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Abstract

Background: MicroRNAs (miRNAs) are small RNA molecules that play a regulatory

role in various biological processes by acting as intracellularmediators. Theyhold great

potential as therapeutic agents for targeting human disease pathways; however, there

is stillmuch tobeuncoveredabout theirmechanismof gene regulation.Alopecia areata

(AA) is a commonly occurring inflammatory condition characterized by the infiltration

of T cells that specifically target the anagen-stage hair follicle. The limited understand-

ing of its precise cellular mechanismmay be the reason behind the scarcity of effective

treatments for AA.

Aim: The significance and function of hsa-miR-193a-5p as a genetic marker for AA and

its potential influence on the advancement of the disease.

Subjects and methods: A case-control study comprised 77 individuals diagnosed with

AAwhowerematchedwith 75 healthy controls. In order tomeasure the expression of

miR-200c-3p in both groups, the real-time PCR technique was utilized. The prediction

of suitable genes for hsa-miR-193a-5p, as well as the identification of pathways and

gene-gene interactions, were carried out using bioinformatic tools.

Results: The levels of hsa-miR-193a-5p expression were notably elevated in AA

patients in comparison to healthy controls. Our prediction suggests that the involve-

ment of hsa-miR-193a-5p in thedevelopment ofAA is significant due to its influenceon

the inositol phosphorylation pathway and the Phosphatidylinositol signaling system,

achieved through its direct impact on the IPPK gene.

Conclusion: For the first time, our study demonstrates the significant over-expression

of a new miRNA, hsa-miR-193a-5p, in the blood of AA patients compared to con-

trols, and highlights its impact on the IPPK gene and the inositol phosphorylation and

Phosphatidylinositol signaling pathways, suggesting a potential therapeutic role for

hsa-miR-193a-5p in AA.
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1 INTRODUCTION

