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Abstract 

Inflammatory skin disorders are chronic diseases that present with redness, itching, and plaques and occur due to the interaction 

between genetic and environmental factors. The immune basis of the disease involves the action of proinflammatory cytokines and 

overexpression of CD4+ and CD8+ T-cells. 

 

Objective  

To discuss the developments in chronic inflammatory disease pathogenesis and treatments using single-cell RNA sequencing and 

spatial transcriptomics.  

 

Approach 

 

Single-cell RNA analysis and spatial transcriptomics allow one to study a cell individually and identify the cell-to-cell differences 

and the mutations that can be found within individual cells in a pool. It aids in improved understanding of disease pathogenesis and 

helps identify the distinct mutations that arise in every disease which can be targeted for therapy. However, this technology is quite 

new and requires improvements on cost reduction and standardization of methods. Nevertheless, this approach has opened new 

avenues to studying disease pathogenesis and creating drugs targeting the active inflammatory pathway.  

 

Conclusion 

This review focuses on chronic inflammatory skin conditions like psoriasis, atopic dermatitis, acne, lichen planus, and alopecia.  

This review provides insight into their pathogenesis and targeted therapy using the latest advances in the field of single-cell RNA 

sequencing and transcriptomics 
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Introduction 
Inflammatory skin diseases are the largest class of chronic skin disorders. It includes diseases such as eczema, 

dermatitis, psoriasis, and acne (Liu et al., 2022). Most of these diseases present with hallmark symptoms of 

inflammation including erythema, pruritus, pain, and dryness. Each of these disorders is also accompanied by a 

specific rash, for example acne presents with comedones and psoriasis presents with a scaly silvery rash. These 

multifactorial disorders have a specific genetic predisposition that is triggered by environmental stimuli. Epidemiology 

has proven an 80% heritability of the diseases. These diseases are caused by the synergistic or additive effects of 
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multiple loci rather than a single gene mutation (Rodriguez et al. 2011). Environmental factors play a major role in all 

inflammatory skin disorders. They alter the homeostasis and functioning of the skin to keep it well adapted to the 

external environment and thus may occasionally cause an inflammatory reaction. Sawada and colleagues (2021) 

explained that the lifestyles of patients play an important role in the pathogenesis of inflammatory skin conditions. 

Excessive intake of protein in the form of gluten, disruption in sleep pattern, obesity, smoking, and alcohol regulate 

the helper T cell response leading to increased production of pro-inflammatory cytokines which cause skin 

inflammatory disorders. Decreased intake of dietary fiber and omega-3 fatty acids has been associated with an increase 

in cytokine production which mediates the proinflammatory response of the skin (Sawada et al. 2021).  

 

Known Causes of Inflammatory Skin Disorders 

Inflammatory skin disorders are most caused by the interaction of genetic factors with environmental stimuli. Many 

immune factors responsible for these diseases have been studied in detail.  

Psoriasis is a chronic inflammatory skin condition associated with plaque formation on the extensor surfaces of the 

body. Liu and his colleagues (2020) identified Interleukin-17 as the major pro-inflammatory cytokine involved in the 

pathogenesis of psoriasis and other inflammatory disorders like atopic dermatitis, pemphigus, or alopecia. Genetically 

altered mouse models have identified IL-4, IL-12, and IL-13 to be the major cause of severe pruritus and eczema 

which are the hallmarks of atopic dermatitis (Nakajima et al. 2019). Acne vulgaris is caused by the hypersensitive 

response of sebaceous glands to normal androgen levels, triggered by the bacterium P. acnes (Motosko et al. 2019). 

Lichen planus is a chronic inflammatory skin condition with possible precancerous origin and an unclear etiology 

(Wang et al. 2021). Drug eruption is an inflammatory response associated with erythema and pruritus after intake of 

a drug against which the immune system is sensitive, usually sulfa drugs (Zhang et al. 2021).  

 

Recent Advances in Studying Inflammatory Disorders 

Most of the research in dermatology is based on animal models. While these models can mimic human skin, further 

clarity is needed to determine how closely they can imitate human skin. As a result, there is a gap in the proper 

understanding of inflammatory diseases such as eczema, psoriasis, dermatitis, etc.  

