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Abstract 

Because dermatophytes and their hosts are so different, infection susceptibility is most likely 

the consequence of changes on both sides, as well as reciprocal adaptation. In addition, some 

studies have revealed a role for host genetics in the development of illness, including possible 

Mendelian inheritance patterns for dermatophytosis tendency. This paper emphasizes the 

complexity of the genetic link between dermatophytes and their natural and accidental hosts. 

According to a literature study, different ideas and methodologies may lead to different 

interpretations of this connection. Selecting an appropriate model for analysis and reasoning is 

a critical step in better understanding these disorders. A significant portion of the research is 

focused on the host's genetic and immunological response to dermatophyte infection. Future 

studies will require a broader exploration of the dermatophyte genome in combination with 

analysis of large phenotypically well-characterized populations of various dermatophyte 

species in order to identify the main factors mediating infection risk that can be targeted to 

disrupt host–pathogen interactions and used in therapies. As a result, both conceptually and 

practically, extensive study on the interactions between dermatophytes and their specific hosts, 

which comprise intricate molecular pathways, is critical. However, it is undeniable that genetic 

predisposition plays a crucial role in the susceptibility to dermatophyte infection. 
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Introduction 

Dermatophytosis is a common illness that affects 20–25 percent of the human population every 

year (1,2,3). Dermatophytes, filamentous fungi with a strong affinity for keratinized tissues 

such as skin, hair, and nails, are the main etiological agents of this illness (1, 4,5,6). 

Trichophyton, Microsporum, and Epidermophyton were previously designated as the causal 

agents of dermatophytosis in the order Onygenales (7). Molecular phylogenetic techniques, on 

the other hand, have changed dermatophyte taxonomy, proving that Trichophyton is a 

polyphyletic taxon and allowing for the introduction of new taxa such as Nannizzia, 

Arthroderma, Paraphyton, Lophophyton, Ctenomyces, and Guarromyces (8). 

Over the last two decades, the global incidence of dermatophytosis has increased dramatically. 

Socioeconomic issues, large-scale worldwide travel, immigration from tropical countries, 

climate change, and regular interaction with animals, particularly pets, are all contributing 

factors (9,10,11,12). As a result of prolonged life and the unavoidable use of 

immunosuppressive medicines by many patients, dermatophytosis-induced morbidity has 

increased in humans (13,14,15). Furthermore, because the majority of dermatophytes are 

zoonotic, intimate contact with pets increases the risk of infection. As a result, it appears that 

only an interdisciplinary strategy comprising dermatologists, pediatricians, primary care 

physicians, mycologists, and veterinarians can assist to control the spread of dermatophytoses 

in today's world (16). The significance of genetic variables in the tendency to dermatophytosis 

and the possible inheritance of these tendencies is a fascinating topic. 

We explain current results concerning the mechanism of dermatophyte infections in this 

review, with an emphasis on the disease's hereditary propensity in humans. The importance of 

heredity in families with a high incidence of dermatophyte infections, as well as unique host–

pathogen interactions, are underlined in particular. 

Determinants of Dermatophytosis Prevalence: Genetic Predisposition 

Interestingly, data from several observational studies indicate that dermatophytes infect people 

of all ages, races, genders, and socioeconomic statuses at alarmingly high rates (17,18,19).The 

incidence of superficial fungal infections, however, varies greatly. The factors that influence 

dermatophyte infection susceptibility and frequency may be separated into three categories: (1) 

environmental factors that affect both the host and the pathogen, (2) host-specific factors, and 

(3) dermatophyte species and ecological group factors (1, 10, 20, 21). Climate conditions, such 

as humidity and temperature, are included in the first category (1, 5, 20,21,22,23). The host is 

largely dependent on genetic susceptibility to infectious diseases, as well as other factors such 

as age, sex, maceration of the epidermis, mechanical skin lesions, impairment of 

immunological barriers, and possible interactions with dermatophytes and their spores 

associated with socioeconomic status and profession (18, 23,24,25,26,27,28). Finally, the 

ecological niche filled by the fungus has a substantial influence on the course of infection (23, 

24, 29,30,31).  
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The symptoms of dermatophyte infection are not limited to chronic or acute superficial lesions, 

but can range from individuals who are never infected to those who have inflammatory, non-

inflammatory, or treatment-resistant symptoms to cases of invasive, disseminated, and life-

threatening disease (14, 17, 32,33,34,35,36,37,38).  

The acquisition of dermatophyte infectious components by the host's stratum corneum is not 

synonymous with the emergence of infection symptoms, according to conclusive data from 

observational studies (10, 39, 40). Furthermore, despite the harmful character of the 

dermatophytes, the frequency of cutaneous fungal infections is not as great as one might 

assume (1, 2, 23, 41, 42). Second, the relatively high incidence of dermatophytoses in specific 

communities or families may be a key indicator of genetic sensitivity to these fungi. In this 

context, an obvious issue arises: whatever genetic characteristics in the human/animal host 

cause some people to be immune to illness symptoms and even stay asymptomatic carriers, 

while others acquire severe dermatophytosis that, at worst, can be invasive and resistant to 

treatment? 

Pathogen Virulence or Host Genetic Predisposition 

The pathophysiology of infectious illnesses has been studied for about seven decades to 

determine if pedigrees, polymorphism, and other genetic alterations, particularly the genetics 

of immunity, underpin dermatophyte susceptibility or offer protection against these infections 

(10, 17, 19). Although the nature and severity of dermatophyte infections, their relapses despite 

treatment, and the receptivity of the host physicochemical barrier to the pathogen are all 

influenced by the host's genetics (43), the pathogenic potential of highly ecologically diverse 

dermatophytes is equally important in the disease's development (37, 44, 45). The presence of 

animals in the home is associated with the largest number of dermatophytosis cases, and their 

occurrence is increasing with the growing popularity of pets globally (9, 11, 26, 46). As a result, 

dermatophytes found in soil have a lower virulence than animal-related infections (47, 48), and 

many researchers and clinicians perceive geophilic dermatophytes as opportunistic pathogens 

(49, 50). Anthropophilic dermatophytes, which have evolved to thrive on keratinophilic 

substances of human origin, are at the heart of these harmful relationships, and their high 

transmission is confined to humans alone (10, 51, 52). However, even within the same 

ecological group, dermatophyte strains exhibit significant genomic and phenotypic variability, 

which is due to the profile of secreted exoenzymes influencing host response (5, 29, 37, 44, 53, 

54). Furthermore, because of the diversity in enzyme profiles and activity, only a few or none 

of them can be sufficiently pathogenic to induce clinical illness (5, 55,56,57). 
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Interestingly, multiple infection patterns may be seen in the same genetic dermatophyte strain 

(26, 29, 35, 46, 58). Different clinical presentations of dermatophytosis have also been 

discovered in cognate persons living or working together in several circumstances (41, 59, 60). 

