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I. GENERAL PART

Alopecia areata (AA) is a complex autoimmune disease that affects the hair follicle and, less
commonly, the retinal pigment epithelium. AA is a form of non-scarring alopecia encountered
in dermatological practice. Clinically, it is characterized by the sudden appearance of round-
oval alopecia plaques, most commonly located on the scalp. The population affected by AA is
mainly represented by children, adolescents, young adults and it can have a negative impact on
the quality of life of patients [1].

From a therapeutic point of view, various options have been described, without any curative
or preventive effect. Treatment of the extensive forms of AA can be frustrating for both
physician and patient due to poor therapeutic response and increased risk of disease relapse
[1]. For severe cases of AA, there is currently only one medication that has been approved by
the US Food and Drug Administration (FDA): baricitinib. In addition, therapeutic efficacy is
difficult to estimate in the context of an incompletely elucidated pathophysiological
mechanism.

A genetic component for AA has been shown by observational studies, which also showed a
higher incidence in twins and first-degree relatives [2], indicating the importance of family
history as a risk factor. Siblings, parents, and children of AA patients had estimated lifetime
risks of 7.1%, 7.8%, and 5.7% to develop the disease, whereas the projected lifetime risk for
the general population is 2% [2]. It is difficult to predict a pattern in the prevalence and
development of AA in patients with a family history, indicating that other elements, such as
lifestyle or environmental factors, may be required for the onset of AA [3]. It has been noted
that 24.4% of family members may exhibit signs of AA [4].

At the same time, it has been proven that AA is a complex polygenic disease with hundreds
of single nucleotide polymorphisms (SNPs). SNPs are used to determine a person's genetic
susceptibility to developing a disease. Numerous of these polymorphisms are located in
genomic parts that influence immune system phenotypes, such as antigen presentation,

cytokine production, Treg and cytotoxic T cell activation and activity [5].



Genetic tests in non-cicatricial alopecia

An article published in the Journal of Investigative Dermatology in 2010, reported that
individuals with AA had higher frequencies of specific single-nucleotide polymorphisms
(SNPs) in their genes compared with the unaffected patients. Recently published studies have
investigated the possibility of linkage between single nucleotide polymorphisms (SNPs) in a
small number of subjects from the Australian [6], European (Poland [7], UK and Germany [8]),
Chinese [9] and Korean [10] populations. They concluded that SPNs may contribute to the
development and progression of non-scarring alopecia.

Single nucleotide polymorphisms are the most common type of genetic variation in the DNA
sequence. The DNA sequence consists of a chain of four nucleotide bases such as A (Adenine),
T (Thymine), C (Cytosine) or G (Guanine). SNPs can serve as biological markers in the search
for genes linked to the disease [11].

TrichoTest (Fagron Laboratories, Spain) is a genetic test that analyzes 15 genes and 45
genetic variations (SNPs), the most significant that are linked to the alopecia disorders. The
genetic test is based on DNA microarray technology. Being a non-invasive test, it is collected
from the subject's oral mucosa. Although a particular SNP may not determine a particular
condition, some SNPs may be associated with certain diseases. Trichotest evaluates SNPs of

the genes associated with non-scarring alopecia [6,7,9,10,12].

Comorbidities associated with alopecia areata

Over time, alopecia areata (AA) was only thought to be an aesthetic disorder. Studies
conducted recently have suggested that AA may increase the chance of developing metabolic
and inflammatory comorbidities. Hyperlipidemia (19.8% vs. 6.6%), obesity (18.1% vs. 3.0%),
diabetes (11.4% vs. 7.4%), and metabolic syndrome (1.4% vs. 0.3%) were all often associated
to AA in research by Conic et al. with healthy controls [13].

Additionally, AA has been linked to other autoimmune conditions such vitiligo, rheumatoid
arthritis, systemic lupus erythematosus, psoriasis, and Hashimoto's autoimmune thyroiditis.
Positive thyroid autoantibodies (anti-thyroglobulin Antibodies and anti-thyroperoxidase
Antibodies) increase the risk of a thyroid dysfunction in patients with AA [7]. Numerous
retrospective studies, systematic reviews, and genetic research have indicated the possibility of

shared molecular pathways between AA and its comorbidities [15,16].



Moreover, it has been noted that AA patients have higher rates of atopic dermatitis, allergic
rhinitis, allergic conjunctivitis, and bronchial asthma, as well as an increase in atopic diathesis
[17, 18]. Since atopic patients are known to be more likely to develop AA, the relationship is
bidirectional [19]. Dust mite allergy was linked to the severity of AA, according to Zhang et
al. [20]. Other research revealed that antihistamine therapy or desensitization to home dust

mites could lessen the severity of alopecia in atopic patients with AA [21, 22].

Alopecia areata and vitiligo: sister diseases?

Alopecia areata (AA) and vitiligo co-occurring is a significant correlation for the present
study. The HLA, IL2RA, and CTLAA4 alleles directly overlap with the genes linked to vitiligo
and AA, but they may also be shared by other autoimmune diseases [23]. Gill et al. [24]
identified correlations between vitiligo and AA and proposed a potential shared
pathophysiology for the two conditions. Melanocytes are thought to be the target of
immunological attack in AA as well as the destruction caused by the immune system in vitiligo
[25]. The hair follicle bulb is the source of hair follicle regeneration in both conditions; in
vitiligo, it replenishes the depigmented epidermis with melanocytes, and in AA, it promotes
the growth of new hairs [26]. Coordinated communication between keratinocytes and
melanocytes is thought to control the regeneration process in both situations [26].

Autoimmune conditions associated with vitiligo (autoimmune thyroiditis, psoriasis, diabetes)
have been observed to have higher rates among first-degree relatives, in spite of whether they
suffered from vitiligo or not [27].

Furthermore, it has been documented that AA mostly affects pigmented hairs and
hypopigmented hairs remains unaffected by the disease. Interesting, the regrown hairs in AA
are frequently hypopigmented. In vitiligo lesions, melanocytes can be present at both levels of
the infundibular and epidermis of the hair follicle. Nonetheless, the hair follicle bulb contains

melanocyte precursors that can be stimulated by phototherapy to multiply, migrate, and

differentiate [26, 28].



II. PERSONAL CONTRIBUTIONS

1. Hypothesis, general purpose and objectives

The general purpose of the Thesis is to analyze the results of the genetic testing of patients
with AA and androgenetic alopecia (AGA) (used to obtain predictable therapeutic results) in
Romanian and Brazilian patients and to evaluate AA comorbidities; vitiligo being the most
important comorbidity for the present study. Within the Thesis, two Doctoral Studies
presenting 12 objectives are presented.

The main objectives of the first Doctoral Study are to evaluate, analyze and compare the
results of the genetic testing of 15 genes in patients clinically diagnosed with AA or
androgenetic alopecia (AGA) from Romania and Brazil. The purpose of genetic testing is to
identify the suitable treatment to the type of alopecia in order to achieve consistent outcomes.

In order to prove that vitiligo and AA are sister diseases, the second Doctoral Study's
primary goals are to compare the sociodemographic, medical, and quality of life characteristics
of Romanian patients with these two conditions. Two clinical instances are also included in
this study: one involves a patient with vitiligo and AA (an uncommon coexistence), and the
other has an AA patient who exhibits hypopigmented hairs that are untouched by the disease,
which may provide evidence for anti-melanocyte response hair follicles in AA.

The studies were approved by the Ethics Committee of the Colentina Clinical Hospital, of
Bucharest, Romania (approval number: 17/22.12.2022 for the genetic study and 18/22.12.2022
for the study of alopecia areata and vitiligo: sister diseases). For the genetic study, each patient

signed an Informed Consent.

2. General research methodology

In order to respond to the purpose of the Doctoral Thesis, I conducted two studies with the
objective of achieving the broad objectives specified in the paper's sub-chapter " Hypothesis,
general purpose and objectives ".