With the advent of recent technologies like single-cell RNA sequencing, it is now possible to study every single type 

of cell individually and have an idea about the functioning of the cells. Each cell can now be studied as a single unit 

and the information it provides in the form of genetic material and protein codes can be used to study different diseases. 

Single-cell RNA-sequencing and spatial transcriptomics are potent assays that help in the determination of cellular 

components and their spatial orientation (Houser et al. 2023).  

They have also aided in determining the immunological disturbances in inflammatory disorders which can help to 

target therapy according to the specific mutation (Liu et al. 2022). Chronic inflammatory disorders of the skin are 

usually treated with topical corticosteroids which reduce inflammation, immunomodulators to reduce the hyperactive 

response of the immune system, antifungals, and antibiotics. Rare cases also require isotretinoin, methotrexate, and 

biologics. With the described treatments, these skin conditions remit but are not completely cured. Single-cell RNA 

sequencing and spatial transcriptomics allow for targeted therapy that will prove more beneficial for a cure while 

reducing the chances of drug resistance. It also provides information regarding cell heterogeneity and a small 

population of cells that are found within the lesions different than the rest of the cells. These small populations are 

often more susceptible to targeted therapy. Cell-to-cell differences and individual characteristics of different cells can 

be identified. Moreover, new mutations occurring in any disease can be studied most efficiently with these new 

technologies and therapy can be targeted to them.  

 

 

Discussion 

 

Single-cell RNA Sequencing and Spatial Transcriptomics 

The first study on single-cell RNA sequencing was published in 2009. This new technique gave the advantage to study 

the sequencing and composition of mRNA in a cell that controls the properties and functioning of the cell. Previously 

used sequencing techniques were carried out on samples that had up to millions of cells but this held back the direct 

inspection of the unit of life- the cell (Haque et al. 2017). Genomic DNA, mRNA, and protein expression has been 

studied previously to comprehend the molecular knowledge of the cells. The available genetic material is usually in 

small quantities, so many millions of cells are analyzed simultaneously for practical reasons. The data on protein 

expression is required to understand the cell responses. The absolute complement of proteins that are expressed in a 

single cell is called a ‘proteome’. As an alternative method to studying the entire proteome, the researchers now study 
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the mRNA molecules that are used for protein-coding. These mRNA molecules are collectively called a 

‘transcriptome’. The expression of these mRNA molecules can bring about changes in the traits and functioning of 

the cells (Haque et al. 2017).  

Single cell sequencing of mRNA allows the comparison of cellular proteins of various cells which helps to understand 

their heterogeneity. Rare populations of immune cells have also been identified which are more responsive toward 

various stimuli (Shalek et al. 2014). It has also provided valuable information for studying gene expression at the 

cellular level which can be applied to understand the regulation of gene modules, heterogeneity, and specification of 

the cell type (Wagner et al. 2016).  

 

Applications of Single-cell RNA Sequencing in Inflammatory Skin Diseases 

Single-cell RNA sequencing has been used to classify inflammatory disorders into subgroups. However, the process 

is still in nascency. It has been used to understand the pathogenesis, characteristics of lesions, gene signatures, and 

cellular mechanisms involving different stages of the disease.  

The use of single-cell mRNA sequencing in the understanding of inflammatory skin diseases is discussed below;  

 

Atopic Dermatitis 

Atopic dermatitis is the most common form of eczema that leads to redness, dryness, itching, and resulting 

lichenification. The global burden disease study has ranked atopic dermatitis as the 15th most common non-fatal 

disease and as the most common chronic inflammatory skin disease (Laughter et al. 2021). The study collected data 

from 1990 to 2017 and showed a bimodal distribution with increased incidence in children and older individuals. 

Disease prevalence is 20% in children and 10% in adults (Stander et al. 2021). 

Genetic predisposition weakened skin barrier, abnormalities in skin flora and immune disturbances have been 

identified as the primary causes of atopic dermatitis (Langan et al. 2020). The pathogenic mechanisms for atopic 

dermatitis are unclear and primarily involve dysfunctional T-cells (Th2 and Th17).  

RNA sequencing has provided valuable information regarding the pathogenesis of the disease. The data extracted by 

carrying out skin biopsies of 6 patients with atopic dermatitis confirmed the presence of Th2 cells in skin lesions 

(Nomura et Al., 2023).   

