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Abstract: Psoriasis (PSO) is an immune-related skin disease featured by rapid and excessive cell growth leading to thick red scaly 
skin plaques. The main treatment strategy for PSO involves using anti-inflammatory drugs, immunosuppressants, etc, to relieve 
symptoms, suppress inflammation, and retard the overgrowth and division of skin cells. However, these drugs generally have 
disadvantages such as poor targeting, short half-life, low bioavailability, significant toxic side effects, etc. which impose a huge 
physiological and pathological burden on patients. Recently, the use of delivery systems to topical deliver drugs to the damaged 
psoriatic skin sites has received extensive attention from researchers. These systems promote drug stability, enhance drug penetration, 
and improve drug efficacies. The continuous development of various multifunctional topical delivery systems provides more 
therapeutic ideas for the cure of PSO. Based on this, this manuscript reviews the research progress of various delivery systems 
(including nanoparticles, hydrogels, microneedles, micelles, dendrimers, liposomes, nanoemulsions, vesicles, etc.) for PSO topical 
therapy and summarizes their development status in clinical treatment. It’s expected to provide reference for the design of novel topical 
delivery systems and promote the development of PSO therapy methods.
Keywords: psoriasis, drug carrier, drug delivery, topical therapy

Introduction
Psoriasis (PSO) is an immune-related, inflammatory, chronic, systemic disease with 2% ~ 5% incidence rates.1–3 It is 
characterized by scaly erythema or plaques that may be localized or widely distributed. Many types of PSO exist, 
including plaque PSO (vulgaris), drip PSO, pustular PSO, and erythrodermic PSO. Patients often have several complica
tions such as arthritis, hypertension, angiocardiopathy, diabetes and depression.4,5 The etiology of PSO is complex, and 
its occurrence and progression may involve T cell differentiation, inflammatory cell infiltration and proliferation of 
keratinocytes.6,7 Furthermore, heredity, infection, metabolic disorders, endocrine abnormalities, and other related factors 
(smoking, drinking, trauma, fatigue, and mental factors) can induce or even aggravate PSO.8–10 Thus, the clinical 
treatment of PSO is difficult and can recur easily, which seriously affects the quality of life of patients.

The ultimate goal of various treatments is to effectively control symptoms, reduce inflammation, and decrease the 
frequency of flare-ups. The choice of therapy is mainly related to the development of disease, PSO type, and other 
individual factors.11,12 If PSO is mild for age and overall health, topical medication is the most common treatment. 
Medications such as glucocorticosteroids, vitamin D drugs, and keratolytics can alleviate inflammatory cytokines or 
inhibit immune activation, thereby slowing skin cell growth and reducing symptoms. However, their long-term use may 
result in side effects such as skin thinning, hyperpigmentation, etc.13 Systemic therapies may be used to treat moderate to 
severe PSO. Immunosuppressants such as methotrexate and cyclosporine can effectively inhibit cell proliferation and 
rapidly control the disease; however, their serious nephrotoxicity limits their use. Moreover, many biological agents, such 
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as TNF-α inhibitors (enasip, infliximab, and adalimumab), IL-17A inhibitors (skutecimab and ezekizumab), IL-23 
inhibitors (guselchizumab), IL-12/23 inhibitors (ustekinumab), and IL-36R inhibitors (pesolizumab), have also been 
approved for PSO therapy at home and abroad. They can precisely target and remove inflammatory mediators related to 
PSO, and most rashes can subside rapidly usually within 1 month.14,15 However, their clinical application is still 
relatively short, and their long-term safety and efficacy need to be observed. Currently under development, small- 
molecule targeted drugs mainly focus on PDE4 (apremilast (APR)),16,17 JAK1-3 (tofacitinib and upapatinib),18 and 
TYK2 (deucravacitinib (DEU)).19 Owing to their different targets and mechanisms of action, there are large differences 
in the efficacy, safety, and risk of adverse reactions. Moreover, narrow-spectrum medium-wave ultraviolet, a type of 
physical therapy, can inhibit the overproliferation of skin cells and is more effective in treating plaque-type PSO; 
however, long-term irradiation increases the risk of skin cancer.20 Thus far, there is still no safe and effective method to 
cure PSO completely.

Among them, topical medication is the perfect mode of administration because it is non-invasive and has high patient 
compliance. The skin barrier function of PSO patients is impaired due to increased proliferation and decreased 
differentiation of keratinocytes, inflammation-related vasodilatation, and increased vascular permeability, which greatly 
improves the drug permeability and provides a favorable “use environment” for topical drug delivery to the affected 
area.21,22 However, many topical drugs generally have disadvantages such as short half-life, poor targeting, low 
bioavailability, significant toxic side effects, etc., make it difficult to achieve the desired therapeutic effect. To solve 
this problem, the construction of drug delivery systems has become a promising approach.23–26 They can be designed to 
deliver drugs specifically to PSO lesions, minimize side effects, and achieve controlled or extended release. In addition, 
they can alter drug pharmacokinetics, prolong the drug circulation time, and improve bioavailability. Researchers have 
utilized their specific advantages to develop novel formulations to shine in the field of PSO therapy. Therefore, based on 
the merits and demerits of different drugs for PSO therapy, the latest progress in delivery systems such as nanoparticles 
(NPs), hydrogels, microneedles (MNs), micelles, dendrimers, liposomes, nanoemulsions, and vesicles for the treatment 
of PSO has been reviewed (Figure 1). Their research progress in clinical trials in recent years was also summarized. We 
hope to provide references for the design of novel topical delivery systems for PSO therapy.

Various Drug Delivery Systems for PSO Topical Therapy
As the research progressed, various types of drug delivery systems played a significant role in the topical treatment of 
PSO. They effectively enhanced the therapeutic effect of anti-PSO drugs and reduced their side effects. At present, the 
delivery systems of anti-PSO drugs that have attracted much attention mainly include NPs, hydrogels, MNs, micelles, 
dendrimers, liposomes, nanoemulsions, vesicles, etc (Figure 1).

Nanoparticles
NPs have significant advantages in drug delivery because of their unique physical properties such as large surface area 
and small size.27 These properties not only help achieve targeted drug delivery but also achieve controlled drug release. 
Especially in PSO therapy, NPs are prepared to carry anti-inflammatory ingredients, immunosuppressants, or other small- 
molecule therapeutic drugs, which could directly act on skin lesions and increase the trans-epidermal uptake 
efficiency.28,29 This delivery method could improve the route of drugs entering the skin epidermis and promote better 
drug absorption, thereby significantly improving the therapeutic effect. In addition, NPs can be modified to provide 
excellent bioadhesion, skin permeability, and specific targeting. Therefore, despite some limitations, such as complex 
preparation and high cost, and potential delivery inefficiency due to skin barrier status in a few patients, the overall 
advantages in improving treatment precision and reducing systemic exposure risks of NPs are substantial, providing 
a safer and more effective treatment scheme for PSO patients.

The team of Deng developed a new local drug delivery system using disease-specific bioadhesive NPs (BNPs) to load 
the glucocorticoid drug betamethasone dipropionate (BD), aiming to treat PSO with a single dose (Figure 2A).30 In their 
study, polylactic acid-hyperbranched polyglycerol (PLA-HPG) was self-assembled to synthesize the BNPs. The surface 
of BNPs contains aldehyde groups, which can form Schiff base links with proteins, giving the nanoparticles great 
bioadhesion. The modified BNPs, Tris-BNPs, were further obtained by dispersing them in Tris-HCl, which could 
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penetrate the damaged cuticle of PSO and enter the epidermis. After penetration, Tris-HCl would be detached, which 
would restore the adhesion of BNPs, make it stay in the epidermis for sustained and controlled release of drugs, prolong 
the action time, and more importantly, do not penetrate healthy skin and reduce adverse reactions. Experiments showed 
that Tris-BNPs were waterproof and difficult to physically remove, and the symptoms in PSO mice were significantly 
improved by external administration. Because psoriatic cells highly express proteins, such as LL37, SA0019, and 
S100A8, which induce PSO recurrence, Xin et al constructed a kind of “antigen-scavenging” NPs (HLNP-MNs) loaded 
with reactive oxygen species (ROS)-responsive MTX prodrugs and TNF-α-targeted siRNAs.31 HLNP-MNs could absorb 
PSO-specific proteins and accumulate in the peripheral inflammatory immune cells. They then released active MTX and 
siRNA in this high ROS microenvironment and exerted a synergistic therapeutic effect on the regulation of immune 
abnormalities in PSO, providing a highly promising strategy for PSO therapy.

