secondary barrier,

junctions  composed transmembrane  and
further hindering drug penetration [33]. In psoriatic

lesions, aberrant differentiation and
hyperproliferation of keratinocytes further restrict
drug permeation [34]. Liposomes, as biocompatible
lipid-based nanocarriers, have shown promise in
overcoming these barriers owing to their ability to
encapsulate poorly soluble drugs and their structural
similarity to skin lipids, which facilitates transdermal
delivery [35]. For example, Ma et al. developed

dendritic lipopeptide liposomes (DLPs) aimed at

Table 1 The characters of various nanomaterials.

Nanocarrier types Characters

Examples

Liposome
. Biocompatible, biodegradable, low toxicity, sustained release, enhanced
Polymeric :
drug accumulation
. Biodegradable, multiple function (e.g., thermal sensitive, biomimetic
Inorganic

Membrane-camouflaged
nanoformulation

Responsive nanoformulation

Biocompatible, enhanced drug penetration, load drugs of low solubility

enzyme activity)
Biocompatible, low systemic toxicity, immune evasion, homologous-
targeting, enhanced drug penetration

Low systemic toxicity, stimuli-responsive drug release

Dendritic lipopeptide [28]

PLGA-tipped microneedles [29]

Thermosensitive hydrogels loaded with Au
nanorods [30]
Keratinocyte membrane camoutflaged pH-
sensitive micelle [31]

H,0, and GSH-sensitive nanocarrier [32]
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facilitating the transdermal delivery of small
interfering RNA (siRNA), which

suppresses STAT3 expression [28]. In this research,

significantly

the precisely designed novel liposome was composed
of a dendritic peptide containing lysine or arginine as
the hydrophilic head, with the hydrophobic tail
constituted of 1, 2-stearoyl-sn-glycerol-3-
phosphoethanolamine (DSPE) or oleylamine (OA)
lipid This peptide
effectively enhances the drug transdermal efficacy,

derived chains. dendritic
while the lipid chains confer this nanostructure
siRNA was

released from the core upon penetrating the skin

elevated lipophilicity. Finally, the

barrier and achieved precise STAT3 knockdown
effect. However, whether the
administration triggers tolerance,
structure and function disruption remain unclear. Su
et al. engineered a glycyrrhizic acid (GA)-based lipid
nanocarrier, with chlorin e6 (Ce6) encapsulated in the
nanovesicle, by replacing the conventional liposome
component of cholesterol with GA. Simultaneously,

long-term

immune skin

the catechol-modified quaternary chitosan salt (QCS-
C) was coated on the surface of the GA-based
nanoparticles to provide sufficient bio-adhesion [36].
Upon laser irradiation, Ce6 generates substantial ROS
to trigger the apoptosis of hyperproliferative T cells
and keratinocytes in psoriasis, while GA suppresses
the inflammation cascade, achieving
therapeutic effects. Despite these advancements,
conventional liposomes still face limitations such as
low drug-loading capacity, instability, and short
systemic circulation. Smart liposome designs hold

synergistic

great potential to address these issues and improve
psoriasis treatment outcomes [37].

Liposomes have garnered great attention in recent
years due to their potent transdermal drug delivery
capacity. This nanocarrier significantly promotes the
drug penetration by overcoming the thickened skin
barrier and enhances the drug accumulation in the
psoriatic skin.

Polymer-based drug delivery

Polymeric nanoparticles are composed of natural
(chitosan, alginate, guar gum, etc.) or synthetic
polymers, ranging in size from 1 to 1 000 nm and can
encapsulate active drugs within their core or on the
surface [38]. A litany of natural polymers, such as

chitosan, is  particularly noted for their
biodegradability,  biocompatibility, and  anti-
inflammatory properties [39—41]. Salma et al

