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Abstract: Despite being under development for decades, RNA therapeutics have only recently emerged as 

viable platform technologies. The COVID-19 mRNA vaccines have demonstrated the promise and power of 

the platform  technology. In response, novel RNA drugs are entering clinical trials at an accelerating rate. As 

the skin is the largest and most accessible organ, it has always been a preferred target for drug discovery. This 

holds true for RNA therapies as well, and multiple candidate RNA-based drugs are currently in development 

for an array of skin conditions. In this mini review, we catalog the RNA therapies currently in clinical trials for 

different dermatological diseases. We summarize the main types of RNA-related drugs and use examples of 

drugs currently in development to illustrate their key mechanism of action. 

Keywords: RNA therapeutics; skin; mRNA therapeutics; siRNA therapeutics; antisense 

oligonucleotide therapeutics; ASO; melanoma; hypertrophic scars; wound healing; dermatology 

Introduction 

The discovery and development of novel RNA therapy candidates has accelerated since the 

success of the COVID-19 mRNA vaccines 1. RNA therapeutics have been tapped to provide novel 

approaches to treat various dermatological conditions where conventional treatments have offered 

little success. For example, diabetic patients suffer from poor wound healing, which correlates with 

an increased chance of infections leading to amputation. In addition, metastatic melanoma is one of 

the deadliest forms of skin cancer with a 5-year survival rate of less than 5% 2. It is inherently resistant 

to radiotherapy and chemotherapy with median survival reduced to approximately 10 months 2. 

Novel therapies are vital to treat these patients, with several candidate RNA therapies showing 

promising results. 

The rapid advancement of RNA-based therapies underlines their inherent advantages. For 

example, (1) they have a transient effect, (2) present no risk of insertional mutagenesis, (3) are easy to 

develop and manufacture, and (4) are cost-effective. These traits make them attractive options for 

development. Here we summarize the RNA-based therapies currently in clinical trials for skin 

conditions (Table 1), described are the main categories of RNA therapeutics: RNAi (siRNA and 

miRNA), anti-sense oligonucleotides (ASO), messenger RNA (mRNA), and provide examples 

detailing their mechanisms of action (Figure 1). 
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Figure 1. The mechanism of action for three RNA-based therapeutics. (left) Schematic depiction of 

the mechanism of action for multiple siRNAs currently in clinical trials for hypertrophic scars. All 

four siRNAs aim to reduce fibrosis and scarring by targeting CTGF mRNA to ultimately lower CTGF 

protein expression. (Center) The wound-healing candidate drug ASO MRG-110 directly targets miR-

92a which represses ITGA5 a pro-angiogenic factor. Blocking the actions of miR-92a increases ITGA5 

mRNA and protein levels to promote angiogenesis and wound healing. (Right) The mechanism of 

action depicting a mRNA-based cancer vaccine (e.g., BNT111) where a pool of mRNA encoding 

tumor-associated antigens (TAAs), linked to a specific cancer (i.e., BNT111 encodes 4 melanoma 

antigens), is delivered to antigen-presenting cells (APC) via lipid nanoparticles (LNP). The mRNA 

pool is translated into TAAs and elicits a specific host anti-tumoral immune response against the 

cancer cells. Created with BioRender.com. 

RNA interference 

The aberrant expression of a protein, a mutated protein, or a non-coding RNA 3; 4 can all cause 

skin disorders, and blocking such elements can be a beneficial therapeutic approach. RNA 

interference (RNAi) is one method to specifically target and lower the expression of pathological 

proteins. In RNAi, short double-stranded RNAs of exogenous or endogenous origins are processed 

by DICER and loaded into the RNA-induced silencing complex (RISC). Loaded RISC complexes 

recognize targeted mRNAs via perfect (siRNAs) or imperfect (miRNAs) complementarity and inhibit 

their translation and/or cause their degradation, thereby reducing the level of the encoded protein 5-

7. siRNAs are designed to specifically target a single mRNA, whereas miRNAs (naturally occurring 

or synthetic) often have a broader array of targets 7.  

The discovery of RNAi has greatly contributed to our understanding of the role(s) of countless 

proteins and their potential pathogenicity. More importantly to clinicians, RNAi provided a pathway 

to target disease-causing proteins that were otherwise impossible to treat. As with other RNA 

platforms, RNA stability, poor tissue penetration, and off-tissue targeting remain challenges; 

however, modifications to RNA bases and/or backbones plus the development of a wide variety of 

delivery systems enabled the FDA-approval of multiple siRNA therapeutics 8. Although several 

siRNA and miRNA mimics are currently advancing in clinical trials, no RNAi therapies have yet been 

approved for skin-related diseases.  