NPs can also be surface modified for specific targeted delivery. Since the hyaluronic acid (HA) receptor CD44 is 
overexpressed in the skin of patients with PSO, several research teams have modified NPs with HA for active 
targeting.34,35 The obtained HA-mediated transdermal delivery systems should exhibit enhanced permeability and 
targeted drug inhibition. Lee and coworkers designed HA-based NPs (HA-NPs) through self-assembly of hydrophobic 
lithocholic acid-modified HA.36 Subcutaneous injection of HA-NPs protected psoriatic mice from PSO-like dermatitis 
induced by imiquimod (IMQ), and the Psoriasis Area Severity Index (PASI) was remarkably reduced. Importantly, HA- 

Figure 1 Overview of the various drug delivery systems for PSO topical therapy.
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NPs effectively treated PSO-like dermatitis by suppressing the natural immune response and repairing the barrier 
function of the skin; the therapeutic effect was dose-dependent, with no obvious signs of toxicity. Additionally, Chen 
and coworkers designed chitosan (CS)/HA nanoparticles (CHALT) loaded with alantolactone and explored their potential 
therapeutic effects on PSO.37 It has been confirmed that CHALT could effectively inhibit cell proliferation by inducing 
apoptosis mediated by ROS and restraining the activation of Signal Transducer and Activator of Transcription 3 (STAT3) 
signaling and inflammatory reaction caused by IL-6 in human immortalized keratinocytes (HaCaT cell line). In the PSO 
model induced by IMQ, local treatment of PSO lesions with CHALT effectively reduced the overactivation of STAT3 and 
immune cell recruitment, thus improving PSO symptoms. Moreover, Sheikh et al32 constructed a type of HA-based NPs 
(HA@CS-GA NPs) through the modification of gallic acid (GA)-loaded CS NPs with HA to enhance the anti- 
inflammatory efficacy of PSO therapy (Figure 2B). The NPs could target diseased keratinocytes via HA-CD44 receptor 
interactions, and the antiproliferative activity of the NPs on HaCaT cells was greatly enhanced compared to that of free 
GA, which was attributed to their pH-responsive release properties and enhanced cellular uptake efficiency. In an in vivo 
PSO model, this system significantly inhibited epidermal thickening and downregulated the proportion of Ki67-positive 
cells, while suppressing the expression of pro-inflammatory factors through the NF-κB pathway. This mechanism of 
targeted delivery and multipathway regulation provides an innovative strategy for the treatment of PSO, and its 
biocompatibility and CD44-targeting properties make it a promising candidate for clinical translation.

Figure 2 Representative nanoparticle-based delivery systems for PSO topical therapy. (A) The schematic of Tris-BNPs for PSO therapy. Reprinted from Journal of 
Controlled Release, 349, Mai Y, Ouyang Y, Yu M, et al, Topical formulation based on disease-specific nanoparticles for single-dose cure of psoriasis, 354–366, Copyright 2022, 
with permission from Elsevier.30 Copyright 2022, Elsevier. (B) The schematic of HA@CS-GA NPs for PSO treatment mediated by CD44 receptor. Reprinted from 
Environmental Research, 238, Sheikh A, Hazari SA, Molugulu N, et al, Hyaluronic acid engineered gallic acid embedded chitosan nanoparticle as an effective delivery system 
for treatment of psoriasis, 117086, Copyright 2023, with permission from Elsevier.32 Copyright 2023, Elsevier. (C) The schematic of MTX@HMN-Ce6-HA NPs for PSO 
treatment. Reprinted from Chemical Engineering Journal, 490, Fan Z, Zhao G, Gan Y, et al. Synergistic chemo-photodynamic therapy based on hollow mesoporous 
organosilica nanoparticles for reducing psoriasis-like inflammation, 151613, Copyright 2024, with permission from Elsevier.33
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In addition to polymer-based NPs, NPs formed from metal or nonmetal atoms can also deliver anti-PSO drugs. Fan et al 
designed HA, MTX, and Ce6 loaded hollow mesoporous silica NPs (MTX@HMN-Ce6-HA).33 These NPs could produce 
ROS in light, which disrupts internal disulfide bonds to release MTX and HA and enhance permeability. They further 
decreased HaCaT cell viability, induced apoptosis, and reduced inflammation by modulating the STAT3-NF-κB p65 pathway. 
The combination of MTX chemotherapy and Ce6 phototherapy had a synergistic therapeutic effect on PSO (Figure 2C). Han 
et al38 developed a self-therapeutic gold nanoparticle with a 3 nm gold core and an octadecyl-modified polyethylene glycol 
(PEG) shell. In the IMQ-induced PSO mice, these NPs were able to penetrate the stratum corneum and enter the keratinocytes 
preferentially. After 4 days of treatment, the mice showed reduced skin inflammation, less scaling and hardening, and 
smoother skin, which were superior to those treated with vitamin D analogs. In addition, NPs downregulated genes related 
to the interleukin-17 signaling pathway, with no significant side effects. Moreover, Zhang et al39 prepared a type of platinum- 
doped carbon dots with positive charges for PSO therapy. In the IMQ-induced PSO mouse model, they could clear free 
extracellular DNA, reduce skin inflammation, suppress overactivation of the cGAS-STING pathway, and recover from 
internal skin environment homeostasis, thereby showing favorable therapeutic effects. These studies suggested that these 
NPs integrated with multiple therapeutic modalities such as chemotherapy, phototherapy, and immunomodulation, offer 
a collaborative PSO therapeutic strategy, show casing their significant potential for clinical application.

Hydrogels
Hydrogels, which are smart polymer materials with three-dimensional crosslinked network structures, can be efficiently loaded 
with biologically active molecules (siRNA, antibody fragments, etc.) and hydrophilic/hydrophobic drugs through physical/ 
chemical interactions to construct a multidrug co-delivery system. This integrated design overcomes the limitations of single 
therapeutics and realizes the synergistic effects of gene silencing, immunomodulation, and targeted drug release.40–44 In addition, 
its dynamic network structure provides dual advantages, such as reversible crosslinking to form an adhesive protective film for 
prolonged skin permeability of the drug, and solubilization properties in response to microenvironmental changes (pH/enzyme 
concentration) for controlled release. This sustained delivery mode has attracted considerable attraction in the therapeutic field 
because it is suitable for PSO with chronic recurrence and significantly reduces the dosing frequency.45,46

The key to breaking the bottleneck of PSO treatment is the development of a preparation with high permeability and 
viscosity that can increase the degree of drug retention on the skin surface. Yao et al47 invented the first water-responsive 
hydrogel (WRG) from glyceryl dioleate (GDO) and phosphatidyl choline (PC), which has the unique characteristics of 
a water-induced sol-gel transition. When there was no water, it was in the solution state, and when water was added, it 
immediately became a hydrogel. A potent anti-PSO drug curcumin (Cur) with immunomodulatory, anti-inflammatory, 
and antibacterial properties was successfully loaded into WRG and realized sustained drug release (Figure 3A). The 
WRG preparation (CUR-WRG) not only prolonged the residence time in the skin but also promoted drug penetration. It 
inhibited the hyperproliferation of psoriatic skin by reducing the expression of Ki67 and CK10 in the PSO model. Lai 
et al48 constructed a novel hydrogel system (TYK2i-BO-gel) in which skin permeability was enhanced by the introduc
tion of borneol (BO) to effectively deliver the tyrosine kinase 2 inhibitor (TYK2i) into the deeper skin layers at the site of 
inflammation (Figure 3B). This delivery system was found to significantly suppress the Th17 immune response by 
inhibiting antimicrobial peptide (AMPs) expression and modulating the STAT3 pathway, with efficacy comparable to that 
of glucocorticoids, and with a lower relapse rate. Its clinically approved drug combinations and robust, scalable 
manufacturing process offer potential for monotherapy or adjunctive therapy conversion, particularly for patients with 
drug-resistant lesions and high relapse rates. Additionally, Fan et al designed a kind of cationic hydrogels from 
hyperbranched dendritic-linear-dendritic-linear copolymers (HBDLDs).49 The hydrogel not only showed good antibac
terial activity, but also induced the expression of RNase 7 and PSO-associated substances, which enhanced host-mediated 
bacterial clearance. This material significantly reduced the mitochondrial ROS level, IL-1β and reactive nitrogen in 
HaCaT cells, which synergistically reduced the inflammatory response through multiple pathways.