Alopecia areata (AA) is an autoimmune disease typically relapsing or

remitting that preserves the hair follicle while causing temporary, non-

scarring hair loss. AA is a common type of hair loss considered as

second-most frequent non-scarring alopecia, after male and female

pattern alopecia.1 About 2% of the general population will experi-

ence AA. AA is a complicated, polygenic condition, as demonstrated by

genetic research conducted on people and mouse models. Numerous

genetic susceptibility loci linked to signaling pathways crucial to the

growth and cycling of hair follicles have been found.2

Clinical patterns of hair loss in AA are usually very distinct. The

most common pattern is a patchy lesion, usually on the scalp, that can

progress to total loss of scalp hair only (alopecia totalis), and total

loss of all body hair (alopecia universalis).3 Although dermoscopy, tri-

choscopy, and histopathology can be useful, clinical signs are often

used to diagnose AA. Skin biopsies show a lymphocytic infiltration in

and around the hair follicle’s bulb or lower portion during the anagen

phase. One of the main hypothesized causes of AA is a disruption of

the immune systemof the hair follicle.4 AlthoughAA is a difficult condi-

tion to treatmedically, newdiscoveries about the underlyingmolecular

causes of the conditionmay soon lead to remission.1

Small (21−25 nucleotide) noncoding RNA molecules known as

microRNAs (miRNAs) play a role in post-transcriptional regulation of

gene expression through the translation repression or degradation of

messenger RNAs.5 MiRNAs are thought to control between 30% and

80% of human genes. One mRNA may be impacted by many miRNAs,

and each miRNA has the ability to control up to 200 projected target

genes.6

MiRNAsmay have a role in immune responses and autoimmune dis-

eases, particularly those affecting the skin, according to the research.7

MiRNAs are essential regulators of the Th17/T regulatory (Treg) cell

balance, which is involved in the onset and course of autoimmune

disease.8–10

While research has shown that miRNAs are crucial in controlling

inflammatory skin conditions including psoriasis and atopic dermatitis,

little is known about howmiRNAs function in AA.11

Recent proposals for treating disorders linked to hair follicles and

male pattern baldness have included gene-based therapeutics tar-

geting hair follicles, which include antisense oligonucleotides, small

interfering RNAs, andmiRNAs.12,13

In our vast population, numerous and extensive research investi-

gations have been conducted to comprehensively comprehend and

elucidate the intricate and complex interplay between the underly-

ing genetic factors and themultifarious dermatological conditions that

afflict individuals. However, it is imperative to underscore that, to the

best of our knowledge and in light of the existing body of literature, no

study has hitherto endeavored to meticulously unravel and ascertain

the underlying and elusive mechanisms through which miRNAs intri-

cately and actively contribute to the pathogenesis and manifestation

of AA, a highly enigmatic and perplexing autoimmune dermatologi-

cal disorder. Hence, the need for further comprehensive and in-depth

exploration and inquiry is paramount to fully comprehending anddelin-

eating the multifaceted and intricate role that miRNAs play in the

etiology and progression of AA.14–24

1.1 Aim of the study

The primary purpose of our research is to thoroughly investigate and

analyze the significance and function of the miRNA hsa-miR-193a-

5p within the context of AA, to establish it as a groundbreaking

and innovative therapeutic and diagnostic approach. In addition, our

research endeavors to determine the impact of miRNA hsa-miR-193a-

5p expression on the intricate pathway involved in AA, thereby further

elucidating the complex relationship between this specific miRNA

and the development and progression of this hair loss condition. By

immersing ourselves in the exploration of this pathway, we hope to

uncover essential insights andvaluable knowledge that have thepoten-

tial to significantly contribute to amore profoundunderstanding ofAA,

eventually paving the way for the formulation and implementation of

more effective treatment strategies.

2 SUBJECTS AND METHODS

2.1 Subjects

This investigation is classified as a case-control study, highlighting the

examination of 77 individuals diagnosed with AA in conjunction with

75 individuals serving as the control group, representing a sample

size that is both sufficiently robust and representative. To ensure the

ethical integrity of the study, the necessary approval was obtained

from the esteemed Ethics Committee of Shaqra University, thereby

affirming the adherence to stringent regulatory standards. The offi-

cial agreement reference number, ERC_SU_202300031, serves as an

unequivocal testament to the meticulousness and procedural dili-

gence that underpinned the research endeavor. Additionally, it is of

paramount importance to underscore the pivotal role of informed con-

sent, which was diligently sought from each of the participants, who

provided their explicit endorsement through the medium of written

documentation.

The comprehensive nature of this studywasmanifest in themeticu-

lous attention to detail that characterized the compilation of the med-

ical histories of both the AA patients and the control group. Through

a judiciously curated set of data points, encompassing demographic

characteristics, records pertaining to the specific manifestation of AA,

as well as the careful cataloging of medication use, the researchers

sought to establish a foundation of knowledge that could be system-

atically analyzed and compared. This strategic approach facilitated the

identification of potential correlations and insights that would subse-

quently inform the overarching objectives of the study, thus ensuring

the achievement of robust outcomes and meaningful contributions to

the field of research.
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F IGURE 1 A summary of this study design.

2.1.1 Inclusion criteria

Patients with a clinically verified diagnosis of AA (patchy or ophiasis),

regardless of gender or age, and thosewho have not had therapy in the

past 3months are eligible.

2.1.2 Exclusion criteria

Alopecia totalis, alopecia universalis, and other causes of alopecia like

telogen effluvium, tinea capitis, and trichotillomania. For the past 6

months, the patients had been taking vitamin D supplements or other

vitamins. Patients with a documented vitamin D deficiency, pregnancy

or nursing.

2.2 RNA extraction and RT-PCR

Total plasma miRNAs were extracted utilizing the Direct-zol™ RNA

MiniPrep (Zymo Research) following the guidelines provided by

the manufacturer. Each RNA specimen was measured utilizing a

spectrophotometer (NanoDrop 1000, Thermo Scientific, Wilm-

ington, Delaware). The extracted miRNAs were transformed into

complementary DNA (cDNA) utilizing the miRCURY LNA RT kit

(Qiagen). qRT-PCR reactions were performed using the cDNA

and the miRCURY LNA SYBR Green PCR Kit (Qiagen) (which

contains primers for hsa-miR-193a-5p and a housekeeping gene)

employing a Bio-Rad iCycler (Bio-Rad Laboratories, Hercules, CA).

Quantitative real-time polymerase chain reactions were carried

out in duplicate for all samples. qRT-PCR data analysis: The rel-

ative gene expression level was determined using the 2−(ΔΔCt)
equation.

2.3 Target genes analysis

To enhance our comprehension of the biological activity of the

noteworthy, dysregulated miRNAs, we employed the TargetScan

https://www.targetscan.org/vert_80/, miRDB https://mirdb.org/, Mir-

TarBase 9.0 https://mirtarbase.cuhk.edu.cn/, and miRWalk http://

mirwalk.umm.uni-heidelberg.de/ databases to anticipate their poten-

tial target genes with a confidence interval (CIs) of 95%. To attain a

comprehensive understanding of the biological functions of the differ-

ential miRNAs and their target genes, we analyzed the KEGG pathway

and the GO process pathway utilizing the Shiny Go 0.77 website avail-

able at http://bioinformatics.sdstate.edu/go/. A summary of this study

design is shown in Figure 1.

