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Abstract 

Background and purpose: Non-scarring alopecia, principally androgenetic alopecia and alopecia areata is 
highly prevalent and psychologically burdensome; androgenetic alopecia is androgen-driven, whereas 
alopecia areata is autoimmune. This review synthesizes genetic architecture and pathway biology to outline 
a precision framework for targeted interventions. Experimental approach: We reviewed full-text studies 
from the past decade across PubMed, Web of Science and Google Scholar, applying explicit inclusion/ex-
clusion criteria; emphasis was placed on Genome wide association studies and Next generation sequencing 
findings, immune and androgen-axis biology, environmental modifiers, and therapeutic evidence (conven-
tional, targeted, and regenerative), alongside artificial Intelligence-enabled diagnostics. Key results: Andro-
genetic alopecia risk converges on androgen-receptor signalling and related loci, with perifollicular inflam-
mation and oxidative stress as modifiers; finasteride remains a cornerstone therapy. Alopecia areata reflects 
polygenic immune dysregulation (e.g. Human leukocyte antigen/cytokine axes) with Janus Kinase-pathway 
inhibition yielding robust regrowth; across phenotypes, wingless-related integration sit/β-catenin and stem- 
-cell programs are central targets. Regenerative options (Protein Rich Plasma, stem-cell/exosome approaches) 
and artificial Intelligence-assisted stratification are emerging adjuncts. Conclusion: A pathway-guided, 
genotype and phenotype-informed strategy, targeting the androgen axis for androgenetic alopecia, immune 
circuits for alopecia areata, and adding regenerative or microenvironmental therapies where indicated-
promises earlier diagnosis and more durable, individualized outcomes, especially as genome-wide 
association study/next-generation sequencing and artificial Intelligence tools are integrated into care.  

©2025 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative Commons 
Attribution license (http://creativecommons.org/licenses/by/4.0/). 
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Introduction 

Alopecia is a genetic disorder, often referred to as a hair loss condition, which affects 2.1 % of people 

across the world [1]. Based on its nature of reversibility, alopecia is further classified into scarring and non-
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scarring alopecia. Scarring alopecia results in the permanent loss of hair because of irreversible damage to 

the hair follicles, while in non-scarring alopecia, the hair follicles remain intact, and proper treatment based 

on the cause results in hair re-growth [2]. Of the various kinds of non-scarring alopecia, the most popular 

non-scarring alopecia are androgenetic alopecia (AGA) and alopecia areata (AA) [3].  

Male- or female-pattern baldness is the most prominent characteristic of AGA, driven by androgenic 

effects at the genetic level, in which the anagen phase is shortened, leading to follicular shrinkage [4]. It was 

reported from various studies that nearly 74.8 % of men and 40 % of women will experience this condition 

in their lifetimes. Unlike AGA, which is caused by androgens, alopecia areata is an autoimmune condition in 

which the immune system attacks the hair follicles, causing patches [5]. The exact cause of AA remains 

unclear; however, environmental factors, along with weakened immunity, contribute to hair loss. AA is most 

commonly observed in youngsters and has a significant impact on their physical appearance, a major factor 

accounting for both emotional distress and psychological problems [6]. 

In-depth research into the genetic factors underlying non-scarring alopecia will help tailor targeted therapies 

for hair regrowth. The literature indicates that AA is caused by deregulation of human leukocyte antigen (HLA) 

genes, changes in cytokine production, or T-cell activation, leading to follicular damage [7]. Researchers are 

focusing on targeting the Janus Kinase pathways as a tailored solution to treat individuals with AA [8]. This will 

be one of the safest and most promising approaches to using corticosteroids to promote hair regrowth. Genetic 

variations in androgen receptors have led to AGA. These biomarkers can be used to diagnose and treat AGA. 

Among the available medications, finasteride is the most commonly prescribed for AGA [9]. 

Even though various genetic factors contribute to hair loss, it is attributed to the combined effects of 

medications, nutrition, and environmental factors. Some molecular signalling pathways that can be targeted 

for hair growth include Wnt signalling pathway factors, hair follicle stem cell regulation pathways, etc. [10]. 

Technological advances, such as genetic screening, the integration of Artificial Intelligence (AI), and precision 

medicine, will enable individualized treatment for the management of non-scarring alopecia [11]. The present 

study explores in detail the understanding mechanisms of various genetic markers, associated pathways, 

psychological impact, and tailored therapies for curing non-scarring androgenic alopecia. 

Genetic basis for the non-scarring alopecia 

Search strategy 

Articles related to non-scarring alopecia, genetic and molecular pathways, and associated treatment 

papers are retrieved from databases such as PubMed, Web of Science, and Google Scholar. The keywords 

used for the identification of the relevant papers are “alopecia”, “hair loss”, “hair regrowth”, “tailored 

treatments”, “technology”, “traditional methods”, “Genetic Markers”, “molecular pathway signalling” and 

“herbal therapies”. To understand molecular data analysis, some studies on microarrays and gene expression 

profiling in non-scarring alopecia were also utilised. 

Inclusion and exclusion criteria 

Studies on alopecia, specifically non-scarring alopecia, are considered. There are a few studies related to 

randomised controlled trials, case studies, and quantitative studies. The articles that are full-length and freely 

available in the above database were chosen for this study. Articles from the past 10 years were collected, 

and further analysis was conducted. Studies older than 10 years were excluded. Studies of hair loss without 

significant details on non-scarring alopecia were excluded. Studies on hair regrowth supplements are also 

excluded. In the past, genetic analysis has enabled detailed study of disease pathophysiology and helped 
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tailor personalised treatments. As the literature indicates that AA and AGA are inherited hair disorders, 

genetic analysis will help prevent hair loss.  

Technological advancements have provided evidence of the genetic variants and their loci that influence 

the type of alopecia [12]. Single-gene-related alopecia is known as monogenic, whereas multiple-gene-

related alopecia is known as polygenic [13]. Alopecia is a complex hair disorder that can be triggered by 

environmental factors in addition to genetic predisposition [14]. This, in turn, will affect hair follicle cycling, 

the autoimmune response, and hormonal dysregulation, thereby impacting individuals' psychological health. 

Some of the crucial techniques that have become popular in recent times include genome wide association 

studies (GWAS) and next-generation sequencing (NGS) to uncover the causes of different types of non-

scarring alopecia [15]. Various researchers are working on different aspects related to immune changes, 

environmental impact, pre-existing disorders, genetic analysis (Figure 1), and technology integration to 

identify potential targets for diagnosing and treating non-scarring alopecia. 

 
Figure 1. Causes of alopecia 

Environmental and psychological factors in alopecia areata 

The most common environmental factors that trigger AGA, in addition to genetic changes, include hormonal 

changes, pollution, oxidative stress, nutritional deficiencies, sleep disturbances, psychological distress, smoking, 

alcohol, and exposure to UV radiation (Figure 2) [16]. Endocrine-disrupting chemicals, such as phthalates and 

pesticides, mimic androgenic pathways, increasing dihydrotestosterone (DHT) sensitivity, thereby causing 

follicular miniaturization, weak, thin hair, and patterned baldness [17]. One of the most commonly recom-

mended AGA treatments is finasteride or dutasteride [18]. Smoking and air pollutants generate reactive oxygen 

species (ROS) in the hair follicles and account for their damage. High-fat, high-sugar, and low-protein and 

mineral foods increase androgen production, impair follicular function, and induce follicular inflammation, 

respectively. Psychological stress increases cortisol levels, leading to androgen sensitivity and inflammation. 

Disturbances in the sleep cycle affect the follicular cells' circadian regulation. Long-term exposure to UV causes 

scalp inflammation, follicular stem cells damage and can alter the patterns of aging [19]. 

Alotiby et al. [20] presented a case study of a 28-year-old female diagnosed with AA, with no history of 

autoimmune disorders, whose condition was exacerbated by emotional stress. 

https://doi.org/10.5599/admet.3030


R. Kapoor et al.  ADMET & DMPK 00(0) (2025) 3030 

4  

 
Figure 2. Impact of environmental stressors on AGA 

Their research focused on the role of psychological distress as an environmental factor triggering AA. The 

researchers explored the combination of minoxidil treatment and stress reduction techniques, which 

resulted in improved hair growth among individuals suffering from psychological distress. This suggests that 

addressing emotional well-being alongside traditional therapies can improve outcomes for patients with AA. 

Increased stress activates the hypothalamic-pituitary-adrenal (HPA) axis, causing hair follicle damage. 

Oxidative stress is the body’s inability to neutralise the reactive oxygen species, which in turn accounts for 

the hair follicle death and inflammation.  

Immune mechanisms and inflammatory pathways in androgenetic alopecia and alopecia areata   

AGA is primarily caused by the genetic predisposition and androgen metabolism. Recent research has 

revealed that immune and inflammatory pathways are also involved in the progression of AGA (Figure 3). 

Perifollicular inflammation is the most commonly observed finding in biopsies of AGA patients. The 

upregulation of pro-inflammatory cytokines such as IL-1α, IL-6, and TNF-α increases baldness and catagen-

promoting effects. Increased ROS activates the transcription factor NF-κB, which, in turn, causes inflammation.  

 
Figure 3. Immune pathways involved in AGA 
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The studies of Cuevas-Diaz Duran et al. [21] have provided evidence that infiltration of T cells and Mast 

cells in the follicular areas promotes fibrosis. Zong et al. [22] reported that NLRP3 inflammasome activation, 

associated with the innate immunity, causes AGA. This process involves the activation of caspase-1, which, 

in turn, triggers inflammatory pathways. Some microbial infections, particularly those involving 

Cutibacterium spp. and Malassezia spp., stimulate TLR2 and TLR4, thereby activating inflammatory pathways 

and inducing the release of inflammatory cytokines that contribute to AGA [23]. 

Lina Alhanshali et al. [1] provided a comprehensive review of the immune mechanisms underlying AA, 

particularly the downregulation of major histocompatibility complex-I (MHC), which plays a key role in 

immune responses. Healthy hair follicles secrete immune-privileged factors, such as IL-10, αMSH, and TGF-

β1, to protect against autoimmune attacks; however, this process is impaired in AA. Elevated interleukin  

(IL-2, IL-4, IL-15) levels have been observed in AA patients, with a subsequent decrease after treatment [1]. 

Additionally, increased expression of Toll-like receptors (TLR7 and TLR9) has been observed in AA patients, 

suggesting that targeting these receptors could mitigate disease severity. Further research into the genetic 

and molecular mechanisms of AA has also focused on the role of autophagy in disease development. Yi Lin 

et al. [24] demonstrated that disruption of the autophagy mechanism and accumulation of SQSTM1 proteins 

contribute to AA, and pharmacological induction of autophagy could potentially prevent scarring in affected 

individuals. The pathways involved in non-scarring alopecia were tabulated in Table 1. 

Table 1. Pathogenic pathways and recommendation for non-scarring alopecia 
Pathway/factor Involved Recommendation Ref. 