The first Doctoral Study, entitled "Investigation of 15 genes in non-scarring alopecia”,
allowed the genetic analysis of the patient’s data with AA and AGA from Brazil and Romania

who performed the genetic test used to obtain a predictable therapeutic response. The research



assessed the genetic information of 1169 individuals: 287 patients from Romania and 882
patients from Brazil. The genetic test examines the SNPs, genes, and genotypes most frequently
linked to non-scarring alopecia for each patient. The project was carried out in collaboration
with Dr. Gustavo Torres from the Human Genome and Stem Cell Research Department of the
University of Sdo Paulo, Brazil and the Fagron Laboratory in Spain. In the study, the objectives
of analyzing and comparing genes and genotypes in patients with AA and AGA from Romania
and Brazil were achieved.

In the second PhD study, "Contributions regarding the comorbidities of alopecia areata and
the analysis of similarities with vitiligo," similarities between Romanian patients with AA and
vitiligo in terms of socio-demographic, medical histories, and quality of life were assessed
using an exploratory questionnaire. Furthermore, two unique case reports—one in which AA
also had vitiligo and the other in which AA had hypopigmented hairs—were chosen from the

extensive case study and included in the doctoral thesis.

3. Contributions regarding the investigation of 15 genes in non-scarring alopecia

3.1. Introduction (hypothesis and specific objectives)

Androgenetic alopecia (AGA) and alopecia areata (AA) are the most common types of non-
scarring alopecia. AA is a complex autoimmune disease with a genetic substrate that targets
the hair follicle in the growing anagen phase [23]. It clinically presents as round alopecia
plaques and most commonly affects children and adults. Diffuse alopecia, mainly at the vertex,
and retraction of the frontal hairline are the hallmarks of AGA. Patients with AGA have a
shorter anagen phase of the follicular cycle, which will lead to a progressive reduction in hair
length and diameter, ultimately resulting in vellus-type hairs [29]. Although the exact cause
and pathogenesis of AGA remain unknown, genetic [30] and hormonal (androgen hormone)
factors have been incriminated [31].

In order to evaluate and diagnose AGA and AA [7], a medical history, clinical examination,
dermoscopy, and pull test should be performed. For AA, further tests such scalp biopsies are
typically not required [7].

The relationships between the non-scarring alopecia types (AGA and AA) and the 45 single
nucleotide polymorphisms (SNP) and 15 genes found in earlier research and linked to the
alopecia types described are examined, assessed, and contrasted within the Thesis. Clinically
diagnosed patients with AA or AGA from Brazil and Romania were included in the analyzed

population.



The objectives of the first Doctoral Study are the following:

Objective number Al: Analysis and comparison of 15 genes and 45 genotypes in AA and AGA
patients from Romania and Brazil.

Objective number A2: Comparison of treatment response in AA and AGA patients from
Romania and Brazil, based on genetic results.

Objective number A3: Identification of the most frequent genotypes involved in AA and AGA
in Romanian and Brazilian patients.

Objective number A4: Estimation of the prevalence of alopecia conditions (AA and AGA) of

the analyzed patients.

3.2. Materials and methods

We performed a retrospective study on the associations between AA and AGA and 45 single
nucleotide polymorphisms (SNPs) of 15 genes for a total of 1169 patients: 287 Romanian
patients (group 1) and 882 Brazilian patients (group 2). Both groups were diagnosed with AA
or AGA. The diagnosis of AGA or AA was confirmed by doctors from Romania and Brazil,
based on the evolution of the disease, the clinical appearance and the dermatoscopic
examination. DNA samples were collected from the oral mucosa using a swab. All genotyping
assays were performed by quantitative polymerase chain reaction (QPCR).

The evaluated SNPs and associated genes were: 1s9282861 (SULTIA1 gene), 1rs523349
(SRD5AZ2 gene), 1s39848 (SRD5A1 gene), rs10782665 (PTGFR-3 gene), rs1328446 (SRD5A2
gene), rs132844846 (PTGFR-4 gene) gene ), rs13283456 (PTGES2 gene), rs2229765 (IGF1R
gene), 156198 (GR-alpha gene), rs533116 (GPR44-2 gene), rs545659 (GPR44-1 gene),
(GPR44-1 gene), (rs2471521) gene CRABP2), rs13078881 (BTD gene), rs4343 (ACE gene).
Each genetic test for alopecia displays the subject's genotype and gene and the predictability
of an effective treatment (e.g.: the AA genotype of the GR-alpha gene is linked to a
predisposition to normal sensitivity to topical glucocorticoids, and therefore glucocorticoids

would be an effective treatment).

3.3. Results

Analyzing the genetic data of patients with AA and AGA allowed the identification and

comparison of the most frequent genotypes of the Romanian and Brazilian population. Partial



results were published in the journal Medicine (MDPI) 2023 (DOLI:
https://doi.org/10.3390/medicina59091654). They were also presented at the Qvo Vadis
National Congress? Classic and Modern, November 10-12, 2023, in Bucharest, Romania.

Genetic data were collected, analyzed, coded and entered into the Statistical Package for
Social Science (IBM SPSS, NY, USA) version 23. When evaluating categorical variables
(nominal or ordinal), the Chi-square test (¥2) is used to determine the association between two
variables. The test is based on the observed frequencies fi, which represent the frequencies of
occurrence of the component elements of the two variables, in our case the SNP, respectively
the Country. The genotypes for Brazil and Romania, the country variables, are the component
parts for the SNP variable. Based on the observed frequencies, theoretical frequencies for each
observed frequency are determined according to a certain calculation algorithm. It follows that
each cell with observed frequencies (fi) corresponds to a cell with theoretical values (f#).

Depending on the determined %2 value and the number of degrees of freedom (df), the Chi
square test provides the actual significance threshold, denoted by p, which will be compared
with the significance threshold considered in statistical research, in our case a=0.05.

The decision regarding the association (dependence) or non-association (independence) of
the two variables will be taken depending on the result of the comparison between the

thresholds p and a.

Research hypotheses:

* Null hypothesis (HO): Due to the variables' independence, there is no correlation between an
SNP variable and its genotypes and the COUNTRY variable (Brazil and Romania).

* Alternative hypothesis (H1): The genotypes of an SNP variable and the COUNTRY variable

(Brazil and Romania) are associated; both variables are reliant on each other.

The decision:
1. If p <= 0.05 (o), the null hypothesis is rejected because there is a relationship between the
two variables; the genotypes of an SNP vary depending on the country.
2. If p > 0.05 (a), the null hypothesis is accepted and it is stated that there is no relationship
between the two variables; the genotypes of an SNP vary do not depend on the country (they
are similar).

The Chi-square test establishes whether or not two variables—in this case, the country

(Brazil, Romania) and the SNP (SNPs with particular genotypes) have a link.



The SNPs for which the value of the significance threshold p < 0.05 of the study are
represented by GR-ALPHA, GPR44-2, SULT1A1 and CRABP2 are dependent on the country
(they are significantly different in Brazil compared to Romania). GR-ALPHA, GPR44-2,
SULT1A1 and CRABP2 are genes associated with resistance or sensitivity to corticosteroids,

respectively prostaglandin D2, minoxidil and retinoic acid (vitamin A).

3.3.1 Predominant genotype according to SNP

The AA genotype was the most frequent in the following genes, respectively SNP: GR-alpha-
RS6198, GPR44-1-RS545659 and the AG genotype in CYP19A1- RS2470152, PTGFR-2-
RS1328441, ACE-RS4343 and IGF1R- RS2229765. At the same time, CC genotypes were
found more frequently in the gene, respectively SNP: SRD5A2- RS523349, PTGES2-
RS13283456 and SULTI1AI- RS9282861 and GG in CRABP2- RS12724719, BTD-
RS13078881, GPR44-2- RS533116 and PTGFR-1- RS6686438 and for the gene SRD5AL,
respectively PTGFR-3, the predominant genotypes were represented by CT, respectively GT.
Furthermore, the statistical analysis revealed a higher prevalence of AA in Romania, 9.8%
compared to Brazil, 5.8%. The cases of AGA were the majority, respectively 94.2% in Brazil
and 90.2% in Romania.

The percentage distributions for each patient's gene are graphically displayed in the Doctoral

Thests.