2.4 Statistical analysis

The data was analyzed using SPSS software version 17. To assess the

accuracy of hsa-miR-193a-5p, ROC curve analysis was employed. The

selection of optimal cut-off values was based on maximizing both sen-

sitivity and specificity for prediction. The area under the curve (AUC)

criteria was utilized to determine the accuracy. Hypothesis testing was

conducted using two-sided tests at a significance level of 0.05. Vari-

ous statistical tests such as independent t-tests, chi-square tests, and

One-way ANOVA tests were employed to compare groups and explore

relationships between the data.

https://www.targetscan.org/vert_80/
https://mirdb.org/
https://mirtarbase.cuhk.edu.cn/
http://mirwalk.umm.uni-heidelberg.de/
http://mirwalk.umm.uni-heidelberg.de/
http://bioinformatics.sdstate.edu/go/


4 of 12 ABDELNEAM ET AL.

TABLE 1 Clinical and laboratory characteristics for AA patients and healthy controls.

Variables

AA patients

(N= 77)

Healthy controls

(N= 75) p-value

Age (mean± SD) 28.9± 4.5 30.3± 6.2 0.154

Male (N/%) 44 (57%) 40 (53.3%) 0.682

Female (N/%) 33 (43%) 35 (46.7%) 0.452

AA type

- Localized patchy 38 (49%) —- NA

-Multiples patchy 30 (39%) —- NA

-Ophiasis 9 (12%) —- NA

Abbreviations: %: percentage, SD, standard deviation; AA, alopecia areata;N, number; NA, not applied.

F IGURE 2 The difference in hsa-miR-193a-5p folding change (2-∆∆ct) for AA patients and healthy controls.

3 RESULTS

3.1 Clinical and demographic information for
patients and controls

The extensive (Table 1) provides a thorough presentation of the clini-

cal and general data related to both the individuals diagnosed with AA

as well as the controls. It is important to note that there is a noticeable

disparity in the expression of hsa-miR-193a-5p between the individu-

alswithAAand controls, with the former groupdemonstrating a higher

level of expression (p = 0.001) (Figure 2). This observation implies a

potential association between this specific hsa-miR-193a-5p and the

occurrence of AA in these individuals, thereby indicating a potential

role of hsa-miR-193a-5p in the onset or advancement of AA.

3.2 The alternation at hsa-miR-193a-5p
expression in AA patients

The expression of hsa-miR-193a-5p in disease identification demon-

strates a remarkably high level of accuracy, as evidenced by the

impressive AUC value of 0.80. This value serves as a testament to the

robustness of the test, as it has a strong ability to distinguish between

individualswith the disease and thosewithout. TheCIs associatedwith

this prediction, ranging from 68% to 91%, further support the reliabil-

ity of these findings, indicating a high level of certainty in the accuracy

of the test. Additionally, the p-value of 0.001 linked to this prediction

provides additional evidence of the significance of the results, suggest-

ing that the likelihood of obtaining such outcomes by chance alone is

very low.

To achieve this exceptional level of diagnostic accuracy, a specific

threshold value of 1.07 for hsa-miR-193a-5p expression was utilized.

This means that individuals surpassing this threshold were classified

as having the disease, while those falling below it were classified as

non-affected. The sensitivity of this prediction, which measures the

proportion of correctly identified true positive cases as determined

by the test, was determined to be 80.3%. This indicates that the

test successfully detected the presence of the disease in most cases,

precisely 83.7% of cases. The presence of such a high sensitivity

suggests that the test has a low rate of false negatives, therefore

reducing the likelihood of overlooking instances of the disease

(Figure 3).
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F IGURE 3 ROC curve analysis for hsa-miR-193a-5p expression.

4 BIOINFORMATIC ANALYSIS RESULTS

4.1 Prediction with target genes for
hsa-miR-193a-5p

To conduct a thorough investigation into the potential target genes of

the differentially expressed miRNAs, an analysis was performed uti-

lizing the highly regarded miRWalk tool. This comprehensive analysis

encompassed the utilization of a multitude of target prediction algo-

rithms, including but not limited toTargetScan,mirDB, andMirTarBase.