Immune factors forkhead box P3 (FOXP3), inducible T-cell 
costimulator ligand (ICOSLG), major Histocompatibility 

complex class I-related sequence A (MICA), Interleukin 7 
receptor alpha (IL7RA), HLA subtypes, etc 

Immune dysregulation causing AA, targeting the inhibitors 
for these genes will prevent AA 

[12] 

Genetic variations in protein tyrosine phosphatase non-
receptor type 22 (PTPN22), HLA-DRB1 

JAK inhibitors [12] 

Interleukin-13 (IL-13), C-type lectin domain family 
16 member A (CLEC16A) susceptibility loci, cytotoxic  
T-lymphocyte-associated protein 4 (CTLA4) pathways 

Exploring CTLA4 and T cell populations for AA treatment 
strategies 

[13] 

Environmental factor- psychological stress Stress management + medications [20] 

Arginine deficiency- dysregulation of mechanistic target of 
rapamycin (mTOR) pathway, 

Clinical intervention for mTOR pathway alterations  
will prevent AA 

[25] 

Interleukin-33 (IL-33) as a link between asthma and AA IL-33 inhibitors [26] 

Metabolic profiling Need to study further to understand interactive effects [26,27] 

Impact of gut microbiome and metabolites 
In-depth understanding of the gut microbiome is 

recommended 
[28] 

Immune dysregulation cluster of differentiation 24 (CD24), 
C-C chemokine receptor type 2 (CCR2) transcriptional  

"hot spots" 

Genetic profiling + transcriptional analysis for early diagnosis 
and prevention of AA 

[29] 

Dysregulated hair follicle stem cells (HFSCs) + 
environmental factors 

Targeting HFSCs will cure non-scarring alopecia [30] 

Decreased leukocyte telomere length (LTL) Inhibitors against LTL prevention will prevent AA [31] 

Immune dysregulation-CD8A, phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit gamma (PIK3CG), 

src kinase associated phosphoprotein 1 (SKAP1) 

Cluster of Differentiation 8 alpha chain (CD8A) and immune 
checkpoint pathway inhibitors 

[32] 

Immune collapse-plasmacytoid dendritic cells (pDCs), IFN-γ Clinical intervention to pDCs will prevent AA [33] 

HLA associations and cytokines (IL-2, IFN-γ, IL-10, etc.) JAK inhibitors can be used to treat AA [34] 

Metabolic profiling Metabolites can be used as biomarkers for AA [35] 

Immune cell accumulation, neuroendocrine system 
disruption, stress hormones 

Neurocrine mediators [36] 

Oxidative stress leading to DNA damage and antioxidants Vitamin supplementation recommendations [37] 

Dysregulated autophagy Autophagy prevention will prevent AA [38] 

Vitamin D deficiency and zinc levels Supplements for vitamin D [39] 
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Genetic and molecular insights 

 Genetic research has further advanced the understanding of AGA and AA. Y. Li et al. [25] explored the 

role of impaired arginine metabolism in androgenetic alopecia (AGA), finding that an arginine deficiency and 

increased levels of ornithine disrupted the mTOR pathway, a key regulator of hair follicle development. By 

supplementing arginine and using dietary supplements, hair follicle regrowth was promoted in ex vivo 

experiments, suggesting that targeting metabolic pathways could be a therapeutic strategy for AGA [40].  

In a broader genetic context, Mendelian randomization (MR) studies have provided insights into the 

genetic risk factors of AA. Few researchers have performed MR and genome-wide association studies (GWAS) 

to investigate the relationship between asthma and AA, identifying interleukin IL-33 as a mediator [41]. Their 

findings indicate that individuals with asthma have an increased risk of developing AA, thus highlighting the 

interconnectedness of immune-related diseases. Additionally, Yimei Du et al. [42] used a two-sample MR 

approach to examine the impact of approximately 452 metabolites on AGA. Their analysis identified heme 

and 2-palmitoyl-glycerophosphocholine as risk factors for AGA, while scyllo-inositol and alpha-ketoglutarate 

were found to have protective effects. This study underscores the importance of metabolites in the 

progression of AGA, further suggesting potential biomarkers for diagnosis and treatment. 

Androgenetic alopecia (AGA) is a multifactorial condition characterized by progressive hair follicle 

miniaturization in genetically predisposed individuals under the influence of androgens. While the role of 

dihydrotestosterone (DHT) is central to its pathophysiology, mounting evidence underscores a complex genetic 

architecture involving several key genes and signalling pathways that regulate follicular response to androgens. 

The androgen receptor (AR) gene, located on the X chromosome (Xq11-12), has emerged as a major 

genetic determinant of AGA. Hibberts et al. [30] demonstrated significantly higher levels of AR expression in 

dermal papilla cells from balding scalp compared to non-balding regions, establishing a functional link 

between AR density and follicular sensitivity to androgens. Subsequent genetic studies identified several 

single-nucleotide polymorphisms (SNPs) and triplet-repeat polymorphisms in the AR gene associated with 

early-onset AGA. However, not all polymorphisms exert a pathogenic effect; for instance, Ellis et al. [43] 

reported that the AR polyglycine repeat variant does not confer increased susceptibility. Beyond AR, the 

EDA2R gene, also located on the X chromosome, has been implicated in AGA. Prodi et al. [44] identified a 

strong association between EDA2R polymorphisms and male pattern baldness, potentially through linkage 

disequilibrium with AR, further highlighting the importance of maternal inheritance patterns in AGA. 

Genome-wide association studies (GWAS) have broadened our understanding of AGA by revealing additional 

risk loci. Heilmann et al. [45] identified four significant loci at 2q35, 3q25.1, 5q33.3 and 12p12.1, implicating genes 

such as WNT10A, which plays a role in hair follicle cycling and differentiation. Similarly, Shimomura et al. [46] 

linked APCDD1, a known Wnt signalling inhibitor located at 18p11.2, to hereditary hair loss. These findings sup-

port the crucial role of Wnt/β-catenin signalling in maintaining follicular integrity, a hypothesis reinforced by 

Leirós et al. [47], who demonstrated androgen-mediated suppression of Wnt signalling in dermal papilla cells. 

Additional gene expression profiling studies provide insights into regional differences in scalp gene 

activity. Mirmirani et al. [48] identified 38 differentially expressed genes between the vertex and frontal scalp 

in AGA patients, while Midorikawa et al. [49] reported a distinct expression profile in dermal papilla cells 

from balding regions. These findings suggest localized genetic regulation in response to androgen exposure. 

The role of prostaglandin metabolism has also garnered interest. Garza et al. [50] found elevated levels of 

prostaglandin D2 (PGD2) and its synthesizing enzyme PGDS in balding scalp regions, implicating PGD2 as an 

inhibitor of hair growth via premature catagen induction. However, Heilmann et al. [51] argued against a 

genetic basis for PGD2’s involvement due to the lack of GWAS association near PGDS loci. 



ADMET & DMPK 00(0) (2025) 3030 Precision therapeutics in non-scarring alopecia 

doi: https://doi.org/10.5599/admet.3030  7 

Finally, genetic variations in steroid 5 alpha-reductase 1 (SRD5A1) and steroid 5-alpha-reductase type 2 

(SRD5A2), encoding the two isoforms of 5α-reductase, contribute to increased DHT formation in balding 

areas, amplifying androgenic effects at the follicular level [52,53]. Together, these findings demonstrate that 

AGA arises from a complex interplay among androgenic stimulation, genetic predisposition, and modulation 

of signalling pathways. Future studies integrating GWAS, epigenetic profiling, and functional genomics will 

be instrumental in unravelling the precise molecular etiology and identifying novel therapeutic targets. 

Pathways and mechanisms of androgenetic alopecia and alopecia areata 

AGA is a multifactorial disorder that is driven by genetic as well as various environmental stressors. 

Kwack et al. [54] have described that the DHT binding to the dermal papilla increases the levels of TGF-β1 

and DKK-1, in turn suppressing the Wnt/β-catenin signalling pathway, preventing the follicular regeneration. 

The scalp affected by AGA will exhibit perifollicular inflammation due to elevated levels of pro-inflammatory 

cytokines, leading to immune-mediated damage to hair follicles. Oxidative stress causes stem cell dysfunction 

and activates the NF-κB signalling pathway [55]. 

Dihydrotestosterone and Wingless-related integration site suppression cycle androgenetic alopecia  

DHT, an androgen hormone, is one of the primary culprits of AGA in individuals with a hereditary predispo-

sition to the condition. Those with AGA heredity tend to have more androgen receptors in hair follicles, which 

are directly associated with increased androgenic activity. Within the hair follicle, the enzyme 5α-reductase 

catalyses the conversion of testosterone to DHT. The DHT formed then binds to androgen receptors, initiating 

an intracellular cascade that leads to hair follicle miniaturization, a shortened anagen phase, and a prolonged 

telogen phase, ultimately resulting in visible hair loss. This process is further exacerbated by the production of 

transforming growth factor-beta 1 (TGF-β1), triggered by DHT, which promotes hair follicle regression and, in 

turn, reduces follicular activity, thereby contributing to progressive hair loss (Figure 4). 

 
Figure 4. DHT-Wnt suppression cycle - AGA 

In rare chronic inflammatory conditions, permanent hair follicle damage is observed due to fibrosis. There 

is a need to develop targeted therapies that not only address androgen activity but also immune/inflammatory 

responses. Various molecular pathways have been implicated in the pathogenesis of AA. Zihyu Liu and Xiaoyan 
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Liu [56] reviewed several critical signalling pathways involved in AA, including JAK-STAT, TGF-β, and Wnt/β-

catenin pathways. 

These pathways are dysregulated in AA, leading to impaired hair follicle growth and immune responses. 

Additionally, factors such as oxidative stress, gut microbiome imbalances, and intestinal barrier disruption 

have been identified as contributors to disease progression. The authors proposed that a combination of 

targeted treatments addressing these pathways could improve outcomes for AA patients.  

Moreover, Baoyi Liu et al. [57] conducted a microarray analysis to identify prognostic signatures 

associated with scalp diseases like AA. Their findings indicated upregulation of T-cell chemotaxis and 

interferon-β responses, along with downregulation of keratin filaments, suggesting that these changes may 

serve as biomarkers of AA. Coda & Sinha [58] further explored the clinical heterogeneity of AA, identifying 

dysregulated genes and transcriptional "hot spots" by integrating genome-wide transcriptional and genetic 

data. This highlights the importance of combining genetic and transcriptional analyses to identify novel 

biomarkers and improve clinical interventions. The genes that modulate AGA and AA are shown in Table 2. 