The type and degree of the interaction established with dermatophytes after exposure seems to 

be influenced by the host. The choice of a research approach is critical in the study of genetic 

predispositions to dermatophyte infections. Initially, variations in the prevalence of 

symptomatic infection between genetically related family members and spouses were used to 

infer the genetic basis of susceptibility to dermatophytes (61,62,63,64). Many scientists, 

however, saw this research as dubious, arguing that the variations detected based on medical 

history and mycological examination could not be meaningful. Because of the high frequency 

of daily routine interaction in the shared living environment, which increases infection rates, 

research among family members is unreliable. Humans who are not related by blood but have 

a shared working environment or daily activities, such as in the army, school, or hospital, have 

a comparable incidence of dermatophytoses (41, 42, 64, 65, 66, 67, 68, 69, 70). Abdel-Rahman 

et al. (58) suggested in their groundbreaking study that cross-sectional sampling strategies used 

in most epidemiologic studies are insufficient for describing the natural course of infection and 

fail to identify individuals who develop active disease; thus, a different strategy for testing 

infection predisposition should be used. In a two-year prospective longitudinal research (58), 

the authors analyzed preschool-aged children who attended the same child care center. Then, 

molecular strain typing was used to distinguish between those who had never been infected 

with the pathogen, those who had acquired and lost multiple fungal strain types on a regular 

basis, and those who had acquired and sustained infection with the same strain type for years. 

A total of 3541 scalp cultures were obtained from 446 youngsters for this investigation. Each 

month, 22% to 51% of the scalp cultures were positive, resulting in 1390 fungal cultures and 

1048 typeable cultures. In children with multiple typeable isolates, 51% had the same strain 

exclusively, 37% had a single predominant strain with secondary strains acquired transiently, 

and 12% had a distinct strain of T. tonsurans in each typeable culture. It was approximately 90 

percent likely that the same strain would survive in later months, which was unlikely to have 

occurred by accident. Exclusive, predominant, and temporary T. tonsurans carriers had 

significantly varied rates of symptomatic illness. Unlike dermatophyte infections in older 

people, where symptomatic disease appears to be a result of pathogen acquisition and 

asymptomatic carriers can be linked to the index case, the infection in the preschool-age 

population was endemic, and symptomatic disease appeared to be triggered by a single strain 

that remained on the scalp. 
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Indeed, the form and degree of the interaction created with dermatophytes is influenced by the 

host's health, and the same genetic dermatophyte strain can cause distinct infection patterns in 

people sharing the same environment (2, 41, 58). Furthermore, various coexisting health 

disorders, such as eczema, psoriasis, ichthyosis, atopic dermatitis, and seborrheic dermatitis, 

may impact dermatophyte susceptibility (58, 71, 72, 73, 74, 75, 76). As a result, considering 

the genetic basis of susceptibility to dermatophyte infections without first determining the 

pathogenicity of the fungus does not appear to be supported by evidence. Finally, different 

strains of fungus with varying infective abilities may be involved, which, in combination with 

the host organism's genetic sensitivity, defines the sort of infection that occurs. As a result, the 

genetic predisposition of the host is just as significant as the pathogen's virulence and 

adaptability. Both aspects should be considered in clinical practice, and mycological tests 

should always be conducted and the findings correlated with the patient's state. 

Susceptibility to Dermatophyte Infection Is Passed Down Through Generations 

Regardless of the methodological flaws mentioned above, the study on the prevalence of 

dermatophyte infections in related persons raises questions. In the middle of the twentieth 

century, researchers came to conflicting findings on genetic tendencies in dermatophytoses. 

Genetically related family members, husbands/wives marrying into these households, and 

entirely unrelated persons living in the same environment all had different rates of 

dermatophyte infections (62, 63, 77,78,79). On the basis of questionnaires completed by over 

100 dermatologists, Sulzberger et al. (80) examined the extent of family infections of the foot 

and groins. Their research found a relatively weak link between family members and the 

occurrence of dermatophytoses, with just four confirmed cases of familial infection among 

hundreds of thousands of patients evaluated; hence, such a high rate of infection was of no 

practical significance. The authors said that no familial infection could be established unless 

the fungus were isolated in culture and visually matched. The frequent interaction in a shared 

environment, which has been demonstrated to have an influence on infection rates in 

populations without genetic ties (66, 67, 78, 81), confused these associative investigations 

among family members. Skeptics are using the incidence of dermatophytoses in persons who 

live or work together as a criteria for further investigation into the genetic causes of 

vulnerability to these illnesses. Hopkins and Hillegas (78) observed that diverse species 

appeared at roughly the same proportions in most of the groups studied in their examination of 

fungal infections on the feet of soldiers at a military station. Individual vulnerability to a latent 

infection and immunity, rather than the possibility of cross-infection, were therefore 

prioritized. Nonetheless, the fact that three of the 26 groups evaluated in their study revealed 

significant variance in the major fungal species causing the illness, while others showed 

relatively little variation, raised questions about the correctness of the results. The 

inconsistencies in these results were due to the high turnover of personnel in military 

institutions, which did not always allow for enough time for any species to gain dominance 

(78).  
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Furthermore, contact sports have a high frequency of fungal skin infections, with tinea 

gladiatorum in wrestlers being a common example (70, 82). Dermatophytosis was shown to be 

more common among athletes under the age of 15 (82, 83). Despite continued wrestling 

activity, large levels of fungistatic effect of steroid hormones beyond puberty are likely to limit 

the occurrence of tinea gladiatorum in the older age range (83). Lewis and Lewis (64) identified 

healthcare staff in a rehabilitation center who had detectable physical contact and calculated 

that a quarter of them had a fungal infection. The significant contact group had a 33 percent 

infection rate and the moderate contact group had a 17 percent infection rate; the minimal 

contact group had no illnesses. 