3.3.2 Principal Component Analysis (PCA) — Variant AA and AGA (Romania and
Brazil)

Principal component analysis (PCA) is a statistical technique used by condensing dimensions
to a few principal components (PCs) that best describe the main patterns [32]. In the two
analyzed cases (AA and AGA), I observed the same main components for the following SNPs:
rs6198, rs2470152, rs39848, rs523349, rs545659, rs533116 and rs6686438. The mentioned
SNPs correspond to the following genes: GR-alpha, CYP19A1, SRD5A1, SRD5A2, GPR44-
1, GPR44-2, PTGFR-1. GR-alpha glucocorticoid receptor variants are associated with
corticosteroid resistance or sensitivity, aromatase (CYP19A1) variants with low conversion of
testosterone to estrogens and high conversion to dihydrotestosterone (DHT), which inhibits
hair follicle growth. SRD5A1 and SRD5A2 gene variants are associated with increased activity

of their activity, leading to increased levels of DHT, which can cause alopecia. Prostaglandin



D2 receptor 2 (GPR44 or CRTH2) variants are associated with increased stability of GPR44
mRNA, which causes an increased response to prostaglandin D2 and induces hair follicle
regression. Last but not least, prostaglandin F receptor (PTGFR) variants are related to the

effectiveness of Latanoprost (prostaglandin analog) treatment.

3.4. Discussions

The most prevalent genotype, GA, was observed in the following SPNs: rs533116 (GPR44-
2 gene), 152470152 (CYP19A1 gene), rs1328441 (PTGFR-2 gene), rs4343 (ACE gene), and
152470152 (CYP19A1 gene). Prostaglandin D2 (PGD?2) is known to has two receptors: GPR44
and PTGDR [33]. PDG2 receptor 2 (GPR44-2) variants have been associated with an increase
in GPR44, resulting in greater responsiveness to decreased prostaglandin D2 levels, which
causes reduction and miniaturization of hair follicles [34]. In the Doctoral Study, two variants
of GPR44 were evaluated:

* 1s533116 - associated with a higher expression of PGD2 receptors when the patient has the
AA genotype [35,36].

* 15545659 - associated with increased GPR44 mRNA stability when the GG genotype is
present [35,37].

The GPR44 genetic variations analyzed in the test allow the identification of a concentration
and activity of GPR44 receptors. Given that PGD2 inhibitors, such as prostaquinone and
thymoquinone, function by preventing PGD2 synthesis, the genetic test provides insight into
the treatment's possible efficacy. In our study, PGD2 were recommended in 47.1% of AGA
cases in Brazil, respectively 28.6% in Romania and 43.8% in Brazil and 37.5% in Romania for
AA cases. Rossi et al. al [38] performed a double-blind study where ten patients applied topical
treatment with thymoquinone, a natural PGD2 inhibitor, and reported an improvement in hair
density and thickness after 3 months of treatment. Conversely, a study in men with AGA treated
with setipiprant, a synthetic PGD2 inhibitor showed that the medication was well tolerated but
did not demonstrate statistically significant differences in efficacy compared to placebo [39].
Regarding the rs545659 SPN analyzed in the doctoral study, most subjects showed increased
GPR44 that induces hair follicle regression.

In non-scarring alopecias, the aromatase gene (CYP19A1) shows decreased conversion of
testosterone to estrogens and increased to DHT. Estrogen receptors have been identified in hair
follicles [40] and estradiol can influence hair follicle cycle and growth by binding to high-
affinity estrogen receptors that are locally expressed [41]. Our study showed that the



application of 17-a estradiol (aromatase inducer) is recommended in 37.3% of cases in Brazil
with AGA and 42.9% in Romania. On the other hand, Choe et al. conducted a study on 69
subjects with AGA of which a very high percentage (92.7%) responded favorably to 0.025%
topical 17a-estradiol [42]. Surprisingly, 17-a estradiol showed a better therapeutic response in
AA than in AGA (>48.0% in both groups). Plasma estradiol within normal limits can increase
the activity of the hypothalamic-pituitary axis, but it can also inhibit the response under stress
conditions, usually present in AA [43]. Zhang et al. found that there was a positive correlation
between plasma estradiol levels in control mice, which was not present in AA mice. Studies on
mice with AA showed the presence of an aberrant stress response with effects at the level of
the hypothalamic-pituitary-gonadal axis [43], a fact that may also explain the increased
efficacy of topical 17a-estradiol in our study.

The PTGFR (prostaglandin F receptor) gene mediates the behavior of the main cellular
receptor of PGF2a and is expressed in dermal papillae [44,45]. A series of genetic variants in
PGTFR that are linked to either a positive or poor therapeutic response to latanoprost are
analyzed by the genetic test [46]:

* 156686438 (PGTFR-1) and SNP rs10782665 (PGTFR-3): T allele variants are related to
increased efficacy of latanoprost [46]. If the G allele is present, there is a higher probability of
not achieving a favorable response to latanoprost [46].

* SNP rs1328441 (PGTFR-2): the G allele variant is associated with increased efficacy in
latanoprost treatment [46]. If the A allele is present, there is an increased probability of not
achieving a response to latanoprost [46].

Latanoprost is a synthetic analog of prostaglandin F2a that has a high capacity to stimulate
DNA synthesis in certain cell types and to initiate the mitogenic response [47]. Blume Peytavi
et al. reported that latanoprost stimulates the anagen as well as the telogen phases of hair growth
and induces the appearance of new hairs in the growth phase [48].

Regarding the PTGFR-1 gene, the response to latanoprost was beneficial in AGA in more
than half of the patients from Brazil (60.8%) and lower in those from Romania (46.4%).
Interestingly, more than 50% of patients with AA obtained a good prediction of therapeutic
response to latanoprost (GG genotype). Considering that prostaglandin F receptor 2 (PTGFR-
2) has been mainly associated with the effectiveness of treatment with prostaglandin analogues
such as latanoprost, following analysis of the PTGFR-2 gene in the Doctoral Study, it was
observed that the therapeutic response was significantly better in Romanian patients compared
to Brazilian ones, both for AGA and AA (GA genotype). Last but not least, the PTGFR-3 gene
of the SPN rs10782665 was associated with the efficacy of latanoprost treatment with the better



GT genotype in patients with AGA from Romania (50.0%) compared to Brazil (33.3%).
Latanoprost has been used mostly for forms of AA with gene modification, yet clinical
investigations have shown a range of findings, including: efficacy at the gene level in 45% of
AA patients after applying latanoprost solution 0.005% [49] or no therapeutic response [50].
In AGA, latanoprost achieved favorable results [48,51].

The function of the angiotensin-converting enzyme (ACE) is to convert the inactive form of
angiotensin I into the active form, angiotensin II, which has a vasoconstrictor function [52].
The ACE gene manifests in two different ways when the genetic code is altered: ACE I and
ACE D, corresponding to an insertion (I) or deletion (D) of a short DNA region within the gene
[53]. ACE activity is typically lower in patients with the I allele than in patients with the D
allele [53,54]. The risk allele G acts as a marker for patients carrying the D allele [54]. Patients
carrying the G allele variation G2328A have elevated ACE levels, leading to increased
conversion of angiotensin I to angiotensin II and thus increasing vasoconstriction [55].
Angiotensin I appear to be involved in AA inflammation and is thought to be the cause of ACE
consumption and reduced tissue levels of the enzyme [56]. In the Doctoral Study, the genetic
test analyzes the genetic variation of the SNP rs4343, corresponding to the ACE gene, and they
were associated with increased plasma level of angiotensin in 49.0% of patients with AA from
Brazil and 54.8% from Romania. Angiotensin I-induced vasoconstriction can be ameliorated
by the application of minoxidil, which induces local vasodilatation.