Helen and colleagues (2020) carried out single–cell RNA sequencing on the 4 lesional and 5 non-lesional samples 

obtained from 5 patients with atopic dermatitis that were compared with samples from 7 healthy controls. 39,042 

transcriptomic profiles were created. The researchers identified a specific subpopulation of fibroblasts 

COL6A5+COL18A1+ and a specific dendritic cell population LAMP3+ unique to the lesions. These cells expressed 

special cytokine receptors CCL2, CCL19, and CCL7. Lesions showed high populations of T-cells as well. However, 

further research is required to evaluate if fibroblasts initiate the lesion or are in their healing phase.  

Innate lymphoid cells, particularly type 2 also play a role in the pathogenesis of atopic dermatitis. Single-cell RNA 

sequencing conducted on mouse models has shown that the innate lymphoid cells can be of two types: skin-localized 

or circulating. The skin-localized cells are responsible for the synthesis of proinflammatory cytokines like IL-4, IL-5, 

and IL-13 which play a significant role in skin inflammation of atopic dermatitis (Nakatani et al. 2021).  

Knowledge about the pathogenesis of atopic dermatitis can help in creating targeted therapies for the disease. 27 

Japanese patients were given a 600 mg loading dose and then a weekly 300 mg dose of dupilumab for 16 weeks. 

Dupilumab is an antibody targeted against the IL-4 receptor which plays a major role in the pathogenesis of atopic 

dermatitis. Single-cell RNA sequencing carried out in the 16th week showed a remarkable decrease in the circulating 

levels of Th2 cells and innate lymphoid cells which proves the efficacy of the drug (Imai et al. 2021). 

 

Psoriasis 
The global burden study evaluated data from 1990 to 2019 and identified the prevalence rate of psoriasis between 2-

3% around the globe. People of ages 60-69 are the most affected population (Damiani et al. 2019).  

Alwin (2015) identified the Il-17/Th23 pathway playing a predominant role in psoriasis progression. Antibodies that 

specifically target these pathways have been used in the treatment of psoriasis. Risankizumab is an IL-23 inhibitor is 

used for the treatment of moderate to severe cases of chronic plaque psoriasis (Haugh et al. 2018). The IL-17 inhibitor 

ixekizumab has shown a 75% reduction in the psoriasis-area-and-severity-index (PASI) at 12 weeks with a 150 mg 

dose given after every 2 weeks (Leonardi et al. 2017).  

Single-cell RNA sequencing on emigrating cells of the skin has shown that psoriatic lesions are rich in IL-10 and have 

a decreased CCL27-CCR-10 interaction because of the impairment of basal keratinocytes (Kim et al. 2021).  

Single-cell transcriptomics carried out on lesion biopsies from 11 patients was compared with skin biopsies of 5 

healthy controls. The researchers found two types of Th17 cells which are a type of cytotoxic CD8+ cells. The cells 

expressing CXCL-13 were associated with severe symptoms (Liu et al. 2021). Almost 30% of the patients suffering 
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from psoriasis can develop psoriatic arthritis. Single-cell sequencing carried out on synovial fluid has shown increased 

expression of the chemokine receptor CXCR3 on CD8+ cells and upregulation of CXCL9 and CXCL10 in the synovial 

fluid (Penkava et al. 2020).  

30 patients diagnosed with moderate to severe chronic plaque psoriasis was given monoclonal antibodies secukinumab 

(18 patients) and brodalumab (12 patients) which bind with IL-17 blocking its actions. 75% of the patients attained a 

75% improvement in their PASI score after 3 months with 18.3% reductions in CXCR3 and 11.5% reductions in Th17 

cells after therapy. The use of methotrexate and other interleukin inhibitors will augment the results, achieving 

remission much sooner in the disease process.  

 

Lichen Planus 

Oral lichen planus is a common chronic inflammatory skin disorder. The exact pathogenesis of the disease is unknown 

but it has been associated with a possible precancerous etiology (Wang et al.2021).  

RNA sequencing has identified 153 differentially expressed genes that could be the possible cause of the lesion (Wang 

et al., 2021).  

