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Latest on biomaterial-based therapies for topical
treatment of psoriasis
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and Jiang Wu *ab

Psoriasis is an autoimmune inflammatory disease which is fundamentally different from dermatitis. Its

treatments include topical medications and systemic drugs depending on different stages of the disease.

However, these commonly used therapies are falling far short of clinical needs due to various

drawbacks. More precise therapeutic strategies with minimized side effects and improved compliance

are highly demanded. Recently, the rapid development of biomaterial-based therapies has made it

possible and promising to attain topical psoriasis treatment. In this review, we briefly describe the significance

and challenges of the topical treatment of psoriasis and emphatically overview the latest progress in novel

biomaterial-based topical therapies for psoriasis including microneedles, nanoparticles, nanofibers, and

hydrogels. Current clinical trials related to each biomaterial are also summarized and discussed.

1. Introduction

As one of the frequently encountered chronic inflammatory skin
diseases, psoriasis affects 2–3% of the global population.1–3

It adversely burdens one’s quality of life with disfiguring lesions,
itching, and even serious mental disorders such as helplessness,
embarrassment and anger.4 However, there is still a lack of effective

approaches for psoriasis therapy. Great efforts have been made by
researchers in the way to understand the disease. It has been
intensively demonstrated that psoriasis is an immune-driven
inflammatory skin disease, which involves Th17 secreting IL-17A,
IL-17F and IL-22 to trigger epidermal hyperproliferation.
Upon stimulation, keratinocytes do not only expand rapidly with
aberrant differentiation, but also secrete inflammatory cytokines
(e.g., IL-1b, IL-6, and TNF-a) and chemokines (e.g., CXCL8, CXCL9,
and CXCL10) to induce neutrophil infiltration and further Th17 cell
recruitment into the epidermis, thus self-amplifying skin
inflammation.5,6 This makes psoriasis fundamentally different
from dermatitis. Dermatitis is also a frequently encountered
chronic inflammatory disease whose initiation is ascribed to the
activation of the Th2 immune response.7

According to the clinical features, psoriasis is mainly divided
into four variants, namely, plaque psoriasis, erythrodermic
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psoriasis, guttate psoriasis, and pustular psoriasis.8 Among the
variants, plaque psoriasis, also known as psoriasis vulgaris, is
the most common psoriatic form (accounting for 90%).9

It develops limited and localized skin lesions, characterized
by clearly demarcated plaques with erythema and scaling.
These directly result from the aberrant hyperplasia of the
epidermis.9,10 Epidermal acanthosis, hyperkeratosis, parakeratosis
and elongated epidermal rete ridges are representative hallmarks of
psoriatic histopathology.9 Additionally, in the dermis, obvious
infiltration of immune cells could be observed, including neutro-
phils, macrophages, and T cells. Furthermore, blood vessels in the
psoriatic dermis are abnormally dilated and contorted (Fig. 1(A)).

The conventional and commonly used medications for
psoriasis therapy include palliative agents, topical corticoster-
oids, vitamin D derivatives, calcineurin inhibitors, folic acid
antagonists and targeting biologics.11–17 Phototherapy is also
another widely accepted strategy for psoriasis treatment.18

According to the psoriasis status (mild, moderate, and severe),
specific medications or treatment methods or combination
therapies are selected. Despite the varying degrees of the
therapeutic effect from those conventional methods, the rather
intricate network and crosslink beneath psoriasis makes it far from
meeting the demands of both improved symptoms and minimized
side effects. There are several excellent literature studies that have
already extensively discussed the current treatments for psoriasis in

terms of therapeutic efficacy and limitations.8,19 The readers are
encouraged to refer to these papers. With the deepening of the
research on psoriasis, various therapies have also been developed.
Particularly, the application of biomaterials to locally deliver con-
ventional medications for psoriasis therapy has gained increasing
attention as the biomaterial-based therapies can achieve an
enhanced therapeutic effect along with limited adverse outcomes.
Therefore, in this review, we mainly emphasize on the biomaterial-
based therapies for the topical treatment of psoriasis. The signifi-
cance and challenges of topical treatment of psoriasis are firstly
introduced, and then the different biomaterials for psoriasis
therapy are comprehensively reviewed. Finally, current clinical
trials related to the biomaterials are discussed.

2. Methodology

This study was conducted using the Web of Science database
(WOS). Specifically, to summarize the number of publications
that related to psoriasis, the term of Topic (TS) was selected in
WOS with TS = ‘‘psoriasis’’ OR ‘‘psoriatic’’ OR ‘‘psoriasiform’’.
The publication time ranged from January 1st, 2000 to Decem-
ber 31st, 2021. To summarize the number of publications of
nanoparticles, microneedles, nanofibers or hydrogels that were
used to treat psoriasis, the term of Topic (TS) was selected with
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TS = ‘‘psoriasis’’ AND ‘‘Nanoparticle’’, ‘‘psoriasis’’ AND ‘‘Micro-
needle’’, ‘‘psoriasis’’ AND ‘‘Nanofibers’’, ‘‘psoriasis’’ AND ‘‘Hydro-
gel’’, respectively. The publication time also ranged from January
1st, 2000 to December 31st, 2021. To search the clinical trials for
biomaterial-based therapies, the database of ClinicalTrials.gov
(URL: https://www.clinicaltrials.gov) was used. The study status
was selected as ‘‘All studies’’ with ‘‘psoriasis’’ for the term of
‘‘Condition or disease’’ and ‘‘Nanoparticle’’, ‘‘Microneedle’’,
‘‘Nanofiber’’ or ‘‘Hydrogel’’ for the term of ‘‘Other terms’’.

3. Local treatment of psoriasis:
significance and challenges

Currently, the treatment of psoriasis is achieved either system-
atically or topically. In systemic administration, a more efficient

interaction of the drug with the target is achieved due to the
circulation of the medication. This ensures that pathogenic
factors are more specifically targeted. Even so, the cumulative
organ toxicity or various side effects go along with the improve-
ment of the primary disease on a long-term basis. Systematic
administrations will also increase the overall drug consump-
tion with low local drug retention in the skin tissue. Moreover,
in some special cases, psoriasis patients are too weak or have
too complex conditions to receive systemic treatment with high
risks of systemic side effects. In such cases, the topical treat-
ment must be applied. Actually, the topical therapy for psor-
iasis is of more clinical significance, not only because of the
abovementioned issues of systematic therapy but also because
of the following reasons: (i) most psoriasis cases involve less
than 5% of body surface area,20 making topical treatment
practicable; (ii) most psoriatic cases are of mild or moderate
severity, and thus the topical therapeutics are recommended to
avoid systemic side effects;21 (iii) the local treatment of medi-
cines, especially biologics, is proved to be more effective due to
their direct action on the disease sites while the systemic
administration may lead to the loss of activities of biologics
during circulation before reaching the action sites; (iv) the
complex causal relationship between psoriasis and its comor-
bidities (e.g., metabolic syndrome and cardiovascular diseases)
remains controversial. It is speculated that topical lesions
release proinflammatory cytokines into circulation thus negatively
affecting other systems or even the entire body (Fig. 1(B)).22,23 It was
reported that in the blood of psoriasis patients, several inflamma-
tion biomarkers are detected in relation to disease activity,24 which
suggests the importance of an early and active control of local
limited psoriatic inflammation.

