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Introduction

The skin stands as a dual sentinel: a physical shield against 
external threats and an active immunological hub populated 
by cells like Langerhans cells, macrophages, and T-cells [1]. Its 
outermost layer, the stratum corneum, restricts drug entry, 
while its immune network can amplify or dampen responses 
to therapeutic agents. Dermatology grapples with delivering 
drugs past this barrier for conditions like psoriasis or wound 
repair, often with the added hurdle of avoiding irritation. 
Cancer immunotherapy, meanwhile, faces parallel demands—
delivering agents to tumors, engaging immune pathways, and 
minimizing collateral damage [2]. While familiar systems like 
liposomes have paved the way, lesser-explored platforms such 
as niosomes and dendrimers bring fresh possibilities. Here, 
we examine these advanced DDS, tracing their mechanisms, 
immunological effects, and applications across dermatology 
and oncology, with an eye toward unifying their therapeutic 
promise.

Advanced Drug Delivery Systems: Design and Biological 
Dynamics

Vesicular systems

Exosomes: Exosomes, small vesicles (30-150 nm) shed 
by cells, ferry proteins, lipids, and RNAs across biological 
landscapes. In cancer, they’ve been tapped to shuttle tumor 
antigens to dendritic cells, sparking T-cell-driven immunity 
[3]. For skin, exosomes from mesenchymal stem cells deliver 
microRNAs like miR-146a, quieting toll-like receptor pathways 
to ease inflammation in diseases like eczema [4]. Researchers 
have even tweaked exosomes to display integrin α4β1, homing 
in on endothelial VCAM-1 to boost dermal penetration—a 
clever twist with roots in vascular targeting [5]. Their natural 
origins lend them a low immune profile, though vigilance is 
needed to ensure cargos don’t harbor inflammatory triggers 
like HMGB1 [6]. Exosomes thus straddle a line between 
immune stimulation and suppression, offering a versatile tool 
for both fields.
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Oleosomes: Derived from plant seeds, oleosomes (0.5-2 
μm) encase a triglyceride core within an oleosin shell, making 
them adept at carrying fat-soluble drugs like vitamin A 
derivatives. Their plant-based makeup sidesteps recognition 
by human immune sensors, keeping inflammation at bay 
[7]. Adding peptides to latch onto the skin’s extracellular 
matrix can prolong their stay, a trick that might one day ferry 
chemotherapeutics to tumors [8]. Oleosomes’ quiet presence 
in skin care hints at broader potential, perhaps even in 
oncology.

Liposomes: Liposomes, crafted from phospholipids (50-
200 nm), are seasoned players, encasing water-loving or fat-
soluble drugs with ease. In cancer, pegylation helps them slip 
past immune clearance, extending their reach [9]. In skin care, 
they ferry tacrolimus for dermatitis or tretinoin for acne, with 
flexible variants called transfersomes sneaking through hair 
follicles to the dermis—echoing cancer’s use of leaky tumor 
vessels [10,11]. Their adaptability keeps them relevant across 
specialties.

Niosomes: Built from non-ionic surfactants, niosomes 
outlast liposomes in harsh conditions. Some are engineered 
to release their contents when pH drops or temperature 
rises—think inflamed acne patches or acidic tumor zones [12]. 
This responsiveness could sharpen drug delivery where it’s 
needed most, linking skin and cancer strategies.

Ethosomes: Ethosomes blend ethanol (20-45%) into their 
makeup, softening the stratum corneum to ease drug passage. 
They juggle both water- and fat-soluble agents, pairing 
antibiotics with retinoids for acne, for instance [13]. Ethanol’s 
knack for boosting solubility might one day aid cancer drugs, 
tying these fields closer together.

Lipid nanoparticles

Solid Lipid Nanoparticles (SLNs): SLNs (50-1000 nm) lock 
drugs in a solid lipid core, releasing them slowly. A clever 
double-emulsion method lets them carry both water- and 
fat-based compounds, from wound-healing antimicrobials 
to tumor-killing agents exploiting leaky vessels [14]. This 
flexibility could prove a boon for post-cancer surgery care.

Nanostructured lipid carriers (NLCs): NLCs mix solid and 
liquid lipids, upping drug capacity and durability. Tagging 
them with antibodies pinpoints skin cells like keratinocytes, 
much like cancer therapies target tumor markers [15]. This 
precision could streamline treatments in both arenas.

