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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ALOPECIA AREATA PROFILING SHOWS LNCRNAS REGULATE THE SUPPRESSED 
EXPRESSION OF KERATIN

Jin Wu1, Lan-Xi Wu1, Kun Yan1, Jun-You Li1, Tao-Xiang Niu1*.
1Deparment of Dermatology, Lanzhou University Second Hospital, Lanzhou Gansu 730030, China.

Abstract.
Background: Alopecia areata (AA) is one of the most common 

autoimmune hair diseases. Long non-coding RNAs (lncRNAs) 
have been shown to be involved in the pathophysiological 
progression of a variety of diseases; however, how lncRNAs 
are involved in the pathogenesis of alopecia areata is not fully 
understood.

Objective: In order to study the differential expression profiles 
of mRNA and lncRNA in patients with alopecia areata and 
provide experimental basis for the diagnosis and treatment of 
alopecia areata.

Method: We collected skin tissues from the normal and bald 
areas of the scalp of five patients with alopecia areata. We used 
RNA sequencing to detect mRNA and lncRNA expression 
profiles in the skin, screen for differentially expressed genes, and 
then perform enrichment analyses to determine the functions 
of the differentially expressed genes and construct a lncRNA-
mRNA interaction network.

Results: Our results show that normal and bald areas of the 
scalp in patients with alopecia areata have different mRNA and 
lncRNA expression profiles, with a total of 344 mRNAs and 
116 lncRNAs differentially expressed. Functional enrichment 
analysis of these co-expressed the differentially expressed 
genes (DEGs) was enriched for biological processes such as 
intermediate filament organization, keratinization, and epithelial 
cell differentiation and so on. Based on the co-expression of 
differential lncRNAs and DEGs obtained in this project, further 
overlap analysis of 100 kb of DEGs upstream and downstream 
of the lncRNAs ultimately revealed that 11 lncRNAs cis-
regulate 15 target mRNAs.

Conclusion: The pathogenesis of alopecia areata is closely 
related to multiple genes and multiple pathways, in which 
keratin family genes may play a key role. In conclusion, this 
study provides new and promising biomarkers for the diagnosis 
of alopecia areata.

Key words. Alopecia areata, bioinformatics, Keratin genes, 
differentially expressed genes, co-expression network.
Introduction.

Alopecia areata is one of the most common autoimmune 
diseases, with an incidence rate of about 2.1% [1]. It is 
characterized by hair follicle immune attack mediated by T cells 
leading to alopecia [2]. Alopecia areata is not life-threatening, 
but because the lesions mostly appear in the exposed parts 
such as the head and face, it has a direct impact on the 
appearance of patients and a great burden on their spirit and 
psychology. Therefore, it is particularly important to solve the 
onset and recurrence of alopecia areata. However, the specific 
pathological mechanism is not completely clear, and there is 

no unified cognition. Among the many factors in the study of 
AA pathogenesis, immune system disorder and heredity have 
always been the main areas of concentration [3], and there are 
other possible factors, including infection factors, cytokines, 
emotional stress, abnormal melanocytes or keratinocytes and 
nervous system factors [4]. 

Long non-coding RNA (lncRNA) itself does not encode 
protein but forms multi-level regulation gene expression in the 
form of RNA [5,6]. Studies have shown that lncRNA plays an 
important role in many cellular processes, including cell cycle, 
differentiation, metabolism and disease [7]. Some studies have 
found that lncRNA are differentially expressed in dermal papilla 
cells during hair follicle development, however, the specific 
lncRNA and its related regulatory mechanism in alopecia areata 
are largely unknown. The existing literature reports that the 
function of lncRNA in alopecia areata mainly focuses on the 
competing endogenous RNA (ceRNA), and some only focus on 
a single lncRNA [8-10]. At present, there are still few studies 
on the regulatory network of lncRNA-DEG and its possible 
functions in alopecia areata through the direction of whole 
genome lncRNAs. We hypothesized that after alopecia areata, 
differentially expressed lncRNAs participated in transcription 
regulation, which led to the differential expression of mRNAs, 
and the regulatory axis of lncRNA-DEG played a molecular 
regulatory role in alopecia areata.