Recently, researchers developed a novel MTX delivery system from thermosensitive hydrogel in combination with 
gold nanorods (GNRs).51 Its sol-gel transition enhanced its permeability and increased the retention time of MTX on the 
skin. And the photothermal conversion capability of GNRs could induce apoptosis of keratinocyte cells and promote 
MTX release under NIR irradiation. In the PSO mice model, the system demonstrated efficacy comparable to 
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commercially available ointments without skin wrinkling, providing a more precise and efficient solution for PSO 
treatment. Moreover, nanogels, which combine the advantages of both NPs and hydrogels, have also attracted significant 
attention for PSO therapy. Therefore, Wang et al designed a type of nanogels by combining the cellular uptake-enhancing 
ability of CS and the internalization effect of HA to achieve the targeted delivery of MTX and 5-aminoleavulinic 
acid (ALA) in PSO therapy (Figure 3C).50 The gels promoted the penetration of MTX and ALA into the epidermis. 
Under light exposure, they can produce ROS and undergo synergistic antiproliferation and apoptosis in lipopolysacchar
ide (LPS)–stimulated HaCaT cells with MTX. They also showed a significant anti-PSO effect in IMQ-induced mice.

Microneedles
Microneedles (MNs) are a type of composite delivery system composed of hundreds of small needle tips with a length of 
25 ~ 1000 μm in the form of an array.52,53 The active ingredient can be loaded into the MN array and the concentration 
gradient inside and outside is the driving force for release. This enables it to cross the stratum corneum in a targeted 
manner without having to pass through the stratum corneum to participate in microcirculation and exert pharmacological 
responses. MN-based drug delivery is convenient, self-administered, and the rate of transdermal absorption is stable As 
we all know, the skin lesions of PSO patients are relatively thick, which is critical to deliver drugs, while MN therapy can 
penetrate the stratum corneum, circumventing the step of penetration required for topical drugs, and achieve the purpose 
of sustained, precise and long-term relief of symptoms. Furthermore, MN may have imaging, diagnostic, and therapeutic 
capabilities that can help assess the severity of PSO and guide treatment. Recently, MNs have demonstrated good 
potential for transdermal drug delivery in dermatologic therapy. Research has been focused on improving their 
component, structure, and function for smart drug delivery.54,55

Figure 3 Representative hydrogel-based delivery systems for PSO topical therapy. (A) The schematic of a novel CUR-WRG gel for topical delivery of curcumin for PSO therapy. 
Reproduced with permission from Yao Q, Zhai YY, He Z, et al. Water-responsive gel extends drug retention and facilitates skin penetration for curcumin topical delivery against 
psoriasis. Asian J Pharm Sci. 2023;18(2):100782. Creative Commons.47 (B) Schematic representation of a novel TYK2i-BO-gel preparation for topical delivery of TYK2i. 
Reproduced with permission from Lai Y, Wu X, Jiang Z, et al. Topical treatment of tyrosine kinase 2 inhibitor through borneol-embedded hydrogel: evaluation for preventive, 
therapeutic, and Recurrent management of psoriasis. Bioact Mater. 2024;41:83–95. Creative Commons.48 (C) Schematic representation of CS-HANGs co-delivering MTX and ALA 
for combined chemotherapy and photodynamic therapy of PSO. Reprinted from Carbohydrate Polymers, 277, Wang Y, Fu S, Lu Y, et al. Chitosan/hyaluronan nanogels co-delivering 
methotrexate and 5-aminolevulinic acid: a combined chemo-photodynamic therapy for psoriasis, 118819, Copyright 2022, with permission from Elsevier.50
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Li et al56 constructed an MN for BD delivery by introducing BD-loaded zinc-doped mesoporous silica nanoparticles (Zn- 
MSNs) into a methacrylated gelatin hydrogel. MN had a high efficiency of transdermal delivery and could realize the 
sustained release of BD and Zn2+, which could promote macrophage polarization toward the M2 phenotype, inhibit pro- 
inflammatory factor expression, and enhance the anti-inflammatory effect compared with BD cream in PSO therapy. On the 
other hand, oxidative stress is closely associated with ROS overproduction.57,58 Elevated ROS levels in the skin constitute 
both therapeutic targets and endogenous triggers. Based on this, Bi et al constructed an ROS-responsive MN patch with 
simultaneous delivery of the antiproliferative drug MTX and the ROS-scavenging drug epigallocatechin catechin (EGCG) 
through crosslinking between EGCG and phenylboronic acid-modified HA for combination therapy with PSO.59 It was found 
that the MN had a stepwise drug release property combining ROS-responsive EGCG release and rapid MTX release, and the 
released drugs could effectively inhibit NF-κB inflammatory pathway by scavenging ROS. In addition, compared with soluble 
non-crosslinked MN, MN resided in the skin for an extended period, which is conducive to the long-term management of PSO.

The targeted and precise delivery properties of MNs make them uniquely suited for the treatment of PSO. Zhou and 
coworkers designed a CD44-targeted ROS-responsive delivery system in which an MTX precursor (MTX-TK-HA) was 
assembled with poly(lactic acid)-methoxy PEG (PLA-mPEG) and loaded onto an HA-based soluble MN (Figure 4A).60 

Figure 4 Representative microneedle-based delivery systems for PSO topical therapy. (A) The schematic of MTX-TK-HA/PLA-mPEG nanocomposition for painless transdermal 
delivery in PSO treatment. Reproduced with permission from Zhou Y, Yang L, Lyu Y. Topical delivery of ROS-responsive methotrexate prodrug nanoassemblies by a dissolvable 
microneedle patch for psoriasis therapy. Int J Nanomed. 2023;18:899–915. Creative Commons.60 (B) Schematic of the synthesis of BP-loaded hydrogel MN for PSO therapy and drug 
delivery monitoring. Reprinted from Nano Today, 54, Lu M, Zhang X, Cai L, et al. Black phosphorus hydrogel inverse opal microneedle patches for psoriasis treatment, 102072, 
Copyright 2024, with permission from Elsevier.63 (C) Schematic diagram of a multifunctional color-structured triboelectric MN patch for PSO treatment. Reprinted from Matter, 6/ 
5, Wang Y, Zhang X, Chen G, Lu M, Zhao Y. Multifunctional structural color triboelectric microneedle patches for psoriasis treatment, 1555–1568, Copyright 2023, with permission 
from Elsevier.64 (D) Preparation of a three-dimensional structured HMN for PSO treatment. Adapted with permission from Detamornrat U, McAlister E, Hutton ARJ, Larrañeta E, 
Donnelly RF. The role of 3d printing technology in microengineering of microneedles. Small. 2022;18(18):2106392. Creative Commons.65
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This system actively targeted hyperproliferative keratinocytes via CD44 receptors and penetrated the epidermis to a depth 
of 210 μm. Upon ROS stimulation, MTX prodrug releases active MTX, which blocks the NF-κB pathway, inhibits 
epidermal cell proliferation, and alleviates inflammation. MN enables precise transdermal delivery while maintaining the 
biocompatibility of the nanocomponents, providing an innovative strategy for PSO treatment. While Dan et al61 also 
designed an HA-based MN patch containing IL-17 and MXene using micromolding technology. MN has excellent 
mechanical strength and biocompatibility, which minimize the immune response. Under irradiation, MN rapidly melts 
and leads to IL-17 release, owing to the photothermal conversion ability of MXene. It effectively reduced PSO-like 
inflammation in an IMQ animal model, inhibited lesion deterioration, reduced the systemic dose, and provided excellent 
therapeutic efficacy for the treatment of PSO. In addition, to enhance the targeting capability, a selected macrophage 
membrane with the ability to target multiple inflammatory factors in PSO was combined with etomoxir and MN.62 It was 
shown that this system performed better in attenuating PSO symptoms and inhibiting relapse than CPT.

