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Abstract
Acne is a persistent inflammatory disease of the pilosebaceous unit in which Cutibacterium acnes–induced immune dysregulation has a central function. Retinoic acid receptor-related orphan receptor alpha (RORA), essential transcription factor regulating Th17 differentiation and inflammatory responses via the JAK/STAT pathway, is involved in several chronic inflammatory diseases, suggesting a potential function in acne pathogenesis. This work aims to explain pathogenesis of acne vulgaris, pivotal function of Th17 and its relation to serum level of RORA and its gene polymorphism. The significant elevation of serum RORA protein levels and the predominance of polymorphic RORA genotypes in patients with acne vulgaris suggest an essential function for RORA in acne pathogenesis. 
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1. Acne Vulgaris 
Definition
Acne vulgaris (AV) is a persistent inflammatory disease affecting the pilosebaceous units. The initial phase of acne involves the formation of microcomedones gradually developping open (blackheads) and closed (whiteheads) comedones (Vary, 2016).
Pathogenesis
A. Role of Cutibacterium acne
A key pathogenic feature of Cutibacterium acnes [C. acnes] 
 is its ability to produce biofilms through the pilosebaceous unit. These biofilms enhance bacterial survival under hostile conditions and increase resistance to antimicrobial agents. (Burkhart & Burkhart, 2007). 
C. acnes strains isolated from acne-prone skin express distinct virulence genes not commonly found in strains from healthy skin. including lipases, CAMP factors, hemolysins, and dermatan sulfate–binding adhesins, which contribute to tissue damage and inflammation (Mayslich et al., 2021). Lipase-mediated hydrolysis of sebum triglycerides into free fatty acids induces pro-inflammatory cytokine release, particularly interleukin-1β, promoting perifollicular inflammation. (Jahns et al., 2016).
B. Role of hyper/dysseborrhea
In acne-prone skin, qualitative and quantitative alterations in sebum composition occur, characterized by reduced linoleic acid levels, increased squalene and lipid peroxides, and an increased ratio of saturated to monounsaturated fatty acids, all of which contribute to follicular hyperkeratinization and inflammation (Zouboulis et al., 2014).
Sebaceous gland activity is strongly influenced by hormonal regulation, particularly during puberty, when androgen-mediated stimulation leads to increased sebum production in both sexes. Androgen receptors are expressed in sebocytes and hair follicle structures, underscoring the direct hormonal control of sebaceous activity. (George et al., 2008, Picardo et al., 2017).
C. Ductal hypercornification and comedogenesis
The hallmark of the first phase of acne is the formation of microcomedones, which are clinically invisible retentional lesions and represent the fundamental precursors of all acne manifestations. Microcomedones develop as a result of pilosebaceous unit hyperplasia, abnormal corneocyte accumulation, and hyperproliferation of ductal keratinocytes. (Cunliffe et al., 2004).
Comedonal lesions harbor a higher microbial burden than inflammatory lesions, suggesting that microbial overgrowth—particularly Cutibacterium acnes and lipase-producing Malassezia species—contributes to the transition from non-inflammatory to inflammatory acne. (Xu et al., 2021).
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Figure (1): (A) Normal sebaceous follicle (B) Comedo.