In this project, RNA-seq of tissue samples from alopecia areata 
disease group and normal control group were systematically 
analyzed, and lncRNAs and mRNAs with differential expression 
were obtained. Combined with co-expression analysis, the 
regulatory network of lncRNA-DEG in the whole genome was 
explored, and valuable results were obtained, which provided 
theoretical basis for the prevention and treatment of alopecia 
areata.
Materials and Methods.
RNA extraction and sequencing:

The scalp tissues from the normal and bald areas of the five 
patients with alopecia areata were collected. Total RNA was 
treated with RQ1 DNase (Promega) to remove DNA. The 
quality and quantity of the purified RNA were determined by 
measuring the absorbance at 260nm/280nm (A260/A280) using 
smartspec plus (BioRad). RNA integrity was further verified by 
1.5% agarose gel electrophoresis.

For each sample, 1 μg of total RNA was treated with RQ1 
DNase (Promega) to remove DNA before used for directional 
RNA-seq library preparation by VAHTS® Universal V8 RNA-
seq Library Prep Kit for Illumina (N605) for RNA-seq library 
preparation. mRNAs were captured by VAHTS mRNA capture 
Beads (Vazyme, N401). Fragmented mRNAs were converted 
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into double strand cDNA. Following end repair and A tailing, 
the DNAs were ligated to VAHTS RNA Multiplex Oligos Set 
1 for Illumina (N323), the ligated products were amplified, 
purified, quantified and stored at -80℃ before sequencing. 
The strand marked with dUTP (the 2nd cDNA strand) is not 
amplified, allowing strand-specific sequencing.

For high-throughput sequencing, the libraries were prepared 
following the manufacturer's instructions and applied to Illumina 
Novaseq 6000 system for 150 nt paired-end sequencing.
RNA-Seq Raw Data Clean and Alignment:

Raw reads containing more than 2-N bases were first discarded. 
Then adaptors and low-quality bases were trimmed from raw 
sequencing reads using FASTX-Toolkit (Version 0.0.13). The 
short reads less than 16nt were also dropped. After that, clean 
reads were aligned to the human GRCh38 genome by HISAT2 
[11,12] allowing 4 mismatches. gene counts were generated 
using HTSeq package v2.0.2, and then to quantify gene 
expressions in terms of fragments per kilobase of transcript per 
million mapped reads (FPKM) estimates [13].
New transcripts predict assembly:

Group the RNASeq data, use stringtie to assemble the data of 
each group and predict the transcripts, screen the expression of 
the predicted transcripts of each group, eliminate the transcripts 
with FPKM< 1, and then use stringtie [14] to combine them into 
one transcript (GTF file).
lncRNA prediction:

In order to predict credible lncRNA, we used four software 
to predict lncRNA: CPC2 [15], LGC [16], CNCI [17] and 
CPAT [18]. We counted the non - coding transcripts identified 
by the above four analysis software. After the above steps, 
we successively removed the transcripts that overlap with 
the known coding genes, are less than 200bp in length, have 
potential coding ability, and are less than 1000bp away from the 
nearest gene from the assembly results, obtained the prediction 
results of new lncRNA, and used the intersection of the four 
software for subsequent analysis and processing.
Prediction of cis regulatory target:

Set the threshold of co-location as 100kb upstream and 
downstream of lncRNA in the trans regulatory relationship 
pair [19], and then calculate the Pearson correlation coefficient 
between lncRNA and mRNA of co-location for co expression 
analysis to screen the lncRNA target relationship pairs that meet 
the absolute value of correlation number greater than 0.6 and P 
value ≤ 0.01, Then take the intersection of the two data sets of 
co-location and co expression to obtain the cis target of lncRNA.
Differentially Expressed Genes (DEG) analysis:

The R Bioconductor package DESeq2 [20] was utilized to 
screen out the differentially expressed genes (DEGs). The P 
value <0.01 and fold change>2 or < 0.5 were set as the cut-off 
criteria for identifying DEGs. 
Functional enrichment analysis:

To sort out functional categories of DEGs, Gene Ontology 
(GO) terms were identified using KOBAS 2.0 server [21]. 
Hyper geometric test and Benjamini-Hochberg FDR controlling 
procedure were used to define the enrichment of each term.