Moreover, the imaging capabilities of MNs can be used for monitoring and diagnostics, as well as for studying drug 
pharmacokinetics. Lu et al63 constructed a hydrogel MN consisting of a black phosphorus (BP)-loaded 
N-isopropylacrylamide (NIPAM)/poly(ethylene glycol) diacrylate (PEGDA) inverse opal scaffold and drug-loaded 
gelatin/agarose fillers in the scaffold pores for the PSO treatment (Figure 4B). Because of the photothermal conversion 
ability of BP, the thermoresponsive contraction property of NIPAM, and the thermoresponsive gelatin, the resulting MNs 
possessed good hydrophobic drug-carrying capacity and photothermally controllable release. In addition, owing to the 
optical properties of the inverse opal structure, the MN exhibited bright structural colors and produced a characteristic 
wavelength shift that enabled real-time drug monitoring. Wang et al prepared a colorful triboelectric MN patch-targeted 
delivery system based on an ionic hydrogel with inverse opal structures (PAM-PEGDA-LiCl) (Figure 4C).64 The system 
encapsulates budesonide at the tip of the MN and utilizes the charge produced by friction to achieve electrostatic 
repulsion to drive drug release. Experiments showed that in IMQ-induced PSO model mice, this MN patch promoted 
angiogenesis through mechanical friction, while the dynamic charge change regulated the drug release rate, effectively 
alleviating the rising trend of the skin lesion area and the PASI score. The inverse opal structure of the MN patch gave the 
patch structural color properties (reflective peak wavelength of 580 nm), which allowed real-time drug release monitor
ing through color changes, providing visual feedback for PSO treatment.

The emergence of 3D printing technology has significantly boosted the use of MNs in the biomedical field.66 Its 
versatility, design flexibility, ease of customization, and high complexity not only enhance the drug delivery effect of 
MNs but also provide more possibilities for new applications of MNs beyond drug delivery.67–69 For the first time, 
researchers successfully prepared hollow MNs (HMNs) with different morphologies, heights, and inner and outer 
diameters using high-precision 3D printing technology (microArch S240) (Figure 4D).65 In addition, the substrate 
material can be adjusted to be flexible or rigid, as needed, and its thickness can be flexibly adjusted. In a mouse 
model of PSO, similar efficacy was achieved by hollow MN administration using only 1/10 of the oral dose, showing 
better anti-PSO effects than oral drugs. Another group utilized continuous liquid interface production printing to fabricate 
MN array patches (MAP-MNs) of different shapes loaded with BD formulations for PSO treatment.70 It was found that 
obelisk-shaped MAP-MNs had better durability than other shaped MAP-MNs did. When combined with an oleogel- 
based BD formulation, the amount of BD that penetrated the skin significantly increased with increasing MN length, and 
the anti-PSO effect was more pronounced.

Micelles
A micelle contains a lipophilic nucleus for encapsulating drugs and a hydrophilic shell, which can interact with cells and 
proteins to influence pharmacokinetics and distribution, thus controlling delivery inside the body.71,72 The special 
external structure and small size of micelles make them less likely to interact with plasma and tissues, and allow them 
to remain for long periods without being recognized by proteins and phagocytes, thus protecting the drug from the 
external environment. In addition, micelles can improve drug targeting and reduce side effects associated with systemic 
absorption. Based on these characteristics, micelles have significant advantages in the treatment of PSO.73 Studies have 
confirmed that micelles can effectively deliver PSO medications, such as APR, DEU, and calcipotriol (CPT), to enhance 
their skin penetration and target therapeutic effects.
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APR can inhibit phosphodiesterase 4, and is an effective drug against PSO. Nevertheless, weak oral bioavailability, 
coupled with side effects, has severely limited its utility in clinical setting.74,75 Therefore, Sontakke and coworkers 
designed a hybrid micellar gel (HMMG) for topical APR delivery (Figure 5A).76 The micelles prepared by this system 
had an mean dimension of 83.59 ± 4.46 nm, an encapsulation rate of 94.78 ± 3.98%, a drug loading capacity of 11.37 ± 
3.14%, a 38-fold increase in deep skin retention compared with the traditional formulation, and an efficacy superior to 
that of betamethasone valerate at 0.1% with no irritation, which provided a new strategy for anti-PSO drug delivery.

Moreover, DEU is a potent oral TYK2 inhibitor for PSO therapy.80,81 However, it is difficult for a single therapy to 
fully address the complexities of PSO, including ROS overload and persistent inflammation. To address the limitations of 
DEU therapy, Yao et al constructed a supramolecular micelle (Car@Deu@PEPS) to encapsulate DEU using PEG block- 
polypropylene sulphide (PEG-b-PPS) block copolymers, which exhibited anti-inflammatory effects by repairing mito
chondrial DNA function in a TNF-α/IL-17A-induced HaCaT cell model, prolonged dermal retention time, and inhibition 
of NLRP3 inflammatory vesicle-mediated cellular charring in the IMQ-induced PSO model, with a higher safety profile 
and patient compliance than oral formulations (Figure 5B).77 These innovative delivery systems offer safer and more 
efficient solutions for PSO treatment.

Figure 5 Representative micelle/dendrimer-based delivery systems for PSO topical therapy. (A) Hybrid micelles of a fatty acid-surfactant concatenate (HMMG) for topical 
delivery of APR for PSO therapy (** = p < 0.01). Reprinted from International Journal of Pharmaceutics, 655, Sontakke A, Dighe S, Sharma R, Yadav V, Jain S. Harnessing the 
potential of fatty acid-surfactant-based micellar gel for enhanced topical delivery of apremilast in psoriasis treatment, 124026, Copyright 2024, with permission from Elsevier.76 

(B) Schematic of the Car@Deu@PEPS supermolecular micelles with ROS scavenging capability for PSO therapy. Reproduced with permission from Yao L, Tian F, Meng Q, et al. 
Reactive oxygen species-responsive supramolecular deucravacitinib self-assembly polymer micelles alleviate psoriatic skin inflammation by reducing mitochondrial oxidative 
stress. Front Immunol. 2024;15:1407782. Creative Commons.77 (C) Schematic of the dendritic polymer (13cRA-D) for controlled transdermal delivery of isotretinoin for the 
treatment of PSO. Reproduced from Zhao T, Zhou M, Wu R, et al. Dendrimer-conjugated isotretinoin for controlled transdermal drug delivery. J Nanobiotechnology. 2023;21 
(1):285. http://creativecommons.org/licenses/by/4.0/.78 Copyright 2023, Springer Nature. (D) A bifunctional polymer with efficient delivery of cell membrane proteins and Cas9 
RNP for PSO treatment. Reproduced with permission from Tan E, Wan T, Pan Q, et al. Dual-responsive nanocarriers for efficient cytosolic protein delivery and CRISPR-Cas9 
gene therapy of inflammatory skin disorders. Sci Adv. 2024;10(16):eadl4336. http://creativecommons.org/licenses/by/4.0/.79
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In addition, Hua et al designed an ROS-responsive nanomicelles transdermal delivery system from CPT-loaded 
methoxypolyethylene glycol-thioether-thiol (mPEG-SS).82 This system significantly promoted CPT transdermal pene
tration by enhancing drug stability and targeting. The presence of the thioether bonds enabled the nanomicelles to 
dissociate in the presence of high level of GSH, thereby accelerating the release of CPT. Small animal imaging system 
monitoring verified that the endogenous ROS specifically triggered CPT release from these micelles, which exhibited 
excellent inhibition of inflammation in the IMQ-induced PSO model, verifying their potential application in PSO 
treatment.

Dendrimers
Dendrimers are hyperbranched polymers with unique structures and controllable physical and chemical properties.83–86 

These molecules have a stable single-molecule structure and well-defined number of surface functional groups that can 
be modified to target ligands, and their internal cavities can encapsulate hydrophobic small-molecule drugs. Dendritic 
macromolecules can easily penetrate cell membranes, thereby increasing drug uptake efficiency. In addition, owing to 
their controllable structure and modification ability, dendrimers can regulate drug release, protect them from damage, 
achieve slow release and targeted delivery, and play an essential role in transdermal delivery systems. Dendrimers such 
as dithranol, isotretinoin, and nucleic acids have been shown to be effective in delivering PSO therapeutics.