Qionghua and his colleagues (2023) took four biopsy samples of oral lichen planus with their peripheral blood 

mononuclear cells. These samples were contrasted with two healthy biopsy samples and three healthy samples of 

peripheral blood mononuclear cells. Single-cell RNA analysis revealed activated memory CD8+ T-cells (Th17) in 

lichen planus samples. Other identified varieties of the cells include dendritic cells, macrophages, and fibroblasts; all 

of which work together to create the proinflammatory environment in the lesion of lichen planus. This specific immune 

environment could serve as a means for the early diagnosis and targeted treatment of the disease.  

 

Drug Eruption 

Drug eruption is a damaging inflammatory reaction with an increased risk of mortality and is accompanied by reddish, 

pruritic plaques all over the body. There is an increase in eosinophils in the blood and damage to multiple organs in 

severe conditions. The reaction is often accompanied by the reactivation of the latent herpes virus and the onset of 

autoimmunity in the body (Zhang et al. 2021).  

Kim and his colleagues (2020) performed single-cell RNA sequencing on blood and skin biopsy samples obtained 

from a 44-year-old patient who had a hypersensitivity reaction to sulfamethoxazole/trimethoprim and remained 

unresponsive to high doses of cyclosporine, mycophenolate mofetil. It was compared with samples from 5 healthy 

controls. A total of 14 clusters were sampled on which the transcriptomic analysis was carried out. Analysis showed 

that JAK/STAT pathways were the most active in the mediation of inflammation. Herpes virus 6b was also found in 

the patient's samples that were enriched with CD4+ T-cells. The researchers then used the JAK kinases inhibitor 

totafinicib which inhibited the JAK/STAT pathway and also led to a remarkable decrease in the CD4+ T-cell 

population. Other antivirals that helped in the treatment were ganciclovir and artesunate which decreased the T-cells 

according to their doses. This study implies the role of single-cell RNA sequencing in determining the active pathways 

of inflammation in different skin diseases and then targeting the drugs in those pathways.   

 

Acne 
Globally, 1 in 10 persons suffers from acne. It is a chronic inflammatory disorder of the skin that causes permanent 

disfigurement and scarring. Acne is associated with excess sebum production which are unsaturated fatty acids, 

thickening of stratum corneum, and inflammation of the skin (Wen-Hua et al. 2017).  

Benzoyl peroxide has proven useful in the treatment of chronic acne due to its antibacterial and anti-inflammatory 

properties. Topical application of 5% benzoyl peroxide for 10 to 16 weeks has shown a remarkable decrease in 

inflammation by killing the polymorphonuclear lymphocytes that release reactive oxygen species responsible for the 

inflammation in acne (Warner et al. 2002).  

To understand the pathogenesis of acne and the action of benzoyl peroxide, single-cell RNA sequencing, and spatial 

transcriptomics were done by Tran H. Do and his colleagues (2022) on early acne lesions. They found that 

macrophages expressing TREM2 were found near the hair follicles on the acne-inflicted areas of the skin. These 

macrophages were also rich in the enzyme squalene oxidase which was responsible for the induction and decrease in 

the antibacterial activity of the TREM2 macrophages. The addition of benzoyl peroxide in vitro led to the inactivation 

of the enzyme and restored the antibacterial action of macrophages. The results determine the proinflammatory 

pathways of skin diseases which can be targeted by medications to control the spread of acne lesions.   

 

Alopecia Areata 

Alopecia Areata is an inflammatory disease where the immune system of the host attacks the hair follicles leading to 
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chronic inflammation; however, there is no scarring. The major cytokine involved is interferon gamma with an 

increase in CD8+ T-cells which are the major drivers of chronic inflammation (Markus et al. 2020).  

Borcherding and his colleagues (2020) used single-cell mRNA sequencing to identify the differences between the skin 

affected with alopecia and normal skin. 18,321 immune cells were separated from the experimental set of mice affected 

with alopecia. CD11b+ and CCD2+ were the dominant receptors on the dendritic cells with an over-activation of the 

JAK/STAT pathway. CD8+ T-cells were also identified with an increase in interferon-gamma which was needed for 

disease induction. The research was then conducted on the lesional and nonlesional skin biopsies of human subjects 

and the previous results were mirrored. This work gives an understanding of the immune basis of the disease and also 

provides knowledge of the pathways that can be targeted to cure the disease.  