Considering the high significance of topical treatment of
psoriasis in clinics, novel topical medication with a more precise
target, minimized side effects and improved compliance is

Fig. 1 (A) The pathological histological structure of skin developed with psoriatic inflammation. Illustration of the skin structure of non-psoriatic (a) and
psoriatic lesions (b). Histopathological images of healthy skin (c) and the typical psoriatic plaque (d). Reproduced with permission.9 Copyright (2015)
Elsevier. (B) The schematic sketch of ‘‘psoriatic march’’ indicating the clinical need for early effective control over topical psoriasis progression.
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extremely expected. However, there are some obstacles to the
development of topical medication for psoriasis. Firstly, it is
impossible for hydrophilic agents or macromolecules to pene-
trate the psoriatic epidermis with simple topical application,
especially when the hyperplastic SC poses as a rate-limiting
hurdle to transdermal drug diffusion. Secondly, considering
the complex micro-environment of the skin, it is necessary to
develop an effective long-term working system with minimized
damage to the structure and bioactivity of those biological
agents. Thirdly, under the chronic pathological conditions, the
psoriatic skin shows altered biophysical and biomechanical
properties compared with healthy non-lesional skin, making
the topical therapy of psoriasis more challenging. It is shown
that psoriatic lesions had significantly lower SC hydration and
friction, and significantly higher transepidermal water loss
(TEWL), pH and superficial stiffness.25 It is also demonstrated
that psoriasis plaques have significant lower skin distensibility
and elasticity.26 Also, the full epidermal layer and SC layer in
the psoriatic skin are abnormally thicker, around 2.71 and
2.41 times greater than those of the control skin, respectively.27

The thickened stratum corneum makes it even harder to achieve
effective transdermal delivery of anti-psoriatic drugs, especially for
those drugs predominantly exerting effects on the dermal layer.
Therefore, the significantly altered biophysical and biomechanical
properties of the psoriatic skin can influence the effect of
the treatment, which should be taken into consideration when
developing therapies for localized psoriasis management.

4. Latest developments of biomaterials
for psoriasis therapy

Over the past decades, an increasing number of studies on
psoriasis have been reported (Fig. 2(A)) and a variety of bio-
materials have been employed to improve the efficiency of
topical anti-psoriatic drug delivery for better therapeutic effects
on psoriatic plagues. The representative types of biomaterials
include nanoparticles, microneedles, nanofibers, and hydro-
gels (Fig. 2(B)). Among them, nanoparticles are the predomi-
nant one with a rapid increase of publications in the past two
decades. Additionally, microneedles and nanofibers are two
emerging fields in psoriasis research. As for hydrogels, they
have long been a type of base that carries anti-psoriatic agents.
The representative biomaterials for the topical treatment of
psoriasis covered in this review are listed in Table 1. In the
following paragraphs, we will focus on the designs and applica-
tions of biomaterials in combination with anti-psoriatic drugs
for psoriasis plaque treatment.

4.1 Microneedles

Recently, microneedles (MNs) have been extensively used for
topical transdermal drug delivery.42 They are usually composed
of a baseplate and an array with tens, hundreds or even
thousands of microsized needles (usually o1000 mm). The micro-
sized needles are used to pierce the skin and create numerous
microchannels in the skin,43–45 by which macromolecules

(e.g., insulin,46–48 bovine serum albumin,49 and allergen oval-
bumin50) are able to efficiently locate to the right places
beneath the stratum corneum of the skin. According to the
difference in drug transportation, MNs can be divided into
solid microneedles (SMNs), coated microneedles (CMNs),
dissolving microneedles (DMNs) and hollow microneedles
(HMNs)51 (Fig. 3(A)). In the following sections, each microneedle
is introduced and its applications for psoriasis treatment are also
discussed.

4.1.1 Solid microneedles (SMNs). SMNs are the most com-
mon and simplest MNs. They only contain a solid microneedle
array, in which no distribution or flow passages exist for drugs
(Fig. 3(A)-a). Thus, SMNs are usually used for pretreatment.
Typically, SMNs firstly disrupt skin barriers, and then the
opened barriers will allow the efficient penetration of locally
applied drugs to the skin.56 Since no drug encapsulation is
needed, SMNs can be made with a wide range of materials (e.g.,
stainless steel,57 and silicon58) to achieve sufficient rigidity to
penetrate the skin. The fabrication of SMNs mainly uses micro-
electromechanical system (MEMS) technology (Fig. 3(B)).59

Although specific procedures of the MEMS may differ among
different SMNs due to the various shapes and geometries,
the MEMS includes three key techniques in preparing SMNs:52

Fig. 2 (A) The annual number (red, left) and the cumulative number (blue,
right) of publications on psoriasis from 2000 to 2021. (B) The number of
publications on four major categories of biomaterials (nanoparticles,
microneedles, nanofibers, and hydrogels) for psoriasis management per
year from 2010 to 2021.
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(i) a patterned mask is introduced on top of a film by photo-
lithographic imaging; (ii) the film is deposited to a substrate
(e.g., silicon); and (iii) the film is selectively etched to the mask.
Besides, many other methods have also been applied for SMN
fabrication, such as electroplating, photochemical etching and
3D laser ablation.

The fabrication of SMNs is technically simple with no drug
coating or encapsulation. In addition, due to the existence of
solid microsized needles, SMNs demonstrate relatively strong
mechanical strength, which makes them easy to create micro-
channels in the epidermis and dermis for drug transdermal
delivery. However, the application of SMNs may be limited by
the rapid retraction of pierced skin. Once the SMN patch is
removed from the skin after piercing, the transient micro-
channels that remain on the skin surface begin to shrink due
to the natural resilience of the skin, making it hard for a long-
term drug delivery. With the increase of the molecular weight of

the drug, the skin permeation may decrease.60 Additionally,
SMN application requires a two-step procedure, which brings
inconvenience for practical use.

4.1.2 Coated microneedles (CMNs). In coated micro-
needles, drug containing coatings are applied to the surface
of the solid microneedles (Fig. 3(A)-b). When the CMNs are
inserted into the skin, the drugs will be released out from the
coatings after interaction with the tissue environment.52,56

Many coating methods have been developed for CMN manu-
facturing, which include dip coating, drop coating, spray
coating, immersion coating, and layer-by-layer coating.53 In
a typical coating process, the microsized needles are firstly
exposed to the coating solutions, either through dipping,
dropping, or spraying. After the evaporation of the solvent, a
coating layer will be formed on the outer surface of the
microneedles (Fig. 3(C)). Other strategies, such as inkjet
printing and electro hydrodynamic atomization (EHDA), are

Table 1 Representative biomaterials for the topical treatment of psoriasis

Formulation Properties Materials/drugs
Study
types Outcomes Ref.

Microneedles Transdermal, sustained release,
-painlessness, convenient
administration, self-use.

HA In vitro Water solubility, biocompatibility, mechanically
strong, accurate drug release, inflammation
inhibition.

28
MTX Ex vivo

In vivo
CMC In vitro Effective delivery, reduced psoriatic skin

thickness and expression of the inflammatory
factor IL-1b.