The teratogenic side effects of isotretinoin make it a nonfirst-line treatment for PSO. Reducing its side effects and 
enhancing its permeability are urgent issues to be addressed. Therefore, Zhao et al78 developed a novel self-assembled 
dendrimer conjugate system (13cRA-D) by connecting isotretinoin to a PEG-based tetra-branched dendrimer with an 
ester bond, specifically for the transdermal delivery of isotretinoin, to enhance its efficacy in local dermatological 
treatments, especially for PSO (Figure 5C). This study found that the release characteristics of 13cRA-D were 
significantly pH-sensitive, with fast release in the low-pH environments of inflamed tissues. This controlled-release 
action helped reduce non-teratogenic side effects and promoted effective penetration into the skin. Additionally, 
compared to free isotretinoin, 13cRA-D showed excellent therapeutic effects in the PSO model. Notably, the skin 
irritation caused by 13cRA-D was minimal, indicating that the system not only improved therapeutic efficacy, but also 
improved patient safety and comfort. Meanwhile, the group of Tripathi utilized the microsponge gel made of Generation- 
4 (G4) poly(amido) amine (PAMAM) dendrimers for dithranol delivery.87 It was stable and nonirritating for dermal 
application. Pharmacokinetic studies demonstrated that it prolonged the dermal penetration time of dithranol, with effects 
comparable to those of commercially available formulations, showing good potential for the treatment of PSO.

Protein drugs are valued for their high efficacy, selectivity, and low side effects; however, their inability to penetrate 
cell membranes limits their effective action on intracellular targets. Tan et al developed a novel dual-responsive 
dendrimer library (GBLA) by grafting different amounts of lipoic acid (LA) and phenylboronate (GB) ligands onto 
G5 polyamidoamine dendrimers. These dendrimers effectively delivered proteins, enzymes, monoclonal antibodies, and 
Cas9 RNP to the cytoplasm (Figure 5D).79 GB can coordinate with lysine or histidine residues on proteins via boronate 
nitrogen to stabilize the polymer/protein complex, successfully delivering Cas9 ribonucleoprotein to the NLRP3 
inflammasome and improving inflammation. LA, with its amphiphilicity, can produce disulfide bonds with free thiols 
on the surface of cells, promoting endocytosis and releasing protein drugs. GBLA-22, the most efficient Cas9 RNP 
delivery carrier, significantly downregulated the expression of PSO-related inflammatory cytokines and improved PSO 
symptoms in mice via the genome editing of NLRP3. This study provides new strategies for cytoplasmic protein delivery, 
demonstrating the potential of dendrimers to significantly enhance cytoplasmic protein delivery efficiency, while 
retaining drug activity in PSO therapy.

Liposomes
Liposomes with lipid-based nanobilayer structures are widely recognized as drug carriers because of their excellent 
biodegradability, biocompatibility, and immunogenicity.88,89 Liposomes can potentiate solubility, modulate dissemina
tion, and provide flexible surface modifications to facilitate targeted slow release of drugs. They are typically used for 
pharmaceutical encapsulation, rendering them suitable for drug delivery via multiple pathways. Liposomal therapy for 
PSO is a form of dermal drug delivery that increases the local concentration and duration of action of drugs in the skin.90 
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Therefore, the scientific and rational design and precise and efficient fabrication of liposomes are undoubtedly of great 
significance for enhancing the therapeutic effect of PSO and improving the quality of life of patients.

Liposomes played an important role in the delivery of Cur, which significantly improved the therapeutic efficacy and 
bioavailability of Cur in PSO treatment. For instance, Yu and coworkers prepared a peptide-modified liposome (CRC-TD 
-Lip) loaded with Cur to enhance its anti-PSO effect.91 CRC-TD-Lip was characterized by uniform preparation, high 
stability, and a high encapsulation rate of Cur. The peptide modification altered the structure of the stratum corneum, so 
that CRC-TD-Lip could rapidly penetrate the skin barrier and efficiently deliver Cur to the affected area. The results 
shown that this system significantly improved intracellular uptake and increased transdermal ability. In the IMQ-induced 
PSO model, the CRC-TD-Lip exhibited enhanced anti-PSO effects. To further improve the permeability of Cur, Lu et al92 

successfully prepared a Cur-based ionic liquid liposome (Cur-Bet-IL-Lip) (Figure 6A). This system integrates the 
properties of Cur, ionic liquids, and liposomes and has good stability and biocompatibility. It effectively penetrated 
the skin stratum corneum and delivered Cur to dermis and epidermis within 24 h, with a cumulative penetration rate of 

Figure 6 Representative liposome/nanoemulsion-based delivery systems for PSO topical therapy. (A) Schematic of the Cur-based Cur-Bet-IL-Lip ionic liquid liposomes for PSO 
therapy. Reproduced with permission from Lu B, Zhang J, Zhang J. Enhancing transdermal delivery of curcumin-based ionic liquid liposomes for application in psoriasis. ACS Appl 
Bio Mater. 2023;6(12):5864–5873.92 Copyright © 2023 American Chemical Society. (B) Schematic of the liposomes integrated HA-based MNs for PSO therapy. Adapted with 
permission from Qu F, Sun Y, Bi D, et al. Regulating size and charge of liposomes in microneedles to enhance intracellular drug delivery efficiency in skin for psoriasis therapy. 
Adv Healthc Mater. 2023;12(31):2302314. © 2023 Wiley-VCH GmbH.93 (C) Schematic of the nanoemulsion-based gel for improving the skin permeability of fluticasone 
propionate. Reprinted from Journal of Drug Delivery Science and Technology, 84, Jain S, Pattewad V, Bhargavi N, et al. Exploring the therapeutic potential of functional excipient- 
based nanoemulgel of fluticasone propionate for the management of psoriasis, 104435, Copyright 2023, with permission from Elsevier.94 (D) Schematic of the novel foam 
nanoemulsion for PSO treatment. Reproduced with permission from Ma X, Bian Q, Xu Y, et al. Foamed microemulsion nanodroplets loaded with chlorin e6 for epidermal- 
targeted treatment against psoriasis. Nano Res. 2024;17(11):9920–9931. https://link.springer.com/article/10.1007/s12274-024-6916-7. Copyright 2024, Springer Nature.95
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49% and a significantly higher uptake capacity in HaCaT cells. The liposomes also significantly reduced the expression 
of inflammatory factors and increased the expression of collagen-I, implying that the system significantly enhanced the 
permeability and solubility of difficult-to-solubilize drugs, which opens up new possibilities for the clinical application 
of Cur.

In addition, Qu et al investigated the effects of the charge and size of liposomes on the efficiency of pharmaceutical 
delivery to skin cells (Figure 6B).93 They prepared liposomes with different particle sizes and charges, and integrated 
them into HA-based MNs. The results showed that liposomes of appropriate size (250 nm) and stronger positive charge 
significantly improved the duration of stay of dexamethasone (dex) in the skin, thus increasing treatment efficacy. It was 
hypothesized that the treatment mechanism of liposomes in PSO may be related to their ability to improve skin barrier 
function, reduce the release of inflammatory mediators, and modulate the immune system. Liposomes contributed to 
more effective control of PSO symptoms by enhancing the local concentration of dex in the skin. However, the long- 
standing safety and optimal dosing strategy of liposomes for PSO therapy still needs to be further investigated. Recently, 
Zhang et al96 constructed a type of HA-modified propylene glycol-based liposomes (HA-ES) for topical administration of 
Cur. In this system, surface HA formed a gel network, which reduced Cur leakage and improved its stability. Compared 
with normal alcohol plasmid (ES) and Cur/propylene glycol solution (PGS), HA-ES significantly enhanced the trans
dermal penetration of Cur by 1.6 and 1.4 times, and increased the transdermal volume and skin retention after 8 h by 3.1 
and 3.3 times, respectively. After treatment with Cur-loaded HA-ES in the PSO model, the most pronounced relief of 
inflammatory symptoms was observed, with a significant reduction in skin inflammatory factors. This study demonstrated 
that HA-modified propylene glycol-based hybrid liposomes with high deformability and targeting properties could 
deliver drugs to inflamed skin tissues with high CD44 expression and boost the curative effect at the lesion site.

