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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.
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ALOPECIA AREATA PROFILING SHOWS LNCRNAS REGULATE THE SUPPRESSED
EXPRESSION OF KERATIN

Jin Wu!, Lan-Xi Wu', Kun Yan', Jun-You Li', Tao-Xiang Niu'*.
g

!Deparment 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 (IncRNAs)
have been shown to be involved in the pathophysiological
progression of a variety of diseases; however, how IncRNAs
are involved in the pathogenesis of alopecia areata is not fully
understood.

Objective: In order to study the differential expression profiles
of mRNA and IncRNA 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 IncRNA 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 IncRNA-
mRNA interaction network.

Results: Our results show that normal and bald areas of the
scalp in patients with alopecia areata have different mRNA and
IncRNA expression profiles, with a total of 344 mRNAs and
116 IncRNAs 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 IncRNAs and DEGs obtained in this project, further
overlap analysis of 100 kb of DEGs upstream and downstream
of the IncRNAs ultimately revealed that 11 IncRNAs 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
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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 (IncRNA) itself does not encode
protein but forms multi-level regulation gene expression in the
form of RNA [5,6]. Studies have shown that IncRNA plays an
important role in many cellular processes, including cell cycle,
differentiation, metabolism and disease [7]. Some studies have
found that IncRNA are differentially expressed in dermal papilla
cells during hair follicle development, however, the specific
IncRNA and its related regulatory mechanism in alopecia areata
are largely unknown. The existing literature reports that the
function of IncRNA in alopecia areata mainly focuses on the
competing endogenous RNA (ceRNA), and some only focus on
a single IncRNA [8-10]. At present, there are still few studies
on the regulatory network of IncRNA-DEG and its possible
functions in alopecia areata through the direction of whole
genome IncRNAs. We hypothesized that after alopecia areata,
differentially expressed IncRNAs participated in transcription
regulation, which led to the differential expression of mRNAs,
and the regulatory axis of IncRNA-DEG played a molecular
regulatory role in alopecia areata.

In this project, RN A-seq of tissue samples from alopecia areata
disease group and normal control group were systematically
analyzed, and IncRNAs and mRNAs with differential expression
were obtained. Combined with co-expression analysis, the
regulatory network of IncRNA-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 pg 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°C 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).

IncRNA prediction:

In order to predict credible IncRNA, we used four software
to predict IncRNA: 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 IncRNA, 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 IncRNA in the trans regulatory relationship
pair [19], and then calculate the Pearson correlation coefficient
between IncRNA and mRNA of co-location for co expression
analysis to screen the IncRNA 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 IncRNA.

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.
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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 IncRNA expression profiles in scalp tissue from
patients with alopecia areata:

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

Compared with normal scalp tissues, 105 down-regulated
IncRNAs and 11 up-regulated IncRNAs were identified (Figure
2), and the DE- IncRNAs 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 IncRNAs.
We therefore speculate that RP11 family members may play a
regulatory role in AA disease (Figure 2).

Construction of a IncRNA and mRNA interaction network:

We correlated the expression of all differential IncRNAs and
DEGs genes in this study and found that 116 IncRNAs positively
regulated 336 DEGs and 83 IncRNAs 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 IncRNAs targeted by keratin genes
(Figure 4A), and the hierarchical clustering heatmap shows the
expression levels of the top 10 IncRNAs sorted by the number
of targeted keratin genes (Figure 4B). And the co-expression
network composed of differentially expressed IncRNAs 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, KRT8S5, and
KRTAPI11-1 (Figure 3E), which were also of interest to us in
the previous DEG analyses, and the corresponding IncRNAs
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 IncRNAs, we
performed overlap analysis of 100 kb DEGs upstream and
downstream of IncRNAs, and finally found that 11 IncRNAs
cis-regulate 15 target mRNAs. among them, RP11-845M18.6



A
all DEG-PCA
s 5 =
| @ AA |
2 | |
104 [i Control |
| LBy
| [y
| " \
T 51 \
3 [ \
- | \
o | ‘, I‘u
',% g [ AT AL

-20 ) 0 10
Dim1 (67.9%)

Control_5
I Control_4
Control_3
Control_2
|| Contral 1

[l aas

| AA 4

|lan3

AA_1

‘rl'-‘_'-__'kj_p' o St g bt fitd =

other(35368)