Table 2. Genes responsible and associated pathways for modulating androgenetic alopecia 
AGA/AA Gene Primary pathway getting altered Detailed pathway analysis 

AGA 

AR (androgen receptor) 
Androgen signalling  

[28-31,37,45,59] 

Shorter CAG repeats + rs6152 SNP → ↑AR activity & DHT 
binding → ↑Androgen-responsive gene expression → Follicle 

miniaturization → Hair loss-AGA 
SRD5A2 - 5α-reductase 

type 2 
Androgen signalling [28,46,60] 

V89L (rs523349) ± A49T → ↑5α-reductase activity → ↑DHT in 
follicles → Miniaturization → Hair loss-AGA 

Dickkopf-related 
protein 1 (DKK1) 

Wnt/β-catenin Signalling 
[39,54] 

↑DKK1 → Binds LRP5/6 → Blocks Wnt signalling → ↓β-catenin 
activity → Impaired follicle regeneration → Hair loss-AGA 

SFRP1/2 
Wnt/β-catenin Signalling 

[30,47] 
↑SFRPs → Bind Wnt ligands (decoy receptors) → Inhibit Wnt 

signalling → ↓Follicle activation → Hair loss-AGA 

WNT10A 
Wnt/β-catenin Signalling 

[31,32,34,61,62] 

WNT10A →↑Wnt signalling→stabalises β-catenin→ ↑Follicle 
activation→ Prevents hair loss-AGA 

If mutation happens: rs7349332 (SNP mutation)-WNT10A variants 
→↓Wnt signalling→↓Follicle activation→Promotes hair loss-AGA 

MTOR, SLC7A1, 
ARG1/ARG2 

mTOR/Arginine Metabolism 
[63] 

SNPs → ↓Arginine uptake + ↑Ornithine → ↓mTOR signalling → 
↓Follicle cell proliferation → Hair loss-AGA 

NFKB1, RELA, TNF, IL6, 
SOD2, etc. 

NF-κB signalling 
(Inflammation/stress) [42] 

Oxidative stress → NF-κB activation → ↑Pro-inflammatory 
genes (e.g. IL6, TNFα) → Stem cell dysfunction & follicle damage 

→ Hair loss-AGA 
PTGDS (prostaglandin 

D2 synthase) 
Prostaglandin pathway [50] 

↑PTGDS → ↑PGD2 in follicles → Binds GPR44 receptor → 
Inhibitory signalling → Hair growth suppression → Hair loss-AGA 

PTGDR2 (GPR44) Prostaglandin pathway [50] 
↑PTGDR2 expression → ↑Sensitivity to PGD2 → Inhibitory 

signalling → Early catagen/telogen → Hair loss-AGA 

SRD5A1 Androgen signalling [64] 
Converts testosterone to DHT; ↑SRD5A1 expression in balding 

follicles → ↑DHT production → Enhanced AR activation → 
Follicle miniaturization → Hair loss-AGA 

EDA2R 
AR/EDA2R locus interaction 

[44] 

In LD with AR locus; may regulate AR expression or ectodermal 
development pathways → Altered follicular development → 

↑Miniaturization → Hair loss-AGA 

APCDD1 
Wnt/β-catenin signalling 

Inhibition [46,53] 

↑APCDD1 inhibits Wnt by binding LRP5/6 or Wnt ligands →  
↓β-catenin activity → ↓Hair follicle regeneration → 

Miniaturization → Hair loss-AGA 

BMP2 BMP/TGF-β signalling [49,50] 
BMP2 regulates follicle development; ↑BMP2 or SNPs → 
Telogen prolongation + Anagen inhibition → ↓Stem cell 

proliferation → Miniaturization → Hair loss-AGA 

BDNF (Brain-Derived 
Neurotrophic Factor) 

Neurotrophin signalling [49,50] 
↓BDNF expression or Val66Met variant → Disrupted follicle 

innervation and stem cell activity → Impaired anagen entry → 
Miniaturization → Hair loss-AGA 

EGR1 Transcriptional regulation [48] 
↓EGR1 in frontal scalp → ↓Growth-promoting gene expression 

→ ↓Follicle renewal → ↑Miniaturization → Hair loss-AGA 

AA STAT3, IL13, IL2RA, etc. 
JAK-STAT autoimmune 

Inflammation [34] 

↓Immune privilege → ↑IFN-γ/IL-15 → JAK1/JAK2 activation → 
STAT1/3 → ↑MHC on follicles → CD8⁺ T cell attack → Follicle 

destruction → Hair loss-AA 
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Hair follicle stem cell dysfunction 

Yuanhong Liu et al. [65] examined the dysregulation of hair follicle stem cells as a key mechanism in hair loss 

pathogenesis. Changes in the microenvironment, such as aging, diet, and stress, can disrupt the hair follicle 

stem cell lifecycle. The study identified mechanisms, including decreased lactate levels, mTORC2 deletions, and 

increased androgen receptor expression, as contributing factors. They suggested that stimulating hair follicle 

stem cells through various therapeutic interventions could potentially improve hair regrowth. 

Telomere length and genetic risk factors 

Telomere length (LTL) has been identified as a potential genetic risk factor for AA. Yicheng Li et al. [66] 

conducted a Mendelian randomization study using GWAS data from the FinGen biobank and found that 

shorter leukocyte telomere length increased the risk of AA by 3.19 times. Their findings suggest that LTL could 

serve as a valuable genetic marker for predicting AA susceptibility and may help identify individuals at risk 

for early intervention. 

Single-nucleotide polymorphisms in androgenetic alopecia  

It was reported in many studies that single-nucleotide polymorphisms (SNPs) are a promising contributor 

to AGA. SNPs directly affect gene expression and protein function, leading to changes in follicular 

development and alterations in androgenic pathways [32]. Hence, SNPs play a crucial role in understanding 

individual susceptibility to AGA and can also serve as promising targets for personalized medicine. SNPs in 

the PITX2 gene that cause AGA are the most distinctive feature identified in the Indian population. The most 

reported SNPs of the PITX2 gene are rs2200733, rs13143308, and rs10033464 and the associated molecular 

pathways, which are getting altered, are Wnt/β-catenin signalling pathway, androgenic receptor (AR) 

expression and 5α-reductase pathway [33]. Individuals with shorter repeats of SNP rs6152 exhibit higher AR 

activity, leading to AGA. The SNPs of the WNT10A gene -rs7349332 and SRD5A2 (rs523349) have direct 

impacts on the 5α-reductase functionality leading to hair follicle miniaturization [35]. Few researchers have 

also reported that SNPs modulate the prostaglandin pathway, thereby inhibiting or stimulating hair growth. 

PTGDR2 variants (rs533116, rs545659) and PTGFR-rs10782665 are among the variants that modulate the 

prostaglandin pathways. In addition to the above applications, some SNPs, such as PTGES2 (rs13283456) and 

ACE (rs4343), are used to analyse treatment responses, including minoxidil [35]. Additional genes involved in 

AGA are shown in Table 3.  

Table 3. AGA-associated genes and SNP alterations 
Gene SNPs or Variants Alterations 

PITX2 [33] rs2200733, rs13143308, rs10033464 Wnt/β-catenin signalling pathway, AR expression, and 5α-reductase 

AR [34] rs6152 Alters AR sensitivity 

WNT10A [51] rs7349332 Wnt signalling pathway 

SRD5A2 [35] rs523349 5α-reductase activity and DHT synthesis 

PTGDR2 [32] rs533116, rs545659 Inhibits the expression of PGD2 expression- prevents hair growth 

PTGFR [37] rs10782665 Enhances PGF2α activity-stimulates hair growth 

PTGES2 [32] rs13283456 minoxidil efficacy modulation-prostaglandin pathway alterations 

ACE [32] rs4343 Impacts the vascular response; minoxidil efficacy modulation 

EBF1 [51] rs929626, rs1081073 Immunity modulation 

Role of microRNAs in androgenetic alopecia  

MicroRNAs (miRNAs) are key players in regulating the post-transcriptional gene expression [36]. Evidence 

from numerous studies indicates that miRNAs are involved in the regulation of hair loss [37]. The most 

commonly associated hair disorder associated with abnormal miRNA expression is AGA. Some of the 

pathways regulated by miRNAs include the Wnt/β-catenin signalling pathway, which promotes hair growth 

by inhibiting the DKK1 [5]. Increased levels of miR-133b prevent follicular growth. Besides individual 
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microRNAs, a network comprising LncRNA-miRNA-mRNA has a significant role in the pathogenesis of AGA. 

39 lncRNA AC010789.1 delays AGA progression by upregulating Wnt/β-catenin signalling and inhibiting miR-

21-5p expression [67]. The researchers reported that miR-324-3p is absent in bald stem cells, making it a 

prominent marker for identifying the cause of hair loss [68]. Hence, it is clear that miRNA can be used in both 

the diagnosis and treatment of AGA. The role of miRNA in various pathways (both upregulation and 

downregulation) is tabulated below (Table 4). 

Table 4. Role of microRNAs in AGA 
miRNA Expression in AGA Primary Target(s) Effect on Pathways Functional Impact 

miR-133b [69] Upregulated β-catenin ↓ Wnt/β-catenin signalling 
AGA progression-hair 

loss miR-29a/b1 [38] Overexpression 
Wnt and BMP pathway 

genes 
↓ Wnt signalling 

miR-107 [38] Downregulated DKK1 ↑ Wnt/β-catenin signalling 
AGA suppression-hair 

growth miR-21-5p [67] Downregulated 
Wnt pathway 
components 

↑ HFSC proliferation via Wnt 
suppression 

Polygenic risk scoring and Genome-wide Association Studies limitations 

Polygenic risk scores (PRS), which are part of Genome-wide Association Studies (GWAS), help analyse an 

individual’s genetic makeup and disease susceptibility by evaluating single-nucleotide polymorphisms (SNPs) [70]. 

PRS scores in AGA are used to determine individual susceptibility to hair loss and to analyse associated 

comorbidities, such as COVID-19. The severity of COVID-19 is directly associated with hair loss in individuals. 

Researchers have used pathway-based PRS (pPRS), which has helped to understand the correlation between 

AGA and COVID-19 [71]. Alterations in vitamin metabolism, WNT signalling, and aryl hydrocarbon receptor 

signalling have been observed. Some of the most common limitations observed in polygenic risk scoring are 

shown in Figure 5. 

 
Figure 5. Limitations of GWAS scores in AGA prediction 

Diagnostic biomarkers and technological advancements 

Technological advancements in molecular diagnostics have led to the identification of new biomarkers for 

AA. Jiachao Xiong et al. [72] used gene expression and regulatory network analysis to identify four key genes, 

LGR5, SHISA2, HOXC13, and S100A3, as diagnostic biomarkers for AA. They recommended gene-targeted 

therapies such as ALECEPT and SIPLIZUMAB for patients with severe AA. In a similar vein, Qingde Zhou et al. [73] 

incorporated machine-learning techniques to identify immune biomarkers associated with AA. Their research 

identified SKAP1, PIK3CG, and CD8A as novel immune markers, which could be used for early diagnosis and 

targeted treatment of AA. 
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The literature indicates that AA is a complex, non-scarring form of hair loss and that multiple genes and 

factors are involved. Immune dysregulation, psychological stress, oxidative stress, and alterations in cytokine 

and chemokine signalling pathways also contribute to AA [74]. Hence, a combination of different clinical 

interventions will help treat AA. 

Unlike AA, AGA is caused by androgens, such as dihydrotestosterone (DHT), resulting in hair loss and 

thinning specifically in the scalp's temporal and vertex regions [75]. AGA is an X-linked inherited disease, and 

symptoms typically develop over time. In this case, specifically, the anagen phase of the hair cycle is 

shortened, leading to hair thinning. Some of the genes involved in the androgen signalling pathway include 

the AR, FGF5, and EDA genes [75]. This gene may be a potential target for the treatment of AGA. In recent 

years, many researchers have focused on genetic analysis to predict the future risks of AGA. Few researchers 

have provided evidence by conducting Mendelian randomization studies to understand the relationship 

between metabolites and their impact on the risk of AGA. They concluded that α-tocopherol levels decrease 

and that supplementation to balance this reduces the risk of AGA. 