However, these historical data, together with examination of more refined pedigree results, 

give some support for a genetic link between dermatophyte infection susceptibility and 

genetics. Bonifaz et al. (84) came up with the first significant conclusion. The genetic 

predisposition to dermatophytosis was shown to be autosomal dominant in nine out of 16 

family members, i.e., children with the same mother but different dads, in their investigation 

on confirmed instances of tinea imbricata caused by Trichophyton concentricum. Although 

Ravine et al. (85) reported autosomal recessive inheritance of tinea imbricata susceptibility in 

1980, the authors firmly emphasize that the described family case clearly implies an autosomal 

dominant rather than recessive inheritance pattern of susceptibility. Furthermore, the genetic 

propensity to tinea imbricata was not entirely clarified by these contradicting data. According 

to Hay et al. (86), in addition to heritable vulnerability to this illness, heritable inadequate 

immune response to infection might also be a factor in the high recurrence rate and broad nature 

of clinical lesions seen in Tinea imbricata. Dey and Maplestone (87), Polunin (88), and Reid 

(89) found a significantly greater frequency of tinea imbricata in various races living in the 

same nation and under similar environmental conditions, indicating that racial traits play a role 

in disease susceptibility. The findings of racial disparities in infection rates might be the 

consequence of ethnically driven environmental variations between racial groups of persons 

living in close proximity. 

Furthermore, Zaias et al. (90) discovered that the autosomal dominant pattern of inheritance 

was significant in increasing sensitivity in pedigrees of families in Italy with distal subungual 

onychomycosis and associated tinea pedis produced in foot soles by T. rubrum. In addition, 

infections in family members with inherited predisposition were equally common in both sexes. 

Families in France made similar discoveries about onychomycosis tendencies being passed 

down over the generations. Onychomycosis is intriguing in another way, in terms of genetic 

proclivities: in almost half of cases identified in children, parents were also afflicted, implying 

hereditary predispositions (19). 

A breakdown in the immune response has also been hypothesized as a reason for variation in 

dermatophyte susceptibility in various studies. CARD9 (caspase recruitment domain-

containing protein 9) deficiency due to compound heterozygous mutations is a differential 

diagnosis for severe, deep, recurring cutaneous fungal infections in individuals who are non-

immunosuppressed or do not receive immunosuppressive medication (91,92,93). CARD9 is an 

adapter protein that regulates macrophage and neutrophil antifungal activity in the skin (91).  
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This impairment is also inherited as an autosomal recessive trait (94). CARD9 is also required 

for the activation of T-helper 17 (Th17) cells, which is mediated mostly by dectin-2, but also 

by dectin-1 signaling, macrophage-inducible C-type lectin, and maybe additional immune-

related receptors (95,96,97). Glocker et al. (98) conducted a pedigree study on a 

consanguineous family with multiple members suffering from chronic fungal infections and a 

CARD9 autosomal recessive inheritance mechanism.Recurrent fungal infections were 

identified clinically in eight family members in their investigation, three of whom died as 

children. There were no uncommon bacterial or viral illnesses in any of these individuals, 

indicating that the host's resistance against these pathogens was normal. Furthermore, Nazarian 

et al. (93) discovered a tinea profunda case in a 31-year-old male caused by Trichophyton 

rubrum and Trichophyton violaceum and linked to biallelic mutations in CARD9. Deep 

dermatophytosis accounted for 37.3 percent of all documented instances of fungal infections 

connected to CARD9 deficiency owing to autosomal recessive mutations, according to Vaezi 

et al. (96). These dermatophytoses were found to be caused by Trichophyton violaceum, 

Trichophyton rubrum, and Trichophyton mentagrophytes (93, 99,100,101). Surprisingly, 

analyses of the characteristics, distribution, frequency, and relationship between the genotype 

of the CARD9 gene mutations and fungal infections in the reported cases revealed that 

dermatophytosis caused by this factor accounted for up to 75% of African cases (96), which is 

likely reflected in the high prevalence of T. violaceum isolation on this continent (48, 102). 

These findings show that mutations may be particular to particular populations or geographic 

locations where numerous closed groups have a high percentage of consanguinity. 

The adaptive immune response to dermatophytosis has been extensively examined in 

geographically separated groups of patients (75, 103, 104, 105, 106, 107). In the course of 

fungal infection, the major histocompatibility complex (MHC) and the HLA (Human 

Leukocyte Antigen) system are thought to be crucial for antigen presentation and activation of 

T cell-mediated responses (75). Zaitz et al. (103) discovered HLA-DR4 in 100 percent of 

persons without symptoms and 25 percent of cases in a Brazilian Ashkenazi Jewish community 

with T. rubrum onychomycosis, showing a preventive effect against disease susceptibility. In 

turn, Garca-Romero et al. (104) discovered a greater frequency of HLA-DR8 in families with 

onychomycosis caused by the same dermatophyte species in a Mexican mestizo community, 

suggesting that this haplotype may confer vulnerability. Carrillo-Meléndrez et al. (75) also 

discovered a link between HLA-DR8 and the genetic predisposition to onychomycosis in nail 

psoriasis patients. Their research also demonstrated a link between HLA-DR1 and a genetic 

tendency to develop onychomycosis. 

The incidence of specific disease entities linked with this group of fungus is significantly higher 

when the genetic factor is implicated, according to this retrospective investigation of the 

hereditary determinants of dermatophytoses susceptibility. Furthermore, the spatial component 

of these partnerships involving human races living in close proximity to one another is 

beginning to emerge. In addition, identifying high-risk households will allow family members 

to be educated about the dangers of fungal diseases. As a result, in practical practice, the 

information gathered during the interview can help to speed up the diagnosis and motivate the 

dermatologist to prescribe the proper treatment.  
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An overly broad approach to dermatophytosis as a whole, as well as the use of approaches 

based only on infection frequency analysis, on the other hand, is inaccurate and leads to 

incorrect conclusions about genetic predisposition. 