Results.
RNA-seq analysis of mRNAs in scalp tissue from patients 
with alopecia areata:

We identified 359 significantly differentially expressed 
mRNA in alopecia areata patients' alopecia areata zones, of 
which 300 genes occurred in down-regulation, and GO analysis 
showed that the down-regulated genes were mainly enriched 
in intermediate filamentous tissue, keratinization and epithelial 
cell differentiation (Figure 1A-1D). Among the differentially 
expressed down-regulated genes, KRT31, KRT85, KRT35, 
KRT16, KRT6A, KRT6B, KRT32, KRT75, KRT82, KRT73, 
KRT72, KRT36, KRT87P, KRT84, and KRT73-AS1 are all 
keratin family genes (Figure 1E, Figure S1).
Distinct lncRNA expression profiles in scalp tissue from 
patients with alopecia areata:

Using total RNA-Seq data, we further analyzed the lncRNA 
expression profiles of alopecia areata patients' alopecia areata 
zones. After quality control and data normalization, a total of 
116 DE- lncRNAs were screened according to the criteria of FC 
≥2 or ≤0.5.

Compared with normal scalp tissues, 105 down-regulated 
lncRNAs and 11 up-regulated lncRNAs were identified (Figure 
2), and the DE- lncRNAs were mainly concentrated in the 
down-regulated genes, which was consistent with the trend 
of differentially expressed genes. Among them, several RP11 
family members such as RP11-1020M18.10, RP11-399K19.1, 
RP11-315F22.1, RP11-963H4.7, RP11-107M16.2, RP11-
190A12.10, RP11-845M18.6, RP11-143E21.3, RP11-462G2.1 
genes were differentially expressed in down-regulated lncRNAs. 
We therefore speculate that RP11 family members may play a 
regulatory role in AA disease (Figure 2).
Construction of a lncRNA and mRNA interaction network:

We correlated the expression of all differential lncRNAs and 
DEGs genes in this study and found that 116 lncRNAs positively 
regulated 336 DEGs and 83 lncRNAs negatively regulated 234 
DEGs. GO functional enrichment analysis of these co-expressed 
DEGs enriched for biological processes such as intermediate 
filament organization, keratinization, and epithelial cell 
differentiation. Combined with relevant literature reports, we 
focused the differential genes on keratin family genes, the bar 
graph shows the number of lncRNAs targeted by keratin genes 
(Figure 4A), and the hierarchical clustering heatmap shows the 
expression levels of the top 10 lncRNAs sorted by the number 
of targeted keratin genes (Figure 4B). And the co-expression 
network composed of differentially expressed lncRNAs and 
keratin genes was mapped (Figure 4C). The list of trans target 
genes was opened, and the target genes were arranged in NC-1 
descending order, and the top three were KRT31, KRT85, and 
KRTAP11-1 (Figure 3E), which were also of interest to us in 
the previous DEG analyses, and the corresponding lncRNAs 
upstream of these three genes were found to be RP11-190A12.10 
and RP11- 1020M18.10 (Figure 3D).

In order to accurately find the cis-target of lncRNAs, we 
performed overlap analysis of 100 kb DEGs upstream and 
downstream of lncRNAs, and finally found that 11 lncRNAs 
cis-regulate 15 target mRNAs. among them, RP11-845M18.6 
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Figure 1. Alopecia areata disease regulates gene expression in skin tissue.
(A) PCA base on FPKM value of all differentially expressed gene (DEG)in skin tissue. The ellipse for each group is the confidence ellipse.
(B) Volcano plot showing all DEG between skin tissue of alopecia areata disease patient (AA) and biological normal samples (Control).
(C) Hierarchical clustering heat map showing expression levels of all DEGs.
(D) The Scatter plot exhibiting the most enriched GO biological process results of the down-regulated DEGs.
(E) Bar plot showing the expression pattern and statistical difference of DEGs for some important genes. Error bars represent mean ± SEM.
***P-value < 0.001; **P-value < 0.01; *P-value < 0.05.
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Figure 2. Alopecia areata disease regulates lncRNA expression in skin tissue.
(A) PCA base on FPKM value of all detected lncRNAs in skin tissue. The ellipse for each group is the confidence ellipse.
(B) Volcano plot showing all differentially expressed lncRNAs (DElncRNAs) between skin tissue of AA and Control.
(C) Hierarchical clustering heat map showing expression levels of all DElncRNA.