Nanoemulsions
Nanoemulsions are stable and transparent dispersion systems consisting of a water phase and an insoluble oil phase with 
droplet sizes between 5 and 200 nm stabilized by surfactants.97,98 In PSO therapy, nanoemulsions offer significant 
advantages over conventional emulsions, avoiding stability problems, such as flaking, delamination, deposition, and 
coarsening, while significantly improving drug permeability and loading capacity to enhance therapeutic efficacy.99 

Through formulation design and ingredient screening, nanoemulsions provide a safer and more effective delivery system 
for anti-PSO drugs, such as tacrolimus, methotrexate, and glucocorticoid analogs, to enhance skin penetration and 
therapeutic efficacy.

Rai et al100 crafted a new nanoemulsion loaded with azelaic acid and tacrolimus (ATNEG) from vitamin E oil and soy 
lecithin to boost the local drug bioavailability and effectiveness against PSO. This was achieved by optimizing the 
droplet size, ensuring its uniform distribution, and controlling its viscosity, all of which enhanced the topical drug 
availability and efficacy. Its pH is close to the natural pH of the skin and it exhibits desirable topical application 
properties. Moreover, the emulsion exhibited a controlled drug release pattern with long-term penetration of over 
24 h. This characteristic is expected to ensure the continuous availability of drugs for skin absorption. In contrast to 
commercially available tacrolimus ointment, this emulsion enabled longer-lasting and higher levels of skin drug 
accumulation. Jain and coworkers designed a nanoemulsion gel to improve the skin permeability of fluticasone 
propionate (Figure 6C).94 The nanoemulsion gel, which consisted of fluticasone propionate, negentropic gel, and Aloe 
vera gel, showed synergistic effects in achieving long-term PSO relief. These results also indicate that it enhanced skin 
permeability. It was found to increase the retention of fluticasone propionate in deep skin to nearly four times the 
previous level. In vivo tests showed a better anti-PSO effect of the nanoemulsion gel than that of a commercially 
available formulation. In addition, Rashid et al101 successfully developed an MTX and olive oil-based nanoemulsion 
(MTX NEG) for the PSO treatment. Through continuous optimization, the nanoemulsion exhibited better dimensions and 
polydispersity index, and its embedding efficiency reached 76.57 ± 2.48%. After 24 h, the MTX penetration could reach 
70.78 ± 5.8 μg/cm². In a rat PSO model, the PASI reduction effect of MTX NEG was comparable or even superior to that 
of MTX tablets, reaching a 91% reduction. Olive oil-based MTX-NEG may be a therapeutic approach for PSO and 
reduce the remission of PSO-like symptoms.
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Recently, Ma et al95 prepared a foamed nanoemulsion containing photosensitizer Ce6 (Ce6 FM) (Figure 6D). When 
applied to the skin, Ce6 could penetrate the cuticle and remain in the epithelial layer, enabling targeted delivery to the 
abnormally proliferating keratinocytes in the epidermis. Laser irradiation efficiently generated intracellular ROS, induced 
apoptosis in HaCaT cells, and promoted the expression of cyclooxygenase-2 (COX2), thus regulating the over-immune 
state of the skin while inhibiting the proliferation of keratinocytes. In healthy mice, no skin irritation features, such as 
redness and swelling, were observed, indicating that this was a safe and effective method for PSO therapy.

Vesicles
Vesicles are nonionic surfactant-based drug delivery systems that confine hydrophilic drugs to the core region and 
hydrophobic portion of the surface bilayered structure, allowing controlled and targeted drug delivery.102,103 Vesicles of 
different origins (eg, nanovesicles, outer membrane vesicles, and exosomes) play vital roles in intercellular communica
tion, inflammation regulation, and immunomodulation. In particular, many studies have verified that extracellular 
vesicles (EVs) extracted from mesenchymal stem cells (MSCs) have therapeutic potential for PSO, owing to their potent 
immunomodulatory and anti-inflammatory effects.104,105

Zhang et al106 extracted a kind of Evs (IFNγ-sEVs) from human umbilical cord MSCs through the induction of IFN-γ 
(Figure 7A). Their experiments demonstrated that IFNγ-sEVs inhibited the growth of keratin-forming cells and alleviated 
the symptoms of PSO lesions. The researchers further loaded ASO-210, an antisense nucleotide drug of miR-210, into 
IFNγ-sEVs via electroporation to improve drug stability and delivery efficiency, and reduce toxic side effects. In vivo 

Figure 7 Representative vesicle-based delivery systems for PSO topical therapy. (A) Schematic of ASO-210@IFNγ-sEVs for PSO therapy. Reproduced with permission from 
Zhang W, Lin J, Shi p, et al. Small extracellular vesicles derived from MSCs have immunomodulatory effects to enhance delivery of aso-210 for psoriasis treatment. Front Cell 
Dev Biol. 2022;10:842813. Creative Commons.106 (B) Schematic of Pg OMVs in PSO therapy. Reprinted from Journal of Controlled Release, 377, Su D, Li M, Xie Y, et al. Gut 
commensal bacteria Parabacteroides goldsteinii-derived outer membrane vesicles suppress skin inflammation in psoriasis, 127–145, Copyright 2025, with permission from 
Elsevier.107 (C) Schematic diagram of the multifunctional fusion vesicle FV@CX5461 and its therapeutic effect on autoimmune skin diseases. Reproduced with permission 
from Huang R, Jia B, Su D, et al. Plant exosomes fused with engineered mesenchymal stem cell-derived nanovesicles for synergistic therapy of autoimmune skin disorders. J 
Extracell Vesicles. 2023;12(10):e12361. Creative Commons. https://creativecommons.org/licenses/by-nc-nd/4.0/.109
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experiments showed that they could effectively alleviate PSO symptoms and synergistically treat PSO through immu
nomodulation and the targeted delivery of ASO-210. In addition, researchers have developed a method for bulk 
extraction of outer membrane vesicles (Pg OMVs) from Parabacteroides goldsteinii (Figure 7B).107 The investigation 
revealed that when Pg OMVs were orally administered, they crossed the intestinal barrier and reached the inflamed skin 
of PSO-like mice, thereby reducing epidermal hyperplasia, inhibiting inflammatory cell infiltration, and effectively 
alleviating inflammation. Furthermore, when Pg OMVs was loaded in the thermosensitive PF-127 hydrogel and 
subcutaneously injected, they exerted an immunomodulation effect. This enabled the continuous release of Pg OMVs, 
powerfully suppressed skin inflammation, and ameliorated the PSO. Another study used keratinocyte-derived EVs loaded 
with JPH203 inhibitor for PSO treatment.108 Under ultraviolet radiation, the EVs could produce more IL-1 receptor 
antagonist and inhibit inflammation, while JPH203 could suppress mTOR-signaling pathway. This dual modification 
strategy significantly reduced IL-17 release and epidermal hyperplasia in PSO model.

Recently, Huang et al109 developed a multipurpose vesicle (FV@CX5461) to deliver the immunosuppressive drug 
CX5461 by fusing exosome-like nanovesicles (GEVs) from grapefruit and genetically engineered gingival mesenchymal 
stem cell (GMSC)-derived EVs (CCR6-NV) (Figure 7C). The vesicles reserved the anti-inflammatory and antioxidant 
properties of GEVs and the targeting ability of CCR6-NV, and exhibited potent immune-modulating functions from 
CX5461. In PSO models, it remarkably attenuated the symptoms, mainly by remodeling immune microenvironment and 
inhibiting inflammatory immune cell targeting to repair the tissue lesions. In another study, a macrophage membrane 
coated bilirubin-based “nanobrake” was designed to achieve ROS scavenging, reduction of inflammation, and immune 
remodeling.110 This system precisely interfered with the immune microenvironment of the dermis, which shown a good 
therapeutic effect in PSO.

Clinical Research Progress of Drug Delivery Systems for PSO Topical Therapy
With advances in technology, various delivery carriers of anti-PSO drugs have exhibited great potential in the laboratory, 
and some have entered clinical trials, showing their potential for PSO therapy. Many of these results were encouraging. 
Table 1 summarizes the latest clinical trials of anti-PSO delivery systems.

Kumar and coworkers evaluated the safety and curative effects of liposomal nanocarriers of cyclosporine for the 
treatment of limited chronic plaque PSO.111 Thirty-eight mild-to-moderate patients were enrolled in the trial, which 
demonstrated that 95% of the patients cured with 2% cyclosporine liposomes responded favorably. After 8 weeks of 
treatment, the dermatological sum score (DSS) of the lesion site significantly decreased by approximately 83%, and 41% 
of lesions were completely cleared, whereas none of those cured with placebo or traditional cream were completely 
cleared. In addition, no systemic accumulation of cyclosporine was observed.