designed tacrolimus-loaded chitosan nanoparticles to
treat psoriasis and garnered favorable outcomes by
enhancing drug accumulation and penetration [42].
Besides, chitosan is typically positively charged,
therefore, Liu et al. designed a cell-free DNA
(cfDNA)-scavenging strategy-based nanocarrier and
utilized biguanide to modify the chitosan, acquiring a
catanionic polymer with powerful DNA-binding
capacity [43]. Additionally, chitosan has shown
potential in promoting hair growth, reinforcing its use
in skin-related therapies [44]. Synthetic polymers,
particularly poly (lactic-co-glycolic acid) (PLGA),
are favored in nanocarrier design due to their superior
property of sustained drug release. To address the
severe toxicity of MTX in the treatment of psoriasis
frequent
administration, Moawad et al. developed a phloretin-
loaded sustained-release microneedle system [29].
The tips are fabricated by PLGA, and a small amount
of polylactic acid (PLA) is added to ensure sufficient
mechanical

and limitations of microneedle

strength. The main body of the
microneedle is composed of hyaluronic acid, which
dissolves rapidly and then releases the drug-loaded
tip. Liu et al. further advanced treatment by designing
a PLGA-based nanoplatform targeting
platelets, using
macrophage membranes and targeting peptides to
modify the nanoplatform, thereby restoring immune
function and efferocytosis, which also demonstrated
favorable outcomes [45].

impaired

macrophages and  activated

Polymer-based nanoformulations show promise for
psoriasis treatment due to their material versatility
and biodegradability. However, key challenges
remain, including penetration barriers posed by
psoriatic hyperkeratosis and potential acute toxicity
from the burst release of PLGA nanoparticles [46,
47].

Multi-pattern immunomodulation of inorganic-
scaffold nanoformulation

Inorganic nanoformulations are typically composed
of inorganic materials, such as silica, metal, metal
oxide, etc., and have gained considerable attention in
biomedical applications. gold
nanoparticles are among the most widely used

Among these,
inorganic materials in the biomedical area, owing to
their high biocompatibility, low systemic toxicity,
properties [48, 49]. These
nanoparticles are also endowed with multiple enzyme
catalytic activities, enabling them to scavenge ROS,

and modifiable

https://www.sciopen.com/journal/2150-5578
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which robustly contribute to the progression of
psoriasis [50, 51]. Chen et al. developed a
thermosensitive ~ hydrogel  incorporating  gold
nanorods (GNRs) and MTX. Upon infrared radiation,
the GNRs produce heat to trigger the phase transition
of the hydrogel, enabling the controlled release of
MTX. Additionally, the photothermal effect of GNRs
promotes keratinocyte apoptosis [30]. Functionalized
gold nanoparticles, such as those modified with
azelamide monoethanolamine, significantly enhance
effects
gold nanoparticles by

skin penetration and anti-inflammatory

compared to traditional
increasing the expression of superoxide dismutase
(SOD) and inhibiting matrix metalloproteinase 9
(MMP-9) activity [52]. Similar to gold nanoparticles,
platinum (Pt) nanoparticles also exhibited potent
catalytic activity, effectively impairing the ROS-
triggered inflammatory cascade [53], in the skin
microenvironment, such as platinum-doped positively
charged carbon dots (Pt-CDs) [54]. The presence of
Pt confers this nanoparticle-enhanced DNA-binding
thus

remarkably suppressing the cGAS-STING pathway.

capacity by elevating its electropositivity,
Afterwards, the secretion of multiple inflammatory
cytokines was inhibited, such as IFN-y and TNF-a.

Beyond gold nanoparticles, various metal-based
nanomedicines have shown promise in psoriasis
therapy by
enhancing therapeutic efficacy. Ag nanoparticle-
(ZnO/Ag), which
possess self-therapeutic properties, have been shown
to treat psoriasis by suppressing multiple pro-
inflammatory  cytokines in macrophages and
keratinocytes [55]. Lu et al. engineered iron single-
atom catalysts to mimic the active sites of antioxidant
enzymes, such as catalase and SOD, thus scavenging
accumulated ROS and suppressing pro-inflammatory
cytokines (IL-17A, TNF-a, I1L-12, and IL-23) [56].
These inorganic nanoparticles are safe, promising,

reducing systemic toxicity while

anchored ZnO nanoparticles

and highly efficient methods to treat psoriasis and
could be considered as long-term treatment options to
prevent recurrence.

Mesoporous silica nanoparticles (MSNs) are
another inorganic nanoformulations that have also
been demonstrated as successful nanocarriers,
ascribing to their superior drug-loading and sustained
release capacity [57]. In addition, MSNs could be
modified to achieve mechanism-specific treatment for

psoriasis. For example, poly (2-(dimethylamino) ethyl

methacrylate) (PDMA) grafted hairy silica particles
(cSPs) elicited remarkable psoriasis amelioration by
eliminating the dermal cfDNA [58].