Identification of Susceptibility-Related Genes 

The assertion that genetic vulnerability to dermatophytosis is a monogenic trait can be just as 

misleading as the current tendency of emphasizing the importance of genetic determinants 

while ignoring other host, pathogen, or environmental variables. The search for genetic 

dependencies while neglecting non-inherited variables is one of the major shortcomings of 

investigations investigating genetic predictors of susceptibility to anthropophilic 

dermatophytes (17). As a result, finding genes that cause higher susceptibility to 

dermatophytosis is difficult, because the pathogen–host interaction should be addressed 

holistically (10, 28). 

Abdel-Rahman and Preuett (108) used successful approaches for identifying genes involved in 

host–pathogen interactions and hence linked with greater susceptibility to dermatophyte 

infections. An exhaustive search for genes that may be connected to infection was carried out 

as part of a genome-wide association research in a cohort of children whose tinea capitis 

infection was tracked longitudinally over several years. The study included 20 children with T. 

tonsurans > 90% of the time and 20 children with the fungus less than 10% of the time. In 

general, the scientists discovered 21 genes with a genotype linked to fungal carriage, albeit 

they did not investigate whether this was linked to tinea capitis symptoms. The genes identified 

in this study were linked to a variety of tasks, including leukocyte activity, extracellular matrix 

remodeling, wound healing, and cutaneous permeability. Over 60% of the diversity in infection 

rate was accounted for by the risk score given to the genotypes in these 21 genes, and eight of 

the investigated genes appeared to account for the bulk of the observed heterogeneity in 

susceptibility to dermatophyte infections (108). These data suggest that a genetically defined 

impairment in adaptive immune responses may influence dermatophyte infection 

susceptibility. Furthermore, research findings have suggested probable interactions in 

prevalence, i.e., a failure in the innate response may impede the adaptive response, increasing 

vulnerability (19, 43, 109, 110). 

T. rubrum dermatophytosis was linked to the expression of genes encoding IL-22, human-

defensin 2 (hBD-2), and 4-defensin, according to Jaradat et al. (109). (DEFB4). The researchers 

discovered a link between the number of copies of DEFB4 mRNA and the incidence of T. 

rubrum–induced superficial dermatophytosis. The authors postulated that a low DEFB4 copy 

number, in combination with high IL-22 levels, was a risk factor for dermatophytosis 

pathogenesis. Other dermatophytosis candidate genes, such as the Fc receptor gamma, which 

is exploited by the pattern recognition receptor dectin-2 to promote innate immune responses 

against T. rubrum (111, 112), have been discovered in other research. This gene has been 

shown to have a varied number of copies in persons with and without infections, suggesting 

that it may play a role in dermatophyte infection pathogenesis. 
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CLEC7A-Y238X, an early stop codon variation that alters the detection of fungal-glucan by 

the receptor dectin-1, was identified in other investigations of a potential gene for susceptibility 

in individuals suffering from superficial dermatophytosis (113). Dectin-1 surface expression 

defects caused by the Tyr238X polymorphism resulted in-glucan recognition failure and 

cytokine response impairment in monocytes and macrophages (114). Because this 

polymorphism was found in all African communities studied, it is most likely an old mutation 

that first appeared more than 60,000 years ago, before the separation of modern human lineages 

in the late Paleolithic (115). In Europe, a genetic abnormality was discovered in a Dutch family 

with onychomycosis affecting all members (113). 

The Human Genome Diversity Project (HGDP) can help elucidate the genetic susceptibility to 

dermatophytoses and give further information on the frequency and global distribution of 

genomic polymorphisms linked to dermatophytosis prevalence (116). By investigating 

genome-wide polymorphism databases, such investigations of haplotype diversity within the 

white population and other races, families, and populations will undoubtedly discover more 

genes that are crucial to enhanced sensitivity (43-267). 

Conclusion 

The heterogeneity of dermatophytes and their hosts suggests that infection susceptibility is 

most likely the result of alterations on both sides and reciprocal adaptation. Furthermore, a role 

for host genetics in the development of sickness has been discovered in several investigations, 

including probable Mendelian inheritance patterns for dermatophytosis propensity. The 

intricacy of the genetic connection between dermatophytes and their natural and unintentional 

hosts is underlined in this review. Different theories and approaches may lead to diverse 

interpretations of this link, according to a literature review. A vital step in better understanding 

these diseases is selecting an appropriate model for analysis and reasoning. There is also a large 

sector dedicated to studying the host's genetic and immunological response to dermatophyte 

infection.  

In order to identify the main factors mediating infection risk that can be targeted to disrupt 

host–pathogen interactions and used in therapies, future studies will require a broader 

exploration of the dermatophyte genome in combination with analysis of large phenotypically 

well-characterized populations of various dermatophyte species. As a result, significant 

research on the relationships between dermatophytes and their unique hosts, which include 

complicated molecular pathways, is important both theoretically and practically. However, it 

is certain that genetic predisposition plays a significant role in dermatophyte infection 

susceptibility. 
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18. Moataz Dowaidar. Cardiometabolic Conditions Could Be Related to Vitamin D Deficiency. The Genetic Determinants 

That Affect Vitamin D Pathways May Be Solved with Nanomedicines. https://doi.org/10.31219/osf.io/nqewr. 
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19. Moataz Dowaidar. Different Insulin Resistance and Inflammation Pathways Are Influenced by Genetic Factors in 

Metabolic Syndrome. Gene Therapy Enables Early Recognition and Treatment of the Genetic Factors. 

https://doi.org/10.31219/osf.io/gqwj2. 

20. Moataz Dowaidar. Gene Therapy Has Been Shown to Be Valuable for Understanding Complex Disease 

Pathophysiologies. The Medical Profession as a Whole Will Have to Invest in Specialized Investigations. 

https://doi.org/10.31219/osf.io/8fg9y. 

21. Moataz Dowaidar. Genetic and Epigenetic Discoveries Hold Promising Avenues in Cardiovascular Prevention and 

Management (CVDs). Key Nucleic Acids Are Being Researched and Developed for Medicinal Use. 

https://doi.org/10.31219/osf.io/hk7pe. 