Polymeric nanoparticles: Made from materials like PLGA 
or chitosan, these nanoparticles fine-tune drug release. 
PLGA sneaks chemotherapeutics into tumors, while chitosan 
homes in on sebaceous glands for acne [16]. Some respond to 
enzymes like matrix metalloproteinases, activating at wound 
or tumor sites—a bridge between healing and cancer control 
[17].

Dendrimers: Dendrimers, with their tree-like branches, pack 
multiple drugs or targeting ligands. They’ve silenced cancer 
genes with siRNA and could curb scarring with anti-fibrotic 
payloads in skin [18]. Their knack for clinging to skin proteins 
might extend tumor drug exposure, merging dermatological 
and oncological goals [19].

Applications: connecting skin and cancer care

Wound Healing: Macrophages shift gears in both fields: M1 
cells fight tumors, while M2 cells mend wounds [20]. Exosomes 
nudging macrophages toward M2 with miR-223 speed up 
chronic wound repair, a tactic that could aid cancer patients 
post-surgery [21]. SLNs delivering antimicrobials add another 
layer of support, tackling infection risks in both contexts.

Inflammatory skin disorders: Acne flares when 
Propionibacterium acnes trips TLR2, sparking inflammation. 
Polymeric nanoparticles ferry retinoids to calm this storm 
[22]. Borrowing from cancer’s TLR agonists, antagonists might 
further tame acne, hinting at a shared immune playbook [23].

Autoimmune conditions: Psoriasis and some cancers lean 
on Th17 cells for their chaos. Nanoparticles armed with anti-
TNF-α zero in on the dermis, much like cancer’s checkpoint 
blockers, offering a parallel path to control [24].

Post-surgical care: Antibiotics or TGF-β3 post-surgery fend 
off infection and scarring [25]. This precision could bolster 
cancer surgery recovery, knitting these specialties tighter.

Future Directions

The convergence of advanced DDS with precision medicine 
holds transformative potential, reshaping therapeutic 
landscapes through tailored immune modulation, optimized 
dosing, reduced toxicity, and enhanced targeting. In immune 
modulation, exosomes and polymeric nanoparticles can 
deliver immunosuppressive or immunostimulatory cargos, 
such as miRNAs or antigens, to fine-tune responses—
suppressing inflammation in psoriasis or boosting T-cell 
activity in melanoma [26]. Dosage optimization is achieved 
through stimuli-responsive systems like niosomes, which 
release drugs only in specific microenvironments (e.g., acidic 
tumor sites or inflamed skin), minimizing systemic exposure 
[12]. Reduced toxicity stems from targeted delivery, as 
seen with antibody-conjugated NLCs or dendrimers, which 
concentrate drugs at disease sites, sparing healthy tissues 
[15,19]. Improved targeting, enabled by ligands like RGD 
peptides or integrin-specific antibodies, ensures drugs reach 
intended cells, such as dermal fibroblasts or tumor cells, 
enhancing efficacy [5,8].

Looking beyond current applications, these DDS could pioneer 
groundbreaking approaches. Bioorthogonal chemistry could 
enable in situ drug assembly within skin or tumors, where 
nanoparticles carrying clickable moieties react selectively 
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to form active therapeutics, reducing off-target effects [27]. 
Theranostic platforms, combining diagnostics and therapy, 
might integrate imaging agents (e.g., quantum dots) with 
drug-loaded exosomes, allowing real-time monitoring of drug 
delivery in melanoma or chronic wounds [28]. Microbiome-
integrated delivery could leverage skin or gut microbiota 
to trigger DDS release, using microbial enzymes to activate 
polymeric nanoparticles for localized psoriasis treatment or 
colorectal cancer therapy [29]. Swarm robotics-inspired DDS, 
where nanoparticles coordinate via chemical signaling, could 
navigate complex tumor microenvironments or deep dermal 
layers, delivering synergistic drug combinations [30]. These 
visionary applications, while speculative, underscore the 
potential of DDS to redefine precision medicine by merging 
cutting-edge chemistry, biology, and engineering.

Conclusion

Advanced DDS—from exosomes to dendrimers—
offer a unifying framework for dermatology and cancer 
immunotherapy, addressing penetration barriers and immune 
regulation with precision. Their tailored designs, such as 
pH-responsive niosomes or protein-binding dendrimers, 
enable targeted delivery and controlled immune modulation, 
bridging skin and tumor therapies. By harnessing these 
systems, precision medicine can achieve optimized dosing, 
reduced toxicity, and enhanced specificity, paving the way for 
transformative treatments. In sum, these technologies herald 
a new era of personalized therapeutics, where skin and cancer 
care converge to improve patient outcomes.
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