The primary objective of this analysis revolved around the classifi-

cation and annotation of the hsa-miR-193a-5p within three distinct

genomic regions, namely the 3′UTR, 5′UTR, and CDS. The selection of
these target genes was meticulously based on a set of specific criteria,

which encompassed a high binding probability, low binding energy, and

the presence of the esteemed Adenylate-uridylate (AU)-rich elements

(AREs).

Moreover, the precise location of the miRNA attachment on

the target gene, whether it be within the 3′UTR, 5′UTR, or CDS,

was also thoughtfully considered during the comprehensive analysis.

To ensure the utmost thoroughness in the evaluation of hsa-miR-

193a-5p, multiple target prediction tools were employed, namely

miRWalk, TargetScan, mirDB, and MirTarBase. Consequently, based

on the set of criteria and the comprehensive analysis conducted,

two noteworthy genes, namely SLC7A1/ENSG00000139514 and

SRSF10/ENSG00000188529, were successfully identified as potential

targets of hsa-miR-193a-5p within the 3′UTR region, signifying their

significant association with this specific miRNA.

Furthermore, within the 5′UTR region, two more genes, namely

TNFRSF19/ENSMUSG00000060548, and IPPK/ENSG00000127080,

were discerned to be targeted by hsa-miR-193a-5p, further solidifying

thepotential regulatory effect of thismiRNAongeneexpressionwithin

this genomic region. In addition to these findings, it was also deter-

mined that hsa-miR-193a-5p exhibits a potential targeting capability

within the coding sequence (CDS) region, as evidenced by the identifi-

cation of one noteworthy gene, namely ZMYM4/ENSG00000146463,

within this region. For a comprehensive and exhaustive list of all pre-

dicted target genes, one can refer to the invaluable resource provided

in Table 2.

Because the expression levels of genes can either be decreased

(downregulated) or increased (upregulated) depending on the pres-

ence of various miRNAs and the interaction between these miRNAs, it

becomes necessary to assess the appropriateness of certain genes con-

cerning the hsa-miR-193a-5p. To validate this, we employed another

tool called shiny Go 0.77 software, which facilitated the analysis of

miRNAs that are compatible with the chosen genes and miRNAs

interaction with each other.

The results of the analysis have revealed that there are five specific

miRNAs, namely hsa-miR-193a-5p, hsa-miR-331-3p, hsa-miR-4716-

5p, and hsa-miR-4668-5p that exert a direct influence on the selected

genes, which include SLC7A1, SRSF10, TNFRSF19, IPPK, and ZMYM4.

It is worth noting that hsa-miR-193a-5p exhibits a significantly higher

fold enrichment of 71.7 (with a corresponding p-value of 3.4E-07),

whereas the fold enrichments for hsa-miR-331-3p, hsa-miR-4716-5p,

and hsa-miR-4668-5p are 33.5, 24, and 11, respectively (Figure 4A).

The interplay among five miRNAs illustrates that hsa-miR-193a-5p

assumes a pivotal role in regulating the expression of specific genes.

This is evidenced by the larger size of the node (characterized by

its green color) and the edges (denoted by its gray color), which are

more pronounced in comparison to the other miRNAs. This observa-

tion underscores the significant contribution of hsa-miR-193a-5p in

modulating the expression of the targeted genes (Figure 4B).

4.2 Predicted pathways targeted of selected
genes

Thehypothesis of this studywas formulated to comprehend thebiolog-

ical ramifications that arise from thevarious selected geneexpressions,

as well as to examine their potential influence on the development of

AA. Furthermore, an investigationwasundertaken toelucidate thepre-

cise role of hsa-miR-193a-5p within these specific genes. To achieve

this objective, a comprehensive analysis was conducted, encompassing

a KEGG pathway analysis (Figure 5A,B), a GO biological process analy-

sis (Figure 6A,B), and an enrichment analysis. The primary aim of these

analyses was to ascertain the intricate mechanisms of transcriptional

gene regulation.

KEGG pathway analysis revealed that the inositol phosphate

metabolism pathway (hsa00562) exhibited a significantly higher fold

enrichment value of 62.5 compared to all other pathways, with a

p-value of 4.4E-02. It is noteworthy that the fold enrichments for

the Phosphatidylinositol signaling system pathway (hsa04070), the

Spliceosome pathway (hsa03040), and the miRNAs in cancer path-

way (hsa05206) were 47, 34.5, and 28.3, respectively. Furthermore,

our observations indicated that the IPPK gene participated in both
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TABLE 2 Predicted target genes for hsa-miR-193a-5p by bioinformatics tools.