Insulin-like growth factor I (IGF-1) has been shown to affect follicular proliferation and the
hair growth cycle as well as follicular differentiation. One study reported that three patients
have alopecia due to a primary cause (IGF-1 deficiency) or secondary to pituitary surgery [57].
Interestingly, in another study involving 9 patients with AGA, an increased expression of IGF-
1 messenger RNA levels in the dermal papilla was associated with a favorable therapeutic
response of patients to finasteride. Cefaranthine is a substance that stimulates follicular growth
by increasing the production of IGF-1 [58,59]. The genetic test analyzes the presence of SNP
152229765 in the IGF1R gene and it has been observed that patients carrying an A allele in this
variation have lower plasma IGF-1 levels [60]. The Doctoral study showed that IGF-I variants
were associated with lower plasma levels of IGF-1 in half of the evaluated patients, indicating
the possibility of treatment with topical cefarantine, both in patients with AGA and AA.

AA genotype was more frequent for SNPs rs6198 (GR-alpha gene) and rs545659 (GPR44-1
gene) in both countries. Analysis of the rs6198 SNP indicates that variants of the glucocorticoid
receptor (GR or NR3C1) are associated with corticosteroid resistance or sensitivity [61,62].

GR includes two isoforms: GRa and GRp. [63]. GRa is the classical GR isoform that mediates



the actions of glucocorticoids, while GRP is known to increase resistance to the
pharmacological effects of corticosteroids [63]. The A3669G (rs6198) polymorphism of the
GR gene encodes the GRf isoform, being a contributing factor to corticosteroid resistance. The
genetic test used in the Doctoral Study analyzes the presence of the rs6198 polymorphism, a
variation with a global prevalence between 20% and 40% in the general population [64]. The
presence of this polymorphism in the patient is likely to result in decreased glucocorticoid
treatment efficacy because of GRp expression. In the case of AA, the analysis showed that
73.6% of Brazilian patients, respectively 67.6% of Romanian patients, show sensitivity to
topical corticotherapy. The AA genotype of the GPR44-1 gene was present in 68.6% of
Brazilian cases, respectively 63.1% of AA cases, 75.0% of Romanian AGA cases and 62.9%
of AA cases. A less commonly prescribed treatment is prostaglandin D2 inhibitors (Cetirizine
and/or Prostaquinone); and in the current study, the genetic test recommends PGD2 inhibitors
in more than half of AA cases in both countries.

For SPNs rs9282861(SULT1ATl), rs523349 (SRD5A2 gene) and rs13283456 (PTGES2
gene), the CC genotype was more common. The SULT1AT1 gene encodes the sulfotransferase
that has the role of activating minoxidil. In the Doctoral Study, minoxidil treatment showed a
prediction of a good therapeutic outcome in more than half of patients with AGA (52.9% in
Brazil and 50.0% in Romania) and AA (52.6% in Brazil and 53.3% in Romania). Surprisingly,
patients with AGA showed a favorable response to finasteride treatment in only 37.3% of cases
in Brazil, respectively 48.1% in Romania. Interestingly, in AA, the therapeutic response to
finasteride was higher than in AGA, 48.9% in Brazil, respectively 42.9% in Romania. 67.6% -
80.4% of patients with AGA and AA had normal PGES2 level. Minoxidil has the ability to
increase PGE2 levels in individuals with prostaglandin deficiency [65].

The GG genotype was most frequently associated with the following SPNs: rs12724719
(CRABP2 gene), rs13078881 (BTD gene), and rs6686438 (PTGFR-1 gene). Retinoic acid can
be prescribed in addition to minoxidil treatment in alopecia, in order to achieve a more potent
therapeutic outcome. Cellular retinoic acid-binding protein 2 (CRABP2) is a cytoplasmic
binding protein, encoded by the CRABP2 gene, with a role in the transport of retinoic acid to
its intracellular receptors [66,67]. The CRABP2 gene variation rs12724719 is linked to
increased blood retinoic acid levels because it reduces intracellular transport, which reduces
the effectiveness of retinoic acid therapy [66]. The genetic test analyzes the presence of the
homozygous A allele associated with reduced retinoic acid transporter CRABP2 [66]. Our
genetic analysis revealed that retinoic acid supplementation was not necessary in 66.1% of AA

cases from Brazil and Romania, as a result of the physiological levels.



Primary or secondary biotinidase may be a rare cause of non-scarring alopecia [68,69]. The
BTD gene encoding biotinidase and the SNP rs13078881 corresponding to the BTD gene are
analyzed in the Doctoral Study. The presence of the C allele is related to biotinidase deficiency.
Genetic analysis did not indicate the need for biotin supplementation in 93% of cases from
Romania and Brazil, which follows the findings of research by Georgala et al.[69] and Patel et
al. [68] that have been published in the literature.

Regarding SPN rs39848 (SRD5A1 gene), the more common genotype was CT. The genetic
study demonstrated that elevated DHT levels and hair growth inhibition is caused by increased
SRDS5AL activity. Due to the fact that testosterone is converted to DHT by the action of 5a-
reductase [70], finasteride and dutasteride (5a-reductase inhibitors) are frequently treatments
used in AGA. A meta-analysis showed that dutasteride appears to be more effective than
finasteride for the treatment of AGA [71]. The Doctoral Study's statistics, which are consistent
with the meta-analysis, indicate that finasteride is indicated for only 37.3% of Brazilian and
48.1% of Romanian AGA patients, whereas dutasteride is advised for 43.1% of Brazilians and
53.6% of Romanians. Ghassemi et al. studied the effects of gene polymorphism and response
to finasteride therapy in men with hereditary androgenetic alopecia and concluded that gene
polymorphism and inheritance pattern play an important role in determining a treatment plan,

dose, and duration of therapy [72].

3.4.1. Limitations of the Doctoral Study number 1

Our study had several limitations. First, more data are needed regarding the severity, onset,
personal and family history, and the followed treatment. Second, the study population was from
Brazil and Romania, which may have limited the applicability of the results to a larger sample.
Simultaneously, the research refrained from evaluating the respondents' national origin, which
could potentially be a restriction given that the populations under investigation may not be
exclusively of Romanian or Brazilian descent. Additionally, the sample size may have an

impact on the research findings, and the number of patients evaluated was not homogeneous.

3.5. Conclusions to the Doctoral Study number 1

GR-alpha, GPR44-2, SULT1A1 and CRABP2 genes were statistically significant in Brazil
and Romania. The SULT1A1 gene, involved in evaluating the response to minoxidil treatment,

showed that minoxidil is effective in half of the cases of AGA and AA. Most of the other genes



studied showed no differences between the two populations, suggesting a common genetic
background.

In addition, ACE gene variants were associated with increased plasma levels of angiotensin,
and insulin-like growth factor I (IGF-I) variants with lower plasma levels of IGF-1 in half of
the subjects analyzed. The Doctoral Study showed that IGF-I variants were associated with
lower plasma levels of IGF-1 in half of the evaluated patients, indicating the possibility of
treatment with topical cefarantine, both in patients with AGA and AA.

Latanoprost is not recommended in 60.8% of AGA cases in Brazilian patients and 46.4% of
Romanian patients. On the other hand, dutasteride is recommended to 43.1% of Brazilians and
53.6% of Romanians in AGA patients.

CYP19A1 gene analysis showed that 17-a estradiol could have a good therapeutic response
in AA, higher than in AGA (>48.0% in both groups). The Doctoral Study does not indicate the
need for biotin supplementation in more than 90% of AA and AGA cases in both groups.
Additionally, statistical principal component analysis (PCA) showed that SRD5A1, SRD5A2,
PTGES2, CRABP2, and BTD genes did not contribute substantially to the principal
components.

Early diagnosis and recognition of the genetic pattern is important in the evaluation and
management of AA. It's also critical to remember that research on SNPs' involvement in AA

is ongoing, and additional studies are required to fully understand their importance.

4. Contributions on the comorbidities of alopecia areata and the comparison of vitiligo

4.1. Introduction (hypothesis and specific objectives)

Alopecia areata (AA) and vitiligo are autoimmune diseases, which can coexist; vitiligo being
reported in 4.1% of patients with AA [73]. At first glance, the two diseases present a different
clinical aspect: vitiligo is characterized by the appearance of hypopigmented macules, while
AA is characterized by alopecic plaques, most frequently on the scalp. Both diseases are often
asymptomatic [74]. However, research in the last decade shows that the immune cell
populations and cytokines involved are similar and genetic risk factors and triggers are
common, suggesting a common pathophysiological pathway [23, 73, 75]. It also appears that
melanocyte-derived peptide antigens could act as self-antigens not only in vitiligo [76] but also
in AA, and autoimmune T helper (Th) cells could also trigger a response against melanocytes

hair follicles, thus determining the onset of AA [73].