22. Moataz Dowaidar. Genome Editing Can Now Be Carried out in an Isogenic Setting. It Can Be Effectively Transmitted 

to Somatic Tissues in Mice, but Not to Humans. Despite These Doubts, CRIS Has Great Potential as a Medical Promise. 

https://doi.org/10.31219/osf.io/4rn3v. 

23. Moataz Dowaidar. Genome-Wide Association Experiments Have Uncovered a Slew of Cardiometabolic Trait-

Associated Variants. This Information Can Be Useful in the Implementation of New Diagnostic and Treatment 

Strategies. https://doi.org/10.31219/osf.io/4vws8. 

24. Moataz Dowaidar. Genome-Wide Association Studies (GWAS) Have Revolutionized Our View of Human Health and 

Disease Genetics and Offered Novel Gene Therapy Targets. https://doi.org/10.31219/osf.io/rvm3z. 

25. Moataz Dowaidar. Metabolic Syndrome_ the Presence of Inflammatory Mechanisms in Abdominal Obesity Is 

Undeniable, Gene Therapy Using Nanoparticles and Adenoviruses Technologies Is Promising. 

https://doi.org/10.31219/osf.io/2j5xt. 

26. Moataz Dowaidar. miRNAs May Be Used as Preventive Agents for Metabolic Diseases in the near Future. 

Understanding the Interplay between pro-Adipogenic_ and Anti-Ad Pipogenic miRNA’ Could Lead to New Biomarkers. 

https://doi.org/10.31219/osf.io/3dr8c. 

27. Moataz Dowaidar. Nanomedicine Has Elegantly Attempted to Cure Multiple Gene Polymorphisms and Mutations in 

Cardiovascular Diseases Using Gene Therapy Techniques. https://doi.org/10.31219/osf.io/d3x8g. 

28. Moataz Dowaidar. Thrombosis Pathways and Therapeutic Strategies. https://doi.org/10.31219/osf.io/57vyz. 

29. Moataz Dowaidar. What Genomic Research Has Told Us about the Obesity and Its Possible Gene Therapy Targets. 

https://doi.org/10.31219/osf.io/ym49s. 

30. Moataz Dowaidar. Exosomes Can Make the Use of Circulating miRNA as a Biomarker More Feasible. The Aim of Gene 

Therapy Should Be to Learn Everything There Is to Know about miRNA Activity. https://doi.org/10.31219/osf.io/edkua. 

31. Moataz Dowaidar. Anti-Sense Pathways Have Been Generated Using siRNA. The Liver and Other Often Used Organs 

Will Now Be Targeted. https://doi.org/10.31219/osf.io/m6xvp. 

32. Moataz Dowaidar. CrisPR/CRIS Systems Are Highly Effective and Useful for Genomic Manipulation. Despite This, 

Cardiac Treatment Remains Difficult due to Existing Genome Editing and Delivery Processes. 

https://doi.org/10.31219/osf.io/3nwzd. 

33. Moataz Dowaidar. Discoveries in Gene-Environment Interactions That Influence CVD, Lipid Traits, Obesity, Diabetes, 

and Hypertension Appear to Be Able to Influence Gene Therapy. https://doi.org/10.31219/osf.io/cr5af. 

34. Moataz Dowaidar. Genome Editing’s Potential Target Diseases in the Cardiovascular Field. 

https://doi.org/10.31219/osf.io/gc23p. 
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by Gene Therapy. https://doi.org/10.31219/osf.io/f38sk. 

36. Moataz Dowaidar. miRNA Can Be a Part of Both the Onset and Cure of Coronary Heart Disease. 

https://doi.org/10.31219/osf.io/teqh8. 
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Atherosclerotic Coronary Heart Disease. https://doi.org/10.31219/osf.io/ts8mh. 

38. Moataz Dowaidar. Researchers Would Be Able to Develop a Detailed Picture of Chromatin in Disease, Which Would 

Be Useful for Gene Therapy. https://doi.org/10.31219/osf.io/m9z48. 

39. Moataz Dowaidar. The Cardiometabolic-Based Chronic Disease Model Lays the Foundations for Accurate, Evidence-

Based Preventive Targeting and Gene Therapy. https://doi.org/10.31219/osf.io/up9z4. 

40. Moataz Dowaidar. 2D MOFs Have Unique Features for Biological Applications. They Can Be Utilized for Gene 

Therapy, Bioimaging, Biosensing, Photodynamic Therapy, and Tissue Engineering. 

https://doi.org/10.31219/osf.io/4q9ct. 

41. Moataz Dowaidar. 3D Bioprinting for Enhanced Vascularization, and Gene Editing to Provide a More Favorable 
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https://doi.org/10.31219/osf.io/v2xy8. 

42. Moataz Dowaidar. Anderson–Fabry Disease Can Be a Target for Gene Therapy. https://doi.org/10.31219/osf.io/tcgka. 

43. Moataz Dowaidar. Antisense Oligonucleotides (ASOs) and CRISPR Systems Are Promising Gene Therapy Treatments 

for Alzheimer’s Disease. https://doi.org/10.31219/osf.io/ws796. 

ISSN: 1559-0836                                                                                                          19 - 1 |  11

Metal Ions in Life Sciences



44. Moataz Dowaidar. Any Alteration in PPAR Genomic Sequence, Splicing Pattern, or PTM Is Likely to Cause Major 

Alterations in Its Function. In Personalized Medicine, Such Data Becomes More Significant in Gene Therapy Design. 

https://doi.org/10.31219/osf.io/y8n79. 
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46. Moataz Dowaidar. Autophagy and Proteostasis Adjustment Role in Normal Brain Function and Neurodegenerative 

Disorders. https://doi.org/10.31219/osf.io/m4yra. 

47. Moataz Dowaidar. Basal Ganglia-Cerebellar and Brainstem-Cerebellar Circuits May Interact Improperly with Dystonia. 

Linking Network Disruptions to Cell Failure Will Enable Understanding Pathophysiology and Designing Gene Therapy 

Methods. https://doi.org/10.31219/osf.io/8w35s. 

48. Moataz Dowaidar. Blood Products Are Used to Treat a Multitude of Diseases, so the Blood Transfusion System Needs 
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https://doi.org/10.31219/osf.io/egr3n. 