Gene

Reference

sequence ID

Binding

probability

Binding

energy

AU rich

region

fraction Position Binding site

SLC7A1 NM_003045 1.00 −12.408 0.32 3′UTR 6518,6537

SRSF10 NM_006625 1.00 −11.585 0.6 3′UTR 1177,1198

TNFRSF19 NM_001204459 1.00 −11.343 0.59 5′UTR 285,308

IPPK NM_022755.6 1.00 −11.322 0.27 5′UTR 91,129

ZMYM4 NM_005095 1.00 −10.708 0.46 CDS 4052,4076

Abbreviations: AU, Adenylate-uridylate.; CDS, coding sequence; IPPK, inositol-pentakisphosphate 2-kinase; SLC7A1, solute carrier family seven member 1;

SRSF10, serineandarginine rich splicing factor10;TNFRSF19, TNFreceptor superfamilymember19;UTR, untranslated region;ZMYM4, zinc fingerMYM-type

containing 4.

F IGURE 4 (A) A dot-plot was performed using Shiny GO 0.77 resource to represent themost commonmiRNAs interact with the selected
genes in this study. (B) The interactive plot also shows the relationship betweenmiRNAsDarker nodes aremore significantly and thicker edges
represent more overlapped.

F IGURE 5 A dot-plot was performed using Shiny GO0.77 resource to represent the outcomes of KEGG pathway enrichment analyses carried
out on and its validated pathways. (A) A hierarchical clustering tree summarizes the correlation among significant pathways targeted genes
identified in this study. Pathways withmany shared genes are clustered together. Bigger dots indicatemore significant p-values. (B) Fold
enrichment showing the percentage of genes belonging to a particular pathway. Pathways have been filtered based on the FDR cut-off the top 10
most significant pathways are shown here.
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F IGURE 6 A dot-plot was performed using Shiny GO0.77 resource to represent the outcomes of GO biological process enrichment analyses
carried out on and its validated pathways. (A) A hierarchical clustering tree summarizes the correlation among significant pathways targeted genes
identified in this study. Pathways withmany shared genes are clustered together. Bigger dots indicatemore significant p-values. (B) Fold
enrichment showing the percentage of genes belonging to a particular pathway. Pathways have been filtered based on the FDR cut-off the top 10
most significant pathways are shown here.

the inositol phosphate metabolism pathway (hsa00562) and the Phos-

phatidylinositol signaling system pathway (hsa04070). Additionally,

the SRSF10 gene was found to be involved in the Spliceosome path-

way (hsa03040), while the SLC7A1 gene participated in the miRNAs in

cancer pathway (hsa05206) (Figure 5A,B).

These results provide evidence of the impact of hsa-miR-193a-

5p on two pathways: inositol phosphate metabolism (hsa00562) and

Phosphatidylinositol signaling system (hsa04070), exerting a direct

influence on the IPPK gene.

A comprehensive GO process pathway analysis was conducted,

revealing that the inositol phosphorylation pathway (GO:0052746)

exhibited an exceptionally higher fold enrichment value of 1519.7

when compared to all the other pathways. This significant finding is fur-

ther supported by a p-value of 2.8E-02. It is crucial to emphasize that

several other pathways also displayed noteworthy fold enrichments.

For instance, the L-histidine transmembrane transport (GO:0089709),

L-arginine import across the plasma membrane (GO:0097638), L-

lysine transport (GO:1902022), L-ornithine transmembrane transport

(GO:1903352), Ornithine transport (GO:0015822), L-arginine trans-

port (GO:1902023), Pos. reg. of transcription of nucleolar large

rRNA by RNA polymerase I (GO:1901838), Inositol metabolic proc

(GO:0006020), and arginine transport (GO:0015809) all displayed fold

enrichments. These fold enrichments were computed to be 759.9,

759.9, 759.9, 759.9, 651.3, 455.9, 414.5, 379.9, and 379.9 respec-

tively, further highlighting their relevance and significance within the

biological context (Figure 6A,B).

Genes that are associated with the process pathways of gene ontol-

ogy (GO) include IPPK,which plays a crucial role in the phosphorylation

of inositol. Another gene involved in these pathways is responsible for

positively regulating the transcription of nucleolar large rRNA through

RNA polymerase I. Moreover, there is a gene involved in the metabolic

process of inositol. On the other hand, SLC7A1 is responsible for vari-

ous transmembrane transport functions, such as the transportation of

L-histidine across the cell membrane, the import of L-arginine through

F IGURE 7 The interactive plot also shows the relationship
between enriched gene ontology and enriched pathway using
ShinyGO 0.77 software. Two pathways (nodes) are connected if they
share 20% (default) or more genes. Darker nodes aremore
significantly enriched gene sets. Bigger nodes represent larger gene
sets. Thicker edges represent more overlapped genes.

the plasma membrane, the transport of L-lysine, the transmembrane

transportationof L-ornithine, aswell as the transport of ornithine itself.