At the same time, AA and vitiligo are known to be associated with thyroid dysfunction
(autoimmune thyroiditis being Thl mediated), and anti-thyroid antibodies are frequently
observed exceeding the physiological level, both in patients with vitiligo and in those with AA
[74]. The presence of AA or vitiligo in the patients' family history can explain the importance
of the genetic factor.

Infections, pregnancy, traumatic events and the stress can be triggers for both diseases.
Publications in recent years have also reported exacerbation or relapse of AA following SARS-
CoV2 infection [77].

The second Doctoral Study includes 8 objectives:

Objective number B1: Analysis and comparison of demographic and anthropometric data of
patients with AA and vitiligo.

Objective number B2: Evaluation and comparison of the age of onset, triggers and location of
lesions of patients with AA and vitiligo.

Objective number B3: Assessing the presence of atopic conditions (allergies, allergic rhinitis,
bronchial asthma) or other comorbidities in patients with AA and vitiligo.

Objective number B4: Investigating and comparing the quality of life of patients with AA and
vitiligo.

Objective number BS: Diet study of patients with AA and vitiligo.

Objective number B6: Identifying factors with statistically significant association in AA and
vitiligo.

Objective number B7: Assessing the impact of SARS-CoV2 infection in patients with AA and
vitiligo.

Objective number B8: Determining the proportion of autoimmune diseases in family members
with vitiligo and AA.

Additionally, I selected two unique clinical cases from the extensive research and I have
presented them in the Doctoral Thesis. The first case was a patient diagnosed with both vitiligo
and AA, which is an uncommon co-existence, and the second patient was diagnosed with AA
and presented unaffected hypopigmented hairs, fact that can support the response against the

melanocytes of hair follicles in AA.

4.2. Materials and methods

Two online questionnaires entitled "Vitiligo study via online questionnaire" and "Alopecia

areata study via online questionnaire" were created in November and December of 2022. They



included the same set of 30 questions regarding demographics, diet, associations with other
autoimmune diseases, quality of life, and the impact of SARS-CoV2 infection on disease.
Patients from the Second Department of Dermatology of the Colentina Clinical Hospital,
both current and past, as well as those from online support groups for vitiligo and AA,
completed the surveys between January and February of 2023. Individual phone calls were
made to Colentina Clinical Hospital patients who had been diagnosed with vitiligo or AA in
order to obtain their consent to fill out the questionnaire and provide a submission link. The
Doctoral Study included 226 respondents in total, 185 of which had vitiligo and 77 of which

had AA. The data were subsequently analyzed, processed and statistically processed.

4.3. Results

Using online questionnaires, [ researched whether there is an association and what
characteristics vitiligo has in common with AA. For each category of factors, including
demographics, disease evolution, comorbidities, family history, triggers, disease impact on the
quality of life, diet, SARS-CoV2 infection, impact on family members, and associations with
other autoimmune diseases, the percentage distributions of patients with vitiligo and AA were
all examined. Analyzing AA and vitiligo as well as the effects of the aforementioned types of
factors was the research hypothesis. The denial of their influence on AA and vitiligo constituted
the null hypothesis.

A statistically significant correlation exists if, for the categories of factors taken into
consideration and the types of medical disorders (vitiligo and AA), the p-value is less than or
equal to 0.05, and implicitly, the p-value value is less than 0.01. A statistically significant
correlation exists if, for the categories of factors taken into consideration and the types of
medical disorders (vitiligo and AA), the p-value is less than or equal to 0.05, and implicitly,
the p-value value is less than 0.01.

Age group, environment, time since disease onset, age at disease diagnosis, comorbidities,
genetic (family) factor, triggering factors, disease-related limitations on daily activities,
infection with SARS-CoV2, and association with thyroid disease were among the factors that
showed a statistically significant association. According to the questionnaire, 70% of
responders were female. The majority of the patients under investigation are between the ages
of 19 and 40, respectively: 7 patients with AA and 14 patients with vitiligo are between the
ages of 25 and 30. Between the ages of 31 and 40, there are 15 patients with AA and 26 patients

with vitiligo: 38 individuals have AA and 57 have vitiligo. Nineteen patients with vitiligo under



18 years old completed the questionnaire and only two with AA and only 1 patient with AA
and 6 patients with vitiligo were over 60 years of age.

The results of the statistical analysis indicated that there is no correlation between AA and
vitiligo and anthropometric parameters like height and body weight since the two significance
threshold values are above 0.05 (p-value > 0.05). Patients with vitiligo and AA have similar
body mass index data: vitiligo patients had a height of 166.06 = 14.58 and a weight of 68.01 £+
16.65 standard deviation, while AA patients had a height of 168.09 + 8.05 and a weight of
66.00 £ 14.92 standard deviation. According to the questionnaire, over 80% of respondents
who had both vitiligo and AA were from urban areas. More than half of the patients who had
both conditions were classified as non-smokers.

The mean values of three statistically significant variables, including age category, duration
from disease onset, and age at disease diagnosis among AA and vitiligo, are showed in Graph
No. 1. The values of the 3 factors are similar, except for the onset duration of the condition,

which is longer in vitiligo (5.63 years in the case of AA and 9.23 in the case of vitiligo).

Age category Duration since Age at at disease
the disease onset diagnosis

W Alopecia  mVitiligo

Graph no. 1: Mean values of three statistically significant factors: age category, duration and age since the disease

onset in AA and vitiligo (p=0.008, respectively p=0.001, respectively 0=0.013)

The Doctoral Study found that the following comorbidities were the most common, with a
statistical significance level of p<0.001: psoriasis (1.3% in AA and 7.5% in vitiligo patients),
seasonal or food allergies (9.1% in AA and 5.9% in vitiligo patients), bronchial asthma (1% in
AA and 4.3% in vitiligo), seborrheic dermatitis (9.1% in AA and 2.2% in vitiligo patients), and
acne (11.7% in AA and 2.7% in vitiligo). In addition, eczema or atopic dermatitis affects 4

people (5.2% of AA patients) as opposed to vitiligo (1.6%). Remarkably, 3 of the vitiligo



patients (1.6%) experienced an AA episode. Compared to vitiligo, which affects only over 30%
of individuals, over 60% of AA patients have a comorbidity.

Both vitiligo and AA share a hereditary component; a family member with AA had a diseased
relative in 5.2% of cases, compared to 30.1% in vitiligo cases. Similar percentages—39.3%
and 39% AA—were seen in the study among patients with vitiligo who also had a family
history of thyroid disease.

According to the Doctoral research, stressful events may be a contributing factor or a

recurrence of vitiligo or AA in 67.5% of AA patients and 67.7% of vitiligo patients overall.
For 20 patients with AA and 84 with vitiligo, the key triggering factors were represented by
stress and psychological trauma events. For 4.3% subjects with vitiligo and 7.8% of patients
with AA, the pregnancy was a potential trigger. In AA and vitiligo, the majority of the patients
(32.5% and 34.4%, respectively) observed the development of the disease fewer than six
months after the trigger factor manifested. According to the PhD study, more than thirty percent
of participants observed the disease's clinical manifestation within six months of the trigger
event. A similar percentage of 64.3% of female patients with vitiligo and 61.7% of female
patients with AA reported that their disease did not restrict their daily activities. On the other
hand, low self-esteem and depression were more common in women than in men (71.7% in
AA and 62.4% in vitiligo vs. 52.9% in AA and 45.5% in vitiligo, respectively). Based on the
questionnaire, 94.8% of patients with AA and 62.0% with vitiligo are not part of a support
group. Conversely, over 90% of patients did not require a change of employment. There were
no significant correlations found between the two categories of medical disorders based on a
gender analysis of characteristics associated to low self-esteem, depression or stigmatization
caused on by illness, limitations on day-to-day activities due to illness, and the need to change
jobs as a consequence of the disease. Although it occurs in less than 50% of cases, vitiligo and
AA can affect patients as well as their families. The majority of family members are affected
in a mild to moderate way and the factor shows statistical significance.
Diet has been correlated with both vitiligo and AA. The respondents of the questionnaire
reported consuming mainly animal protein (35.1% in AA and 45.5% in vitiligo), a diet high in
carbohydrates (27.3% in AA and 22.7% in vitiligo), a Mediterranean diet (16.9% in AA and
11.4% in vitiligo), and 3.9% of AA patients and 1.1% of vitiligo patients had a vegetarian or
vegan diet.