Figure S1. lncRNA regulates keratin genes expression in skin tissue.
(A) Bar plot showing the FPKM and qPCR result ofRP11-686F15.4. Error bars represent mean ± SEM. ***P-value < 0.001; **P-value < 0.01; 
*P-value < 0.05.
(B) IGV-sashimi plot showing the reads distribution of genes in the up panel and the transcripts of each gene are shown below(Left). Bar plot 
showing the FPKMofHOXC13. Error bars represent mean ± SEM. ***P-value < 0.001; **P-value < 0.01; *P-value < 0.05.
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Figure 3. DElncRNA selectively targets the keratin genes in skin tissue.
(A) Bar plot showing the numbers of lncRNA targeted by differentially down regulated keratin genes.
(B) Hierarchical clustering heat map showing expression levels of top 10 lncRNAs sorted by numbers targeted thekeratin genes.
(C) Diagram of network shows the co-expression network comprising differentially expressed lncRNA and differentially down regulated keratin 
genes. Cutoffs of P value ≤ 0.01 and Pearson coefficient ≥ 0.6 or ≤ -0.6 were applied to identify the co-expression pairs.
(D) Box plot showing the expression levels and qPCR result of RP11-190A12.10.
(E) Box plot showing the expression levels and qPCR results of KRT31, KRT85 and KRTAP11-A.
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Figure 4. lncRNA regulates keratin genes expression in skin tissue. 
(A) Diagram of network shows the co-expression network comprising differentially expressed lncRNA and differentially three important keratin 
genes. Cutoffs of P value ≤ 0.01 and Pearson coefficient ≥ 0.6 or ≤ -0.6 were applied to identify the co-expression pairs.
(B) Bar plot showing the FPKM and qPCR result ofRP11-845M18.6, KRT85 and KRT82. Error bars represent mean ± SEM. ***P-value < 0.001; 
**P-value < 0.01; *P-value < 0.05.
(C) IGV-sashimi plot showing the reads distribution of genes in the up panel and the transcripts of each gene are shown below.
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cis-regulates KRT82, KRT84, and KRT85, and RP11-686F15.4 
cis-regulates HOXC13 (Figure 4).
Discussion.

Alopecia areata is an autoimmune disease with unknown 
etiology and mechanism [22], which has received increasing 
attention in recent years [23] due to the demonstrated involvement 
of lncRNA in the onset and progression of autoimmune diseases 
[24]. So far, lncRNA and mRNA have been poorly reported in 
alopecia areata. To this end, we studied the expression profiles 
of lncRNA and mRNA in the scalp of patients with alopecia 
areata.

To the best of our knowledge, reports on the expression profiles 
of lncRNA and mRNA in the scalp of patients with alopecia 
areata analyzed by high-throughput sequencing are relatively 
rare. By analysing the sequencing data, 344 differentially 
expressed genes were identified, of which 300 genes were 
down-regulated, and most of the down-regulated genes were 
keratin family genes.

Keratin (KRT) is a part of the epithelial cell skeleton and 
belongs to the intermediate filament protein [25], which is of 
great significance for the mechanical stability and integrity of 
epithelial cells and tissues [26]. It is the main structural protein 
in human hair fibers [27]. Research has shown that abnormal 
KRT genes can lead to various hair diseases [28]. In male 
androgenic hair loss, KRT82 and KRT39 may play a crucial 
role [29].

Moreover, both the alopecia areata mouse model and 
AA patients showed morphological damage to hair and 
differential expression of hair related genes, including keratin 
associated proteins (KRTAPs) [30]. Therefore, its significant 
downregulation may be the core link of hair loss in patients 
with alopecia areata. And the GO analysis results showed 
that downregulated genes were mainly enriched in biological 
processes such as intermediate silk tissue, keratinization, and 
epithelial cell differentiation, which is consistent with Previous 
research.

At the same time, we also detected 116 differentially 
expressed lncRNAs. Among the numerous differentially 
expressed lncRNAs, the overall expression level of upregulated 
differentially expressed lncRNAs is low. Therefore, we focus on 
downregulated differentially expressed lncRNAs, which can be 
mainly divided into two categories: newly predicted and known 
[31].The vast majority are members of the RP11 lncRNA family, 
which have similar regulatory effects, such as lncRNA RP11-
33A14.1, RP11-423H2.3, RP11-838N2.4, RP11-436H11.5, and 
RP11-708H21.4, which are associated with malignant tumors 
[32], including glioblastoma, renal cell carcinoma, and colon 
cancer. At the same time, research has reported [33] that various 
RP11 lncRNAs, including RP11-11G251.23 and RP5-11E231, 
may play a key role in the pathogenesis of alopecia areata by 
regulating the cytokine receptor interaction pathway, and 
can serve as therapeutic targets for alopecia areata in clinical 
interventions.