49. Moataz Dowaidar. Calixarenes (CAs) Are Promising in Biomedicine, Biosensing, Bioimaging and Gene Delivery 

Systems. https://doi.org/10.31219/osf.io/n9vjy. 

50. Moataz Dowaidar. CAR T Cell Research Has Quickly Advanced from the Bench to the Clinic and Back. The Results of 

the Trials Have Revealed New Mechanisms. https://doi.org/10.31219/osf.io/f9wm7. 
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53. Moataz Dowaidar. Chronic Obstructive Pulmonary Condition (COPD) Is a Prevalent, Preventable, and Curable Illness 
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54. Moataz Dowaidar. CircRNAs Have the Potential to Aid in the Diagnosis and Treatment of Lipid Diseases. 
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55. Moataz Dowaidar. Clinical Symptoms, Underlying Pathogenesis, and the Prospect of Tailored Therapies Have All 

Benefited from Genetic Discoveries in Parkinson’s Disease. https://doi.org/10.31219/osf.io/pdzqb. 
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58. Moataz Dowaidar. CRISPR-Based Gene Editing Is Presently Being Tried in Many Clinical Trials. 

https://doi.org/10.31219/osf.io/qbngx. 

59. Moataz Dowaidar. CRISPR–Cas9 Gene Editing as a Tool for Developing Immunotherapy for Cancer. 

https://doi.org/10.31219/osf.io/dvr4t. 
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https://doi.org/10.31219/osf.io/ctqbe. 
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https://doi.org/10.31219/osf.io/dh2pt. 

64. Moataz Dowaidar. Depression May Be Epigenetically Controlled by miRNAs Making It a Diagnostic or Gene Therapy 

Target. https://doi.org/10.31219/osf.io/fw65m. 

65. Moataz Dowaidar. Dermatophytes: Role of Host Genetics in the Development of Illness. 

https://doi.org/10.31219/osf.io/mf3bu. 

66. Moataz Dowaidar. Developments in Biomedical Technology Will Increase the Importance of mRNA in Treating Brain 

Tumors, as Well as Other Malignancies. https://doi.org/10.31219/osf.io/tvj5x. 

67. Moataz Dowaidar. Downstream Processing of Virus, Virus-like Particles and Nanoparticulate Inclusion Bodies to Be 

Used as Gene Delivery Vehicles for Human Gene Therapy Applications. https://doi.org/10.31219/osf.io/exa3q. 

68. Moataz Dowaidar. Dravet Syndrome Is a Severe Developmental and Epileptic Encephalopathy. Fenfluramine and Gene 

Therapy Are Promising. https://doi.org/10.31219/osf.io/zvq8y. 

69. Moataz Dowaidar. Exosomes’ Function in Cardiovascular Protection and Neovascularization Implies That They Might 

Be Used to Treat Ischemia and Atherosclerotic Cardiovascular Diseases. https://doi.org/10.31219/osf.io/2h8c7. 
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70. Moataz Dowaidar. Ferropsis Cell Death Can Cause Complications That May Be Difficult to Detect and Quantify: 

Autophagy Role and Possible Therapeutics. https://doi.org/10.31219/osf.io/zd2jg. 

71. Moataz Dowaidar. Following the Discovery of Anti-MDA5 Ab, the Clinical Understanding of Dermatomyositis Has 

Been Improved. https://doi.org/10.31219/osf.io/j2t5f. 

72. Moataz Dowaidar. For the Treatment of Cystic Fibrosis, RNA Medicines, Gene Transfer Therapies, and Gene Editing 
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73. Moataz Dowaidar. Frontotemporal Dementia Is a Complex Disorder with a Wide Spectrum of Clinical Symptoms. 
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https://doi.org/10.31219/osf.io/gh4x7. 

74. Moataz Dowaidar. G6PD Deficiency Is a Common Genetic Trait That Can Protect Heterozygotes from Dying from 

Malaria. https://doi.org/10.31219/osf.io/g2kza. 

75. Moataz Dowaidar. Gastric Cancer Is the World’s Second-Largest Death Cause. Peptides Can Be Used to Deliver 

Radiation or Other Fatal Chemicals to Tumors. https://doi.org/10.31219/osf.io/eu5mj. 

76. Moataz Dowaidar. Gene Doping May Be Possible for Lifestyle Enhancement. https://doi.org/10.31219/osf.io/8xkm5. 
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78. Moataz Dowaidar. Gene Therapy and Genome-Editing Treatments That Can Protect Patients from Coronary Artery 
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79. Moataz Dowaidar. Gene Therapy Approaches for Hemophilia A and B. https://doi.org/10.31219/osf.io/ufc4g. 

80. Moataz Dowaidar. Gene Therapy for the Central Nervous System Has Been Initiated. This Expansion Will Require 
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81. Moataz Dowaidar. Gene Therapy for the Treatment of Spinal Muscular Atrophy. https://doi.org/10.31219/osf.io/kpz5f. 

82. Moataz Dowaidar. Gene Therapy May Benefit Inherited Ichthyoses with Concurrent Fungal Infections and Severe Ich 

Thyroidoses. https://doi.org/10.31219/osf.io/zxmun. 

83. Moataz Dowaidar. Gene Therapy May Target APOE for Alzheimer’s Disease. https://doi.org/10.31219/osf.io/3y52k. 

84. Moataz Dowaidar. Gene Therapy Promises Accurate, Targeted Administration and Overcoming Drug Resistance in 

Diverse Cancer Cells. https://doi.org/10.31219/osf.io/j34n6. 

85. Moataz Dowaidar. Gene Therapy Targeting FVIII, FIX for Haemophilia Treatment. 

https://doi.org/10.31219/osf.io/qcbwp. 

86. Moataz Dowaidar. Gene Therapy Targeting PRMT5 May Be Useful in Immunotherapy. 

https://doi.org/10.31219/osf.io/gkw8j. 

87. Moataz Dowaidar. Gene Therapy Using Extracellular Vesicles Loaded with miRNA Derived from Bone Marrow 

Mesenchymal Stem Cells Is a Cell-Free Medication Delivery Method Used in a Variety of Diseases. 

https://doi.org/10.31219/osf.io/3znvw. 