29
Anti-TNF-a Ab In vivo

HA In vivo Strong anti-inflammatory, improved psoriasis
symptoms and had good safety.

30
CTP
CRISPR-Cas9
glucocorticoids

Solid lipid
nanoparticles
(SLNs)

Controlled release, drug stability, low
toxicity, limited drug pack rate,
storage of drug leaks and other issues.

Lipids In vitro The deposition of the drug in the skin was
increased compared with conventional
administration, and the antipsoriatic effect was
increased.

31
and
32

Cetyl palmitate Ex vivo
MTX In vivo
Etanercept cyclo-
sporine calcipotriol
Betamethasone
dipropionate
capsaicin

Nanostructured
lipid carriers
(NLCs)

Better drug carrying performance,
large drug loading less drug leakage

Lipid In vivo Sustained release of the drug and better anti-
psoriasis and anti-inflammatory effects were
achieved.

33
PTX

Liposomes Targeted local, good permeability Lipid In vitro Good permeability in psoriatic-like lesions,
reduced the thickness and inflammation, low
toxicity.

34
OA In vivo
MTX

Ethosomes Reduced vesicle volume, increased
flexibility load rate of fat-soluble
drugs.

Lipid In vitro Percutaneous absorption, increased drug
retention time of the drugs in psoriasis-like
lesions and improved the psoriasis-like
symptoms.

35
Propylene glycol
HA

In vivo

Curcumin
Niosomes Stable, hydrophilic and lipophilic

drugs can be loaded, extended release.
Span 20 In vitro Increased the skin penetration, alleviated skin

damage, splenomegaly, inflammation, etc.
17

Span 60 In vivo
Cholesterol
Celastrol

Metallic
nanoparticles

Controllability of volume and area. AuNP In vitro Improved the immunomodulatory effect of MTX,
alleviated the symptoms of psoriasis.

36
MTX In vivo

Polymeric
nanoparticles

Biodegradable, anti-inflammatory Chitosan/alginate
or PLGA or VES-g-
e-PLL, curcumin.

Inhibit TNFa-induced HaCaT over-proliferation,
good transdermal absorption and continuous
release properties and improved the anti-
psoriasis activity.

37–
39

Nanofibers Regulated cellular behavior, promoted
skin regeneration, skin adhesion,
drug carrying capacity.

Cellulose In vitro Increased the hydration of the skin, further
promoted the absorption of the drug and
improved the efficacy, and also relieved the
symptoms of psoriasis.

40
Curcumin In vivo

Hydrogels/
hybrid

Accelerated tissue repair, drug
captured, controlled release, water
locking, high patient compliance.

Carbopol 934 In vivo Improved the hydration of the skin and
promoted the drug infiltration, sustained release,
good anti-psoriasis effect.

41
MTX
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also utilized for the CMN fabrication, which may require more
complicated devices.53,59

Since CMNs are fabricated by coating the solid micro-
needles, the mechanical strength of CMNs will be maintained.
The strong mechanical forces of the solid microneedles will
assist the penetration of CMNs to the skin, where the coated
drugs will be released for psoriasis therapy. Besides, the simple
‘‘coat and poke’’ procedure makes CMNs more convenient to
use than the two-step procedure of SMNs. However, the pre-
paration of CMNs is more sophisticated than that of SMNs
because additional coating is required. Moreover, due to the
dose limitation, CMNs are not suitable for drug delivery with a
large amount.61 To increase the drug loading, a thicker coating
has to be considered by repeating the coating process. But the
thick coating can reduce the sharpness of the microneedles
which may impair the penetration capacity of CMNs.62 Further-
more, the quick dissolving of the coating of CMNs will result in
the rapid release of the drugs, which dramatically shorten the

therapeutic window of the drugs for psoriasis. Because of the
above issues, to date few studies have been investigated by
using CMNs for psoriasis therapy.

4.1.3 Dissolving microneedles (DMNs). DMNs are usually
made of biocompatible, biodegradable, and water-soluble
materials (e.g., carboxymethyl cellulose, hyaluronic acid,63,64

polyvinylpyrrolidone,65,66 and saccharides54). When DMNs are
inserted in the skin, the microsized needles of DMNs will be
dissolved due to the exposure to the watery environment of the
tissue, following which the drug encapsulated in the micro-
needles will be spontaneously released (Fig. 3(A)-c). The most
commonly used method to fabricate DMNs is micromolding
(Fig. 3(D)).54,67 Generally, a polydimethylsiloxane (PDMS) mold
is firstly made from a master mold. Next, the mixture solution
of drugs and matrix materials is added to the PDMS mold. The
materials in the mold are then solidified (e.g., heating and light
irradiation) to form microneedles. Finally, the microneedles are
obtained by peeling from the mold. Other methods for DMN

Fig. 3 (A) Schematic diagram of four major types of microneedle (MN) patches. (a) Solid MNs (SMNs) to simply create micropores in the skin for
enhanced permeability; (b) coating anti-psoriatic drugs on the MNs (CMNs); (c) encapsulating anti-psoriatic drugs in the dissolvable MNs (DMNs);
(d) releasing anti-psoriatic drugs entrapped in the baseplate through hollow MNs (HMNs). (B) Schematic illustration of the fabrication of SMNs with MEMS.
Reproduced with permission.52 Copyright (2016) Elsevier. (C) Illustration of the fabrication of CMNs with coating methods. Reproduced with
permission.53 Copyright (2019) American Society for Pharmacology and Experimental Therapeutics. (D) Illustration of the micromolding strategy for
DMN fabrication. Reproduced with permission.54 Copyright (2021) Elsevier. (E) Illustration of the fabrication of HMNs with MEMS. Reproduced with
permission.55 Copyright (2021) Elsevier.
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fabrication include droplet-born air blowing, drawing lithogra-
phy, ultrasonic welding, laser machining, and hot embossing.59

By selecting suitable materials, DMNs can achieve enough
mechanical strength for skin penetration and effectively control
drug release as the matrix material dissolves in the tissue.
Besides, DMNs have good biodegradability and compatibility,
which make them a promising choice for long-term psoriasis
therapy with good patient compliance. Although there is great
achievement of DMNs in transdermal drug delivery, several
drawbacks are still associated with DMNs. For example, rela-
tively low drug encapsulation sometimes occurs in DMNs,
which will lead to low therapeutic efficacy. Due to the use
of organic solvents, light and even elevated temperature in
preparing the microneedles, biomacromolecular drugs (e.g.,
proteins and DNA) may lose activities.62 In addition, the
residue solvents and the matrix materials in DMNs may induce
skin irritation. Nowadays more efforts have been made to
improve the therapeutic effect of DMNs as well as reduce the
side effects.

4.1.4 Hollow microneedles (HMNs). In hollow micronee-
dles, the needles are hollow in the center with holes at the
needle tips. As the HMNs are inserted into the skin, the drugs
will pass through the cavities of the needles to reach the dermis
under the assistance of pressure systems (e.g., micropumps)
(Fig. 3(A)-d).59,68 Usually, HMNs are used for delivering high
molecular weight compounds such as proteins, oligonucleo-
tides, and vaccines.56 The fabrication of HMNs is often based
on MEMSs, and mainly contains three steps:55 (i) depositing a
photosensitive thin film on a substrate (e.g., silicon, metals,
ceramics, and glass); (ii) making a pattern on the substrate by
lithography techniques; and (iii) removing excessive materials
in the substrate by etching (Fig. 3(E)).