Additionally, this gene is involved in the transportation of arginine and

L-arginine.

4.3 Functional annotation of differentially
expressed genes

To explicate the specific role played by hsa-miR-193a-5p in the biologi-

cal processes impacted by the differentially expressed genes identified

in this investigation, a comprehensive and thorough analysis of func-

tional annotation networks was conducted. This comprehensive analy-

sis aimed to shed lighton the intricate connectionsbetween thevarious

pathways under scrutiny (Figure 7).

Upon undertaking a meticulous and rigorous examination of the

network, it became evident that the pathways of gene expression

exhibit a mutually influential relationship, particularly regarding the
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TABLE 3 The network dot and edges size.

A) Dot size

Id Dot size

∙ Inositol phosphatemetabolism 5.566369114

∙ Phosphatidylinositol signaling

system

5.566369114

∙ Spliceosome 5.566369114

∙ MicroRNAs in cancer 5.566369114

B) Network edge

From To Width

Inositol phosphatemetabolism Phosphatidylinositol signaling system 5

Inositol phosphatemetabolism Spliceosome 0.555555556

Phosphatidylinositol signaling system Spliceosome 0.555555556

Inositol phosphatemetabolism MicroRNAs in cancer 0.555555556

Phosphatidylinositol signaling system MicroRNAs in cancer 0.555555556

Spliceosome MicroRNAs in cancer 0.555555556

Note: NB: Network Nodes and edge sizes and edges calculated by Shiny GO 0.77 software.

interaction between the inositol phosphorylation pathway and the

Phosphatidylinositol signaling system pathway. These two pathways

were found to possess darker nodes and a greater thickness of edges

(Figure 7). Nodes with a darker color, indicate the presence of signifi-

cantly enriched gene sets. Additionally, an interesting observation was

made regarding the size of the nodes within the network, as it was

found to directly correspond to the size of the gene sets, they repre-

sent. In otherwords, larger nodes symbolize larger gene setswithin the

network. Additionally, the thickness of the edges connecting the nodes

reflects the degree of overlap between the associated genes (Table 3).

4.4 Prediction and selection of suitable pathway
for hsa-miR-193a-5p in AA patients

From the findings of our study, it was observed that there were higher

levels of hsa-miR-193a-5p in patients with alopecia when compared

to the control group. This observation prompted us to delve deeper

into the underlying mechanism responsible for the elevated expres-

sion of hsa-miR-200c-3p. To gain a comprehensive understanding of

this mechanism, we employed bioinformatic tools to conduct an exten-

sive analysis. Our analysis led us to propose the existence of a unique

pathway that is affected by hsa-miR-193a-5p and contributes to the

development of AA.

In line with this perspective, we further delved into the examination

of the genes associated with hsa-miR-193a-5p and made a notewor-

thy observation. Among the identified genes in the study, the IPPK

gene appeared to be a more suitable candidate for further investiga-

tion. This conclusion was drawn based on several compelling reasons.

Notably, the IPPK gene is known to be a key player in two important

pathways, namely the inositol phosphorylation pathway (Figure 8) and

the Phosphatidylinositol signaling system pathway (Figure 9).

It is worth noting that both the inositol phosphorylation pathway

and the Phosphatidylinositol signaling system pathway exhibited

significantly higher fold enrichment. This finding further strengthens

the selection of these pathways for further analysis. To support our

selection, we conducted a gene-gene interaction analysis, which

provided additional evidence for the relevance of these pathways.

Specifically, the dot size and edge thickness displayed congruent and

suitable results in relation to the resistance pathway.

5 DISCUSSION

In our research endeavor, we undertook a comprehensive and meticu-

lous study to delve into the intricate and multifaceted function of the

hsa-miR-193a-5p, which we have identified as a promising diagnostic

and therapeutic tool for AA. As we delved deeper into the intricacies

of this intriguing molecule, our primary objective was to shed light on

the intricate pathways and mechanisms that are intricately involved in

the development and progression of AA. It is of paramount importance

to emphasize that, to the best of our knowledge, our study stands as

a pioneering effort within our specific population, as we endeavored to

address this pressing issuemeticulously and systematically for the very

first time.