To better understand the potential interactions and related 
functions of the co-expressed lncRNAs and mRNAs. We 
conducted correlation analysis on the expression levels of 
all differentially expressed lncRNAs and DEGs genes in this 

project, and identified KRT31, KRT85, and KRTAP11-1 
involved in hair follicle development [34]. KRT85 was found 
in this study, and multiple studies also found that KRT85 can 
inhibit the proliferation and differentiation of hair follicle cells, 
thereby affecting the progression of alopecia areata [35-36], 
which is consistent with our results. The KRTAP gene also 
plays an important role in the pathogenesis of alopecia areata 
[37]. In addition, KRT31 is associated with hair growth [38]. 
Meanwhile, most of these differential genes are enriched to be 
related to biological processes such as intermediate filament 
organization, keratinization, and epithelial cell differentiation. 
However, the role of these genes in alopecia areata remains to 
be further investigated. Meanwhile, GO functional enrichment 
analysis of these co-expressed DEGs was performed, and the 
top three enriched pathways were consistent with the DEGs 
enriched pathways.

The transcriptional regulation of lncRNAs is divided into trans- 
and cis-target [39], in which lncRNAs regulating the expression 
of genes on the chromosome where they are transcribed are 
cis-target; and lncRNAs regulating the expression of genes 
on other chromosomes are trans-regulate [40]. On the basis of 
the co-expression of differential lncRNAs and DEGs obtained 
in this project, we further analyzed the overlap of 100 kb of 
DEGs upstream and downstream of the lncRNAs, and finally 
found that 11 lncRNAs cis-target 15 target mRNAs. Of these, 
RP11-845M18.6 cis-targets KRT82, KRT84, and KRT85, and 
RP11-686F15.4 cis-targets HOXC13.KRT82 is a type II keratin 
that is expressed in the keratin layer of the hair shaft, and along 
with other hair keratin proteins, plays a role in the formation of 
intermediate filaments necessary for the structural integrity of 
the hair shaft [41].

Studies have shown that KRT82 expression is reduced in 
the skin and hair follicles of patients with alopecia areata, and 
that its aberrant expression and its effect on hair shaft integrity 
may be relevant to the pathophysiology of AA. KRT84, a 
type II hair keratin, heterodimerises with type I keratin to 
form hair and nails [42]. Gene expression analyses showed a 
significant downregulation of KRT84 expression in alopecia 
areata. KRT85 is expressed in matrix cells, cortical cells, and 
throughout the hair cuticle. Mutations in KRT85 result in 
the inability of functional type II hair keratin to pair with the 
corresponding type I hair, leading to an abnormal hair phenotype 
[43]. KRT85 is significantly suppressed in AA lesion skin and 
is an early marker of baldness. KRT85 was undetectable in 
Hirosaki hairless rat, suggesting that it is associated with hair 
follicle development. HOXC13 regulates the expression of hair, 
metaceratin, keratin-associated proteins, bridging calreticulin, 
and plays an important role in hair follicle morphogenesis and 
the hair cycle [44]. Knockdown or overexpression of HOXC13 
resulted in severe hair growth and defects in the mouse. In 
addition, HOXC13 has been shown to be a key transcriptional 
regulator of a variety of KRT and KRTAP genes. any imbalance 
in HOXC13 expression (low or high) may result in severe 
keratin-related abnormalities, including alopecia and brittle hair 
phenotypes [45]. Taken together, these genes may be closely 
related to human hair composition, to follicle regeneration and 
skin development, and their significant changes may be central 
to hair loss in AA patients.
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There are some limitations to this study. For example, our 
sample size was relatively small (Only 5 samples). Therefore, we 
need to expand the sample size in order to be more convincing 
with our results. The present study is our preliminary work so 
far. Although a large number of differential genes were obtained 
by transcriptome sequencing in this study, future studies need 
to experimentally verify the mechanism of action of these 
differential genes as well as the related signalling pathways.
Conclusion.

The pathogenesis of alopecia areata is closely related to 
multiple genes and multiple pathways, in which keratin family 
genes may play a key role. This study provides new and 
promising biomarkers for the diagnosis of alopecia areata.
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