 

Limitations 
There is a  tiny amount of genetic material to perform the analysis on which creates a higher bias in the final results. 

The overall procedure is very expensive putting the cost around $5000 for one analysis. There is a lack of standard 

guidelines for the comparison of data. Most of the programs do not support live cell visualization and have a high 

doublet rate.  

 

Drawbacks and Future Directions 

Single-cell RNA sequencing is like bulk RNA sequencing but it uses genetic material from a single cell and therefore 

gives transcriptomics of that cell only. The sequenced data is noisier and therefore precise annotation is difficult. Cell 

viability decides the accuracy of the data generated. Drop-seq which is the most commonly used program does not 

support live cell visualization and has a high doublet rate.  

The cost has decreased over the past few years, but it continues to be a major drawback in the use of single-cell 

sequencing.   

There is a lack of standardized methods for carrying out the analysis. Standardized methods need to be mapped out. 

This should involve the state of the tissue in which the analysis is carried out, the addition of chemicals, the physical 

conditions under which the analysis is being carried out and the settings of the equipment.  

More advanced research is required in technological advancements to open new avenues for healthcare practices. 

Also, an effort needs to be made to integrate the recent advances in the healthcare system.  

 

Conclusion 

Inflammatory skin conditions are chronic disorders that usually take a long time to recover. One basic hurdle in the 

timely recovery of these disorders is the lack of knowledge available about their etiology and pathogenesis. Single-

cell RNA sequencing is a tool that provides useful insight into the functioning of the cells. It identifies cell-to-cell 

variations, new mutations, rare cell populations and cells that are more responsive to treatment.  

By visualizing the transcriptomics of the cells, it has provided valuable information regarding the pathogenesis of 

chronic inflammatory skin disorders like atopic dermatitis, psoriasis, lichen planus, acne, etc. Specific transcriptomics 

can then be used to synthesize the drugs that target the immune factor or the mutation responsible for the condition. 

Targeted therapy can prove useful because it will reduce the chances of drug resistance and improve the quality of 

life. More progressive research is required to understand disease pathogenesis and develop optimal treatments for 

patients.  

 

References 

 

[1]. Alwan W, Nestle FO. Pathogenesis and treatment of psoriasis: exploiting pathophysiological pathways for 

precision medicine. Clin Exp Rheumatol. 2015 Sep-Oct;33(5 Suppl 93):S2-6. Epub 2015 Oct 15. PMID: 26472336. 

 

[2]. Borcherding N, Crotts SB, Ortolan LS, Henderson N, Bormann NL, Jabbari A. A transcriptomic map of murine 

and human alopecia areata. JCI Insight. 2020 Jul 9;5(13):e137424. doi: 10.1172/jci.insight.137424. PMID: 32453712; 

PMCID: PMC7406251. 

 

[3]. Damiani G, Bragazzi NL, Karimkhani Aksut C, Wu D, Alicandro G, McGonagle D, Guo C, Dellavalle R, Grada 

A, Wong P, La Vecchia C, Tam LS, Cooper KD, Naghavi M. The Global, Regional, and National Burden of Psoriasis: 

Results and Insights From the Global Burden of Disease 2019 Study. Front Med (Lausanne). 2021 Dec 16;8:743180. 

doi: 10.3389/fmed.2021.743180. PMID: 34977058; PMCID: PMC8716585. 

 

[4]. Do TH, Ma F, Andrade PR, Teles R, de Andrade Silva BJ, Hu C, Espinoza A, Hsu JE, Cho CS, Kim M, Xi J, 



300   Limbana [et.al.], 2023    

  

 

 

Xing X, Plazyo O, Tsoi LC, Cheng C, Kim J, Bryson BD, O'Neill AM, Colonna M, Gudjonsson JE, Klechevsky E, 

Lee JH, Gallo RL, Bloom BR, Pellegrini M, Modlin RL. TREM2 macrophages induced by human lipids drive 

inflammation in acne lesions. Sci Immunol. 2022 Jul 22;7(73):eabo2787. doi: 10.1126/sciimmunol.abo2787. Epub 

2022 Jul 22. PMID: 35867799; PMCID: PMC9400695. 

 

[5]. Fehrholz M, Bertolini M. Collapse and Restoration of Hair Follicle Immune Privilege Ex Vivo: A Model for 

Alopecia Areata. Methods Mol Biol. 2020;2154:133-141. doi: 10.1007/978-1-0716-0648-3_11. PMID: 32314213. 