In the current investigation, it was observed that the expres-

sion level of hsa-miR-193a-5p was significantly elevated in patients

diagnosed with AA in comparison to individuals who were deemed

healthy.

MiRNA molecules, although they are small and lack coding poten-

tial, play a significant role in the intricate regulation of gene expression.

These molecules can bind to messenger RNA (mRNA) molecules and

exert their influence by either enhancing or dampening the translation

process.25 In the context ofAA,miRNAshaveemerged as keyplayers in
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F IGURE 8 Inositol phosphatemetabolism pathway genes are highlighted in red (271158 is IPPK gene).

its pathogenesis.26 In a study conductedbyWanget al., the researchers

successfully identified a subset of miRNAs that displayed differential

expression in individuals affected by AA. These miRNAs were found to

specifically target pathways associated with immune regulation, shed-

ding light on their potential role in the development and progression of

this hair disorder.27

The specific miRNAs that play a role in the development of AA

were identified by Mustafa and his research team. They observed that

there is a notable increase in the expression ofmiRNAs-203, 146a, and

155 in the affected tissue of individuals with AA. This finding suggests

that these particular miRNAs are involved in the pathogenesis of this

condition.26

In a separate study conducted by Maher et al., the group of

researchers meticulously examined and scrutinized the relationship

between themiRNA34A and rs2666433 (A/G) variants, and their find-

ings unveiled a significant association between these genetic factors

and the risk as well as the severity of AA, thereby shedding light on the

potential role these elements play in the development and progression

of AA.28 Another investigation conducted on the Egyptian population

by Faisal et al revealed noteworthy findings concerning the expression

of miRNA-17-92a-1 and the rs4284505 variant, which were found to

be significantly linked to AA.29

The collective evidence from these various studies underscores the

pivotal roles that miRNAs play in the development and severity of AA,

thereby shedding further light on the critical significance ofmiRNAs as

an emerging biomarker for AA.

Despite the significance and relevance attributed to miRNAs in the

development of AA, it is noteworthy to mention that, thus far, no dili-

gent research endeavors have been undertaken to comprehensively

investigate and elucidate the intricate intricacies surrounding the role

and impact of hsa-miR-193a-5p in this context.

In the current investigation, we have effectively employed bioin-

formatics tools to provide evidence that hsa-miR-193a-5p exhibits

targeting capabilities toward a cluster of five genes, SLC7A1, SRSF10,

TNFRSF19, IPPK, and ZMYM4. Numerous prior studies have exten-

sively suggested that the influence of hsa-miR-193a-5p on the expres-

sion of the SLC7A1 gene is of significant magnitude, thereby estab-

lishing itself as a pivotal player in the regulation of SLC7A1 gene

expression.30,31

It is noteworthy to mention that our findings are congruent with

those of Fan et al. and his esteemed research team, who have also pos-

tulated that hsa-miR-193a-5p possesses the ability to directly target

theSRSF10gene.Moreover, theyhave further speculated that themiR-

193-5p/SRSF10 signaling pathway has the potential to serve as a novel

therapeutic target for atherosclerosis.32 In addition, the employment

of in silico databases byPolini et al. andhis fellow researchers has led to

the discovery that TNFRSF19 is indeed a direct target ofmiR-193a-5p,

which was subsequently subjected to scrutiny through the utilization

of the luciferase assay.33

Consequently, through the utilization of bioinformatic tools, we

have successfully elucidated fresh associations between hsa-miR-

193a-5p and two genes, namely IPPK and ZMYM4. The identification
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F IGURE 9 Phosphatidylinositol signaling system pathway genes are highlighted in red (271158 is IPPK gene).

of these relationships between hsa-miR-193a-5p and the predicted

genes has further underscored the significance of hsa-miR-193a-5p,

thus propelling our esteemed research team to delve deeper into the

exploration of the pathway that is intrinsically linked to hsa-miR-193a-

5p and the predicted genes.

In the present study, after the examination of five genes and their

correlation to hsa-miR-193a-5p, several in silico tools were employed

to analyze the data. These tools considered various factors, including

fold enrichments and gene-gene interactions. Upon careful examina-

tion, it was observed that two specific pathways, inositol phosphate

metabolism and Phosphatidylinositol signaling system, displayed a

direct association with AA. Additionally, it was noted that the regu-

lation of these two pathways was governed by the IPPK gene. The

findings from this study provide valuable insights into the intricate

mechanismsunderlying the relationshipbetween thesegenes and their

impact on AA.