In comparison with SMNs, CMNs, and DMNs, HMNs pos-
sess higher drug delivery capacity by which drugs can continu-
ously pass through the cavities of HMNs to the skin. Also, the
drug flow rate can be regulated by adjusting pressure systems
to acquire the expected drug dosage for disease treatment.68

The possible limitation associated with HMNs is that the pores
at the needle tips may be blocked by the skin tissue during the
insertion of the needles to the skin. To avoid the occurrence of
this issue, the microneedles can be withdrawn or manufacture
the pores on the side walls of the needles.55 Another disadvan-
tage of HMNs is the use of pressure devices making the
application of these microneedles more sophisticated. Never-
theless, the advantageous properties of HMNs make them a
novel and promising transdermal delivery system for psoriasis
therapy.

4.1.5 Application of microneedles for psoriasis therapy.
In the past decades, studies have proved that microneedles
are effective in the treatment of psoriasis. J. H. Lee et al.
conducted a small-sized clinical trial on psoriatic patients
resistant to the therapy of topical calcipotriol/betamethasone
ointment.69 In this study, an HA-based SMN patch with 650 mm
in height was placed over the lesions after topical calcipotriol/
betamethasone ointment application simply for enhancing
drug permeation. The one-week trial showed improved therapeutic

effects of those topical agents with the assistance of MNs.
In another study, HA-based DMN patches with MTX encapsulated
in the needles were applied to an imiquimod (IMQ)-induced
psoriasiform model in mice (Fig. 4).64 The needles had heights of
650 � 19 mm and their mechanical properties made it possible for
them to be successfully inserted into the full-thickness porcine
cadaver skin (Fig. 4(B)) with rapid (not controlled) drug release.
This MN-based topical medication ameliorates mouse psoriatic
lesions with lower drug doses and alleviated systemic side effects
compared with oral MTX administration (Fig. 4(C)). Recently, an
HA-based DMN patch was developed to mitigate inflammatory skin
diseases (ISDs) including psoriasis via genetically disrupting NLRP3
inflammasome, an inflammatory protein complex closely asso-
ciated with inflammatory skin conditions and causes glucocorti-
coid resistance in inflammatory diseases.70 In this work, the DMNs
were used for the transdermal delivery of NLRP3-targeted Cas9
nanocomplexes and dexamethasone (Dex)-loaded nanoparticles,
after which the two nanoparticles were internalized into cells to
specifically inhibit NLRP3 inflammasome for enhanced psoriasis
therapy via CRISPR-Cas9 induced genome editing (Fig. 4(D)).

It is worthy to note that most of the MN patches are
fabricated by top-down approaches with moldings, the manu-
facture of which is expensive and technically demanded. More-
over, the MN arrays fabricated by this approach are usually
upright and tend to fall off the skin. In order to overcome these
drawbacks, a novel serrated clamping MN was developed by
Zhang and coworkers with the aim of making a feasible,
inexpensive and wearable MN-based device (Fig. 5).71 This
MN was inspired by the serrated microstructure of mantises’
forelegs (Fig. 5(A)) and showed firm adherence to the skin even
when moving (Fig. 5(B)). The mouse psoriasis model verified that
this angled MN patch was effective in treating psoriasis (Fig. 5(C)).
This study was highly inspiring for its innovative modification of
conventional MN design and fabrication, making MN-based
devices more versatile for better clinical application.

As a straightforward way to create microchannels in the
skin, the MN patch stands out as a promising strategy for
effective transdermal drug delivery for psoriasis treatment.
When designing MN patches for psoriasis therapy, the follow-
ing aspects should be considered: (i) the types of microneedles.
For burst release, CMNs are more applicable while for sus-
tained and controlled release, DMNs and HMNs are advised.
(ii) The mechanical properties (e.g., hardness, toughness, and
strength) and the length of MNs. As mentioned above, the
psoriatic lesion showed higher superficial stiffness,25 which
may require a higher hardness of MNs, and the hyperplastic SC
layer with a thickened epidermal and SC layer27 may ask for a
longer length of MNs. (iii) The differences of biomechanical
properties between human psoriatic skin and animal skin
(e.g., pigs, mice and rats). The animal results should be care-
fully evaluated before moving forward to the application of MN
patches on human patients.

4.2 Nanoparticles

Nanoparticles (NPs) are a major category and have been exten-
sively explored as an efficient medium in nanoscale dimensions
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for drug delivery. NPs have a large surface area-to-volume ratio
and generally penetrate through the hair follicle’s orifices of the
skin. Specifically, NPs penetrate deep through the skin via the
intercellular lipid route, transcellular route or follicular route

for the delivery of both hydrophilic and hydrophobic mole-
cules. The effect of drug permeation through NP carriers is
influenced by various physical and chemical properties of NPs
such as the diffusion coefficient, lipid-water (o/w) partition

Fig. 4 Representative drug loading MN patches for psoriasis management. (A) Topical delivery of MTX through MN patches reduced the systemic
toxicity of MTX. (B) In vivo skin inserting performance of the HA MNs. Representative images of H&E staining of skin tissues from a healthy mouse and (a1)
and IMQ-induced psoriatic mouse (a2) after 3 min insertion of MTX-encapsulated MNs. Red arrows indicated inserted sites. (b) Representative
photographs of HA MN-inserted mouse skin at predetermined time points. (C) In vivo application of MTX-encapsulated MN patches and oral
administration of MTX on an IMQ-induced psoriasiform mouse ear. (a) Representative photographs of ear lesions and (b) representative images of
H&E staining of skin tissues from ear lesions after 7 days of administration. Reproduced with permission.64 Copyright (2019) American Chemical Society.
(D) Schematic diagram of transdermal delivery (left) and intracellular delivery (right) of the Cas9 ribonucleoprotein nanocomplex and dexamethasone
(Dex) nanoparticles for inflammatory skin disorder (ISD) management. Reprinted from. ref. 70 rThe Authors, some rights reserved; exclusive licensee
AAAS. Distributed under a CC BY-NC 4.0 license https://creativecommons.org/licenses/by-nc/4.0/.
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coefficient, surface charge, and pH value. It was reported that
NPs with small size, small molecular weight (MW), positive
charge and moderate pH were more likely to penetrate through
the skin.72The skin under psoriatic conditions exhibits varied
properties compared with healthy skin. For example, psoriatic
skin was reported to have a higher pH value than normal skin.
Thus, adjusting the characteristics of NPs for psoriasis applica-
tion is of great significance for better NP permeation. To date, a
great deal of work has been trying to explore NPs in psoriasis

treatment. There are mainly three categories of NPs that have
been under intensive exploration for transdermal drug delivery
and psoriasis management, which are lipid-based nanoparticles
(Fig. 6(A)), metallic nanoparticles (Fig. 6(B)), and polymeric nano-
particles (Fig. 6(C)).