 

[6]. Haugh IM, Preston AK, Kivelevitch DN, Menter AM. Risankizumab: an anti-IL-23 antibody for the treatment of 

psoriasis. Drug Des Devel Ther. 2018 Nov 12;12:3879-3883. doi: 10.2147/DDDT.S167149. PMID: 30518998; 

PMCID: PMC6237136. 

 

[7]. He H, Suryawanshi H, Morozov P, Gay-Mimbrera J, Del Duca E, Kim HJ, Kameyama N, Estrada Y, Der E, 

Krueger JG, Ruano J, Tuschl T, Guttman-Yassky E. Single-cell transcriptome analysis of human skin identifies novel 

fibroblast subpopulation and enrichment of immune subsets in atopic dermatitis. J Allergy Clin Immunol. 2020 

Jun;145(6):1615-1628. doi: 10.1016/j.jaci.2020.01.042. Epub 2020 Feb 7. PMID: 32035984. 

 

[8]. Houser AE, Kazmi A, Nair AK, Ji AL. The Use of Single-Cell RNA-Sequencing and Spatial Transcriptomics in 

Understanding the Pathogenesis and Treatment of Skin Diseases. JID Innov. 2023 Mar 22;3(4):100198. doi: 

10.1016/j.xjidi.2023.100198. PMID: 37205302; PMCID: PMC10186616. 

 

[9]. Imai Y, Kusakabe M, Nagai M, Yasuda K, Yamanishi K. Dupilumab Effects on Innate Lymphoid Cell and Helper 

T Cell Populations in Patients with Atopic Dermatitis. JID Innov. 2021 Feb 20;1(1):100003. doi: 

10.1016/j.xjidi.2021.100003. PMID: 34909707; PMCID: PMC8659712. 

 

[10]. Kim D, Kobayashi T, Voisin B, Jo JH, Sakamoto K, Jin SP, Kelly M, Pasieka HB, Naff JL, Meyerle JH, Ikpeama 

ID, Fahle GA, Davis FP, Rosenzweig SD, Alejo JC, Pittaluga S, Kong HH, Freeman AF, Nagao K. Targeted therapy 

guided by single-cell transcriptomic analysis in drug-induced hypersensitivity syndrome: a case report. Nat Med. 2020 

Feb;26(2):236-243. doi: 10.1038/s41591-019-0733-7. Epub 2020 Jan 20. PMID: 31959990; PMCID: PMC7105105. 

 

[11]. Kim J, Lee J, Kim HJ, Kameyama N, Nazarian R, Der E, Cohen S, Guttman-Yassky E, Putterman C, Krueger 

JG. Single-cell transcriptomics applied to emigrating cells from psoriasis elucidate pathogenic versus regulatory 

immune cell subsets. J Allergy Clin Immunol. 2021 Nov;148(5):1281-1292. doi: 10.1016/j.jaci.2021.04.021. Epub 

2021 Apr 29. PMID: 33932468; PMCID: PMC8553817. 

 

[12]. Langan SM, Irvine AD, Weidinger S. Atopic dermatitis. Lancet. 2020 Aug 1;396(10247):345-360. doi: 

10.1016/S0140-6736(20)31286-1. Erratum in: Lancet. 2020 Sep 12;396(10253):758. PMID: 32738956. 

 

[13]. Laughter MR, Maymone MBC, Mashayekhi S, Arents BWM, Karimkhani C, Langan SM, Dellavalle RP, Flohr 

C. The global burden of atopic dermatitis: lessons from the Global Burden of Disease Study 1990-2017. Br J Dermatol. 

2021 Feb;184(2):304-309. doi: 10.1111/bjd.19580. Epub 2020 Nov 29. PMID: 33006135. 

 

[14]. Leonardi C, Matheson R, Zachariae C, Cameron G, Li L, Edson-Heredia E, Braun D, Banerjee S. Anti-

interleukin-17 monoclonal antibody ixekizumab in chronic plaque psoriasis. N Engl J Med. 2012 Mar 

29;366(13):1190-9. doi: 10.1056/NEJMoa1109997. PMID: 22455413. 