Inorganic nanoformulations demonstrate
exceptional tunability and synergistic potential with
physical therapies (e.g., photothermal therapy and
enzyme-mimicking catalysis). Their dual capacity to
scavenge ROS and disrupt inflammatory cascades
positions them as promising candidates for psoriasis

intervention.

Biomimetic
nanoformulation

membrane-camouflaged

Membrane-camouflaged nanocarriers have emerged
as novel therapies for multiple diseases, such as skin
diseases and cancer [59, 60], due to their superior
homologous targeting efficacy and low toxicity. Yang
et al. utilized melanoma-derived exosomes as
templates by retaining the critical outer membrane
protein Ras homolog family member A (RhoA),
which plays a crucial role in transdermal drug
delivery. Then they engineered exosome-liposome
hybrid nanoparticles to enhance biocompatibility and
membrane fluidity. Finally, this nanoplatform was
loaded with miR-320-3p to suppress Thl7-mediated
IL-17 signaling pathway [61]. Simultaneously, no
significant systemic toxicity was observed, exhibiting
superior biocompatibility and safety. Huang et al
developed a hybrid vesicle system through the fusion
of grapefruit-derived exosome-like nanovesicles
(GEVs) with CC chemokine receptor 6 (CCR6)
nanovesicles derived from membranes of engineered
gingiva-derived mesenchymal stem cells (GMSCs)
[62]. Specifically, CX5461-loaded GEVs leverage
CCR6-mediated targeting of GMSCs to precisely
deliver immunosuppressive therapy to inflamed sites,
effectively alleviating psoriatic lesions. Additionally,
keratinocyte membrane-coated nanoparticles enable
selective Kkeratinocyte targeting, while microneedle
integration facilitates sustained epidermal drug
delivery, collectively enhancing therapeutic efficacy
against psoriasis progression [31]. The application of
allows the

membrane-camouflaged technology

biomimetic  nanoparticles to evade immune
recognition and specifically target the immune cells
[63].
biomimetic nanoparticles may serve as a safety and

with

to relieve the inflammation Therefore,

precisely targeted strategy for psoriasis,

excellent therapeutic efficacy, in the future.
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The membrane-camouflaged nanoformulations are
characterized by their superior homologous-targeting
effect, allowing the precise therapy targeting the
diseased cells and inflammation amelioration, while
avoiding systemic toxicity.

Microenvironment-responsive drug release

Psoriasis is an inflammatory disorder characterized
by elevated levels of ROS and a relatively low pH
within the skin microenvironment. These changes are
partly attributed to the overproduction of fatty acids
and an imbalance between the antioxidant system and
increased ROS production [64, 65]. In this respect,
boronic esters are ROS-sensitive materials that have
already exhibited great promise, due to their high
[66].  This

into ROS-
reactive nanocarriers for psoriasis treatment. For

biocompatibility and  biosafety

nanomaterial has been incorporated
instance, a novel microneedle patch was engineered
by encapsulating MTX and epigallocatechin gallate
(EGCQG) within a cross-linked hydrogel via dynamic
covalent boronic ester bonds [67]. In the presence of
H,0,, the hydrogel gradually degrades, releasing
MTX and EGCG, which inhibit the hyperproliferation
of keratinocytes and improve the inflammatory
microenvironment. In another approach, Xin et al.
proposed a multifunctional nanoplatform where the
MTX-thioketal-lysine ~ (MTX-TK-lys)
were assembled with siRNA targeting TNF-a in the

complexes
core, while poly (ethylene glycol)-polyhistidine
(mPEG-pHis) and polyethylene glycol-polylactic acid
(mPEG-PLA) were
surface. This design enabled the oxidative stress-