Tailored therapies for treating non-scarring alopecia 

Various therapeutic strategies are being used by clinicians worldwide, from traditional to advanced 

regenerative treatments, to improve hair regrowth and prevent hair loss. Some of the treatments that are 

currently in use are shown below (Figure 6). 

 
Figure 6. Tailored therapies for non-scarring alopecia 

Traditional therapies 

Minoxidil is among the most commonly prescribed drugs for the treatment of AHA and promotes blood flow 

to hair follicles [76]. Minoxidil opens the potassium channels and extends the anagen phase. Finasteride is an 

androgen inhibitor that helps reduce hair thinning in AGA patients [77]. Both systemic and topical steroids to 

treat AA are currently in use; they are prescribed based on the severity of AA. Corticosteroids prevent the 

autoimmune effects on the hair follicles [74]. Restoration of the immune system can be done by administration 

of medications such as diphencyprone for patients who are suffering from severe symptoms of AA. Cyclosporine 

and Methotrexate are the medications that are administered last if the above medications are not working for 
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patients suffering from severe symptoms of AA [78]. Even though these medications are effective in treating 

alopecia, there is a need to address the symptoms based on the individual's needs by using advanced technologies. 

Targeted therapies 

Targeted therapies primarily target specific pathways that hinder hair growth. The JAK-STAT pathway is a 

signalling pathway involved in immune cell activation and in hair follicle destruction [79]. Tofacitinib and 

Ruxolitinib are the most commonly recommended JAK inhibitors that block JAK1 and JAK3, respectively, resulting 

in hair regrowth [80]. Other molecules are still in clinical trials, and targeting various molecular pathways with 

small-molecule inhibitors or enhancers will promote hair regrowth. Non-coding RNAs are involved in gene 

expression, and siRNA can be used to target AGA. This will help downregulate AR expression and prevent hair 

follicle miniaturization. 

In the past, symptom-based treatments were used to address the biological mechanisms of AGA-associated 

hair loss. The most significant breakthrough in the treatment of AGA was observed in 1998, when the 

administration of finasteride and dutasteride reduced DHT levels by inhibiting the enzyme 5α-reductase [81]. 

Oxidative stress is another factor contributing to AGA; hence, antioxidant treatments and PRP were 

recommended to neutralize free radicals and prevent the degeneration of follicular stem cells [82]. Hawkshaw 

et al. [83] reported that molecules such as WAY-316606 enhance expression of the Wnt/β-catenin signalling 

pathway, a pathway required for active hair growth. Similar studies were conducted by Bellani et al. [61], who 

summarised the importance of the Wnt/β-catenin, Sonic Hedgehog (Shh), BMP, and Notch pathways as 

promising targets for hair restoration. The usage of anti-TGF-β agents and even Botulinum toxin A to prevent 

follicular fibrosis has also gained importance. β-catenin stability can be modulated by valproic acid and lithium 

chloride, thereby promoting follicular stem cell regeneration. In recent years, corticosteroids and anti-TNF 

agents have been prescribed to minimize local immune inflammation, as inflammation in some cases can lead 

to AGA. Technological advances have shifted traditional therapies toward personalized approaches, treating 

diseases at the genetic or cellular levels rather than at the surface. The AGA treatment strategies from the past 

to the present are shown in Figure 7. 

 
Figure 7. Advancements in AGA treatment strategies 

Many gene therapies are under clinical study, in which siRNA targeting regulates hair follicle development, 

and associated pathways include Wnt/β-catenin signalling and DHT receptors [38]. However, there exists a 

limitation of biological barriers. 

Regenerative cellular therapies 

These are some of the most recommended alternative therapies to the traditional treatments of alopecia. 

Their mechanism of action is to stimulate the hair follicles and promote hair growth. Stem cell therapies: 

stem cells derived from adipose tissue, bone marrow, or the umbilical cord can be administered via 
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intralesional injection for hair regrowth [2]. Stem cells modulate growth factors such as VEGF and IGFBP-1, 

which enhance blood flow to hair follicles and restore hair growth [84]. PRP is the second most widely used 

regenerative hair follicular therapy, in which the patient's plasma, rich in platelets, growth factors, and 

cytokines, is injected into the scalp to promote hair growth [84]. Exosome therapy is a cell-based regenerative 

therapy that promotes follicular regeneration [85]. 

Novel biomimetic peptides and growth factor-based formulations such as QR678® have demonstrated 

efficacy in promoting hair follicle regeneration and represent a significant advancement in non-invasive 

treatment approaches [61,78-92]. Preclinical and clinical investigations have consistently demonstrated the 

safety and efficacy of QR678 Neo® in diverse alopecia phenotypes [91-101]. As shown in Figure 8, QR678 Neo® 

demonstrates therapeutic efficacy by targeting the Wnt/β-catenin and AKT/MAPK pathways, which are 

essential for activating follicular stem cells, promoting angiogenesis, and prolonging the anagen phase. This 

highlights the role of QR678® as a comprehensive, pathway-based regenerative therapy for hair restoration. 

Recent clinical investigations indicate that microneedling and dermaroller-assisted delivery significantly 

enhance scalp penetration and efficacy of QR678 Neo®, with trials confirming superior follicular regeneration 

compared with minoxidil and finasteride, especially as monotherapy [102-105]. In addition to its role in alopecia 

management, QR678 Neo® has also been validated as an intraoperative adjunct in follicular unit extraction, 

where its use as a graft-holding medium significantly improved follicle viability and donor site recovery [106]. 

 
Figure 8. Role of QR678 Neo® in non-scarring alopecia [90] 

Integration of artificial intelligence and machine learning models holds further potential for improving 

early diagnosis and treatment planning. Even though some of these methods are currently in use, there is no 

standardization of isolation, injection dosage routes, etc., which limits their efficacy. 

Tailored therapies based on single nucleotide polymorphisms 

SNP identification helps to tailor treatment for AGA based on the individual's genetic makeup, thereby 

minimizing side effects. Individuals who have SRD5A2 polymorphisms exhibit varied responses to finasteride 

and dutasteride [35]. The same can be observed in people who have SNPs in the PTGES2 and ACE genes for 

other drugs, such as minoxidil. Few studies have reported that individuals with favourable variants show 

significant regrowth, whereas those without these variants may not support hair growth. It was also reported 
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that prostaglandin-based therapies, which are also based on SNPs, are in use for hair treatment. Individuals 

with higher levels of PGD2 expression favour hair regrowth when treated with PGD2 inhibitors [85]. It is 

recommended that for patients suffering from existing comorbidities, there is a need to study both metabolic 

profiling and genetic makeup (SNPs) to bring about positive outcomes. 

Other therapies and treatments 

Phytochemicals such as decursin, ginsenosides, rosmarinic acid, sulforaphane, etc., are being used for hair 

regeneration [87]. Various studies also reported that certain psychological comorbidities, such as stress, 

significantly impact hair growth; hence, cognitive-behavioural therapy (CBT) and meditation are 

recommended to reduce stress and prevent the recurrence of AA [88]. Advances in gut microbiome analysis 

and associated supplements have also been shown to improve hair growth [83]. In addition, integrating 

technological advancements into diagnostic methods will enhance treatment. 

Concluding remarks and future directions 

Non-scarring alopecia, encompassing conditions such as androgenetic alopecia (AGA) and alopecia areata 

(AA), is a complex, multifactorial disorder influenced by genetic predisposition, immune dysregulation, and 

environmental stressors. A comprehensive understanding of individual genetic makeup and molecular 

alterations - particularly within key pathways such as JAK-STAT and androgen receptor signalling can facilitate 

the development of personalized therapeutic strategies for effective hair regrowth. 

Advancements in genomic technologies, including genome-wide association studies (GWAS) and next-

generation sequencing (NGS), are increasingly employed to identify genetic markers predictive of early-onset 

alopecia. Moreover, elucidation of the intricate interplay among immune dysfunction, oxidative and 

psychological stress, hormonal imbalances, and comorbid conditions provides deeper insight into disease 

pathophysiology. 

Emerging therapeutic modalities, including platelet-rich plasma (PRP), stem cell therapy, exosome-based 

treatments, corticosteroids, and gene-editing technologies such as CRISPR, show promising results. 

Integration of artificial intelligence and machine learning models holds further potential for improving early 

diagnosis and treatment planning. 

However, current therapeutic approaches face challenges related to standardization, delivery methods, 

and biological barriers. Future research should focus on overcoming these limitations through the 

optimization of combination therapies and multimodal approaches to enhance clinical outcomes and ensure 

long-term remission in patients with non-scarring alopecia. 

By 2050, due to rapid advances in technology integration, trichology may revolutionize treatments 

through precision medicine, in which therapies will be tailored to each individual’s genetic profile. Patients 

diagnosed with AR/SRD5A2 variants will receive treatments targeting androgen receptors, while those with 

mutations in the Wnt pathway may benefit from DKK-1 inhibitors or Wnt activators. Similarly, individuals 

diagnosed with AGA due to other pathways, metabolic factors, or microbiome alterations will receive tailored 

targeted therapies. 

Technologies such as NGS, polygenic scoring, and AI-based tools will help clinicians create digital twins of 

patients, enabling simulation of treatments before actual therapy. The future of trichology will focus on 

translating genetics at the molecular level into individualized therapies, ensuring lifelong follicular resilience 

and reshaping the field of hair care treatment. 



ADMET & DMPK 00(0) (2025) 3030 Precision therapeutics in non-scarring alopecia 

doi: https://doi.org/10.5599/admet.3030  15 

Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or 
not-for-profit sectors.  

Acknowledgements: The authors are thankful to Esthetic Creations International Pvt Ltd for providing the 
necessary documentation. 

Conflict of interest: R. K., D. B., D. Bo., R. P., M. P., P. S., M. M and D. S are affiliated with institutions actively 
engaged in research and innovation in hair restoration therapies, including QR678 Neo®. These professional 
associations are disclosed in the interest of transparency. No external funding influenced the preparation of 
this review. 

Consent to publish: The authors confirm that this paper does not include any data that would require 
obtaining publication consent from any individuals. 