 

[15]. Liu J, Chang HW, Huang ZM, Nakamura M, Sekhon S, Ahn R, Munoz-Sandoval P, Bhattarai S, Beck KM, 

Sanchez IM, Yang E, Pauli M, Arron ST, Fung-Leung WP, Munoz E, Liu X, Bhutani T, North J, Fourie AM, 

Rosenblum MD, Liao W. Single-cell RNA sequencing of psoriatic skin identifies pathogenic Tc17 cell subsets and 

reveals distinctions between CD8+ T cells in autoimmunity and cancer. J Allergy Clin Immunol. 2021 

Jun;147(6):2370-2380. doi: 10.1016/j.jaci.2020.11.028. Epub 2020 Dec 9. PMID: 33309739; PMCID: PMC9179181. 

 

[16]. Liu T, Li S, Ying S, Tang S, Ding Y, Li Y, Qiao J, Fang H. The IL-23/IL-17 Pathway in Inflammatory Skin 

Diseases: From Bench to Bedside. Front Immunol. 2020 Nov 17;11:594735. doi: 10.3389/fimmu.2020.594735. 

PMID: 33281823; PMCID: PMC7705238. 



 Journal of Knowledge Learning and Science Technology ISSN: 2959-6386 (Online), Vol. 2, Issue 2, 2023    301 

 

 

 

[17]. Li WH, Zhang Q, Flach CR, Mendelsohn R, Southall MD, Parsa R. In vitro modeling of unsaturated free fatty 

acid-mediated tissue impairments seen in acne lesions. Arch Dermatol Res. 2017 Sep;309(7):529-540. doi: 

10.1007/s00403-017-1747-y. Epub 2017 May 31. PMID: 28567492. 

 

[17]. Liu Y, Wang H, Taylor M, Cook C, Martínez-Berdeja A, North JP, Harirchian P, Hailer AA, Zhao Z, Ghadially 

R, Ricardo-Gonzalez RR, Grekin RC, Mauro TM, Kim E, Choi J, Purdom E, Cho RJ, Cheng JB. Classification of 

human chronic inflammatory skin disease based on single-cell immune profiling. Sci Immunol. 2022 Apr 

15;7(70):eabl9165. doi: 10.1126/sciimmunol.abl9165. Epub 2022 Apr 15. PMID: 35427179; PMCID: PMC9301819. 

 

[18]. Motosko CC, Zakhem GA, Pomeranz MK, Hazen A. Acne: a side-effect of masculinizing hormonal therapy in 

transgender patients. Br J Dermatol. 2019 Jan;180(1):26-30. doi: 10.1111/bjd.17083. Epub 2018 Oct 14. PMID: 

30101531. 

 

[19]. Nakajima S, Nomura T, Common J, Kabashima K. Insights into atopic dermatitis gained from genetically defined 

mouse models. J Allergy Clin Immunol. 2019 Jan;143(1):13-25. doi: 10.1016/j.jaci.2018.11.014. PMID: 30612664. 

 

[20]. Nakatani-Kusakabe M, Yasuda K, Tomura M, Nagai M, Yamanishi K, Kuroda E, Kanazawa N, Imai Y. 

Monitoring Cellular Movement with Photoconvertible Fluorescent Protein and Single-Cell RNA Sequencing Reveals 

Cutaneous Group 2 Innate Lymphoid Cell Subtypes, Circulating ILC2 and Skin-Resident ILC2. JID Innov. 2021 Jul 

2;1(3):100035. doi: 10.1016/j.xjidi.2021.100035. PMID: 34909732; PMCID: PMC8659747. 

 

[21]. Nomura I, Gao B, Boguniewicz M, Darst MA, Travers JB, Leung DY. Distinct patterns of gene expression in 

the skin lesions of atopic dermatitis and psoriasis: a gene microarray analysis. J Allergy Clin Immunol. 2003 

Dec;112(6):1195-202. doi: 10.1016/j.jaci.2003.08.049. PMID: 14657882. 