strategically coated on the

triggered, sequential release of MTX and siRNA,
aiming to restore immune homeostasis. Additionally,
the nanoplatform absorbed elevated levels of LL-37,
S100 calcium-binding protein A8 (S100AS8), and
S100 calcium-binding protein A9 (S100A9), which
are detrimental to psoriasis patients [68]. Tan et al.
designed a dual-responsive nanocarrier of H,0, and
glutathione (GSH) to deliver CRISPR Cas9 and
cytosolic protein for the psoriasis treatment [32]. This
nanoparticle was fabricated on polyamidoamine
dendrimer scaffold, which was functionalized with 4-
nitrophenyl 4-benzyl carbonate (NBC) and lipoic acid
(LA) moieties. The phenylboronate moiety facilitates
H,0,-dependent protein delivery, while the LA linker
undergoes GSH-mediated reductive cleavage to
achieve controlled drug liberation. This dual-stimuli-
actuated delivery paradigm demonstrated enhanced

bioavailability as well as mitigated off-target
cytotoxicity. Li et al. utilized zeolitic imidazolate
framework-9 (ZIF-9), which could be gradually
degraded in the acidic microenvironment, as the
scaffold to encapsulate adenosine monophosphate
(AMP) and biomineralize the AMP catabolic enzyme
on the outer layer [69]. After degradation, the
released drugs effectively ameliorate psoriasis,
including suppressing DCs, supporting regulatory T
cells (Tregs), and inhibiting the secretion of pro-
inflammatory cytokines, such as TNF-a, IL-17A, IL-

23, IL-6, etc.

These nanoformulations
delivery
microenvironment.

achieve precise drug
targeting the
Their

responsive design enables real-time detection of

inflammatory
microenvironment-
pathological  changes,

offering potential for

preventing disease recurrence.

Several studies have shed light on the clinical
transformation of the nanoformulations in the
treatment of psoriasis. For example, a random clinical
that the
liposomes significantly reduced the dermatological

trial has demonstrated cyclosporine
scores by approximately 83%, by the eighth week, in
[70].

Curcumin nanoparticles could serve as an adjuvant

compared to the cyclosporine ointment
therapy to improve the serum lipid levels in patients
with moderate-to-severe psoriasis treated with oral
acitretin [71], thereby helping to mitigate psoriasis
A fluidized

tazarotene

progression. spanlastic nanovesicle

encapsulating acquired  promising
outcomes in patients with psoriasis [72]. However,
most studies have remained in the pre-clinical
investigation, necessitating further clinical evaluation

of these nano-based formulations.

The development of innovative nanoformulations
offers a promising approach to achieve superior drug
delivery and restore immune homeostasis. These
innovative nanocarriers overcome the limitations of
conventional formulations by achieving stimuli-
triggered
precision.

sustained release with spatiotemporal

Furthermore, the smart design of
customized nanoplatforms enables disease-directed
therapeutic  strategies,
approaches integrating immunomodulation, oxidative
stress regulation, and targeted drug delivery,
synergistically achieve highly efficient management

of psoriasis (Fig. 3).

where combinational

https://www.sciopen.com/journal/2150-5578


https://www.sciopen.com/journal/2150-5578
https://www.sciopen.com/journal/2150-5578
https://www.sciopen.com/journal/2150-5578

340

Nano Biomed. Eng., 2025, 17(3)

pH-ROS responsive release

Psoriasis-directed strategy

Multi-pattern immune modulation

(a) | (b)

3 ¢ _ s100A8

SIS | LL37 h 7 i
ZIF-9 scaffold ;. RN \ ‘
_ TITTY
H+Degrade 5 | ) SiRNA \ |
H* | Absorption |
o, o : / _\ .
e | o® OO | /MTX | T cell
oo _+-TgF-a O|L-(-3 @ % o
Drug— OO oO | o
y \ IL-17A |L-23 Nanoparticle TNF-a " 42
o oo o
@ . | Inflammation ;I ) OO
H | |'L17A 123
DC Treg t :

| (¢)