D. Role of inflammation and Th17
The immunologic observations are now best explained by activation of the Th17 axis, which has emerged as a central component of acne pathogenesis. It is increasingly accepted that inflammation precedes visible lesion formation and represents an initiating event in acne development. C. acnes activates the Th17 pathway through multiple target cells, including keratinocytes, fibroblasts, monocytes, and sebocytes, all of which produce pro-inflammatory mediators in response to bacterial stimulation. Notably, the pathogenic phylotype IA1, through biofilm formation and secretion of virulence factors, strongly promotes IL-17 production by Th17 lymphocytes in acne patients (Huang et al., 2015).  Th17-mediated immunity is crucial for the progression of AV due to the presence of IL-17A-positive T cells and increased Th17-related cytokines inside acne lesions (Sardana & Verma, 2017).
Clinical picture
A. Symptoms
Acne Vulgaris local symptoms may encompass pain, tenderness, and/or erythema (Vary, 2015).  
B. Physical Examination
AV is clinically characterized by the presence of comedones, papules, pustules, and nodules distributed over sebaceous-rich areas, most commonly the face, upper chest, back, and less frequently, the upper arms. (Katsambas et al., 2014).
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[image: الوصف: Q179.-nodulocystic-acne – Ace Achievers][image: الوصف: Acne Vulgaris – oneSkin.com]Figure (2): Symptoms of Acne; multiple open comedones, closed comedones, and papulopustules, plus cysts.
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Clinical variants of acne 
A. Neonatal acne
Various tiny papules and pustules that are pinkish-red in color and inflammatory lesions are the most common clinical manifestations. The only areas that are affected by the lesions are the cheekbones, jawline, eyelids, and forehead. (Laureano et al., 2014).
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Figure (3): Neonatal acne consisting of small pinkish-red inflamed papules and pustules mostly confined to the cheeks, eyelids, and forehead.
B. Infantile Acne
Clinically, infantile acne presents with hallmark acneiform features, including both closed and open comedones, inflammatory papules, and small pustules (Kim & Mancini, 2013). Unlike neonatal acne, infantile acne poses a considerable risk of persistent sequelae, with small, nodular lesions observed in up to 50% of affected infants (Samycia & Lam, 2016).
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Figure (4): Infantile acne consisting mostly of open comedones and papules scattered over the cheeks.
C. Adult Acne
Adult acne may manifest as a persistent inflammatory form extending beyond 25 years of age, characterized by deep-seated, tender papulonodules involving lower 1/3 of the face, jawline, and neck, with premenstrual exacerbations and favorable responses to hormonal therapy. Alternatively, a predominantly comedonal pattern may be observed (Gieler et al., 2015). 
2. Retinoic acid receptor-related orphan receptor alpha
The retinoic acid-related orphan nuclear receptors
The retinoic acid–related orphan nuclear receptors [RORs] are members of the nuclear receptor superfamily of ligand-regulated transcription factors that modulate gene expression by binding to specific DNA sequences known as ROR response elements [ROREs]. (Capone & Volpe, 2020).
Ligand binding induces conformational changes within the receptor that facilitate recruitment of transcriptional co-regulators, thereby activating or repressing the transcription of target genes (Benna et al., 2021). The ROR family consists of three members: RORα [NR1F1], RORβ [NR1F2], and RORγ [NR1F3], encoded by RORA, RORB, and RORC genes. (Ma et al., 2021).
Function of RORA in T helper 17 development
RORα is upregulated during Th17 differentiation and contributes significantly to Th17 effector function. RORA can directly promote IL-17 expression and acts synergistically with RORγt to enhance Th17-associated cytokine production, suggesting that coordinated activity of both transcription factors is required for optimal Th17 lineage stability and function (Jiang et al., 2023, Simone et al., 2021).
Functional investigations demonstrate that inhibition of RORA suppresses pathogenic Th17 responses while promoting immunoregulatory effects, identifying RORA as a non-redundant regulator of Th17-mediated inflammation and a potential therapeutic target in chronic inflammatory diseases (Schinocca et al., 2021, Wang et al., 2021).
Genetic Polymorphism
Polymorphisms in the RORA gene are involved in a range of inflammatory, autoimmune, and neuropsychiatric conditions, including bipolar disorder, multiple sclerosis, asthma, breast cancer, and autism spectrum disorders, underscoring its function as a pleiotropic immunoregulatory gene (Jetten et al., 2021). In dermatology, RORA gene polymorphisms have been specifically associated with psoriasis, where the rs11639084 - variant linked to pathogenic Th17 responses l and rs4774388 - associated with oxidative stress pathways - were found to be significantly more prevalent among affected patients (Mikhael et al., 2025). 
Methods
This review combined a comprehensive evaluation of existing literature with institutional experience from Benha University Hospitals. For the literature review, electronic databases including Scopus, PubMed, and Google Scholar were searched for publications using terms like "Retinoid Acid-Related Orphan Receptor Alpha", "Acne vulgaris" and "Gene polymorphism." 
The review included clinical studies, observational reports, meta-analyses, and expert consensus statements, all focused on RORα serum level and gene polymorphism in AV patients. Only English-language full-text articles were included.
Discussion 
The current article exhibited a significant association between RORA gene polymorphisms and AV, confirming a potential function for RORA in acne pathogenesis. The polymorphic genotypes of rs11639084 [TC+CC] and rs4774388 [CT+TT] were significantly more prevalent among acne patients compared with controls and were associated with markedly increased disease risk. These observations exhibit that genetic variation within the RORA gene may confer susceptibility to AV, Table 1.
In addition to genetic associations, Serum RORA protein levels were markedly increased in patients with acne compared to healthy controls and demonstrated a strong correlation with disease severity. Higher RORA levels were observed in moderate and severe acne compared with mild disease. 
Moreover, carriers of the polymorphic genotypes exhibited significantly higher serum RORA levels than individuals with wild-type genotypes, indicating a functional impact of these polymorphisms on RORA expression. This genotype–phenotype relationship supports a biological link between RORA genetic variation and acne severity.
The observed association between RORA expression and acne severity may be explained by the established function of RORA in regulating Th17 cell differentiation and IL-17–mediated inflammatory responses. Given the growing evidence implicating Th17-driven inflammation in acne, increased RORA activity may contribute to sustained cutaneous inflammation, lesion progression, and subsequent scaring. 
Interestingly, acne patients with metabolic syndrome demonstrated significantly higher serum RORA levels and a greater prevalence of polymorphic RORA genotypes. This observation aligns with previous reports linking RORA to lipid metabolism, inflammation, and metabolic dysregulation, and suggests that RORA may represent a shared molecular pathway connecting acne severity and metabolic abnormalities. Similarly, the higher prevalence of polymorphic genotypes among smokers may reflect the interaction between oxidative stress, inflammation, and RORA-regulated immune pathways.
Collectively, these findings indicate that RORA polymorphisms and increased serum RORA protein levels are associated with acne susceptibility, disease severity, scarring, and metabolic comorbidity. Given the central function of RORA and its interaction with RORγt in Th17-mediated inflammation, targeting this pathway may represent a promising therapeutic strategy for AV. However, further longitudinal and mechanistic investigations are necessary to clarify causality and to assess the promise of RORA as a biomarker or therapeutic target in acne management.
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Table (2): Primers used for RORA SNPs (rs4774388 and rs11639084)
	SNP
	Primers 
	Primer sequences