 

[22]. Penkava F, Velasco-Herrera MDC, Young MD, Yager N, Nwosu LN, Pratt AG, Lara AL, Guzzo C, Maroof A, 

Mamanova L, Cole S, Efremova M, Simone D, Filer A, Brown CC, Croxford AL, Isaacs JD, Teichmann S, Bowness 

P, Behjati S, Hussein Al-Mossawi M. Single-cell sequencing reveals clonal expansions of pro-inflammatory synovial 

CD8 T cells expressing tissue-homing receptors in psoriatic arthritis. Nat Commun. 2020 Sep 21;11(1):4767. doi: 

10.1038/s41467-020-18513-6. PMID: 32958743; PMCID: PMC7505844. 

 

[23]. Rodríguez E, Eyerich K, Weidinger S. Genetik häufiger chronisch-entzündlicher Hauterkrankungen : Ein Update 

zu atopischem Ekzem und Psoriasis [Genetics of common chronic inflammatory skin diseases : An update on atopic 

dermatitis and psoriasis]. Hautarzt. 2011 Feb;62(2):107-18. German. doi: 10.1007/s00105-010-2053-1. PMID: 

21271233. 

 

[24]. Sawada Y, Saito-Sasaki N, Mashima E, Nakamura M. Daily Lifestyle and Inflammatory Skin Diseases. Int J 

Mol Sci. 2021 May 14;22(10):5204. doi: 10.3390/ijms22105204. PMID: 34069063; PMCID: PMC8156947. 

 

[25]. Shalek AK, Satija R, Shuga J, Trombetta JJ, Gennert D, Lu D, Chen P, Gertner RS, Gaublomme JT, Yosef N, 

Schwartz S, Fowler B, Weaver S, Wang J, Wang X, Ding R, Raychowdhury R, Friedman N, Hacohen N, Park H, May 

AP, Regev A. Single-cell RNA-seq reveals dynamic paracrine control of cellular variation. Nature. 2014 Jun 

19;510(7505):363-9. doi: 10.1038/nature13437. Epub 2014 Jun 11. PMID: 24919153; PMCID: PMC4193940. 

 

[26]. Ständer S. Atopic Dermatitis. N Engl J Med. 2021 Mar 25;384(12):1136-1143. doi: 10.1056/NEJMra2023911. 

PMID: 33761208. 

 

[27]. Li Q, Wang F, Shi Y, Zhong L, Duan S, Kuang W, Liu N, Luo E, Zhou Y, Jiang L, Dan H, Luo X, Zhang D, 

Chen Q, Zeng X, Li T. Single-cell immune profiling reveals immune responses in oral lichen planus. Front Immunol. 

2023 Apr 6;14:1182732. doi: 10.3389/fimmu.2023.1182732. PMID: 37090715; PMCID: PMC10116058. 

 

[28]. Wagner A, Regev A, Yosef N. Revealing the vectors of cellular identity with single-cell genomics. Nat 

Biotechnol. 2016 Nov 8;34(11):1145-1160. doi: 10.1038/nbt.3711. PMID: 27824854; PMCID: PMC5465644. 

 

[29]. Wang H, Deng Y, Peng S, Yan L, Xu H, Wang Q, Shen Z. RNA-Seq based transcriptome analysis in oral lichen 



302   Limbana [et.al.], 2023    

  

 

 

planus. Hereditas. 2021 Oct 6;158(1):39. doi: 10.1186/s41065-021-00202-z. PMID: 34615554; PMCID: 

PMC8495917. 

 

[30]. Warner GT, Plosker GL. Clindamycin/benzoyl peroxide gel: a review of its use in the management of acne. Am 

J Clin Dermatol. 2002;3(5):349-60. doi: 10.2165/00128071-200203050-00007. PMID: 12069641. 

 

[31]. Zhang J, Lei Z, Xu C, Zhao J, Kang X. Current Perspectives on Severe Drug Eruption. Clin Rev Allergy 

Immunol. 2021 Dec;61(3):282-298. doi: 10.1007/s12016-021-08859-0. Epub 2021 Jul 17. PMID: 34273058; PMCID: 

PMC8286049. 

  

      

 

 