Following SARS-CoV2 infection or vaccination, more than half of the patients (68.8% in
AA and 87.4% in vitiligo) did not experience a relapse of their condition. However, 23.4% of

AA patients and 6.6% of vitiligo patients relapsed after viral infection and 7.8% (AA) and 6%



(vitiligo) post-vaccination. The Doctoral Thesis includes a graphic representation of each result

obtained in the Doctoral Study.

4.4. Discussions

Demographic data

Although vitiligo can develop at any age, most occurrences begin before the age of 20 [78],
and 25% of individuals experience symptoms before the age of 10 [79]. Both sexes can be
impacted but females seem to be more likely to be affected and may experience the disease
earlier in life [75,78]. According to Kiprono et al., the mean age of vitiligo patients was 24
years old, and the male to female ratio was 1:1.8 [80]. Moreover, Villasante Fricke et al. did
not find a gender preponderance in AA and they did find that the third and fourth decades of
life are the most common times for onset [81].

Our findings in the age-stratified analysis for AA were comparable to those of Harries et al.
[82]. Furthermore, the age of onset (less than 30 years old) was similar for 34.8% of
respondents who were known to have vitiligo. Disease duration was between 1 and 5 years in
36.4% AA cases and over 10 years in 48.6% vitiligo. The majority of the
interviewed individuals were female, which may have an impact on the findings.

According to Lu et al., there was no discernible difference in the beginning and course of the
disease between Chinese citizens living in urban and rural areas [83]. A potential drawback of
the study could be the fact that over 80% of patients who reside in metropolitan areas filled out

our questionnaire, in contrast to the Chinese study.

Personal health record

Dai et al. reported that smokers have an increased risk of developing AA [84]. Smoking
induces the release of TNF-alpha, IL-1 and IL-6. These cytokines play a role in the
pathogenesis of AA by triggering a perifollicular inflammatory response. Hair follicles exhibit
"immune privilege", by means of which they are protected from systemic immune attack, and
the collapse of hair follicle immune privilege can lead to the onset of disease [85].

Bhandary et al. studied 46 patients with AA barbae and observed increased alcohol
consumption in six patients and tobacco use in five patients [86]. Abraham et al. observed that
approximately 15% of vitiligo patients were chronic alcohol users and 12% tobacco users.
Interestingly, Lee et al. conducted a national study on the impact of smoking on vitiligo and

observed that the risk of vitiligo was lower in smokers, in relation to the amount of tobacco



consumed [87]. The second phD Study revealed that 33.8% of patients with AA and 33% of

patients with vitiligo are former or current smokers.

Comorbidities

Patients with atopic dermatitis can develop vitiligo or severe forms of AA at an early stage
of the disease [88]. Publications from the dermatological archives have revealed that patients
with AA are more likely to exhibit atopy. More precisely, 11% of 736 patients with AA had
comorbidities such as bronchial asthma or atopic dermatitis [89].

A systematic review that included 16 studies on vitiligo stated that vitiligo patients have a
significantly increased risk of atopic dermatitis compared to control patients. In addition,
patients with early-onset vitiligo (<12 years) also have an increased risk of developing atopic
dermatitis compared to those with late-onset vitiligo [90]. The prevalence of AA with a
personal history of atopy in adults ranged from 22% to 38%, according to seven cross-sectional
investigations [91].

In the current doctoral research, bronchial asthma was found in a lower proportion of atopic
patients (1% in AA and 4.3% in vitiligo). Four patients with AA (5.2%) suffered from eczema
or atopic dermatitis compared to 16% with vitiligo. Seasonal or food allergies, as well as
allergic rhinitis, were found in less than 13% of AA patients and 7.5% of vitiligo patients.
Thyroid dysfunction is one of the most common autoimmune diseases associated vitiligo [88].
Furthermore, the autoimmune etiology of AA has been supported by epidemiological studies
on the association of AA with other autoimmune diseases (thyroid diseases, vitiligo, psoriasis).
According to van Geel et al., there is a 15.4% correlation between vitiligo and autoimmune
diseases, particularly thyroid disorders in women [92]. In a cross-sectional analysis, Han et al.
examined 248,370 AA patients and observed that 0.52% and 0.54% of AA patients exhibited
Graves' disease and Hashimoto's autoimmune thyroiditis, compared to 0.37% and 0.47% of
control patients [93,94]. In the Doctoral research, the thyroid disfunction impacts a greater
proportion of vitiligo and AA patients (47.2% vitiligo and 39.0% AA) compared to the other
publications. The reason might be the small group of patients studied compared to the

mentioned studies.

Triggers
More than 65% of patients experienced stressful situations, compared to 22% of control
patients, according to Manolache et al.'s evaluation of the impact of stress in 45 AA patients

and 32 vitiligo patients [95]. According to our research, which also revealed comparable



percentages, vitiligo was present in 67.7% of cases and AA in 67.5% of patients prior to
stressful situations. Stress and traumatic psychic occurrences were the key components that
contributed as the precipitating or triggering causes. Henning et al., on the other hand, carried
out a study to evaluate stress in vitiligo patients. Patients with vitiligo reported feeling
significantly more stressed than the individuals unaffected by the disease [96].

The pregnancy is another potential trigger factor. However, there appeared to be no
significant difference in achieving a pregnancy in both the severe AA group and the control
group [97]. Conversely, research from dermatological archives show that during pregnancy,
the risk of AA onset or extension is low [98]. Pregnancy was identified as a potential trigger in
4.3% of vitiligo patients and 7.8% of AA patients in the Doctoral Study.

The development or recurrence of AA often develops 1-2 months post-viral infection, and
AA may represent a dermatological manifestation of SARS-CoV2 virus infection [99]. At the
same time, the onset and relapses of the disease were linked not only to the infection but also
to the vaccines against COVID-19. Nine cases of AA were reported by Scollan et al. [100] 4-
8 weeks after vaccination. In contrast, Kim et al. showed that infection with the SARS-CoV2
virus was not significantly associated with the occurrence of AA [101].

Regarding vitiligo, Schmid et al. [102] and Herzum et al. [103] publish case reports regarding
the onset of vitiligo following confirmed SARS-CoV-2 infection. Subsequently, Aryanian et
al. later conclude that the incidence of vitiligo cases related to the SARS-CoV-2 vaccine seems
to be higher than after viral infection [104]. In the Doctoral Study, 23.4% of patients with AA
and 6.6% of those with vitiligo had a relapse after the viral infection and 7.8% (AA) and 6%
(vitiligo) after vaccination, but the data cannot be compared because studies evaluating the

incidence of relapses after SARS-CoV-2 infection or vaccine are minimal.

Family medical history

Patients and their family members can be susceptible to develop diseases that share a similar
pathophysiology and common genetic risk factors. In addition, the HLA, IL2RA, and CTLA4
alleles are shared by various autoimmune disorders and are considered common genes
associated with vitiligo and AA [200].

According to Agarwal et al., 24.3% of children had a positive family history of vitiligo [105].
Kiprono et al. found that 10% of people with vitiligo had a positive family history [80].
Research that studied 3238 of vitiligo cases, found that 374 family members shared the
condition, with a mean age of onset of 21.5 £ 15.0 years (median 18.5) [106]. Both vitiligo

patients and their family are far more probable to be diagnosed with an autoimmune thyroid



disorder [27]. Vitiligo was also recorded in 22.6% of 133 investigated relatives of patients
diagnosed with vitiligo, compared to 17.0% among control patients [27].