Ramez et al further explored an MTX based nanoemulsion consisting of 40% jojoba oil, 45% tween-80 and strychnine- 
85 (3: 1 ratio), and 15% water for PSO treatment.112 In an 8-week clinical trial of 30 patients with plaque PSO, the TES 
scores (thickness, erythema, scaling) of psoriatic plaques were significantly reduced, indicating that MTX nanoemulsion is 
safe and promising for clinical use in PSO. Moreover, some researchers have developed nanoemulsions containing 
lyophilized forms of natural Rosa damascena extracts with antioxidant and anti-inflammatory effects.113 It was successfully 
formulated with the assistance of isopropyl myristate, Transcutol HP and Cremophor RH40. After six weeks of application 
in 20 patients with PSO, the patients’ quality of life improved significantly with less scaly erythema and less hardening, 
providing strong evidence for the therapy of related diseases with nanoemulsions of natural active ingredients.

In addition, Kolahdooz et al prepared vesicles containing Cur to enhance drug delivery and anti-inflammatory 
capabilities using the film hydration method.114 After adding them to HA and marine collagen-based gels, 
a formulation was formed. In a four-week topical treatment study of five patients with moderate to mild PSO, redness 
and epidermal peeling were significantly reduced compared with placebo. As a topical treatment, vesicles are expected to 
enhance the therapeutic effect and promote the healing of psoriatic skin injuries.

A multicenter, double-blind, randomized, controlled Phase II study was performed to assess the effectiveness of the 
combination cream GN-037 and clobetasol 17-propionate (CP) in treating mild-to-moderate plaque-type PSO.115 A total 
of 190 patients were divided into GN-037, CP, and control cream groups and received four-week treatment. The results 
showed that the GN-037 group was superior to the control group in terms of treatment success rate, improvement of 
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erythema, plaque elevation, and desquamation and had good safety, which confirmed its efficacy and safety. To assess the 
therapeutic efficacy of the PDE4 inhibitors TAK-084 and roflumilast, 15 patients participated in a blinded randomized 
study that compared six topical creams.116 After 3 weeks of treatment, the skin infiltration thickness in each treatment 
group significantly improved. Among these, roflumilast and TAK-084 exhibited the best effects. Adverse events were 
mostly mild or moderate, indicating the potential to replace corticosteroid hormone therapy. In addition, in a phase IIb 
trial, 331 adults with chronic plaque PSO were assigned in a 1: 1: 1 ratio to a 0.15% roflumilast foam group, a 0.3% 
roflumilast foam group, and a control group for 12 weeks of treatment.117 The investigator’s global assessment (IGA) 
score at week 6 showed that the healing rate of 0.3% roflumilast foam group was 73%, which was much higher than 44% 
of the roflumilast 0.15% group and 29% of the control group. Further clinical studies have demonstrated a good 
therapeutic potential.118,119

Discussion
Owing to their unique physicochemical properties, various drug delivery systems exhibit significant advantages in terms of 
improved drug stability, controlled release, biocompatibility, and targeting. These properties have brought about the increasing 
therapeutic potential of PSO, as they can effectively increase the drug concentration in the lesion skin area, while reducing the 
impact on normal skin and lowering side effects. However, every type of delivery system has its pros and cons. Table 2 
summarizes the advantages and disadvantages of different delivery systems for the topical treatment of PSO.

Table 1 Clinical Trial Progress of Drug Delivery Systems for PSO Therapy

Formulation Stage Patient Population Intervention Outcome Measures References

Cyclosporine- 
loaded liposome

Single center 
randomized clinical 

trial

Patients with mild to 
moderate chronic plaque 

PSO (N = 38)

Treated for 
8 weeks

The DSS score significantly decreased 
by about 83%. 41% lesions could be 

completely cleared

[111]

MTX based 
nanoemulsion

A randomized 
experiment

Patients with plaque PSO 
(N = 30)

Continuous 
treatment for 

8 weeks

The TES scores (thickness, erythema, 
scaling) of plaques was significantly 

reduced

[112]

Nanoemulsion 
containing Rosa 

damascena extract

A randomized 
experiment

PSO Patients (N = 20) Continuous 
treatment for 

6 weeks

The life quality of patients has 
significantly improved, with reduced 

scales and erythema

[113]

Cur loaded Vesicle A randomized 
experiment

Mild to moderate PSO 
patients (aged 18–60, 

N = 5)

Treated for 
4 weeks

IL-17, IL-23, IL-22, and TNF-α were 
significantly reduced

[114]

GN-037 
combination 

Cream with CP, 
urea, salicylic acid, 

and retinoic acid

A multicenter 
randomized double- 

blind vehicle- 
controlled parallel 

group Phase 2

Mild to moderate plaque 
PSO (N = 190)

Treated for 
4 weeks

57.6%, 72.7%, and 80.3% of patients 
achieved at least two levels of 

improvement in erythema, plaque 
elevation, and desquamation, 

respectively

[115]

Roflumilast, and 
TAK-084 cream

Blind method, 
random method, 

A Phase I

Stable chronic plaque PSO 
patients aged 18–65 (N = 

15)

Treated for 
3 weeks

Reduced inflammation, and PSO 
severity

[116]

Once-daily 
roflumilast 0.3% 

cream

Phase IIb, double- 
blind, random trial

Adults with chronic 
plaque PSO (N = 331)

Treated for 
12 weeks

The IGA score at week 6 showed 
clear or almost clear in 73% patients

[117]

Once-daily 
roflumilast 0.3% 

cream

Two Phase III, 
randomized, 

double-blind

Patients aged 2 years or 
older with plaque PSO 

(trial 1, n = 439; trial 2; 

n = 442)

Treated for 
8 weeks

Rapidly improved PSO, with more 
patients achieving IGA success

[118]

Once-daily 

roflumilast 0.3% 

foam

A phase IIb, 

randomized, 

controlled trial

PSO patients aged 12 and 

above with scalp and body 

PSO (N = 304)

Treated for 

8 weeks

Significant improvement in PSO 

related treatment indicators

[119]
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NPs are expected to be utilized in the therapy of diverse types of PSO. Given their ability to deliver drugs directly to 
the affected region through passive or active targeting, they can enhance the efficacy and reduce side effects. However, 
these methods have several disadvantages and challenges.120,121 Owing to cuticula thickening in patients with PSO, it is 
challenging for NPs to penetrate the skin and deliver drugs. In addition, the pathogenesis of PSO is complex, and topical 
application of a single drug may make it difficult to cover multiple inflammatory cycles, thus limiting their therapeutic 
efficacy. In the future, multifunctional composite NPs loaded with multiple drugs should be designed via surface 
engineering to improve skin permeability and enhance the drug delivery efficiency. Alternatively, biomarkers and 
multiomics technologies can be used to develop personalized treatments.122

By virtue of their three-dimensional network structure, hydrogels can accurately encapsulate drugs and release them 
slowly to maintain the effective drug concentration in PSO lesions for a long time, and they can also be targeted to 
lesions with the help of surface modification to improve therapeutic efficacy. However, the preparation process is 
complicated and requires strict control of the monomer concentration, crosslinking agent ratio, and reaction conditions, 
which are costly and unfavorable for large-scale production and clinical application. In addition, the safeties of their 
in vivo metabolic pathway and degradation products are still unclear, which poses potential risks. In the future, the 
development of smart-responsive hydrogels which utilize the microenvironment of the lesion to trigger drug 
release,123,124 and the construction of multifunctional composite systems especially from natural materials,125–127 will 
promote their wide application in the treatment of PSO.

The advantage of MN technology is its minimally invasive nature, which reduces patient pain and the risk of 
infection, and enhances patient compliance. When treating PSO, MNs can effectively penetrate the cuticula and deliver 
drugs directly to the lesion to enhance their therapeutic effects. The versatility of MNs opens up new possibilities for 
disease diagnosis and treatment.128 However, MN technology has limitations in carrying drugs and not all drugs are 
suitable Second, the biocompatibility of the primary and excipients, as well as the transdermal mechanism, is complex 
and requires multidisciplinary cooperation for research. There is an insufficient understanding of the mechanism of PSO 
recurrence, and more studies are needed to facilitate translational research on MNs. In the future, MN technology is 
expected to lead to breakthroughs in material innovation, structural optimization, and functional expansion, resulting in 
better treatment outcomes and quality of life for patients.