4.2.1 Lipid-based nanoparticles. Lipid-based NPs are the
most widely investigated nanoparticles for psoriasis therapy. They
have a variety of types, including solid lipid nanoparticles (SLNs),
nanostructured lipid carriers (NLCs), liposomes, transfersomes,

Fig. 5 Serrated clamping MN patch mimicking mantises’ forelegs using flexible ferrofluid-configured moldings. (A) Schematic diagram of bio-mimetic
serrated clamping MNs. (a) Photo of a leaf-climbing mantis. (b) Optical image of mantises’ forelegs. (c) Scanning electron microscopy (SEM) image of the
microstructure of mantises’ forelegs. (d) Loosely holding perpendicular MNs. (e) Tightly holding serrated MNs. (B) Good adhesion of the bio-mimicking
serrated clamping MN patch. (a) The MN patch tightly attached to the swinging arm. (b) Load bearing test of the MN patch. (C) In vivo administration on
IMQ-induced psoriatic mice skin. (a) Schematic diagram of different treatments for IMQ-induced psoriatic skin. (b) Photos of the differently treated skin
lesions after administration for 3 days. Reproduced with permission.71 Copyright (2019) Elsevier.

Fig. 6 Schematic diagram of three major types of nanoparticles (NPs) in psoriatic skin permeation. (A) Lipid-based NPs: solid lipid nanoparticles (SLNs),
nanostructured lipid carriers (NLCs), liposomes, transfersomes, ethosomes, and niosomes. (B) Metallic NPs. (C) Polymeric NPs. (D) Schematic illustration
of the transdermal mechanism of different nanoparticles.
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ethosomes, and niosomes (Fig. 6(A)). In fact, lipid-based nano-
carriers are more advantageous for transdermal drug delivery
than other nanoparticles. This is because the lipid-based nano-
particles are highly flexible, which can be transformed to pass
through the extracellular matrix (ECM) in the SC layer (Fig. 6(D)).
Moreover, the ECM is composed of a mixture of lipids including
cholesterol (CH), ceramides and free fatty acids (FFAs),73 which
provides a lipophilic environment for better penetration of lipid-
based nanoparticles.

SLNs are synthesized with solid lipids such as triglycerides,
glycerides and fatty acids.74 In a study on MTX topical admini-
stration, Ferreira et al. formed cetyl palmitate based SLNs
incorporated with MTX, with the addition of etanercept con-
jugation to achieve a co-delivery of two types of anti-psoriatic
drugs.75 A significant accumulation of MTX within the human
normal and psoriatic skin biopsies was observed. Besides, SLNs
have been chosen for assisting the topical transdermal delivery
of anti-psoriatic drugs such as cyclosporine, calcipotriol,
betamethasone dipropionate and capsaicin.76–78 While SLNs
are synthesized with solid lipids, the lipid polymorphism
brings significant drawbacks including limited drug loading
and drug leakage during storage.79 Thus, an optimized type of
SLN, namely NLCs, was developed with superior drug loading
properties. This was due to the addition of a liquid lipid to the
system. The liquid lipid was blended with a solid lipid to obtain
an amorphous crystalline structure with more space for drug
loading and limited drug expulsion.80,81 Pinto et al. produced
NLCs encapsulated with MTX with a high encapsulation effi-
ciency (460%) and a prolonged drug release profile (8 h).82 The
in vitro drug permeation test verified the efficacy of NLCs as a
transdermal drug carrier. Ghate et al. developed NLCs for
pentoxifylline (PTX, a hydrophilic methylxanthine derivative
for treating psoriasis) encapsulation and transdermal delivery
in psoriasiform lesions in mice.83 In this study, NLCs were
manufactured using microwave irradiation, providing a novel
rapid synthetic method for NLCs with simplicity and feasibility
in laboratories. With a controlled drug release for 7 h, NLCs
presented better anti-inflammatory effects on lesions than
single drug administration.

Liposomes are hollow spherical nanostructures with a lipid
bilayer, conventionally produced from natural phosphatidyl-
choline (PC) and CH.84 Liposomes release cargo into the skin
through either fusion with the lipids or their disintegration in
the SC layer.85 Phospholipids are the major component with
self-assembly capacity to form liposomes in aqueous media
while CH works to enhance the stability of lipid bilayers of
liposomes. However, it has been reported that conventional
liposomes had unsatisfactory permeability through the inter-
cellular pathway due to their limited deformability and its
resulting rupture.86 Thus, optimized methods of liposome
preparation for a better skin permeation are under develop-
ment. For instance, a study conducted by Srisuka et al. reported
a kind of deformable liposome entrapped with MTX prepared
from PC with the addition of oleic acid (OA) other than
conventional CH.87 After the comparison between the deformable
liposomes (PC2.5:OA1) and conventional liposomes (PC2:CH1

and PC9:CH1), it was found that the former had enhanced MTX
permeation through porcine skin, owing to the increased skin
permeability by OA (a skin penetration enhancer). Another study
further proved that deformable liposomes formulated with the
addition of OA helped achieve topical administration of MTX in a
mouse model with anti-psoriasis effects.34 Recently, Xi et al.
developed a dendritic cell (DC) targeted liposome for psoriasis
therapy. DCs played an essential role in psoriasis initiation and
maintenance through presenting antigens to naive T cells as well
as activating them for subsequent inflammatory cytokine produc-
tion. The targeting of liposomes to DCs inhibited the maturation
of dendritic cells (DCs), subsequently ameliorating psoriasis.88

In order to enhance the deformability and flexibility of
conventional liposomes for better skin permeation, transfer-
somes are created as a modified form of liposomes with the
addition of edge activators (e.g., sodium cholate, sodium deox-
ycholate, Span 60, Span 65, and Span 80) into the vesicular
membrane, which can change the interfacial tension and
endow lipid vesicles with ultra-deformability.32,72,89 Addition-
ally, edge activators also disturb the ordered arrangement of
lipid bilayers to lower the transition temperature (Tm) of lipid
membranes.90 Several studies have investigated the employ-
ment of transfersomes for transdermal drug delivery, such as
lipophilic drugs, dexamethasone89 and retinyl palmitate,91 in
terms of drug permeation, distribution and therapeutic effects,
which imply the potential of transfersomes for psoriasis
treatment.

Ethosomes are a novel type of ethanol-containing deform-
able liposome, in which ethanol serves as a penetration enhan-
cer for assisting topical transdermal drug delivery. The addition
of ethanol is also reported to cause a reduction in vesicular size
through conferring negative charges on vesicles.92 In addition
to ethanol, other short-chain alcohols such as propylene glycol
and glycerol can be used to prepare ethosomes, which increases
both the flexibility of the nanocarriers and liposoluble drug
loading.93 For instance, a novel targeted hyaluronic acid (HA)-
modified ethosome (HA-ES) drug delivery system was con-
structed (Fig. 7(A)). Its aim was to topically deliver curcumin
for effective psoriasis treatment by targeting the overexpressed
CD44 protein in the psoriatic skin.35 Its enhanced transdermal
drug delivery function was observed by fluorescence as shown
in Fig. 7(B). HA-ES significantly mitigated the epidermal hyper-
plasia of the IMQ induced psoriatic ear in a mouse (Fig. 7(C)).
In another research, Guo et al. adopted D-a-tocopherol acid
polyethylene glycol succinate (TPGS) as a permeation enhancer
and a stabilizer to modify curcumin loaded ethosomes.94 This
kind of multifunctional ethosome was proved to have synergis-
tic therapeutic effects on the animal model of psoriasis.