According to the Doctoral Study, 30.1% of the subject’s family member were diagnosed
with vitiligo and 5.2% with AA. Moreover, we report that the patients had as well a relative

diagnosed with thyroid disease in 39% cases of AA and 39.3% cases in vitiligo.

Impact of AA and vitiligo on family members

Several studies have evaluated the quality of life of family members of patients with vitiligo.
A study investigating the psychological effects of vitiligo on families in 50 households with
children diagnosed with the condition and 50 control families found that the parents' quality of
life deteriorated [107]. Another study that assessed the quality of life of family members of
vitiligo patients in Saudi Arabia showed negative affect in 91.5% of cases. As a result, vitiligo
has significantly impacted both patients' and their families' quality of life [108]. Our data varies
slightly from the literature in that it shows that over 50% of family members don't seem to be
impacted by the patient's condition. This reason is probably due to the fact that the respondent

of the questionnaire is the patient and not the patient's family member.

4.4.1. Similarities between AA and vitiligo

The literature includes very few previous comparative investigations of AA and vitiligo.
According to the authors, in 5.3%—12.5% of cases from a study with 133 patients diagnosed
with generalized vitiligo had AA, which is consistent with findings from Turkey [106], Africa,
China, and India [109,110].

Associations between vitiligo and AA were noted by Gill et al. [24], suggesting a potential
shared pathophysiology for the two conditions. Coordinated communication between
keratinocytes and melanocytes is thought to control the regeneration process in both disorders
[26]. As acknowledged in the case presentations of the doctoral thesis, AA mostly affects
pigmented terminal hairs and can tolerate hypopigmented ones and the regrown hair are often
vellus type hairs. Furthermore, AA and vitiligo are also frequently asymptomatic conditions
[8].

The Thesis noted that the average age of AA and vitiligo patients was 24.57 years for AA
and 20.91 years for vitiligo, indicating that these conditions primarily affect young individuals.
The second Doctoral Study suggests that stress, severe psychological events, pregnancy, and

viral infections that manifest less than six months after the onset of the disease are common



triggering variables shared by the two conditions. Twenty patients and 84 vitiligo patients
reported stressful experiences, while 67.5% of AA patients and 67.7% of vitiligo patients
experienced stressful events and traumatic psychological events. For 4.3% of individuals with
vitiligo and 7.8% of patients with AA, the pregnancy was a potential trigger. Nevertheless,
following a viral infection, 7.8% of AA patients and 6% of vitiligo patients experienced
relapses, as did 23.4% of AA patients and 6.6% of vitiligo patients.

A comparable percentage of the respondents to the questionnaire in both diseases were
smokers or former smokers. Personal medical history revealed increased frequency of thyroid
dysfunction in 39% of AA cases, respectively 47.2% of vitiligo cases. A genetic component
has been linked to vitiligo and AA, as evidenced by the hereditary history of thyroid
involvement in family members in present in 39.3% of vitiligo patients and 39% of AA cases.

The most common comorbidities found in AA and vitiligo are allergic rhinitis (13% in AA
patients and 7.5% in vitiligo patients), seasonal or food allergies (9.1% in AA and 5.9% in
patients with vitiligo) and asthma (1% in AA and 4.3% in vitiligo).

It was discovered in the Doctoral Study that the quality of life is compromised in both patient
categories. Females were more affected than males regarding low self-esteem and depression
(71.7% in AA and 62.4% in vitiligo, compared to men: 52.9% in AA and 45.5 % in vitiligo).
In addition, vitiligo was more common in AA patients [97]. In the Doctoral Study, we found
that 3 individuals (1.6%) who had vitiligo had also experienced an AA episode. One intriguing
question that the Harris et al. [74] research presents is how to understand the coexistence of
vitiligo and AA. The existence of shared vitiligo and AA susceptibility genes may account for

the coexistence of vitiligo and AA [26].

4.4.2. Limitations of Doctoral Study number 2

First, participant self-reported survey results may contain reporting biases. Using a
questionnaire to evaluate stressful circumstances may have limitations when compared to a
clinical consultation, which provides a more comprehensive perspective. In addition, there are
unequal numbers of groups (77 respondents with AA and 185 respondents with vitiligo), which
may have an impact on the study's findings. Another restriction would be the use of a
questionnaire rather than a measurable scale for assessing quality of life. Not to mention, eighty
percent of the respondents were from urban areas, making it impossible to analyze the data

from patients from rural areas.



4.5. Conclusions to Doctoral Study number 2

Romanian patients with AA or vitiligo share comparable demographics and characteristics
such as similar triggers, common comorbidities and considerable impact on quality of life.
Doctoral study number 2 confirms the relationship between AA and vitiligo and stressful
events, pregnancy and viral infections that can cause disease onset or relapses. Most of the
people surveyed stated the onset of the disease or relapse less than 6 months after the
appearance of the precipitating factor.

Thyroid disease affects a higher percentage of AA and vitiligo patients than those reported
inrecent articles (39.0% AA and 47.2% vitiligo). Compared to over 30% individuals diagnosed
with vitiligo, more than 60% of patients with AA displayed comorbidity. The majority of the
patients who responded to the questionnaire described diseases related to atopy, including
eczema, atopic dermatitis, seasonal or food allergies, bronchial asthma, and allergic rhinitis.
The genetic component is significant in both cases of vitiligo (30.1%) and AA (5.2%),
including a family member affected by the disease. In comparison to recent studies, we report
a higher percentage of thyroid dysfunction also in members of families affected by vitiligo or
AA.

The factors with statistically significant association for AA and vitiligo were represented by:
age category, environment, duration since the onset of the disease, age at the diagnosis of the
disease, comorbidities, genetic factor (familial), triggering factors, limitation of daily activity

due to the disease, infection with SARS-CoV2 and the association with thyroid diseases.



III. CONCLUSIONS AND PERSONAL CONTRIBUTIONS

The doctoral thesis's aim was accomplished by conducting the two analytical studies and
obtaining suitable results for each of them. The aim of the Thesis included analyzing the
genetic testing of patients with alopecia areata (AA) and androgenetic alopecia (AGA) in
patients from Romania and Brazil, as well as evaluating the comorbidities of AA, particularly
vitiligo.

The personal contributions consist in carrying out the first genetic study for patients with AA
and AGA from Romania and Brazil (Doctoral Study number 1) as well as the publication of
partial results in the MDPI Journal (Medicina - impact factor of 2.6) and the oral presentation
of the results in the dermatological conference "Qvo vadis dermato-venerology? Classic and
modern" which took place between November 10-12, 2023 in Bucharest, Romania. The study
allowed the prediction of the effectiveness of the therapies frequently used in AA but also to
present the less frequently prescribed treatments as 17-a estradiol, cefarantin and
prostaquinone. Additionally, the most common genotypes of the genes under study as well as
the statistically significant genes in Brazil and Romania were determined. The advantage of
the genetic test is obtaining a predictable and optimized result for each patient diagnosed with
AA, but its increased costs can prevent the implementation of the test.

In the framework of the second Doctoral Study, the comparative analysis of patients from
Romania with AA and vitiligo was carried out, which allowed the determination of the
similarities between the two autoimmune diseases considered "sister diseases" that present
common pathophysiological pathways, despite the distinct clinical aspect. At the same time,
this is among the first studies at the national level that compare demographic, anthropometric,
personal and family medical history, triggering factors, diet and impact on the quality of life of
patients diagnosed with AA or vitiligo. Furthermore, since certain members of the patients'
families had been affected by the condition, I concluded that both disorders had a significant
hereditary component. Still, the most common condition linked to both vitiligo and AA is the
thyroid dysfunction.

Moreover, within the Doctoral Thesis, I was allowed to identify and characterize two clinical
cases: of rare coexistence of AA with vitiligo in a Romanian patient (Subchapter 8.2.1. Clinical
case no. 1: Colocalization of alopecia areata with vitiligo) and a case of unaffected
hypopigmented hairs within AA (Subchapter 8.3.2. Clinical case no. 2: Alopecia areata with
unaffected hypopigmented hairs).