Table 2 The Comparison of Different Drug Delivery Systems for PSO Therapy

Type Advantages Disadvantages

Nanoparticle Flexible loading of various drugs, easier skin penetration, targeting, 
and designable responsive release mechanisms

Potential toxicity and long-term safety risks, complex 
preparation process, high cost, and prone to clearance

Hydrogel Flexible loading of various drugs, slow topical drug delivery, and 

extended drug retention time

Complicated and difficult-to-scale-up preparation, and 

potential metabolic safety risks
Microneedle Easier penetration of skin barrier, improving delivery efficiency, high 

patient compliance, precise dosage control and long-acting drug 

release

Complex preparation process, high cost, limited delivery 

depth, and potential skin irritation and infection risks

Micelle Simple preparation, scalable production, solubilizing effect of 

hydrophobic drugs, and easier skin penetration

Low drug loading, poor controllability of drug release, 

prone to disassembly in vivo, and unclear long-term 

toxicity
Dendrimer Precise molecular structure, controllable drug loading and release, 

and abundant surface groups for easy modification

Complex synthesis steps, high cost, potential cytotoxicity 

and immunogenicity, and unclear in vivo metabolic 

mechanism
Liposome Excellent biocompatibility, capable of loading both hydrophilic and 

hydrophobic drugs, and extended local retention time

Poor stability, harsh storage conditions, and high 

production cost
Emulsion Good skin spreadability and permeability, simultaneous loading of 

water/oil-soluble drugs, mature preparation process, and low cost

Poor stability, limited drug loading, unsuitable for 

macromolecular drugs, and emulsifiers may cause allergic 

reaction
Vesicle Liposome-like biocompatibility, multilamellar structure, extended 

drug retention time, and possible immunotherapy effects

Complex and difficult-to-scale-up preparation methods, 

poor reproducibility, and low physical stability
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Micelles are self-assembled nanocarriers with a high drug-carrying capacity, which can wrap insoluble drugs through 
hydrophobicity, enhance water solubility and in vivo drug delivery efficiency, and passively target skin lesions by virtue 
of their small particle size. Nevertheless, micelles are easily removed by the reticuloendothelial system because of their 
small particle size and short circulation time. They have potential toxicity owing to their accumulation and interference 
with cellular functions during long-term use, which limits their wide application. In the future, strategies such as surface 
conjugation with targeting ligands and the development of intelligent micelles that respond to the microenvironment of 
psoriatic lesions can be employed to prolong their circulation time and enable active targeting.82 Furthermore, the 
development of biocompatible, biodegradable materials for constructing micelles and a thorough exploration of their 
metabolic pathways can drive their clinical translation and development in PSO treatment.

Dendrimers have specific surface groups that can be altered with targeted ligands, such as peptides, to achieve precise 
drug delivery. However, their physical and chemical stabilities have potential constraints. Second, the synthesis of 
dendrimers is complex and costly, limiting their large-scale application. In addition, the aggregation phenomenon and 
potential toxicity of dendrimers are issues that need to be addressed. Future developments are focused on improving the 
stability and biocompatibility of dendrimers, as well as opening up new synthesis methods to reduce costs.129 In the 
meanwhile, combining multiple treatment strategies and developing responsive dendrimers is also a major trend.130

Liposomes have become a popular choice in nanotechnology for drug delivery because of their remarkable versatility 
in transporting both water- and fat-soluble drugs.88 Their appeal lies in their excellent biocompatibility and minimal risk 
of toxicity or immune reaction. In PSO treatment, liposomes help to deliver drugs to the skin more precisely, potentially 
boosting their effectiveness and minimizing adverse reactions. However, their stability is limited by the fragility of 
phospholipid membranes and sensitivity to peroxidation, which can lead to physical degradation. Therefore, the long- 
term safety of liposomes and the optimal dosing strategies require further investigation. The cost and technical challenges 
of the preparation and delivery process are also issues that need to be addressed. Future studies should focus on 
developing innovative liposomal therapies and delivery mechanisms tailored to diverse patient requirements.131,132

Nanoemulsions show promise for PSO therapy because of their improved skin absorption and drug solubility, which 
are ideal for addressing skin folds and creases. Although generally safe, nanoemulsions may trigger skin irritation or 
cytotoxic reactions and drug penetration into the thickened epidermis is difficult, resulting in low bioavailability. 
Prolonged use of corticosteroid-containing nanoemulsions may also cause adverse effects such as hormone dependence 
and skin atrophy. Advancements in nanoemulsion preparation can significantly enhance transdermal delivery of anti- 
inflammatory medications. By refining these formulations, the likelihood of hormone dependency and skin thinning can 
be minimized, paving the way for safer and more potent treatments with reduced systemic risk.133

Vesicles exhibit high biocompatibility, minimal immunogenicity, and effective drug delivery for PSO therapy.134 

However, the yield and quality of vesicles are influenced by organoids, and natural vesicles have suboptimal efficacy and 
lack target specificity. However, their mode of operation remains unclear, restricting their widespread application. Future 
directions include engineering vesicles to improve their targeting and efficacy and developing vesicle-mediated multi
functional combination therapies to enhance therapeutic efficacy.135

As an autoimmune-related disease, there is currently no method that can completely cure PSO. Therefore, the 
construction of drug delivery systems based on various types of drug carriers has increasingly attracted attention. By 
utilizing drug delivery systems, not only has the therapeutic effect of existing drugs been enhanced, and the toxic side 
effects have been reduced, but it is also expected to enable the combined delivery of multiple types of drugs. By 
leveraging the characteristics of PSO and fully utilizing the advantages of various types of drug carriers, selectively 
delivering drugs locally will provide more strategies for the treatment of PSO and offer more options for the development 
of clinical drugs.

Conclusion
In summary, the key targets for effective therapy of PSO by topical delivery systems include improving skin permeability 
and drug accumulation, while reducing systemic absorption. Rational delivery systems integrated with specific drug 
ingredients can potentially achieve this target. This review explores various topical delivery systems such as NPs, 
hydrogels, MNs, micelles, dendrimers, liposomes, nanoemulsions, vesicles, etc., in PSO therapy. Through material 
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innovation and dosage form optimization, they have demonstrated significant advantages in breaking through skin 
barrier, achieving targeted localization, prolonging residence time, and reducing systemic exposure, thus providing 
a theoretical basis and technological paradigm for future development of PSO therapy strategies.

However, current topical delivery systems still face multiple challenges, such as the long-term bioaccumulation of 
drug carriers that may trigger immunogenicity, and the difficulty of precisely matching their degradation rate with drug 
release kinetics. Process complexities such as crosslinking regulation of hydrogels and size homogenization of vesicles 
lead to high production cost and limiting scale-up. The limitations of passive targeting relying on the high permeability of 
the inflammation site still put normal tissues at drug exposure risk, while the permeability barrier of the stratum corneum 
to macromolecular drugs has not yet been fully breached. In addition, PSO involves multiple pathological mechanisms, 
and it is difficult to realize the whole chain of regulation with the existing single-target intervention system.

In the future, we can construct delivery systems with responsiveness, such as pH/ROS sensitivity, to realize drug 
cascade release triggered by inflammatory microenvironment. At the same time, the development of plant-derived 
exosomes and immune cell membrane based fusion delivery systems, through the membrane surface receptors to mediate 
active targeting, while integrating immunotherapy and other treatment strategies, to promote the standardization of 
clinical translation, have a significant development potential. It’s worthy notice that combining artificial intelligence (AI)- 
assisted material design to optimize the production process and exploring the combination of drug carriers with various 
treatment methods is expected to promote the development of drug delivery systems. With the in-depth analysis of the 
action mechanism of delivery system and technology iteration, it is expected to develop more efficient and safer 
therapeutic solutions, and provide PSO patients with innovative therapies with both precision and tolerability. It is 
believed that, through the efforts of researchers, multitudinous multifunctional drug delivery systems will emerge in the 
treatment of PSO, and it is ultimately expected to achieve a clinical cure for PSO.
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