References 

[1] L. Alhanshali, M.G. Buontempo, K.I. Lo Sicco, J. Shapiro. Alopecia Areata: Burden of Disease, 
Approach to Treatment, and Current Unmet Needs. Clinical, Cosmetic and Investigational 
Dermatology 16 (2023) 803-820. https://dx.doi.org/10.2147/ccid.S376096  

[2] T.C. Anudeep, M. Jeyaraman, S. Muthu, R.L. Rajendran, P. Gangadaran, P.C. Mishra, S. Sharma, S.K. 
Jha, B.C. Ahn. Advancing Regenerative Cellular Therapies in Non-Scarring Alopecia. Pharmaceutics 
14 (2022) 612. https://dx.doi.org/10.3390/pharmaceutics14030612 

[3] A. Martinez-Lopez, T. Montero-Vilchez, Á. Sierra-Sánchez, A. Molina-Leyva, S. Arias-Santiago. 
Advanced Medical Therapies in the Management of Non-Scarring Alopecia: Areata and Androgenic 
Alopecia. International Journal of Molecular Sciences 21 (2020) 8390. 
https://dx.doi.org/10.3390/ijms21218390 

[4] Y. Ibrahim, A. Hamed, A. Saeed, G. Khalik, E. Behiry. Evaluation of oxidative stress markers in 
Androgenetic Alopecia Patients. Benha Journal of Applied Sciences 8 (2023) 105-110. 
https://dx.doi.org/10.21608/bjas.2024.261687.1307 

[5] A. Kakunje, A. Prabhu, R. Pookoth, S. e S, R. Karkal, P. Kumar, N. Gupta. A perspective on predictive 
markers of alopecia. Archives of Medicine and Health Sciences 8 (2020) 263. 
https://dx.doi.org/10.4103/amhs.amhs_228_20 

[6] M. van Dalen, K.S. Muller, J.M. Kasperkovitz-Oosterloo, J.M.E. Okkerse, S. Pasmans. Anxiety, 
depression, and quality of life in children and adults with alopecia areata: A systematic review and 
meta-analysis. Frontiers in Medicine (Lausanne) 9 (2022) 1054898. 
https://dx.doi.org/10.3389/fmed.2022.1054898 

[7] I. Šutić Udović, N. Hlača, L.P. Massari, I. Brajac, M. Kaštelan, M. Vičić. Deciphering the Complex 
Immunopathogenesis of Alopecia Areata. International Journal of Molecular Sciences 25 (2024) 
5652. https://dx.doi.org/10.3390/ijms25115652 

[8] X. Luo, X. Ni, J. Zhi, X. Jiang, R. Bai. Small molecule agents against alopecia: Potential targets and 
related pathways. European Journal of Medicinal Chemistry 276 (2024) 116666. 
https://dx.doi.org/10.1016/j.ejmech.2024.116666 

[9] R.S. Ho. Ongoing Concerns Regarding Finasteride for the Treatment of Male-Pattern Androgenetic 
Alopecia. JAMA Dermatology 157 (2021) 25-26. 
https://dx.doi.org/10.1001/jamadermatol.2020.3384 

[10] X. Wang, Y. Liu, J. He, J. Wang, X. Chen, R. Yang. Regulation of signaling pathways in hair follicle 
stem cells. Burns & Trauma 10 (2022) tkac022. https://dx.doi.org/10.1093/burnst/tkac022 

[11] L.A. Mendoza, G.G. Ocampo, Y.A. Abarca-Pineda, M. Ahmad Khan, Y. Ahmadi, N. Brown, D. Deowan, 
Z. Nazir. Comprehensive Review on Hair Loss and Restorative Techniques: Advances in Diagnostic, 
Artistry, and Surgical Innovation. Cureus 17 (2025) e82991. 
https://dx.doi.org/10.7759/cureus.82991 

[12] C.Y. Ho, C.Y. Wu, J.Y. Chen, C.Y. Wu. Clinical and Genetic Aspects of Alopecia Areata: A Cutting Edge 
Review. Genes (Basel) 14 (2023) 1362. https://dx.doi.org/10.3390/genes14071362 

https://doi.org/10.5599/admet.3030
https://doi.org/10.2147/ccid.S376096
https://doi.org/10.3390/pharmaceutics14030612
https://doi.org/10.3390/ijms21218390
https://doi.org/10.21608/bjas.2024.261687.1307
https://doi.org/10.4103/amhs.amhs_228_20
https://doi.org/10.3389/fmed.2022.1054898
https://doi.org/10.3390/ijms25115652
https://doi.org/10.1016/j.ejmech.2024.116666
https://doi.org/10.1001/jamadermatol.2020.3384
https://doi.org/10.1093/burnst/tkac022
https://doi.org/10.7759/cureus.82991
https://doi.org/10.3390/genes14071362


R. Kapoor et al.  ADMET & DMPK 00(0) (2025) 3030 

16  

[13] H. Englander, B. Paiewonsky, L. Castelo-Soccio. Alopecia Areata: A Review of the Genetic Variants 
and Immunodeficiency Disorders Associated with Alopecia Areata. Skin Appendage Disorders 9 
(2023) 325-332. https://dx.doi.org/10.1159/000530432 

[14] N. Gokce, N. Basgoz, S. Kenanoglu, H. Akalin, Y. Ozkul, M.C. Ergoren, T. Beccari, M. Bertelli, M. 
Dundar. An overview of the genetic aspects of hair loss and its connection with nutrition. Journal of 
Preventive Medicine and Hygiene 63 (2022) E228-e238. https://dx.doi.org/10.15167/2421-
4248/jpmh2022.63.2S3.2765 

[15] F.B. Basmanav, R.C. Betz. Translational impact of omics studies in alopecia areata: recent advances 
and future perspectives. Expert Review of Clinical Immunology 18 (2022) 845-857. 
https://dx.doi.org/10.1080/1744666x.2022.2096590 

[16]  K. Anastassakis. Androgenetic Alopecia From A to Z: Vol.1 Basic Science, Diagnosis, Etiology, and 
Related Disorders, Springer Nature, 2022. https://dx.doi.org/10.1007/978-3-030-76111-0  

[17] S. Amir, S.T.A. Shah, C. Mamoulakis, A.O. Docea, O.I. Kalantzi, A. Zachariou, D. Calina, F. Carvalho, N. 
Sofikitis, A. Makrigiannakis, A. Tsatsakis. Endocrine Disruptors Acting on Estrogen and Androgen 
Pathways Cause Reproductive Disorders through Multiple Mechanisms: A Review. International 
Journal of Environmental Research and Public Health 18 (2021) 1464.  
https://dx.doi.org/10.3390/ijerph18041464 

[18] Z. Zhou, S. Song, Z. Gao, J. Wu, J. Ma, Y. Cui. The efficacy and safety of dutasteride compared with 
finasteride in treating men with androgenetic alopecia: a systematic review and meta-analysis. 
Clinical Interventions in Aging 14 (2019) 399-406. https://dx.doi.org/10.2147/cia.S192435 

[19] U. Panich, G. Sittithumcharee, N. Rathviboon, S. Jirawatnotai. Ultraviolet Radiation-Induced Skin 
Aging: The Role of DNA Damage and Oxidative Stress in Epidermal Stem Cell Damage Mediated Skin 
Aging. Stem Cells International 2016 (2016) 7370642. https://dx.doi.org/10.1155/2016/7370642 

[20] A.A. Alotiby. Integrating Psychological Support and Topical Therapy for the Effective Management 
of Stress-Induced Alopecia Areata: A Case Report. Cureus 17 (2025) e77317. 
https://dx.doi.org/10.7759/cureus.77317 

[21]  R. Cuevas-Diaz Duran, E. Martinez-Ledesma, M. Garcia-Garcia, D. Bajo Gauzin, A. Sarro-Ramírez, C. 
Gonzalez-Carrillo, D. Rodríguez-Sardin, A. Fuentes, A. Cardenas-Lopez. The Biology and Genomics of 
Human Hair Follicles: A Focus on Androgenetic Alopecia. International Journal of Molecular Sciences 
25 (2024) 2542. https://dx.doi.org/10.3390/ijms25052542 

[22] X. Zong, S. Yang, Z. Tang, X. Li, D. Long, D. Wang. 1,25-(OH)(2)D(3) promotes hair growth by 
inhibiting NLRP3/IL-1β and HIF-1α/IL-1β signaling pathways. Journal of Nutritional Biochemistry 132 
(2024) 109695. https://dx.doi.org/10.1016/j.jnutbio.2024.109695 

[23] R.M. Trüeb, H. Dutra Rezende, M.F.R. Gavazzoni Dias, D. Silva Polito, S. de Abreu Neves Salles. 
Bacterial diseases, in Hair in Infectious Disease: Recognition, Treatment, and Prevention, Springer, 
Cham, Switzerland, 2023, p. 35-127. https://doi.org/10.1007/978-3-031-30754-6 

[24] Y. Lin, X. Wu, Y. Yang, Y. Wu, L. Xiang, C. Zhang. The multifaceted role of autophagy in skin 
autoimmune disorders: a guardian or culprit? Frontiers in Immunology 15 (2024) 1343987. 
https://dx.doi.org/10.3389/fimmu.2024.1343987 

[25] Y. Li, S. Yang, M. Liao, Z. Zheng, M. Li, X. Wei, M. Liu, L. Yang. Association between genetically 
predicted leukocyte telomere length and non-scarring alopecia: A two-sample Mendelian 
randomization study. Frontiers in Immunology 13 (2022) 1072573. 
https://dx.doi.org/10.3389/fimmu.2022.1072573 

[26] P. Wu, K. Tian, S. Gao, Z. Jia, W. Xu, X. Wang, L. Wu. Interleukin-33 links asthma to alopecia areata: 
Mendelian randomization and mediation analysis. Skin Research and Technology 30 (2024) e13864. 
https://dx.doi.org/10.1111/srt.13864 

[27] L. Pan, P. Moog, C. Li, L. Steinbacher, S. Knoedler, H. Kükrek, U. Dornseifer, H.G. Machens, J. Jiang. 
Exploring the Association Between Multidimensional Dietary Patterns and Non-Scarring Hair Loss 
Using Mendelian Randomization. Nutrients 17 (2025) 2569. 
https://dx.doi.org/10.3390/nu17152569 

https://doi.org/10.1159/000530432
https://doi.org/10.15167/2421-4248/jpmh2022.63.2S3.2765
https://doi.org/10.15167/2421-4248/jpmh2022.63.2S3.2765
https://doi.org/10.1080/1744666x.2022.2096590
https://doi.org/10.1007/978-3-030-76111-0
https://dx.doi.org/10.3390/ijerph18041464
https://doi.org/10.2147/cia.S192435
https://doi.org/10.1155/2016/7370642
https://doi.org/10.7759/cureus.77317
https://doi.org/10.3390/ijms25052542
https://doi.org/10.1016/j.jnutbio.2024.109695
https://doi.org/10.3389/fimmu.2024.1343987
https://doi.org/10.3389/fimmu.2022.1072573
https://doi.org/10.1111/srt.13864
https://doi.org/10.3390/nu17152569


ADMET & DMPK 00(0) (2025) 3030 Precision therapeutics in non-scarring alopecia 

doi: https://doi.org/10.5599/admet.3030  17 

[28] A. Borde, A. Åstrand. Alopecia areata and the gut-the link opens up for novel therapeutic 
interventions. Expert Opinion on Therapeutic Targets 22 (2018) 503-511. 
https://dx.doi.org/10.1080/14728222.2018.1481504 

[29] J.Y. Lee, H.J. Lim, S.H. Kim, G.J. Lee, K.H. Nam, J. Park, J.K. Choi. Decreased CD19(+)CD24(hi)CD38(hi) 
Regulatory B Cells in Alopecia Areata. Journal of Investigative Dermatology 144 (2024) 2080-
2083.e2087. https://dx.doi.org/10.1016/j.jid.2024.02.004 