Fig. 3 The immune modulation of nanomedicine for psoriasis treatment. (a) the psoriatic skin is characterized by low pH and high
ROS. Hydrogel microneedles promote the transdermal delivery of ZIF-9-scaffold nanoparticles, which were degraded by the

acidic microenvironment,

releasing anti-inflammatory drugs

to suppress DC proliferation, enhance Treg-mediated

immunosuppression and downregulate multiple inflammatory cytokines, such as TNF-a, IL-6, IL-17A, and IL-23. (b)
nanoparticles that are capable of eliminating disease-specific proteins highly expressed in psoriasis, such as LL37, S100A8,
S100A9, and releasing siRNA and MTX in a ROS-dependent manner, which subsequently inhibit the inflammation cascade. (c)
liposomes precisely deliver photosensitizer, Ce6, into T cells to promote T cell apoptosis by producing substantial ROS upon laser
irradiation, as well as inhibiting keratinocytes hyperproliferation, synergizing with GA to collectively mitigate psoriasis
progression. Iron single-atom catalysts with biomimetic enzyme activity significantly scavenge ROS and suppress multiple pro-
inflammatory cytokines, such as TNF-q, IL-12, IL-17A, and IL-23, in the skin microenvironment.

Other Potential Therapeutic
Targets of Psoriasis for
Nanomedicines

Targeting the JAK/STAT pathway is
therapeutic strategy for psoriasis. JAK inhibitors,

a novel

such as tofacitinib and wupadacitinib, have
demonstrated efficacy and safety in treating psoriasis
though the

development of nanotherapeutics for these inhibitors

and other autoimmune diseases,
remains limited. Future research should focus on
reducing adverse effects such as immune suppression
and infection risk. Recently, the use of siRNA-based
nanomedicine to silence STAT3 is a promising gene
therapy, though still experimental [73]. So far, there
are no clinical trial reports for using siRNA to treat

psoriasis. The main challenge is the deficiency of

effective transdermal delivery of siRNA, with
methods  like

electroporation, ultrasound, cell-penetrating peptides,

ongoing  research  exploring

and nanocarriers. As previously mentioned,
rapamycin holds potential for psoriasis treatment by
inhibiting the PI3K/Akt signaling pathway. Recent
studies have shown that rapamycin encapsulated in
hybrid
(RPMN) and incorporated into a carbopol-based
hydrogel system (RPMNGel) can be used to treat
psoriasis [74]. In a mouse model of imiquimod-

lipid-polymer  conjugate nanoparticles

induced psoriasis, RPMNGel exhibited superior drug

accumulation, deeper penetration, and slower
diffusion compared to the free drug gel, proving

excellent efficacy in psoriasis treatment [74].

than
a more precise

Targeting chemokine receptors, rather

chemokines themselves, offers
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therapeutic approach by directly modulating receptor-
expressing cells and minimizing off-target effects.
One notable example involves the use of cationic
lipid-assisted polymeric nanoparticles (CLAN) to
deliver a plasmid co-expressing CXCL9 and a-
programmed death-ligand 1 (aPD-L1) under tumor-
specific promoters. This strategy enhances T-cell
recruitment and activation within the tumor
microenvironment, leading to improved antitumor
immune responses [75]. Another promising approach
utilizes a chemically synthesized C—X—C receptor 4
(CXCRA4) antagonist peptide, ES, encapsulated within
polyethylene glycol—glycol-phosphatidyl-
ethanolamine (PEG-PE) micelles (M-E5). This
formulation effectively targets CXCR4 on acute
myeloid leukemia (AML) cells, disrupting the
CXCL12/CXCR4 axis, inhibiting chemoresistance,
and enhancing the efficacy of chemotherapeutic
agents [76]. These findings highlight the therapeutic
potential of receptor-targeted nanomedicines in
modulating chemokine signaling pathways, offering
valuable insights for psoriasis treatment.

In the treatment of psoriasis, the translation of
nanomedicines faces multiple scientific challenges.
The activated immune system under inflammatory
conditions can accelerate the phagocytic clearance of
nanoparticles through the aggregation of immune
cells such as macrophages [77], and if nanomaterials
have insufficient biodegradability, they are prone to
accumulate in inflammatory-related organs (e.g.,
liver, kidney) or normal tissues, leading to toxicity.
Some nanomaterials (e.g., metal oxide nanoparticles)
may also stimulate immune cells (e.g., macrophages,
neutrophils) in inflammatory sites, inducing cytokine
storms and exacerbating inflammatory responses
[78]. For chronic inflammatory diseases requiring
long-term administration, the long-term metabolic
pathways  of potential
accumulation toxicity (e.g., oxidative stress, tissue

nanomaterials and

fibrosis) lack standardized evaluation methods [79].
Furthermore, psoriasis-like animal models fail to fully
mimic the pathological complexity of human diseases
in terms of immune cell subtypes and tissue
leading to the
preclinical data extrapolation. Additionally, the lack

microenvironment, failure of
of standardized detection methods for dynamic
biomarkers of inflammatory diseases (e.g., serum
inflammatory factors, histopathological scores) makes
it difficult to accurately evaluate the targeting
efficiency and pharmacodynamics of nanomedicines.