Niosomes are a novel type of vesicle composed mainly of
non-ionic surfactants and CH (or its derivatives). Surfactants
are amphiphilic molecules with a hydrophilic head and a
lipophilic tail, which participate in forming a vesicle with an
aqueous core and lipophilic domains of the bilayers. The
addition of surfactant achieves a looser SC layer for better
permeation. Compared with conventional liposomes, niosomes
are more stable and capable of entrapping both hydrophilic
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and lipophilic substances for sustained and continuous drug
delivery.95 Due to their excellent properties, recent years have
witnessed the emerging investigation of niosomes for psoriasis
management. In a study, MTX loaded niosomes were prepared
with Span 60 and CH. In vivo drug deposition study and
histopathological analysis proved that niosomes were effective
in transdermal drug delivery with systematic safety, implying
the high potential of the niosomes for psoriasis therapy.96

Similarly, in another study, diacerein loaded CH-rich niosomes
were formulated with Span 60 and CH (weight ratio: 9 : 1),
which exhibited high stability and promoted the penetration
of diacerein in the normal rat skin, holding the potential for
topical psoriasis treatment.97 Recently, niosomes composed of
Span 20, Span 60, and CH (weight ratio: 3 : 1 : 1) were loaded
with celastrol for in vivo psoriasis mouse application, showing
effectively alleviated psoriatic inflammation.98

4.2.2 Metallic nanoparticles. Metallic NPs pose as rigid
nanocarriers with highly tunable size and surface characteristics

(Fig. 6(B)). NPs composed of gold, silver, metallic oxides of iron,
titanium or zinc are of great research potential for drug delivery in
psoriatic skin. For instance, Bessar H et al. used functionalized
gold nanoparticles (AuNPs) to load and successfully deliver MTX
in the C57BL/6 mouse skin with both epidermal and dermal drug
absorption.99 Compared with single MTX treatment, these novel
nanocarriers significantly improved the inhibitory effect of MTX
on keratinocytes in vitro. This study provided a preliminary proof
for AuNPs in percutaneous drug delivery. A recent study applied
MTX-coupling AuNPs to an IMQ-induced mouse model and a
human xenograft mouse model to investigate their therapeutic
effects in vivo (Fig. 8). It was shown that AuNPs significantly
enhanced the immunomodulatory effects of MTX, leading to
alleviated psoriatic lesions and reduced CD45+ immune cell
infiltration and IL-17 levels.100 With the assistance of AuNPs,
researchers could further investigate the underlying mechanisms
whereby the drug exerts the therapeutic effects. In another study,
AuNPs functionalized with 3-mercapto-1-propanesulfonate loaded

Fig. 7 Hyaluronan (HA)-modified ethosome (HA-ES) loaded with curcumin for treating psoriasiform mouse skin through targeting CD44. (A) Schematic
diagram of the fabrication of HA-ES. (B) Fluorescence images of psoriasiform mouse skin captured using a confocal laser scanning microscope.
(C) Representative photographs of mice ears and H&E staining of skin tissues from different groups on day 10. PGS: curcumin 25% propylene glycol
solution. CP: clobetasol propionate cream. Reproduced with permission.35 Copyright (2019) Ivyspring.
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with MTX were also topically applied in vivo and exhibited thera-
peutic effects on the psoriasiform lesions.101 Crisan et al. demon-
strated that AuNPs and silver nanoparticles (AgNPs) complexed
with Cornus mas (anti-inflammatory polyphenol-rich extract)
showed both in vitro anti-inflammatory effects on bone marrow-
derived murine macrophages and in vivo anti-psoriatic function in
patients.102

4.2.3 Polymeric nanoparticles. A wide range of polymeric
NPs are being studied in transdermal drug delivery, con-
structed with natural or synthetic polymers (Fig. 6(C)). For
natural polymeric NPs, chitosan is the most studied ingredient
for the formulation. It is positively charged and possesses anti-
inflammatory effects,103 making it rather appropriate for drug
delivery especially in psoriatic inflamed skin. Gomez et al.
synthesized chitosan/alginate-based nanoparticles for curcu-
min encapsulation, which was applied to an in vitro psoriasis-
like cell model induced by tumor necrosis factor-a (TNF-a) on
keratinocytes with the combination of photo-irradiation.37 In
this study, curcumin worked as a photosensitizer and further
investigation using animal models is required. Despite their
natural origin and biocompatibility, several drawbacks of
natural polymeric NPs hinder their applications, such as the
varying purity between batches and the difficulty to achieve
reproducible release profiles.72 Therefore, synthetic polymeric
NPs with better defined characteristics were developed for drug
delivery. Poly(lactide-co-glycolic acid) (PLGA) is a kind of FDA-
approved aliphatic polyester being widely investigated in bio-
materials, due to its biodegradability and potential for drug
encapsulation. For psoriasis treatment, PLGA NPs loaded with
curcumin of two different sizes were fabricated by Sun et al.

(Fig. 9(A)) and the study showed improved in vitro drug permea-
tion through psoriatic mouse skin (Fig. 9(B)) and in vivo anti-
psoriasis effects (Fig. 9(C)).38 Recently, researchers fabricated
cationic nanoparticles (cNPs) with PLGA and poly(2-(diethyl-
amino)ethyl methacrylate) (PDMA) to inhibit cfDNA (cell free
DNA)-LL37 immunocomplex-driven cell activation in psoriasis.104

The high DNA-binding affinity of this cationic polymer allows
effective pulling of cfDNA out of the DNA-LL37 complex and thus
improves the therapy of psoriasis (Fig. 9(D)).

To sum up, NPs have great potentials for transdermal drug
delivery in psoriatic skin. Despite the large number of studies,
it is still challenging to achieve satisfactory therapeutic effects.
There are several key factors that need to be taken into
consideration. Firstly, the unique psoriatic skin tissue structure,
especially the varied organization and composition of the SC
layer in the lesion area, may cause changes in NP-penetrating
behavior. Besides, the pH value and charge are also altered in
psoriatic skin.25 Unlike the normal skin, whether psoriatic skin
poses as a more fragile or more impregnable barrier for NP
penetration needs further investigation. Secondly, specific pene-
tration and drug-release mechanisms of different types of NPs lack
updated and more detailed research. For example, do lipid-based
NPs achieve drug delivery through ruptures in the superficial layers
or through maintaining an intact structure during skin permea-
tion? Thirdly, the targeted NP is advised for higher therapeutic
efficiency and limited adverse effects. To dig out the suitable
targeting ligands, differential proteomics or genomics of psoriatic
skin may be conducted. Fourthly, the stability, permeating velocity
and drug-release properties of NPs should balance well to realize
an ideal drug delivery for optimized psoriasis therapy.