88. Moataz Dowaidar. Genetic Engineered MSCs Are Attractive Possibilities for Regenerative Stem-Cell Therapy to Treat 

Several Liver Diseases. https://doi.org/10.31219/osf.io/4cfrd. 

89. Moataz Dowaidar. Genetic Variants Shared between Alzheimer’s Disease and Parkinson's Disease Have Been 

Discovered in Blood and Brain Samples. Somatic Mosaicism Might Function as an Accelerator. 

https://doi.org/10.31219/osf.io/tr58n. 

90. Moataz Dowaidar. Genome-Wide Association Studies Promise to Discover Novel Indicators of Hypertension. 

Endothelin-Related SNPs Are Currently in Clinical Trials. https://doi.org/10.31219/osf.io/2n4wa. 

91. Moataz Dowaidar. Gingival and Intraventricular Haemorrhages Are Severe Newborn Diseases Causing Damage to 

White Matter and Neurological Dysfunction in Surviving Newborns Who Can Benefit from Gene Therapy. 

https://doi.org/10.31219/osf.io/qb84p. 

92. Moataz Dowaidar. Glioblastoma Therapeutic Approaches Were Established Utilizing Contemporary Discoveries in 

Delivering Medicines to the Brain as Smart Nanoparticles for Focused Therapy. https://doi.org/10.31219/osf.io/db4f6. 

93. Moataz Dowaidar. Haemophilia Gene Therapy Is in Clinical Studies, Making Continuous Safety and Efficacy Testing a 

Key Emphasis. https://doi.org/10.31219/osf.io/sa8ny. 

94. Moataz Dowaidar. Hematopoietic Stem Cell Transplantation and Gene Therapy Are the Sole Treatments for Sickle Cell 

Disease and Other Hemoglobinopathies. https://doi.org/10.31219/osf.io/v8xqc. 

95. Moataz Dowaidar. Huntington’s Disease Gene Therapy and Nanomedicines May Be Available Shortly. 

https://doi.org/10.31219/osf.io/rxvgd. 

96. Moataz Dowaidar. Hybrid Gene Therapy Designed to Fully Understand the Underlying Molecular Cancer Process May 

Be a Feasible Option. https://doi.org/10.31219/osf.io/ajyfd. 

97. Moataz Dowaidar. Hydrogels Are Promising Considering Their Incredible Capacity to Modify, Encapsulate and Co-

Deliver Medicinal Compounds, Cells, Biomolecules, and Nanomaterials. https://doi.org/10.31219/osf.io/px3qy. 

98. Moataz Dowaidar. Immune Evasion Is Linked to Histone Variation Malfunction. Gene Therapy Could Provide Tools 

for Targeting Histone Variant Deposition as a Critical Part of Its Pharmacology. https://doi.org/10.31219/osf.io/kjm76. 
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99. Moataz Dowaidar. Implementing the Human Artificial Chromosome Gene Therapy Platform Remains Challenging, but 

Continuous Animal Model Research Will Advance the Platform Closer to Clinical Trials. 

https://doi.org/10.31219/osf.io/a53f7. 

100. Moataz Dowaidar. Inflammatory Breast Cancer Remains the Most Aggressive Form of Breast Cancer. A Multimodality 

Therapeutic Plan Has Shown Improved Survival Results. https://doi.org/10.31219/osf.io/cr935. 

101. Moataz Dowaidar. Inherited Immunohematological and Metabolic Diseases Have the Potential to Improve Significantly, 

or Be Cured, Using Haematopoietic Stem Cell Transplantation Gene Therapy. https://doi.org/10.31219/osf.io/ukbnm. 

102. Moataz Dowaidar. Insulin and IGF-1 Receptors Mutations Can Lead to Targets for Gene Therapy in Diabetes, Obesity, 

and Metabolic Syndrome. https://doi.org/10.31219/osf.io/s86x5. 

103. Moataz Dowaidar. Integrating High-Throughput Genetics and Neuroimaging Technologies Promises Greater 

Information on Neurobiological Anomalies in Neurodegenerative Diseases. https://doi.org/10.31219/osf.io/hpgyz. 

104. Moataz Dowaidar. Intravitreal and Subretinal Injections Currently Deliver Most Gene Therapy, Including siRNA for 

Eye Illnesses. Non-Viral Vectors May Provide Targeting. https://doi.org/10.31219/osf.io/rjkhy. 

105. Moataz Dowaidar. LncRNA Regulating Reprogramming Glucose Metabolism Has Become One of the Most Tempting 

Antineoplastic Targets for Gene Therapy. https://doi.org/10.31219/osf.io/hqma5. 

106. Moataz Dowaidar. lncRNAs Are Upregulated and Downregulated in OS Cells. Angiogenesis, Metastasis, Cell Signaling, 

Autophagy, and Death Are among Biological Processes That RNAs Play a Role in. 

https://doi.org/10.31219/osf.io/48n7q. 

107. Moataz Dowaidar. Magnetic Nanoparticles Are Widely Used in Drug Delivery, Imaging, Diagnosis, and Targeting. It 

Has Promises for the Treatment of Inflammatory Disorders such as Rheumatoid Arthritis. 

https://doi.org/10.31219/osf.io/p2gme. 

108. Moataz Dowaidar. Many miRNAs Participate in Inflammatory Regulation and Bone Metabolism. Overexpression of 

miR21 and miR155 Releases Proinflammatory Cytokines. https://doi.org/10.31219/osf.io/2wuvp. 

109. Moataz Dowaidar. MiR490’s Diagnostic Capacity Was Demonstrated in Various Cancer Kinds and Diseases, Adding 

to Its Clinical Value. https://doi.org/10.31219/osf.io/wysre. 

110. Moataz Dowaidar. miRNAs Have an Impact on Xeno-Infectious Diseases by Influencing Host And/or Infection Factors. 

https://doi.org/10.31219/osf.io/7qewx. 

111. Moataz Dowaidar. Mutations in MED12 Lead to Mental Retardation, Including Opitz–Kaveggia Syndrome, Ohdo 

Syndrome, Lujan–Fryns Syndrome, and Psychosis. It’s a Target for Gene Therapy. 

https://doi.org/10.31219/osf.io/cyns8. 