*  down(300) ,
6 up(44)
$ 4
g
n-cl
g
2
0 L

D

AA vs Control

.
-“.
Bl

%
.

ot

log,fold change

AA vs Control DEmRNA Down GO (BP)

KRATEA KRTEB
i
750
600
2 500
% 400
i T
- |i| B D
0 0
T =
& < £ <
5 &
& &S
KRT35 KRT36
400 =2
300
= 5.0
x*
& 200
100 A
Y li‘ 0.0 i'
s O
& < & <
l$; 43
KRT75 KRT82
150 60
2 100 40
o
w
50 20
0 0 @
—r Y
S 3 § 3
§ &
) G

intermediate filament organization;
e Input.number
keratinization: & . 5
epithelial cell differentiation: ® ‘ ;
regulation of membrane potential @ 1
visual perception & @13
biological_process:
g ’p‘ g Corrected.P.Value
axon guidance: e
negative regulation of cell population] o 0.012
proliferation 0.008
transmembrane transport{ = 0.004
cell adhesion] @
LY 3 3 EY )
-log,, Pvalue
KRAT16 KRT31 KRT32
- - 125 e
900 100
1000
75
600
500 50
300
h . i
0 0 0
S S -2
& 7 £ T £ <
3 § §
& S S
KRT72 KRT73 KRT73-AS1
40 o -
40
0.6
30
30
0.4
20 20
10 10 02
0 0 00
R T :
£ < $ < £ <
S5 &
S & S
KRT84 KRT85 KRT87P
e . 4
7.5 750
6
5.0 500
4
25 250 2
o == 5 m ; a
- ke w . T
& F & ¥ s 3
o o o
Q (&) 8]

Figure 1. Alopecia areata disease regulates gene expression in skin tissue.
(4) 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_yqglue < 0.001; **P-value < 0.01; *P-value < 0.05.
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Figure S1. IncRNA regulates keratin genes expression in skin tissue.

(4) 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.
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Figure 2. Alopecia areata disease regulates IncRNA expression in skin tissue.

(4) PCA base on FPKM value of all detected IncRNAs in skin tissue. The ellipse for each group is the confidence ellipse.
(B) Volcano plot showing all differentially expressed IncRNAs (DEIncRNAs) between skin tissue of AA and Control.

(C) Hierarchical clustering heat map showing expression levels of all DEIncRNA.

154




w0 w
-
A B Ev—-oo [
Numbers of INcRNA target KRT b
w Control_4
kRTe7P{ | W IncRNA
khTos| [ Gonrl 2
KRT84{ [0 Control_3
KRTe2] [