Fig. 8 Schematic illustration of MTX-coupling AuNP mitigating psoriatic lesion and its underlying mechanisms including reducing inflammatory cell
infiltration and inflammatory factors, as well as increasing tissue remodeling. Reproduced with permission.100 Copyright (2019) Elsevier.
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4.3 Nanofibers

Nanofibers are fibers with a nanosized diameter. They are now
intensively investigated and employed in the fields of tissue

engineering and drug delivery. To date, NFs have found applica-
tion as dressings in dermal wound healing as extracellular matrix
(ECM)-mimic scaffolds. The arrangement and diameter of NFs

Fig. 9 Representative studies investigating synthetic polymeric NPs for psoriasis treatment. (A) Schematic illustration of curcumin PLGA NPs of two
different sizes, 50 nm and 100 nm, loaded with curcumin for mouse psoriasis treatment. (B) Permeability curves of the Cur gel, 50 nm Cur-NP gel and
150 nm Cur-NP gel (upper) and macroscopic photos of the Cur gel, 50 nm Cur-NP gel and 150 nm Cur-NP gel (below). (C) Representative photos of
mouse psoriatic skin (upper) and H&E stained skin sections (below) after 7-day different management. Scale bar = 200 mm. Tacrolimus cream was used as
a positive control. Cur: curcumin. NPs: nanoparticles. Reproduced with permission.38 Copyright (2017) Elsevier. (D) Schematic illustration of the
underlying mechanisms of cationic nanoparticles (cNPs) in improving psoriatic lesions. It involves the scavenging of cell free DNA (cfDNA), the decrease
of the DNA-LL37 complex and the downregulation of the inflammation level. Reprinted from.104 rThe Authors, some rights reserved; exclusive licensee
AAAS. Distributed under a CC BY-NC 4.0 license https://creativecommons.org/licenses/by-nc/4.0/.
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could be orchestrated for affecting cellular behaviors thus pro-
moting skin tissue regeneration.105–107 The fabrication of NFs
mainly depended on the electrospinning (Fig. 10(A)).108 In the
general process of electrospinning, the polymer and drug solution
are charged into a syringe. Then a high voltage is applied between
the syringe nozzle and the collector, under which nanofibers will
continuously form as the polymer solution gradually pumped out
from the syringe. Solution blow spinning is also applied to prepare
NFs.109 In this method, the compressed air replaces the high
voltage of electrospinning, which propels the continuous injection
of polymer solution to form NFs (Fig. 10(B)). Another strategy to
manufacture NFs is centrifugal spinning, in which high-speed
centrifugation is applied to generate a liquid jet to form NFs
(Fig. 10(C)).110 Besides, other approaches, such as CO2 laser super-
sonic drawing, plasma-induced synthesis and electrohydrodynamic
direct writing, have also been reported for NF fabrication.111

For psoriasis management, NFs have been employed as
vehicles for anti-psoriatic agent delivery in several studies in
recent years (Fig. 10D).112,113 In one study, researchers devel-
oped electrospun PMVE/MA-ES NFs loaded with three thera-
peutic agents (salicylic acid, methyl salicylate, and capsaicin) as
keratolytics and analgesic agents for alleviating the dermal
symptoms of psoriasis.114 This novel biodegradable NF-based
delivery system significantly prolonged the stability of encapsulated
drugs to up to fifteen days and effectively activated the TRPV1

(transient receptor potential cation channel 1, a target of analgesic
therapy) at a cellular level. Particularly, at the end of the study, the
NFs were electrospun onto an adhesive patch to observe the
effects on a human volunteer. After 8 h treatment, NF degradation
and skin redness were observed which confirmed the successful
agent release from the NFs and its subsequent effects on skin.
Besides, several recent studies have reported anti-psoriatic drug
loaded NF membranes as candidates for psoriasis management,
although the in vivo effects of these membranes are lacking. For
example, bacterial cellulose/carboxymethylcellulose (BC/CMC) based
NF membranes were loaded with MTX for efficient release.115

A hydrocortisone-loaded polyacrylonitrile (PAN) electrospun nano-
bandage was fabricated and tested for drug release and bio-safety at
the cell level, as a candidate for psoriasis management.116 The
concept of the ‘‘anti-psoriatic nanobandage’’ put forward in this
study was inspiring. Due to its characteristic membranous structure
and drug loading capacity, the NF film was a highly potential
candidate for the manufacture of anti-psoriasis skin adhesive
dressings, which were easy to use and could closely and firmly fit
psoriatic lesions for prolonged interaction time.

4.4 Hydrogels

Hydrogels are the hydrophilic polymer networks with high water
content. They are formed either from natural polymers or synthetic
polymers through physical or chemical crosslinking (Fig. 11).120

Fig. 10 Schematic illustration of the setup of the electrospinning (A), solution blow spinning (B) and centrifugal spinning (C) for NF fabrication.
(D) Schematic diagram of nanofibrous membranes fabricated with anti-psoriatic drugs as skin adhesive dressings with occlusive effects that enhance
drug permeation. Figure A: reproduced with permission.117 Copyright (2020) MDPI. Figure B: reproduced with permission.118 Copyright (2021) MDPI.
Figure C: reproduced with permission.119 Copyright (2014) Taylor & Francis.
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They have been extensively used as scaffolds for accelerating tissue
repair, or directly entrapped therapeutic agents for effectively
controlled topical release. In psoriasis management, hydrogels
usually work for sustained anti-psoriatic drug release.38,121–125

For instance, early in 1992, Ormerod et al. prepared a dithranol-
impregnated hydrogel to treat psoriasis. The drug-loaded hydrogel
was fabricated by directly adding dithranol solution to the pre-
formed polyurethaneurea hydrogel film for drying. The clinical
result proved that the slow release of dithranol from the hydrogel
film could effectively improve psoriasis treatment. In a recent
study, Rana et al. developed a betamethasone-loaded topical
hydrogel (B-Gel) for psoriasis treatment.125 The hydrogel was
prepared by heating and cooling the mixture solution of beta-
methasone and A6 gelator. The hydrogel could efficaciously over-
come the drawbacks of the ineffective entrapment of steroids,
burst release of the entrapped drugs, poor skin permeability, and
high toxicity, which finally mitigate psoriasis associated symp-
toms. In another study, He et al. developed a hydrogel-based
microemulsion drug delivery system for the transdermal delivery
of indirubin.122 The result demonstrated that the hydrogel system
could effectively keep the microenvironment moisture, and pro-
mote the drug penetration and retention inside the skin, thus
achieving better therapeutic effects.

4.5 Hybrid systems

NFs hold the potential of being fabricated into adhesive anti-
psoriasis dressings due to their membranous structure, while
hydrogels could provide a much moister environment to the
diseased skin. Transdermal drug delivery simply through these
devices may have limited efficacy, thus research has combined
NPs with NFs40 and hydrogels126–128 for more effective psoriasis
therapy. The hybrid system possesses the advantages of various
materials, exhibiting a promising prospect in the psoriasis
management.41,129,130 In one study, cellulose nanofiber (CNF) films

were prepared using a vacuum filtration method for topically
delivering curcumin-loaded nanostructured lipid carriers (NLCs)
to a mouse model of psoriasis.40 The CNF film in this system
played an important role in not only delivering drugs, but also
improving and maintaining skin hydration through occlusive effects
when tightly adhered to the skin surface (Fig. 12(A)), thus helping
enhance the efficacy of both NLCs and curcumin as well as mini-
mizing psoriatic symptoms via enhanced skin moisture. SEM
(Fig. 12(B)-b,c) and AFM (Fig. 12(B)-d) demonstrated that NLC-
containing CNF films were much smoother than those without NLC.