Currently, at least three siRNAs (BMT101 (OLX101A), LEMS401, and RXI-109) targeting the 

connective tissue growth factor (CTGF) are in clinical trials (Figure 1, left). High levels of CTGF have 

been linked to fibrotic disorders, and reducing CTGF levels is thought to be a viable approach for 
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reducing cutaneous fibrosis 8-11. Further, CTGF is also an attractive target for treating keloids or 

hypertrophic scars, which occur in 40-70% of patients following surgery 12.  

Antisense Oligonucleotides (ASOs) 

Oligonucleotides are short chains of polymerized nucleotides, and antisense oligonucleotides 

(ASO) are short (generally 12-30 nucleotides) single-stranded synthetic nucleic acids whose reverse 

complement sequence allows for the targeting of specific RNA or DNA sequences 13-16. The use of 

oligonucleotides in clinical trials dates back to the late 1950s and early 1960s when methods to 

synthesize them were first established 17; 18. Although tested for decades, Fomivirsen, the first-in-class 

ASO, was only approved by the FDA to treat cytomegalovirus-induced retinitis in 1998 19.  

ASOs can reduce or restore protein expression, inhibit 5' cap formation, or alter the splicing of 

targeted mRNAs. ASOs commonly enter the cell via endocytic pathways and recognize their targeted 

mRNAs through Watson-Crick base pairing 20; 21. ASOs predominantly function via two mechanisms. 

First, ASOs can employ an occupancy-mediated degradation mechanism by inducing the cell’s 

RNase H nuclease activity to degrade a targeted mRNA 22; 23. Second, ASOs can use an occupancy-

only model and function via steric hindrance. This strategy can up or down-regulate target transcripts 

by altering their splicing patterns or by masking protein docking sites 24.  

ASOs are usually trafficked to late endosomes and lysosomes which accounts for their slow 

release 25. Notably, the phosphodiester backbones of unmodified ASOs are prone to endonuclease 

degradation resulting in comparatively short half-lives; however, chemical modifications can 

overcome these shortcomings 26-29. ASOs are grouped into three generations based on their chemical 

modifications: (1) First-generation ASOs often replace a non-bridging oxygen atom in the phosphate 

group with either an amine (phosphoramidites), a methyl group (methyl phosphonates), or a sulfate 

group(phosphorothioates). When compared to phosphodiester oligonucleotides or unmodified 

ASOs, first-generation ASOs can resist nucleases and have longer half-lives in plasma 26. However, 

mRNA targeting affinity is slightly reduced due to the decreased melting temperature of these ASOs 
15. (2) Second-generation ASOs usually have alkyl modifications at the 2' position of the ribose which 

improves binding affinity, tissue uptake, and nuclease resistance, while leading to both longer in vivo 

half-lives and lower toxicity 15; 30. (3) Third generation ASOs use chemical modifications to increase 

their stability, nuclease resistance, and hybridization affinity to the targeted RNA. The most 

commonly used third-generation ASOs usually incorporate peptide nucleic acids (PNA), locked 

nucleic acids (LNA), and morpholino phosphoramidite (MF) modifications 31. Notably, many third-

generation ASOs function by causing steric hindrance of ribosomal machinery  or altering the 

splicing of its targeted RNA 32-35. 

MRG-110 (Figure 1, center), a third generation LNA ASO developed by miRagen Therapeutics, 

Inc. (Boulder, CO), is currently in phase 1 clinical trial for wound healing. It blocks miR-92a, which 

then de-represses the integrin alpha 5 (ITGA5) gene 36. Higher levels of ITGA5 protein promotes 

angiogenesis which facilitates wound healing 37. Studies have shown significant results for MRG-110 

reporting none or very low systemic toxicity and drug accumulation in distal tissues. 