KAT75{ I —
KRT73-Ast{ [ Control_5
KkAT73{ [ AA_3

KRT721 [
KATeR) [ -
KRTeA! [T AA_1
KAT3s| [ AA4
KAT35| [ T T
KRT321 [ 222 22LH ZXTEILoo
KRT31{ [ LoL ok L 21L&z PP
KRTi6] g 83 IBRIS 2 E
0 5 10 15 20 2 R & 3 ] = o 2 g
IncRNA Numbers S-S 1 ®
S
RP11-593F23.1
XLOGC 034753 ARHGAP29-ASHHIR-AS 1
® KRT
IncRNA MIR31HG AC003958.2 RP11-85021.5
wioe phsod RP11-95D17.3
-AST XLOC 007979
CBorf34-AST gpEGC1-DT RP11-586K17.2 AC106876.2
MDS2 RP11-788A4.3
XLOC.009134 y ¢ 019455 XLOC 013716
LDH1L1-AS2 KU-MEL-3 -
LNca1od RP11-208N145 - ACIOB706.1 ifghéfo};:;%
CTD-2007L18.5 RP11-528B105 oy 190a12 8RN 5% 001 0 RP11-18K12.2
g XLOC 033239 RETTateNae RP1I-WoEz1 3 NLOCR12390
KhTss  KRT78-AST XLOGC_047541 XLOG 045503 LINCO2096y 0 o1gsns RP11-399K19.1
KR - TMEM18-DT
— T35 RP11-26608.1 e e RP11-80H8.4
XLOC 006911 XLOC 004552
KRT87P HOXB-AS RP4-647J21.1 CYP1B1-AS1 ¥
KRTB4 XLOC_023102 HP“G:E;:;;J::O RP11-315F22.1 XLOG_005919
- 10 XLOC 026592
KAT72 RAP11-B1TH104 y npeaoes PTGSCE LINC02418
ke CTC-431G16.4RP11-462G2.1 LUARIS
KRgas RP1-310013.7 LINCD1968
— RP11-831A10.1 XLOC_026204 RP11-265124.1
= XLOG_022205 LINCO0868  XLOC_053507 XLOG_041560
el KRTEA XLOC 034258 = LINCO1191
— KLRK1-AS1 RP11-2E11.5 SLIT3-AS2
RP3-527G5.1 AF131216.5 RP11-107M16.2 RP11-414J4.2
xLoc_o4g0107F 1! ”‘:(9552-2054422 XLOC 031420 RP11-91E8.2
A XLOC 044466
sy 1A1e2 OTD-0065K236
RP11-110gF11.3 XLOC_039517  ACO73321.4 '
RP11-686F15.4  XLOC.028974 RP5-968J1.1
RP4-697P8.3IUPe3-DT  AP3-338H23.10
RP4-504L9.2
RP11-396020.2
D E
AP11-190A12.10 15 KRT31 15
i
i & P 5 .
s ) i
=10 g1o 21000 g‘ﬂ
| (=% * [=%
& 2 £ g
05 .‘_23 0.5 500 }'EE 0.5
: s :
ool = 0.0 o 0.0 e
£ < £ < S < S 7
<3 <3 & &
KRT85 % KRTAP11-1 15
-
75 g *k =
g1 " 100 210 **
250 E s £
¢ 500 2
5 £ 0 205
Q
[ i = ¢
0. n - 0.0
g P S < £ <
§ § § §
S S S S

Figure 3. DEIncRNA selectively targets the keratin genes in skin tissue.

(4) Bar plot showing the numbers of IncRNA targeted by differentially down regulated keratin genes.

(B) Hierarchical clustering heat map showing expression levels of top 10 IncRNAs sorted by numbers targeted thekeratin genes.

(C) Diagram of network shows the co-expression network comprising differentially expressed IncRNA 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 gPCR result of RP11-190412.10.

(E) Box plot showing the expression levels and gPCR results of KRT31, KRT85 and KRTAPI11-A.
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Figure 4. IncRNA regulates keratin genes expression in skin tissue.

(4) Diagram of network shows the co-expression network comprising differentially expressed IncRNA 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, KRTS85 and KRT82. Error bars represent mean = SEM. ***P-value < 0.001;
**P_yalue < 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
attentioninrecentyears [23] dueto the demonstrated involvement
of IncRNA in the onset and progression of autoimmune diseases
[24]. So far, IncRNA and mRNA have been poorly reported in
alopecia areata. To this end, we studied the expression profiles
of IncRNA and mRNA in the scalp of patients with alopecia
areata.

To the best of our knowledge, reports on the expression profiles
of IncRNA 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 IncRNAs. Among the numerous differentially
expressed IncRNAs, the overall expression level of upregulated
differentially expressed IncRNAs is low. Therefore, we focus on
downregulated differentially expressed IncRNAs, which can be
mainly divided into two categories: newly predicted and known
[31].The vast majority are members of the RP11 IncRNA family,
which have similar regulatory effects, such as IncRNA 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 IncRNAs, 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 IncRNAs and mRNAs. We
conducted correlation analysis on the expression levels of
all differentially expressed IncRNAs and DEGs genes in this
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project, and identified KRT31, KRT85, and KRTAPI11-1
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 IncRNAs is divided into trans-
and cis-target [39], in which IncRNAs regulating the expression
of genes on the chromosome where they are transcribed are
cis-target; and IncRNAs regulating the expression of genes
on other chromosomes are trans-regulate [40]. On the basis of
the co-expression of differential IncRNAs and DEGs obtained
in this project, we further analyzed the overlap of 100 kb of
DEGs upstream and downstream of the IncRNAs, and finally
found that 11 IncRNAs cis-target 15 target mRNAs. Of these,
RP11-845M18.6 cis-targets KRT82, KRT84, and KRTS85, and
RP11-686F15.4 cis-targets HOXC13.KRTS?2 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. KRTS84, 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. KRTS85 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]. KRT8S5 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.



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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