[30] N.A. Hibberts, A.E. Howell, V.A. Randall. Balding hair follicle dermal papilla cells contain higher 
levels of androgen receptors than those from non-balding scalp. Journal of Endocrinology 156 
(1998) 59-65. https://dx.doi.org/10.1677/joe.0.1560059 

[31] R.C. Stone, A. Aviv, R. Paus. Telomere Dynamics and Telomerase in the Biology of Hair Follicles and 
their Stem Cells as a Model for Aging Research. Journal of Investigative Dermatology 141 (2021) 
1031-1040. https://dx.doi.org/10.1016/j.jid.2020.12.006 

[32] M.P. Francès, L. Vila-Vecilla, V. Russo, H. Caetano Polonini, G.T. de Souza. Utilising SNP Association 
Analysis as a Prospective Approach for Personalising Androgenetic Alopecia Treatment. Dermato-
logy and Therapy (Heidelberg) 14 (2024) 971-981. https://dx.doi.org/10.1007/s13555-024-01142-y 

[33] M. Murugan, I.P. Sadasivam, A. Manoharan, S. Jayakumar, Y. Vetriselvan, M.S. Samuel, R. 
Sambandam. Association between PITX2 polymorphism and androgenetic alopecia in the Indian 
population. Indian Journal of Dermatology, Venereology and Leprology 91 (2025) 158-162. 
https://dx.doi.org/10.25259/ijdvl_1147_2023 

[34] R. Kucerova, M. Bienova, M. Kral, J. Bouchal, K.S. Trtkova, A. Burdova, V. Student, Z. Kolar. 
Androgenetic alopecia and polymorphism of the androgen receptor gene (SNP rs6152) in patients 
with benign prostate hyperplasia or prostate cancer. Journal of the European Academy of 
Dermatology and Venereology 29 (2015) 91-96. https://dx.doi.org/10.1111/jdv.12468 

[35] L. Vila-Vecilla, V. Russo, G. Souza. Genomic Markers and Personalized Medicine in Androgenetic 
Alopecia. Cosmetics 11 (2024) 148. https://dx.doi.org/10.3390/cosmetics11050148 

[36] M. Pu, J. Chen, Z. Tao, L. Miao, X. Qi, Y. Wang, J. Ren. Regulatory network of miRNA on its target: 
coordination between transcriptional and post-transcriptional regulation of gene expression. 
Cellular and Molecular Life Sciences 76 (2019) 441-451. https://dx.doi.org/10.1007/s00018-018-
2940-7 

[37] S. Paul, I. Licona-Vázquez, F.I. Serrano-Cano, N. Frías-Reid, C. Pacheco-Dorantes, S. Pathak, S. 
Chakraborty, A. Srivastava. Current insight into the functions of microRNAs in common human hair 
loss disorders: a mini review. Human Cell 34 (2021) 1040-1050. https://dx.doi.org/10.1007/s13577-
021-00540-0 

[38] D. Papukashvili, N. Rcheulishvili, C. Liu, F. Xie, D. Tyagi, Y. He, P.G. Wang. Perspectives on miRNAs 
Targeting DKK1 for Developing Hair Regeneration Therapy. Cells 10 (2021). 
https://dx.doi.org/10.3390/cells10112957 

[39] H. Wei, T. Yi, Q. Li, Y. Guo, C. Shen, P. Jin. Application of lncRNA-miRNA-mRNA ceRNA network 
analysis in the treatment of androgenic alopecia. Journal of Clinical Laboratory Analysis 37 (2023) 
e24791. https://dx.doi.org/10.1002/jcla.24791 

[40] O.M. Atrooz, N. Reihani, M.R. Mozafari, A. Salawi, E. Taghavi. Enhancing hair regeneration: Recent 
progress in tailoring nanostructured lipid carriers through surface modification strategies. ADMET & 
DMPK 12 (2024) 431-462. https://dx.doi.org/10.5599/admet.2376 

[41]  Q. Chen, T. Yang, J. Cheng, Q. Zhao. Exploring the shared genetic mechanisms of atopic dermatitis 
and alopecia areata via bioinformatics approaches. Archives of Dermatological Research 317 (2025) 
448. https://dx.doi.org/10.1007/s00403-025-04004-5 

[42] Y. Du, C. Lu, L. Bi, C. Wang, M. Zhao, Y. Ding, W. Fan. Causal effects of genetically determined 
metabolites on androgenetic alopecia: A two-sample Mendelian randomization analysis. Skin 
Research and Technology 30 (2024) e13732. https://dx.doi.org/10.1111/srt.13732 

https://doi.org/10.5599/admet.3030
https://doi.org/10.1080/14728222.2018.1481504
https://doi.org/10.1016/j.jid.2024.02.004
https://doi.org/10.1677/joe.0.1560059
https://doi.org/10.1016/j.jid.2020.12.006
https://doi.org/10.1007/s13555-024-01142-y
https://doi.org/10.25259/ijdvl_1147_2023
https://doi.org/10.1111/jdv.12468
https://doi.org/10.3390/cosmetics11050148
https://doi.org/10.1007/s00018-018-2940-7
https://doi.org/10.1007/s00018-018-2940-7
https://doi.org/10.1007/s13577-021-00540-0
https://doi.org/10.1007/s13577-021-00540-0
https://doi.org/10.3390/cells10112957
https://doi.org/10.1002/jcla.24791
https://doi.org/10.5599/admet.2376
https://doi.org/10.1007/s00403-025-04004-5
https://doi.org/10.1111/srt.13732


R. Kapoor et al.  ADMET & DMPK 00(0) (2025) 3030 

18  

[43] J.A. Ellis, K.J. Scurrah, J.E. Cobb, S.G. Zaloumis, A.E. Duncan, S.B. Harrap. Baldness and the androgen 
receptor: the AR polyglycine repeat polymorphism does not confer susceptibility to androgenetic 
alopecia. Human Genetics 121 (2007) 451-457. https://dx.doi.org/10.1007/s00439-006-0317-8 

[44] D.A. Prodi, N. Pirastu, G. Maninchedda, A. Sassu, A. Picciau, M.A. Palmas, A. Mossa, I. Persico, M. 
Adamo, A. Angius, M. Pirastu. EDA2R is associated with androgenetic alopecia. Journal of 
Investigative Dermatology 128 (2008) 2268-2270. https://dx.doi.org/10.1038/jid.2008.60 

[45] A. Elgobashy, N. El-Nefiawy, S. El-Sayed, S. Magdy, W. Abdelmoez. A Review on Androgenic 
Alopecia: Etiology, Pathogenesis, Pharmacological and Non-Pharmacological Treatment 
Approaches. Ain Shams Medical Journal 75 (2024) 587-602. 
https://dx.doi.org/10.21608/asmj.2024.299393.1282 

[46] Y. Shimomura, D. Agalliu, A. Vonica, V. Luria, M. Wajid, A. Baumer, S. Belli, L. Petukhova, A. Schinzel, 
A.H. Brivanlou, B.A. Barres, A.M. Christiano. APCDD1 is a novel Wnt inhibitor mutated in hereditary 
hypotrichosis simplex. Nature 464 (2010) 1043-1047. https://dx.doi.org/10.1038/nature08875 

[47] G.J. Leirós, A.I. Attorresi, M.E. Balañá. Hair follicle stem cell differentiation is inhibited through 
cross-talk between Wnt/β-catenin and androgen signalling in dermal papilla cells from patients with 
androgenetic alopecia. British Journal of Dermatology 166 (2012) 1035-1042. 
https://dx.doi.org/10.1111/j.1365-2133.2012.10856.x 

[48] P. Mirmirani, M. Consolo, P. Oyetakin-White, E. Baron, P. Leahy, P. Karnik. Similar response patterns 
to topical minoxidil foam 5% in frontal and vertex scalp of men with androgenetic alopecia: a 
microarray analysis. British Journal of Dermatology 172 (2015) 1555-1561. 
https://dx.doi.org/10.1111/bjd.13399 

[49] T. Midorikawa, T. Chikazawa, T. Yoshino, K. Takada, S. Arase. Different gene expression profile 
observed in dermal papilla cells related to androgenic alopecia by DNA macroarray analysis. Journal 
of Dermatological Science 36 (2004) 25-32. https://dx.doi.org/10.1016/j.jdermsci.2004.05.001 

[50] L.A. Garza, Y. Liu, Z. Yang, B. Alagesan, J.A. Lawson, S.M. Norberg, D.E. Loy, T. Zhao, H.B. Blatt, D.C. 
Stanton, L. Carrasco, G. Ahluwalia, S.M. Fischer, G.A. FitzGerald, G. Cotsarelis. Prostaglandin D2 
inhibits hair growth and is elevated in bald scalp of men with androgenetic alopecia. Science 
Translational Medicine 4 (2012) 126ra134. https://dx.doi.org/10.1126/scitranslmed.3003122  

[51] S. Heilmann, A.K. Kiefer, N. Fricker, D. Drichel, A.M. Hillmer, C. Herold, J.Y. Tung, N. Eriksson, S. 
Redler, R.C. Betz, R. Li, A. Kárason, D.R. Nyholt, K. Song, S.H. Vermeulen, S. Kanoni, G. Dedoussis, 
N.G. Martin, L.A. Kiemeney, V. Mooser, K. Stefansson, J.B. Richards, T. Becker, F.F. Brockschmidt, 
D.A. Hinds, M.M. Nöthen. Androgenetic alopecia: identification of four genetic risk loci and 
evidence for the contribution of WNT signaling to its etiology. Journal of Investigative Dermatology 
133 (2013) 1489-1496. https://dx.doi.org/10.1038/jid.2013.43 

[52] V.H. Price. Treatment of hair loss. New England Journal of Medicine 341 (1999) 964-973. 
https://dx.doi.org/10.1056/nejm199909233411307 

[53] D. Rathnayake, R. Sinclair. Male androgenetic alopecia. Expert Opinion on Pharmacotherapy 11 
(2010) 1295-1304. https://dx.doi.org/10.1517/14656561003752730 

[54] M.H. Kwack, M.K. Kim, J.C. Kim, Y.K. Sung. Dickkopf 1 promotes regression of hair follicles. Journal 
of Investigative Dermatology 132 (2012) 1554-1560. https://dx.doi.org/10.1038/jid.2012.24 

[55] K. Lingappan. NF-κB in Oxidative Stress. Current Opinion in Toxicology 7 (2018) 81-86. 
https://dx.doi.org/10.1016/j.cotox.2017.11.002 

[56] Z. Liu, X. Liu. Gut microbiome, metabolome and alopecia areata. Frontiers in Microbiology 14 (2023) 
1281660. https://dx.doi.org/10.3389/fmicb.2023.1281660 

[57] B. Liu, A. Li, Y. Liu, X. Ke, Q. Liu, X. Zuo, J. Xu, Y. Cui. Identification of Distinct Immune Signatures and 
Chemokine Networks in Scalp Inflammatory Diseases. Research Square (2023). 
https://doi.org/10.21203/rs.3.rs-3074741/v1 