Conclusions

Nanomedicine holds significant promise for psoriasis
therapy by improving drug bioavailability, targeting
precision, and therapeutic safety. While the TNF-o/IL-
23/IL-17 axis remains the primary therapeutic focus,
emerging targets including cGAS-STING, JAK-
STAT, PI3K-Akt signaling, and chemokine networks
offer additional intervention points. Current
nanocarrier platforms, such as spanning liposomal,
polymeric, inorganic, biomimetic membrane-coated,
and stimuli-responsive systems, each present unique
pharmacological advantages and development

challenges for clinical translation.

Psoriasis, a chronic inflammatory skin condition,
requires tailored nanocarriers that optimize drug
delivery and
summary, liposomes exhibit high similarity to skin
components, enabling them to promote transdermal

oxidative stress modulation. In

drug absorption. Additionally, the unique vesicle
structure allows them to encapsulate both lipophilic
drugs, protecting
exogenous degradation and prolonging the drug
still
limitations behind the liposomes. The particle size of
difficult to
encapsulate sufficient drugs into the system and the
instability of liposomes, such as the hydrolysis of
ester bonds and peroxidation of unsaturated acyl
chains, may lead to undesired drug leakage and

and hydrophilic them from

circulation. However, there are potential

small liposomes makes it rather

aggregation [80]. The addition of cholesterol or
polyethylene glycol (PEG) has been proven to
enhance the
liposomes [81, 82]. Polymeric nanoparticles have
attracted great attention in recent years due to their

stability and blood circulation of

excellent  biodegradability. Drugs could be
encapsulated in the core or absorbed on the surface in
the form of polymeric nanoparticles or nanocapsules
[38]. Compared to liposomes, the hard structure and
insufficient fluidity make it difficult for polymeric
nanoparticles to penetrate the stratum corneum.
However, polymeric nanoparticles are prone to
accumulate in the hair follicle, thereby penetrating
deep into the skin and forming a drug reservoir
[83—85]. Therefore, polymeric nanoparticles may be
beneficial to the follicular drug delivery in
dermatological treatment. Besides, polymers exhibit
biodegradability, ideal

material for controlled release of drugs. Inorganic

superior representing an

https://www.sciopen.com/journal/2150-5578


https://www.sciopen.com/journal/2150-5578
https://www.sciopen.com/journal/2150-5578
https://www.sciopen.com/journal/2150-5578

342

Nano Biomed. Eng., 2025, 17(3)

nanoparticles are characterized by small particle size,
large specific surface area, and structural stability, but
are resistant to degradation. Besides, inorganic
nanoparticles have demonstrated the property of
multifunctionality. For example, the inorganic
nanoparticles could serve as the delivery vehicles for
photosensitizers, eliminating the hyperproliferation of
keratinocytes through the photothermal conversion
[30]. Concurrently, the specific surface modification
could confer them with enzymatic activity,
scavenging ROS in the skin microenvironment [51].
However, the inorganic nanoparticles themselves or
the released metal ions during degradation may
induce immune dysregulation, necessitating further
consideration for the application of these nanocarriers
[86]. Finally, the membrane-camouflaged
nanoformulation and microenvironment-responsive
nanoformulation are based upon the above materials,
the membrane coated on the surface, and the
application of microenvironment-responsive material
could enable the precise transportation of drugs,
which enhances the therapeutic efficacy and
minimizes the toxic effect.

Nano-based therapies have emerged as a
transformative approach for psoriasis treatment,
offering enhanced skin penetration, tunable
physicochemical properties, and superior
biocompatibility. While these attributes collectively
address key therapeutic challenges, prudent
nanomaterial selection requires careful benefit-risk
assessment. Ongoing efforts to optimize these
platforms for clinical translation hold significant

promise for improving patient outcomes.
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