Messenger RNA (mRNA) 

mRNAs are transient RNAs that encode a protein. Exogenous mRNAs were first used to elicit 

specific protein expression in vivo over three decades ago 38. Despite that initial success, nearly two 

decades passed until data were reported for the first clinical trial employing mRNA as a therapeutic 
39. The development of mRNA-based therapeutics has seen a renaissance as the COVID-19 global 

pandemic demonstrated their versatility and power. The mRNA-based therapies currently 

undergoing clinical trials for dermatologically related diseases are listed in Table 1. Three main 

mRNA treatment modalities have emerged. First, cancer vaccines use mRNAs encoding tumor-

specific antigens to stimulate a protective immune response 1; 40. Second, replacement therapies use 

mRNAs to produce therapeutic proteins or to counteract the phenotypes of a defective gene/protein. 

Third, cell-based therapies use mRNA transfected into cells ex vivo, with these cells being re-

introduced into the patient to modify a specific diseased phenotype/function 1; 41. Despite the broad 
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applicability of mRNAs, the constraints of this mini review restrict our discussion to mRNA cancer 

vaccines.  

Therapeutic cancer vaccines generally encode tumor-associated antigens (TAAs), or unique 

markers expressed in cancerous, but not normal, cells. Targeting several TAAs in a single vaccine 

reduces the risk of tumor antigen escape as it triggers a broad immune response and it aids in the 

detection of poorly expressed antigens, thereby increasing the robustness of the vaccine and its 

antitumor response. BioNTech initially pursued a cancer vaccine targeting four melanoma-associated 

antigens in their phase 1 Lipo-MERIT monotherapy trial 42; 43. While this clinical trial is still ongoing, 

BioNTech has used the Lipo-MERIT data to steer the development of BioNTech’s FixVac (BNT111) 

therapy for melanoma, which shows a promising safety profile and anti-tumor immune response 44. 

BioNTech’s FixVac mRNA therapeutic platform is a fixed set of mRNA-encoded TAAs known to be 

expressed in particular cancer types (e.g., melanoma), therefore, prompting a strong and precise 

immune response against the particular cancer (Figure 1, right). BNT111 was developed to treat 

patients with anti-PD-1-refractory/relapsed unresectable stage III or IV melanoma and is one of the 

most promising cancer immunotherapies in development 42; 43; 45; 46. 

Cancerous cells are characterized by their rapid proliferation and expansion which often 

generates somatic mutations, each of which becomes a potentially targetable neoantigen. A patient’s 

specific tumor neoantigen profile (mutanome) could be analyzed and incorporated into personalized 

neoantigen-encoding mRNA vaccines. As neoantigen expression is restricted to tumor cells, this 

feature could easily be exploited to treat melanomas as they have a high mutation burden 47. Recently, 

Moderna Inc. and Merck & Co. released promising new data regarding their mRNA-based 

personalized (neoantigen) cancer vaccine, mRNA-4157/V940, for the treatment of melanoma. When 

the vaccine is administered in concert with Keytruda, a cancer immunotherapy, reports show a 44% 

reduction in the risk of recurrence or patient death when compared to Keytruda alone over a period 

of 1 year 42; 43; 48; 49. These data are a major breakthrough in the field of RNA therapeutics, 

demonstrating the power of mRNA to “train” a patient’s immune system to recognize and attack 

their specific tumor mutanome, hopefully, translating into durable remission. 

mRNA cancer vaccines have many advantages. First, mRNA-based modalities elicit a potent yet 

reliable immune response to selected antigens in vivo and are customizable to a patient’s particular 

neoantigen profile. Second, mRNA therapies are safe compared to viral vector vaccines as they do 

not incorporate into the host genome, thus avoiding the risk of insertional mutagenesis. Lastly, 

mRNA vaccines are relatively inexpensive and rapid to synthesize 40. Altogether, mRNA therapeutics 

hold great promise for the treatment of various dermatological diseases. 

Summary 

As mentioned above, RNA therapeutics are a rapidly evolving class of therapies that have the 

potential to change the face of personalized medicine and revolutionize healthcare 1. A number of 

RNA therapeutics have been approved by FDA and many more are in clinical trials for a broad array 

of indications. In this review, we focused exclusively on RNA therapeutics in clinical trials for 

dermatological disorders, such as those used to treat melanoma, psoriasis, hypertrophic scars, wound 

healing, alopecia, epidermolysis bullosa, keloids, etc. Our research uncovered 35 different RNA 

therapeutics currently undergoing clinical trials and dozens more are in the discovery or preclinical 

stages of development for skin conditions as well. In closing, many RNA therapies are rapidly 

progressing through clinical trials and this evolving and growing class of drug candidates offers 

much promise to improve existing treatment regimens or to become standalone treatments 

themselves.  
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