In eukaryotic cells, Phosphatidylinositol is a type of phospholipid

that is synthesized and degraded as part of the intricate process of

inositol phosphate metabolism, which plays a crucial role in cellular

functioning. Serving as essential messenger molecules in various cel-

lular signaling pathways, these phospholipids act as precursors for the

synthesis of water-soluble inositol phosphates, which are known to be

involved in a multitude of cellular processes. These processes include

the regulation of intracellular calcium levels, which is crucial for main-

taining cellular homeostasis, aswell as facilitating the cellular response

to external stimuli.34,35 The discovery of the involvement of inositol

phosphates in these cellular processes has shed light on the intricate

mechanisms through which cells communicate and respond to their

environment, highlighting their significance in cellular physiology.36

The Phosphatidylinositol signaling system, which is involved in a

multitude of cellular activities such as membrane trafficking, cell divi-

sion, and proliferation, represents one of the most critical networks of

signaling pathways.37 To generate secondmessengers, a dynamic cycle

of lipases, phosphatases, and kinases acts upon Phosphatidylinositol.38

For this Phosphatidylinositol -cycle to occur, it is imperative to have

the transportation of lipids between two distinct membranes, the

plasma membrane, and the endoplasmic reticulum.39 By synthesiz-

ing Phosphatidylinositol and its phosphorylated derivatives, as well

as lipid signaling molecules like phosphatidic acid and diacylglycerol,

the Phosphatidylinositol-cycle assumes a pivotal role in the intricate

process of cell signaling.40

The results of our study provide evidence to suggest that both

pathways under investigation are influenced by two specific parame-

ters: IPPK and inositol. These parameters have been targeted by the

hsa-miR-193a-5p, indicating a potential regulatory role of hsa-miR-

193a-5p in the pathways. Furthermore, the involvement of inositol in
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these pathways sheds light on the significance of inositol in the context

of AA. This finding opens new avenues for further research and deep-

ens our understanding of the role of inositol in AA. In the realm of hair

function, inositol assumes a significant role, specifically in the intricate

process of developing andmaintaining hair cells.41–43

It is worth noting that inositol phosphates, exemplified by

inositol1,4,5 trisphosphate, emerge as key players in the regulation of

cytosolic calcium concentrations, a crucial aspect of hair cell function.

Moreover, a constellation of intracellular signaling pathways, including

but not limited to Phosphatidylinositol 3-kinase, protein kinase C, and

calcium, assumes a pivotal role in bolstering cell proliferation within

mammalian balance epithelia, thereby potentially contributing to the

process of hair cell regeneration.44,45

The cells known as dermal papilla cells, which are in the hair follicle,

play a crucial role in producing signals that are responsible for con-

trolling the actions of the adjacent epithelial cells throughout the hair

cycle. These significant findings propose that the inositol phosphate-

calcium signaling system and activated signaling pathways potentially

participate in the intricate mechanisms that underlie the functions

of hair, such as its growth, regeneration, and maintenance. There-

fore, it can be argued that the communication between dermal papilla

cells and epithelial cells is essential for the overall well-being and

functionality of hair.46–48

From our findings and the utilization of bioinformatics tools, we are

able to make a well-informed estimation regarding the involvement

of hsa-miR-193a-5p in the pathogenesis of AA. Specifically, our anal-

ysis suggests that hsa-miR-193a-5p may exert a regulatory influence,

either upregulating or downregulating, on IPPK, a pivotal player in two

significantmolecular pathways: inositol phosphorylation and thePhos-

phatidylinositol signaling system. These pathways are known to elicit

changes in the levels of inositol, thereby impacting the progression of

AA.

6 CONCLUSION

Our findings clearly show, and for the first time, the significant over-

expression of novel miRNA, hsa-miR-193a-5p, in the blood of patients

with AA against controls. Further, we were able to indicate the impact

of hsa-miR-193a-5p on IPPK gene which intern controls the inositol

phosphorylation pathway and the Phosphatidylinositol signaling sys-

tem pathway. The results enlighten the era of the potential therapeutic

role of this hsa-miR-193a-5p in AA.

7 FUTURE RECOMMENDATION

To further validate the findings of this research, an additional study

must be conducted using lesional skin biopsies and a larger sample size

of patients. This subsequent study should aim to evaluate the expres-

sion levels of IPPK genes. In addition to this, the protein levels of IPPK

gene must be quantified using the highly reliable and widely accepted

western blot technique.
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