Recent studies have incorporated nanoparticles into various
kinds of semi-solid gelling agents for topical management,
including the hydroxy propyl methyl cellulose (HPMC) gel,131

and carbopol gel.34,75,76,132 This improves viscosity in easy
topical skin application to prolong the retention of therapeutic
nanoparticles on the inflamed skin. Besides, colloid hydrogels
are also under investigation for nanoparticle delivery such as
the silk fibroin hydrogel133 for providing a moist environment
to the psoriatic lesions and the resulting enhanced skin hydration
help facilitate the deep penetration of drug-loaded nanoparticles
into the skin (Fig. 13(A)). Compared to other agents for skin
external use like ointment and emulsions, hydrogels are less greasy
and sticky, which increases compliance in patients, and serve as a
moisturizer to ameliorate psoriatic syndrome (Fig. 13(B)).

5. Clinical trials

Currently, several clinical trials are completed or undergoing
for biomaterial-based treatment for psoriasis. Two clinical trials on
the use of microneedle patches for the treatment of psoriasis have
been completed, both of which were related to the delivery of
corticosteroids. This evaluated the effect of hyaluronic acid (HA)
microneedle patches enhancing the transdermal administration of
the topical drug (calcipotriene/betamethasone ointment) in the

Fig. 11 Different hydrogels and their formation mechanism. Reproduced with permission.120 Copyright (2018) Elsevier.
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treatment of psoriasis-resistant plaques.134 Recently, another ran-
domized controlled trial of autolytic microneedle patches coated
with corticosteroids for nail psoriasis was reported.135 There are
relatively many clinical applications of nanoparticles as drug
carriers in the treatment of psoriasis. In 2017, Maha et al.136

prepared a jojoba-based microemulsion system coated with tazar-
otene and applied it to 10 patients with plaque psoriasis, which had
advantages in reducing tazarotene irritation, enhancing skin
deposition, and improving the therapeutic effect of patients with
psoriasis. In a recent study, Riham et al.137 prepared oleuropein
into a microemulsion formulation. It had also been demonstrated

in 20 patients with plaque psoriasis that it was superior to the
marketed clobetasol propionate cream, with the ability to signifi-
cantly improve the clinical manifestations of psoriasis. In addition,
there is a completed phase 4 clinical trial, which evaluates the
efficacy of ethosome and liposome preparation of anthralin in
psoriasis.

Clinical trials on hydrogels for the treatment of psoriasis began
earlier. As early as 1992, a clinical trial of dithranol-impregnated
hydrogels was reported.138 Since then, several trials have focused
on the preparation and application of 0.25% MTX hydrogels or
liposome hydrogels to clinical patients, all of which had shown

Fig. 12 Cellulose nanofiber (CNF) films prepared for transdermally delivering curcumin loaded NLCs in a mouse model of psoriasis. (A) Schematic sketch
of the fabrication and application of a curcumin-loaded lipid-hybridized CNF film. (B) Macroscopic images (a) and representative SEM images (b), (c) of
the curcumin blank (Cur), CNF film (blank film) and curcumin loaded NLCs (F1, F2 and F3). Scale bar = 20 mm. (d) AFM results of the blank CNF film and
curcumin loaded NLCs (F1, F2 and F3). Blank film: CNF without Cur; F1: CNF/Cur; F2: CNF/Cur/SB; F3: CNF/Cur/CM. Cur, Curcumin. SB: Shea butter. CM:
Capmul MCM EP. Reproduced with permission.40 Copyright (2018) Elsevier.
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some anti-psoriasis activity and were well tolerated by patients.139,140

Over the past two decades, several clinical trials have focused
on evaluating the effectiveness, duration, and safety of occlusive
hydrogels combined with topical drugs. Tejas et al.141 conducted a
double-blind, single-center controlled trial involving 30 patients,
and observed that occlusive hydrogels had an increased therapeutic
effect on 0.005% calcipotriene �0.064% betamethasone malonate
ointment without adverse effects, including skin irritation. In
addition, there are several trials with no published results.

6. Conclusions

In this work, we have comprehensively reviewed all types of
biomaterials for topical psoriasis therapy. The significance and
challenges of local treatment of psoriasis are firstly discussed.
Then biomaterials, including microneedles, nanoparticles,

nanofibers and hydrogels, are extensively reviewed for their
capacity in psoriasis treatments. The fabrication strategies, and
the advantages and disadvantages of these biomaterials in
treating psoriasis are particularly discussed. Finally, clinical
trials of these biomaterials for psoriasis therapy are summarized.
In fact, biomaterial-based strategies for psoriasis treatments are
still in the very early stage. More investigations are highly
demanded to expedite the clinical translation of biomaterials.

Abbreviation

Th17 T helper cell 17
IL-17A Interleukin-17A
IL-17F Interleukin-17F
IL-22 Interleukin-22
IL-1b Interleukin-1b

Fig. 13 (A) Schematic illustration of a silk fibroin hydrogel raising the permeating efficiency of drug loaded NPs for improved psoriasis therapeutic effect.
Reproduced with permission.133 Copyright (2017) Elsevier. (B) Schematic diagram of hydrogels encapsulated with anti-psoriatic drugs that mitigate
psoriatic lesions through both drug efficacy and skin moisture retention.
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IL-6 Interleukin-6
TNF-a Tumor necrosis factor-a
CXCL8 CXC chemokine ligand 8
CXCL9 CXC chemokine ligand 9
CXCL10 CXC chemokine ligand 10
SC Stratum corneum
CTP Collagen tripeptide
MTX Methotrexate
PTX Pentoxifylline
IL-2 Interleukin-2
FDA The US food and drug administration
IL-23 Interleukin-23
TEWL Transepidermal water loss
MNs Microneedles
SMNs Solid microneedles
CMNs Coating microneedles
DMNs Dissolvable microneedles
HMNs Hollow microneedles
MEMS Micro-electromechanical systems
HA Hyaluronic acid
PVP Polyvinylpyrrolidone
IMQ Imiquimod
ISDs Inflammatory skin diseases
RNP Ribonucleoprotein
Dex Dexamethasone
H&E Hematoxylin & eosin
SEM Scanning electron microscopy
NPs Nanoparticles
ECM Extracellular matrix
CH Cholesterol
FFAs Free fatty acids
SLNs Solid lipid nanoparticles
NLCs Nanostructured lipid carriers
PC Phosphatidylcholine
OA Oleic acid
DCs Dendritic cells
Tm Transition temperature
AuNPs Gold nanoparticles
PLGA Poly(lactide-co-glycolic acid)
PDMA Poly(2-(diethylamino)ethyl methacrylate)
NFs Nanofibers
CNF Cellulose nanofiber
BC/CMC Bacterial cellulose/carboxymethylcellulose
PAN Polyacrylonitrile
HCD Hydrocolloid occlusive dressing
HPMC Hydroxy propyl methyl cellulose
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