[58] A.B. Coda, A.A. Sinha. Integration of genome-wide transcriptional and genetic profiles provides 
insights into disease development and clinical heterogeneity in alopecia areata. Genomics 98 (2011) 
431-439. https://dx.doi.org/10.1016/j.ygeno.2011.08.009  

https://doi.org/10.1007/s00439-006-0317-8
https://doi.org/10.1038/jid.2008.60
https://doi.org/10.21608/asmj.2024.299393.1282
https://doi.org/10.1038/nature08875
https://doi.org/10.1111/j.1365-2133.2012.10856.x
https://doi.org/10.1111/bjd.13399
https://doi.org/10.1016/j.jdermsci.2004.05.001
https://doi.org/10.1126/scitranslmed.3003122
https://doi.org/10.1038/jid.2013.43
https://doi.org/10.1056/nejm199909233411307
https://doi.org/10.1517/14656561003752730
https://doi.org/10.1038/jid.2012.24
https://doi.org/10.1016/j.cotox.2017.11.002
https://doi.org/10.3389/fmicb.2023.1281660
https://doi.org/10.21203/rs.3.rs-3074741/v1
https://doi.org/10.1016/j.ygeno.2011.08.009


ADMET & DMPK 00(0) (2025) 3030 Precision therapeutics in non-scarring alopecia 

doi: https://doi.org/10.5599/admet.3030  19 

[59] J.A. Ellis, M. Stebbing, S.B. Harrap. Polymorphism of the androgen receptor gene is associated with 
male pattern baldness. Journal of Investigative Dermatology 116 (2001) 452-455. 
https://dx.doi.org/10.1046/j.1523-1747.2001.01261.x 

[60] C.H. Ho, T. Sood, P.M. Zito. Androgenetic alopecia, in StatPearls [Internet], StatPearls Publishing, 
Treasure Island, Florida, 2024. https://www.ncbi.nlm.nih.gov/books/NBK430924/ 

[61] D. Bellani, R. Patil, A. Prabhughate, R. Shahare, M. Gold, R. Kapoor, D. Shome. Pathophysiological 
mechanisms of hair follicle regeneration and potential therapeutic strategies. Stem Cell Research & 
Therapy 16 (2025) 302. https://dx.doi.org/10.1186/s13287-025-04420-4 

[62] J. Kim, J. An, Y.K. Lee, G. Ha, H. Ban, H. Kong, H. Lee, Y. Song, C.K. Lee, S.B. Kim, K. Kim. Hair Growth 
Promoting Effects of Solubilized Sturgeon Oil and Its Correlation with the Gut Microbiome. 
Pharmaceuticals (Basel) 17 (2024) 1112. https://dx.doi.org/10.3390/ph17091112 

[63] J. Li, X. Duan, F. Cheng, G. Li, Z.-L. Deng, L. Yang, J. Zhang, F. Liu, Y. Li, Z. Wu, T. Chen, B. Wang, X. 
Zhao, W. Shi, F. Xie, Y. Tang. Impaired Arginine Metabolism in Hair Follicles: A Potential Mechanism 
in Androgenetic Alopecia, Research square (2023). https://dx.doi.org/10.21203/rs.3.rs-3629594/v1 

[64] L.B. Zhou, Q. Cao, Q. Ding, W.L. Sun, Z.Y. Li, M. Zhao, X.W. Lin, G.P. Zhou, W.X. Fan. Transcription 
factor FOXC1 positively regulates SFRP1 expression in androgenetic alopecia. Experimental Cell 
Research 404 (2021) 112618. https://dx.doi.org/10.1016/j.yexcr.2021.112618 

[65] Y. Liu, S. Yang, Y. Zeng, Z. Tang, X. Zong, X. Li, C. Yang, L. Liu, X. Tong, L. Zhou, D. Wang. Dysregulated 
behaviour of hair follicle stem cells triggers alopecia and provides potential therapeutic targets. 
Experimental Dermatology 31 (2022) 986-992. https://dx.doi.org/10.1111/exd.14600 

[66] W. Yu, Y. Mei, Z. Lu, L. Zhou, F. Jia, S. Chen, Z. Wang. The causal relationship between genetically 
determined telomere length and meningiomas risk. Frontiers in Neurology 14 (2023) 1178404. 
https://dx.doi.org/10.3389/fneur.2023.1178404 

[67] J. Xiong, B. Wu, Q. Hou, X. Huang, L. Jia, Y. Li, H. Jiang. Comprehensive Analysis of LncRNA 
AC010789.1 Delays Androgenic Alopecia Progression by Targeting MicroRNA-21 and the Wnt/β-
Catenin Signaling Pathway in Hair Follicle Stem Cells. Frontiers in Genetics 13 (2022) 782750. 
https://dx.doi.org/10.3389/fgene.2022.782750 

[68] P. Mohammadi, M.A. Nilforoushzadeh, K.K. Youssef, A. Sharifi-Zarchi, S. Moradi, P. Khosravani, R. 
Aghdami, P. Taheri, G. Hosseini Salekdeh, H. Baharvand, N. Aghdami. Defining microRNA signatures 
of hair follicular stem and progenitor cells in healthy and androgenic alopecia patients. Journal of 
Dermatological Science 101 (2021) 49-57. https://dx.doi.org/10.1016/j.jdermsci.2020.11.002 

[69] W. Deng, T. Hu, L. Han, B. Liu, X. Tang, H. Chen, X. Chen, M. Wan. miRNA microarray profiling in 
patients with androgenic alopecia and the effects of miR-133b on hair growth. Experimental and 
Molecular Pathology 118 (2021) 104589. https://dx.doi.org/10.1016/j.yexmp.2020.104589 

[70] S.W. Choi, T.S. Mak, P.F. O'Reilly. Tutorial: a guide to performing polygenic risk score analyses. 
Nature Protocols 15 (2020) 2759-2772. https://dx.doi.org/10.1038/s41596-020-0353-1 

[71] H. Moravvej, M.R. Pourani, M. Baghani, F. Abdollahimajd. Androgenetic alopecia and COVID-19: A 
review of the hypothetical role of androgens. Dermatologic Therapy 34 (2021) e15004. 
https://dx.doi.org/10.1111/dth.15004 

[72] J. Xiong, G. Chen, Z. Liu, X. Wu, S. Xu, J. Xiong, S. Ji, M. Wu. Construction of regulatory network for 
alopecia areata progression and identification of immune monitoring genes based on multiple 
machine-learning algorithms. Precision Clinical Medicine 6 (2023) pbad009. 
https://dx.doi.org/10.1093/pcmedi/pbad009 

[73] Q. Zhou, L. Lan, W. Wang, X. Xu. Identifying effective immune biomarkers in alopecia areata 
diagnosis based on machine learning methods. BMC Medical Informatics and Decision Making 25 
(2025) 23. https://dx.doi.org/10.1186/s12911-025-02853-8 

[74] D. Ahn, H. Kim, B. Lee, D.H. Hahm. Psychological Stress-Induced Pathogenesis of Alopecia Areata: 
Autoimmune and Apoptotic Pathways. International Journal of Molecular Sciences 24 (2023) 11711. 
https://dx.doi.org/10.3390/ijms241411711 

https://doi.org/10.5599/admet.3030
https://doi.org/10.1046/j.1523-1747.2001.01261.x
https://www.ncbi.nlm.nih.gov/books/NBK430924/
https://doi.org/10.1186/s13287-025-04420-4
https://doi.org/10.3390/ph17091112
https://doi.org/10.21203/rs.3.rs-3629594/v1
https://doi.org/10.1016/j.yexcr.2021.112618
https://doi.org/10.1111/exd.14600
https://doi.org/10.3389/fneur.2023.1178404
https://doi.org/10.3389/fgene.2022.782750
https://doi.org/10.1016/j.jdermsci.2020.11.002
https://doi.org/10.1016/j.yexmp.2020.104589
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1111/dth.15004
https://doi.org/10.1093/pcmedi/pbad009
https://doi.org/10.1186/s12911-025-02853-8
https://doi.org/10.3390/ijms241411711


R. Kapoor et al.  ADMET & DMPK 00(0) (2025) 3030 

20  

[75] F. Lolli, F. Pallotti, A. Rossi, M.C. Fortuna, G. Caro, A. Lenzi, A. Sansone, F. Lombardo. Androgenetic 
alopecia: a review. Endocrine 57 (2017) 9-17. https://dx.doi.org/10.1007/s12020-017-1280-y 

[76] P. Suchonwanit, S. Thammarucha, K. Leerunyakul. Minoxidil and its use in hair disorders: a review. 
Drug Design, Development and Therapy 13 (2019) 2777-2786. 
https://dx.doi.org/10.2147/dddt.S214907 

[77] A.K. Gupta, M. Venkataraman, M. Talukder, M.A. Bamimore. Finasteride for hair loss: a review. 
Journal of Dermatological Treatment 33 (2022) 1938-1946. 
https://dx.doi.org/10.1080/09546634.2021.1959506 

[78] V.W.Y. Lai, R. Sinclair. Utility of azathioprine, methotrexate and cyclosporine as steroid-sparing 
agents in chronic alopecia areata: a retrospective study of continuation rates in 138 patients. 
Journal of the European Academy of Dermatology and Venereology 34 (2020) 2606-2612. 
https://dx.doi.org/10.1111/jdv.16858 

[79] M. Lensing, A. Jabbari. An overview of JAK/STAT pathways and JAK inhibition in alopecia areata. 
Frontiers in Immunology 13 (2022) 955035. https://dx.doi.org/10.3389/fimmu.2022.955035 

[80] A. Samadi, S. Ahmad Nasrollahi, A. Hashemi, M. Nassiri Kashani, A. Firooz. Janus kinase (JAK) 
inhibitors for the treatment of skin and hair disorders: a review of literature. Journal of 
Dermatological Treatment 28 (2017) 476-483. https://dx.doi.org/10.1080/09546634.2016.1277179 

[81] K.D. Kaufman, E.A. Olsen, D. Whiting, R. Savin, R. DeVillez, W. Bergfeld, V.H. Price, D. Van Neste, J.L. 
Roberts, M. Hordinsky, J. Shapiro, B. Binkowitz, G.J. Gormley. Finasteride in the treatment of men 
with androgenetic alopecia. Finasteride Male Pattern Hair Loss Study Group. Journal of the 
American Academy of Dermatology 39 (1998) 578-589. https://dx.doi.org/10.1016/s0190-
9622(98)70007-6 

[82] R.M. Trüeb. Oxidative stress in ageing of hair. International Journal of Trichology 1 (2009) 6-14. 
https://dx.doi.org/10.4103/0974-7753.51923 

[83] N.J. Hawkshaw, J.A. Hardman, I.S. Haslam, A. Shahmalak, A. Gilhar, X. Lim, R. Paus. Identifying novel 
strategies for treating human hair loss disorders: Cyclosporine A suppresses the Wnt inhibitor, 
SFRP1, in the dermal papilla of human scalp hair follicles. PLoS Biology 16 (2018) e2003705. 
https://dx.doi.org/10.1371/journal.pbio.2003705 