The conclusions of the Doctoral Study

Doctoral study number 1

Regarding Objective number A1 " Analysis and comparison of 15 genes and 45 genotypes
in AA and AGA patients from Romania and Brazil " of the first Doctoral Study, the conclusion
is that the genes GR-alpha, GPR44-2, SULT1A1 and CRABP2 were statistically significant in
Brazil and Romania. The AA genotype was more frequent for the SNP rs6198 (GR-alpha gene)
and the AA case, and the analysis showed that 73.6% of the Brazilian patients, respectively
67.6% of the Romanian patients, show sensitivity to topical corticotherapy. Prostaglandin D2
receptor 2 (GPR44-2) variants cause an increased response to PGD2 and hair follicle regression
and PGD?2 inhibitors such as prostaquinone and thymoquinone have been recommended in
over 40% of AGA and over 28% AA cases. The SULT1A1 gene, involved in evaluating
response to minoxidil treatment, showed that minoxidil was effective in half of AGA and AA
cases. Genetic analysis revealed the need for retinoic acid supplementation in 66.1% of AA
cases from Brazil, respectively Romania, but the application of vitamin A derivatives may
represent a therapeutic option for treatment-resistant AA. Most of the other genes studied
showed no difference between the two populations, suggesting a common genetic background.
Statistical principal component analysis (PCA) showed that SRD5A1, SRD5A2, PTGES2,
CRABP2 and BTD genes do not contribute substantially to the principal components.

Regarding Objective number A2 "Comparison of treatment response in AA and AGA
patients from Romania and Brazil, based on genetic results " concluded that:

1. Topical treatment with 17-a estradiol shows a favorable therapeutic response in AA, higher
than in AGA (>48.0% in both groups).

2. Latanoprost (synthetic analogue of prostaglandin F), finasteride and dutasteride (5o-
reductase inhibitors) show comparable efficacy in AGA.

3. IGF-I variants were associated with lower plasma IGF-1 levels in half of the evaluated
patients, indicating the possibility of topical cefarantine treatment for patients with AA.

4. The ACE gene was associated with elevated plasma angiotensin level in approximately half
of AA patients from Brazil and Romania

Objective number A3 entitled: " Identification of the most frequent genotypes involved in
AA and AGA in Romanian and Brazilian patients" revealed that the AA genotype was the most
frequent in genes, respectively SNP: GR-alpha-RS6198, GPR44-1-RS545659 and AG
genotype in CYP19A1- RS2470152, PTGFR-2- RS1328441, ACE-RS4343 and IGF1R-



RS2229765. At the same time, CC genotypes were found more frequently in the gene,
respectively SNP SRD5A2- RS523349, PTGES2- RS13283456 and SULT1A1- RS9282861
and GG in CRABP2- RS12724719, BTD- RS13078881, GPR44-2- RS533116 and PTGFR-1-
RS6686438 and for the gene SRD5A1, respectively PTGFR-3, the predominant genotypes
were represented by CT, respectively GT.

Objective number A4 entitled "Estimation of the prevalence of alopecia conditions (AA and
AGA) of the analyzed patients" revealed a higher weight of AA in Romania, 9.8% compared
to Brazil, 5.8%.

Doctoral study number 2

As the subject of the second doctoral study, we examined the comorbidities and similarities
between vitiligo and AA, suggesting that the two conditions have a
common physiopathological substrate.

Objective number B1 called "Analysis and comparison of demographic and anthropometric
data of patients with AA and vitiligo" concluded that AA and vitiligo patients in Romania have
similar demographic and anthropometric characteristics. Statistical analysis showed that there
is no association between AA and vitiligo and body mass index (p-value > 0.05).

Objective number B2 "Evaluation and comparison of the age of onset, triggers and location
of lesions of patients with AA and vitiligo" concluded that:

1. The study confirms the relationship between AA and vitiligo and triggering factors such as
stressful events, pregnancy and viral infections.

2. The majority of the patients surveyed (68.8% in AA and 87.4% in vitiligo) stated that the
onset of the disease or relapse occurred less than 6 months after the appearance of the
precipitating factor.

Objective number B3 entitled "Assessing the presence of atopic conditions (allergies, allergic
rhinitis, bronchial asthma) or other comorbidities in patients with AA and vitiligo" showed
that:

1. The patients with vitiligo and AA studied present a thyroid condition in a higher percentage
compared to publications in specialized journals (47.2% vitiligo and 39.0% AA).

2. The most frequently reported comorbidities in the questionnaire were from the field of atopy
and are represented by bronchial asthma, allergic rhinitis, seasonal or food allergies, eczema

or atopic dermatitis.



Objective number B4 called "Investigating and comparing the quality of life of patients with
AA and vitiligo" showed that:

1. Female patients with AA and vitiligo were more affected than male patients with low self-
esteem and depression.

2. The gender analysis of the factors related to the limitation of daily activity due to the disease
and the need to change the workplace due to the disease did not show the existence of
significant associations between the two types of medical conditions.

Objective number B5 objective entitled "Diet study of patients with AA and vitiligo" showed
that patients with AA and vitiligo predominantly have a diet rich in animal protein and a diet
rich in carbohydrates. An issue that has been partially researched and requires further
investigation is the diet of patients with alopecia areata and vitiligo. In the Doctoral Study, the
predominant type of diet was observed, but an extensive questionnaire is necessary in order to
analyze in detail the foods consumed by the affected patients as well as relatives who live in
the same environment and have a similar diet.

Object number B6 entitled "Identifying factors with statistically significant association in AA
and vitiligo" showed that the following factors: age category, environment, duration since the
onset of the disease, age at the diagnosis of the disease, comorbidities, the genetic (familial)
factor, triggering factors, daily activity limitation due to illness, SARS-CoV2 infection, and
association with thyroid disease were statistically significant in AA and vitiligo.

Objective number B7 of the second Doctoral Study called "Assessing the impact of SARS-

CoV2 infection in patients with AA and vitiligo" showed that:
1. More than half of the patients did not experience disease recurrence after SARS-CoV2
infection or after vaccination.
2. However, 23.4% of AA patients and 6.6% of vitiligo patients relapsed after viral infection
and 7.8% (AA) and 6% (vitiligo) post-vaccination.

Objective number B8 entitled "Determining the proportion of autoimmune diseases in family
members with vitiligo and AA" concluded that:
1. The genetic factor plays an important role in both diseases
2. A family member is diagnosed with vitiligo in 30.1% of cases and AA in 5.2%
3. A family member has a personal medical history of thyroid dysfunction in over 39% of cases
in both diseases.

The research within the Doctoral Thesis allowed the analysis of the proportion of the
treatments with a favorable therapeutic outcome using genetic tests. Individual genes often

only provide polygenic conditions, but analysis of existing genes is essential and may reveal



new and meaningful therapeutic targets. Genetic studies can provide new insights with clinical
relevance and have a significant impact on the treatment of the patient diagnosed with AA.

Analyzing groups of patients with AA and vitiligo, the second Doctoral Study revealed that
psychological factors and metabolic conditions may contribute to and influence the onset or
progression of AA. Due to the fact that AA and vitiligo are chronic dermatological conditions
and frequently encountered in current practice, it is important to highlight the similarities of
the two diseases as well as the evaluation of their comorbidities because it can provide a correct
medical evaluation and conduct. At the same time, the recognition of both the similarities and
the differences of the two diseases can bring new elements regarding the pathogenesis of the
disease, as well as the development of new treatments.

Identifying and revealing cases of colocalization of AA with vitiligo can provide information
regarding the causal relationship between the two diseases. In addition, the dissemination of
interesting AA cases as the ones presented in the Thesis, may be a source of inspiration for
further investigations of AA progression and prognosis.

At the same time, I propose that the direction in which the research should be continued
includes additional studies regarding genetic testing and the comparison of post-therapeutic
clinical results of patients with AA. It might be also useful to include in the classification of
AA or vitiligo the forms of coexistence of the two forms.

Further studies are needed to elucidate the interaction and causality between AA, vitiligo,

and comorbidities.
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