112. Moataz Dowaidar. Nanocarriers Can Be Used to Control the Activity of Genome Editing in a Spatiotemporal Way by 

Using Stimulusresponsive Nanocarriers. https://doi.org/10.31219/osf.io/nua89. 

113. Moataz Dowaidar. Nanomaterials Were Formed into Various Shapes, with Functionalization Aimed at Various 

Internalization Processes. Their Nanoscale Size Allows Drugs to Reach Cells or Extracellular Environments. 

https://doi.org/10.31219/osf.io/p2ajv. 

114. Moataz Dowaidar. Nanomedicine Is Offering Promising Strategies for Tumor Blockade Treatment. 

https://doi.org/10.31219/osf.io/yzxuq. 

115. Moataz Dowaidar. Network Medicine Might Lead to New Treatments for Dyslipidemia. It Will Be a Challenging 

Method to Implement in a Clinical Context. https://doi.org/10.31219/osf.io/nksbw. 

116. Moataz Dowaidar. Neuroinflammation Caused by Activated Microglia and Astrocytes Can Contribute to the Progression 

of Pathogenic Damage to Substantia Nigra Neurons, Playing a Role in Parkinson’s Disease Progression. 

https://doi.org/10.31219/osf.io/ac896. 

117. Moataz Dowaidar. Neurologists Rarely Perform Genetic Testing for Parkinson’s Disease. Evidence Suggests That Many 

Patients with Major Genetic Variants Go Undiagnosed. https://doi.org/10.31219/osf.io/ykpb2. 

118. Moataz Dowaidar. Neuronal Intranuclear Hyaline Inclusion Disease Is a Neurodegenerative Condition Which Can Be a 

Target for Gene Therapy. https://doi.org/10.31219/osf.io/upgqd. 

119. Moataz Dowaidar. New Therapies Aim at Restoring the Molecular, Morphological, and Functional Integrity of 

Parkinson’s Specific Brain Circuits. https://doi.org/10.31219/osf.io/dvyxc. 

120. Moataz Dowaidar. Not All lncMIRHGs Are ‘Junk Transcripts,’. LncM IRHG Loci May Make Both Functional miRNAs 

and lncRNAs, Which Can Work Together or Separately. https://doi.org/10.31219/osf.io/a567w. 

121. Moataz Dowaidar. Nrf2 Signaling Pathways Are Part of a Wider Network of Signaling Pathways Regulating 

Thymoquinone Therapeutic Actions Which Need Innovative Formulations and Delivery Methods. 

https://doi.org/10.31219/osf.io/u2fa7. 

122. Moataz Dowaidar. Omics Should Be Integrated with Genomics to Uncover Molecular Networks and Tissue and Single-

Cell Epigenetic Changes. With These Findings, Targeted Pseudoexfoliation Syndrome and Glaucoma Gene Therapy 

Procedures May Be Viable. https://doi.org/10.31219/osf.io/48fj5. 

123. Moataz Dowaidar. Ophthalmic Gene and Cell Therapies. https://doi.org/10.31219/osf.io/n84m9. 
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124. Moataz Dowaidar. P21 Is a Flexible, Multi-Functional Protein. It Governs Various Tumor Cell Activities, Including 

Autophagy. p21 Is a Possible Radiotherapy Target. https://doi.org/10.31219/osf.io/ydkca. 

125. Moataz Dowaidar. Parkinson’s Disease Simulating Complexity via Improving the Identification of Significant Genetic 

Alterations and Environmental Contaminants Should Be a Priority. https://doi.org/10.31219/osf.io/pmcu9. 

126. Moataz Dowaidar. Patient-Specific Microphysiology Systems Are Likely to Become a Crucial Aspect of Translational 

Research and Precision Medicine. https://doi.org/10.31219/osf.io/bc8fr. 

127. Moataz Dowaidar. Patients with PMD Who Are Thoroughly Screened by Genomic Medicine Have a Considerable 

Chance of Benefiting Greatly from Whole-Genome Sequencing. https://doi.org/10.31219/osf.io/dajft. 

128. Moataz Dowaidar. Polydopamine Nanoparticles’ Activity and Long-Term Stability Should Be Fully Studied for Gene 

Therapy Applications. https://doi.org/10.31219/osf.io/x4nej. 

129. Moataz Dowaidar. Potential Therapeutics for Primary Mitochondrial Disorders. https://doi.org/10.31219/osf.io/6pz5k. 

130. Moataz Dowaidar. Potentials of Medicinal Nanostructured Diamond Particles and Coatings. 

https://doi.org/10.31219/osf.io/h68xz. 

131. Moataz Dowaidar. Preclinical Investigations Revealed Possibilities for Salmonella Tumor Treatment. Bacteria Can Also 

Be Coupled to Nanomaterials Enabling Drug-Loading, Photocatalytic And/or Magnetic Properties, Using the Bacteria’s 

Net Negative Charge. https://doi.org/10.31219/osf.io/embqk. 

132. Moataz Dowaidar. Research into P2X Purinergic Receptor Function in Tumor Growth Has Made Substantial Progress 

with Potential Gene Therapy Targeting. https://doi.org/10.31219/osf.io/r34fs. 

133. Moataz Dowaidar. RNA Therapies Hold Great Promise for Treating Cancer. High-Throughput Screening Techniques 

Have Facilitated the Development of RNA Treatments. https://doi.org/10.31219/osf.io/9vxrb. 

134. Moataz Dowaidar. RNAi Treatment Has Been Shown to Successfully Modify Human-Related Target Gene Expression, 

Including Cancer. It Has the Capacity to Control Non-Standard Oncogenes, such as Oncogenic lncRNAs. 

https://doi.org/10.31219/osf.io/bwqep. 

135. Moataz Dowaidar. RNAs Hold a Lot of Potential When It Comes to Druggable Molecular Targets. 

https://doi.org/10.31219/osf.io/2dtxg. 

136. Moataz Dowaidar. Shadow Enhancers’ Objective Seems to Be to Establish Robust Growth Patterns Independent of 

Genetic or Environmental Stress. https://doi.org/10.31219/osf.io/qfnkp. 
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