	rs4774388
	Forward Outer 
	5' – CTGTGAGACCCTTTGACAACAGTACGTG – 3'

	
	Reverse Outer
	5' – TGAGGAAGAGTCCTTAGGAAGGGATGTC – 3'

	
	Forward Inner
	5' – CGGCATGATATTCATCGTCAAATCTGTTGC – 3'

	
	Reverse Inner
	5' – GCTGAGATGGAGACATCACAGAATGTCA – 3'

	rs11639084
	Forward Outer 
	5' – GTATTTGCATTTGTCATCCTTATCAACC – 3'    

	
	Reverse Outer
	5' – AACTGTGGGCAAGTTATTTAACCTCTCT – 3'

	
	Forward Inner
	5' – GTTGCCAGCTAATGTTTATTGCATAATC – 3'

	
	Reverse Inner
	5' – TGGAGGCTTTAGTCTCTGGAACATATTA – 3'



Conclusion
Accumulating evidence indicates that increased serum RORA protein levels and polymorphisms in the RORA gene, particularly rs11639084 and rs4774388, are closely associated with acne vulgaris and may play a pivotal role in its pathogenesis through inflammatory and metabolic pathways. These molecular alterations suggest that RORA has potential value as a prognostic biomarker for severe acne and as a predictor of associated metabolic disturbances. From a translational perspective, targeting RORA-mediated signaling represents a promising avenue for personalized acne management. Future research should focus on large multicenter studies, tissue-level expression analyses, genotype-treatment response relationships, and the development of novel topical and systemic RORA-based therapeutic strategies to clarify its clinical utility and therapeutic potential.
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