[84] D.H. Bak, M.J. Choi, S.R. Kim, B.C. Lee, J.M. Kim, E.S. Jeon, W. Oh, E.S. Lim, B.C. Park, M.J. Kim, J. Na, 
B.J. Kim. Human umbilical cord blood mesenchymal stem cells engineered to overexpress growth 
factors accelerate outcomes in hair growth. Korean Journal of Physiology & Pharmacology 22 (2018) 
555-566. https://dx.doi.org/10.4196/kjpp.2018.22.5.555 

[85] A.R. Yuan, Q. Bian, J.Q. Gao. Current advances in stem cell-based therapies for hair regeneration. 
European Journal of Pharmacology 881 (2020) 173197. 
https://dx.doi.org/10.1016/j.ejphar.2020.173197 

[86] P. Gentile, M.G. Scioli, A. Bielli, B. De Angelis, C. De Sio, D. De Fazio, G. Ceccarelli, A. Trivisonno, A. 
Orlandi, V. Cervelli, S. Garcovich. Platelet-Rich Plasma and Micrografts Enriched with Autologous 
Human Follicle Mesenchymal Stem Cells Improve Hair Re-Growth in Androgenetic Alopecia. 
Biomolecular Pathway Analysis and Clinical Evaluation. Biomedicines 7 (2019) 27. 
https://dx.doi.org/10.3390/biomedicines7020027 

[87] D.W. Shin. The physiological and pharmacological roles of prostaglandins in hair growth. Korean 
Journal of Physiology & Pharmacology 26 (2022) 405-413. 
https://dx.doi.org/10.4196/kjpp.2022.26.6.405 

[88] J.Y. Choi, M.Y. Boo, Y.C. Boo. Can Plant Extracts Help Prevent Hair Loss or Promote Hair Growth? A 
Review Comparing Their Therapeutic Efficacies, Phytochemical Components, and Modulatory 
Targets. Molecules 29 (2024) 2288. https://dx.doi.org/10.3390/molecules29102288 

[89] B. Rafidi, K. Kondapi, M. Beestrum, S. Basra, P. Lio. Psychological Therapies and Mind-Body 
Techniques in the Management of Dermatologic Diseases: A Systematic Review. American Journal 
of Clinical Dermatology 23 (2022) 755-773. https://dx.doi.org/10.1007/s40257-022-00714-y 

https://doi.org/10.1007/s12020-017-1280-y
https://doi.org/10.2147/dddt.S214907
https://doi.org/10.1080/09546634.2021.1959506
https://doi.org/10.1111/jdv.16858
https://doi.org/10.3389/fimmu.2022.955035
https://doi.org/10.1080/09546634.2016.1277179
https://doi.org/10.1016/s0190-9622(98)70007-6
https://doi.org/10.1016/s0190-9622(98)70007-6
https://doi.org/10.4103/0974-7753.51923
https://doi.org/10.1371/journal.pbio.2003705
https://doi.org/10.4196/kjpp.2018.22.5.555
https://doi.org/10.1016/j.ejphar.2020.173197
https://dx.doi.org/10.3390/biomedicines7020027
https://doi.org/10.4196/kjpp.2022.26.6.405
https://doi.org/10.3390/molecules29102288
https://doi.org/10.1007/s40257-022-00714-y


ADMET & DMPK 00(0) (2025) 3030 Precision therapeutics in non-scarring alopecia 

doi: https://doi.org/10.5599/admet.3030  21 

[90] Y. Zou, F. Tang, P. Li, W. Qiu, M. Lei. Wnt10b Regulation of Hair Follicle Development, Regeneration, 
and Skin Diseases. Stem Cell Reviews and Reports 21 (2025) 1728-1737. 
https://dx.doi.org/10.1007/s12015-025-10898-5 

[91] R. Kapoor, D. Shome, S. Vadera, V. Kumar, M.S. Ram. QR678 & QR678 Neo Hair Growth 
Formulations: A Cellular Toxicity & Animal Efficacy Study. Plastic and Reconstructive Surgery Global 
Open 8 (2020) e2843. https://dx.doi.org/10.1097/gox.0000000000002843 

[92] BioSpace. Scientists Decode Hair Loss at the Molecular Level, Paving the Way for Regrowth Without 
Transplants. BioSpace (2025). https://www.biospace.com/press-releases/scientists-decode-hair-
loss-at-the-molecular-level-paving-the-way-for-regrowth-without-transplants (date accessed on 
30th July 2025) 

[93] D. Shome, R. Kapoor, K. Doshi, G. Patel, S. Vadera, V. Kumar. Effectiveness of QR678 and QR678 
Neo(®) with intralesional corticosteroid vs. intralesional corticosteroid alone in the treatment of 
alopecia areata - A randomized, comparative, prospective study. Journal of Cosmetic Dermatology 
21 (2022) 358-367. https://dx.doi.org/10.1111/jocd.14630 

[94] D. Shome, R. Kapoor, M. Surana, S. Vadera, R. Shah. Efficacy of QR678 Neo(®) hair growth factor 
formulation for the treatment of hair loss in Covid-19-induced persistent Telogen Effluvium - A 
prospective, clinical, single-blind study. Journal of Cosmetic Dermatology 21 (2022) 16-23. 
https://dx.doi.org/10.1111/jocd.14626 

[95] A. Clinic, A. Asper, A. Mittal, D. Shome, D. Parbhoo, J. Thanzama, K. Doshi, N. Sachde, R. Gaunkar, R. 
Kapoor, R. Thakkar, S. Sion, S. Shetty, V. Kumar, V. Parveen, V. Singhal. Evaluation of the safety and 
effectiveness of intradermal administration of QR678 Neo(®) hair growth factor formulation: A 
phase-IV, open-label, single-arm multi-ethnicity clinical trial. Journal of Cosmetic Dermatology 21 
(2022) 580-589. https://dx.doi.org/10.1111/jocd.14715 

[96] R. Kapoor, D. Shome, K. Doshi, G. Patel, S. Vadera. Evaluation of efficacy of QR 678 and QR678 neo 
hair growth factor formulation for the treatment of female pattern alopecia in patients with PCOS - 
A prospective study. Journal of Cosmetic Dermatology 19 (2020) 2637-2646. 
https://dx.doi.org/10.1111/jocd.13673 

[97] R. Kapoor, D. Shome, S. Vadera, M.S. Ram. QR 678 & QR678 Neo Vs PRP - A randomised, 
comparative, prospective study. Journal of Cosmetic Dermatology 19 (2020) 2877-2885. 
https://dx.doi.org/10.1111/jocd.13398 

[98] V. Kumar, D. Shome, S. Atre, A. Nagarsekar, R. Gaunkar, R. Kapoor, K. Doshi. The iceberg 
phenomenon of alopecia associated public health ramifications on the quality of life among adults 
in India. Dermatological Reviews (2022). https://dx.doi.org/10.1002/der2.109 

[99] V. Kumar, M. Gold, A. Jain, P. Mhatre, U. Zaman, R. Kapoor, D. Shome. Effectiveness of minimally 
invasive injectable modalities in the management of androgenetic alopecia among adults - A 
systematic review. Journal of Cosmetic Dermatology 23 (2024) 3144-3157. 
https://dx.doi.org/10.1111/jocd.16493 

[100] R. Kapoor, D. Shome, K. Doshi, G. Patel, H. Tandel, V. Kumar. A newer approach in the treatment of 
seborrheic dermatitis with QR678® and QR678 Neo® - A prospective pilot study. Journal of Cosmetic 
Dermatology 22 (2023) 3078-3087. https://dx.doi.org/10.1111/jocd.15957 

[101] R. Kapoor, D. Shome, K. Doshi, S. Vadera, G. Patel, V. Kumar. Evaluation of efficacy of QR678® and 
QR678® Neo hair growth factor formulation in the treatment of persistent chemotherapy‐induced 
alopecia caused due to cytotoxic chemotherapy—A prospective pilot study. Journal of Cosmetic 
Dermatology 19 (2020) 3270-3279. https://dx.doi: 10.1111/jocd.13759 

[102] D. Shome, R. Kapoor, S. Vadera, K. Doshi, G. Patel, T. Mohammad Khan. Evaluation of efficacy of 
intradermal injection therapy vs derma roller application for administration of QR678 Neo(®) hair 
regrowth formulation for the treatment of Androgenetic Alopecia - A prospective study. Journal of 
Cosmetic Dermatology 20 (2021) 3299-3307. https://dx.doi.org/10.1111/jocd.14139 

[103] D. Shome, H. Tandel, V. Kumar, R. Kapoor. Evaluation of efficacy of derma roller sizes vs topical 
application for administration of QR678 Neo® hair regrowth formulation in the treatment of 

https://doi.org/10.5599/admet.3030
https://doi.org/10.1007/s12015-025-10898-5
https://doi.org/10.1097/gox.0000000000002843
https://www.biospace.com/press-releases/scientists-decode-hair-loss-at-the-molecular-level-paving-the-way-for-regrowth-without-transplants
https://www.biospace.com/press-releases/scientists-decode-hair-loss-at-the-molecular-level-paving-the-way-for-regrowth-without-transplants
https://doi.org/10.1111/jocd.14630
https://doi.org/10.1111/jocd.14626
https://doi.org/10.1111/jocd.14715
https://doi.org/10.1111/jocd.13673
https://doi.org/10.1111/jocd.13398
https://doi.org/10.1002/der2.109
https://doi.org/10.1111/jocd.16493
https://doi.org/10.1111/jocd.15957
https://doi.org/10.1111/jocd.14139


R. Kapoor et al.  ADMET & DMPK 00(0) (2025) 3030 

22  

androgenetic alopecia. Journal of Cosmetic Dermatology 21 (2022) 6528-6530. 
https://dx.doi.org/10.1111/jocd.15336 

[104] R. Kapoor, D. Shome. Intradermal injections of a hair growth factor formulation for enhancement of 
human hair regrowth - safety and efficacy evaluation in a first-in-man pilot clinical study. Journal of 
Cosmetic and Laser Therapy 20 (2018) 369-379. https://dx.doi.org/10.1080/14764172.2018.1439965 

[105] D. Shome, R. Kapoor, K. Doshi, G. Patel, S. Vadera, V. Kumar. Comparison of QR 678(®) & QR678(®) 
Neo as monotherapy and as combination therapy with 5% Minoxidil solution and oral Finasteride in 
the treatment of male androgenetic alopecia - Which is better? Journal of Cosmetic Dermatology 20 
(2021) 1763-1765. https://dx.doi.org/10.1111/jocd.14154 

[106] M. Gold, U. Zaman, V. Chouksey, M. Gosavi. Evaluation of the efficacy of a biomimetic peptide 
solution for rejuvenation of donor scalp and as storage media for hair follicle grafts during FUE hair 
transplantation. Journal of Cosmetic and Laser Therapy 27 (2025) 64-70. 
https://dx.doi.org/10.1080/14764172.2025.2468499 

 

 
 
 

©2025 by the authors; licensee IAPC, Zagreb, Croatia. This article is an open-access article distributed under the terms and 
conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/)  

https://doi.org/10.1111/jocd.15336
https://doi.org/10.1080/14764172.2018.1439965
https://doi.org/10.1111/jocd.14154
https://doi.org/10.1080/14764172.2025.2468499
http://creativecommons.org/licenses/by/3.0/

