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Abstract. Long noncoding RNAs (lncRNAs) have been 
demonstrated to be involved in biological processes, both 
physiological and pathological, including cancer, cardiovas‑
cular diseases, multiple sclerosis, autoimmune hepatitis and 
types I and II diabetes. LncRNAs are also known to have a 
critical role in the physiology of skin, and in the pathology 
of cutaneous diseases. LncRNAs are involved in a wide 
range of biological activities, including transcriptional 
post‑transcriptional processes, epigenetics, RNA splicing, 
gene activation and or silencing, modifications and/or editing; 
therefore, lncRNAs may be useful as potential targets for 
disease treatment. Hidradenitis suppurativa (HS), also termed 
acne inversa, is a major skin disease, being an inflammatory 
disorder that affects ~1% of global population in a chronic 
manner. Its pathogenesis, however, is only partly understood, 
although immune dysregulation is known to have an important 
role. To investigate the biological relevance of lncRNAs with 
HS, the most differentially expressed lncRNAs and mRNAs 
were first compared. Furthermore, the lncRNA‑microRNA 
regulatory network was also defined via reverse transcrip‑
tion‑quantitative PCR analysis, whereby a trio of lncRNA 
expression signatures, lncRNA‑TINCR, lncRNA‑RBM5‑ASI1 
and lncRNA‑MRPL23‑AS1, were found to be significantly 
overexpressed in patients with HS compared with healthy 
controls. In conclusion, the three lncRNAs isolated in the 

present study may be useful for improving the prognostic 
prediction of HS, as well as contributing towards an improved 
understanding of the underlying pathogenic mechanisms, 
thereby potentially providing new therapeutic targets.

Introduction

Long noncoding RNAs (lncRNAs) are a class of 
non‑protein‑coding RNAs >200 nucleotides in size. lncRNAs 
can be classified into two groups: Small ncRNAs, such 
as microRNAs (miRNAs), small interfering RNAs, small 
nucleolar RNAs, Piwi‑interacting RNAs, small nuclear RNAs 
and tRNA‑derived fragments, and lncRNAs (1). Compared 
with miRNAs, which are responsible for the downregulation 
or upregulation of genes, lncRNAs, despite being poorly 
conserved, repress or activate gene expression, thereby fulfilling 
an important role in the complexity of species change (1,2). 
LncRNAs are involved in genome stability, the formation of 
cellular organelles, structural functions and gene expression 
regulation via interacting with nucleic acids and/or proteins (1). 
The majority of lncRNAs are localized in the nucleus, and their 
function at the epigenetic level can be accounted for in different 
ways. Signal lncRNAs, under various stimuli, recruit histone 
methyltransferases and induce chromatin methylation and 
transcriptional silencing (2,3). Furthermore, decoy lncRNAs 
are responsible for gene repression, as they limit the avail‑
ability of splicing factors (2,3). In addition, guide lncRNAs 
select specific ribonucleoproteins that regulate specific target 
sites and functions, whereas scaffold lncRNAs bind different 
nuclear components, and, according to their function, either 
promote or repress transcription  (2‑4). Finally, enhancer 
lncRNAs interact with enhancer or promoter regions, leading 
to the modulation of gene expression through the formation of 
chromosomal loops (5). Previous studies have also reported 
that lncRNAs are involved in a wide range of biological 
activities, including transcriptional and post‑transcriptional 
processes, and epigenetics (6). Furthermore, they have been 
shown to be involved in physiological and/or pathological 
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biological processes (6). LncRNAs have been demonstrated 
to have important roles in various types of cancer, including 
bladder cancer (6), ovarian cancer (7), pancreatic cancer (8), 
breast cancer and metastasis (9). LncRNAs also fulfill roles 
in various degenerative conditions, including Alzheimer's 
disease (10), osteoarthritis (11), multiple sclerosis (12), but 
also in autoimmunity states, such as Sjogren's syndrome (13), 
autoimmune hepatitis (14) and types 1 and 2 diabetes (15). An 
increasing amount of data are showing that lncRNAs exert 
a critical role in the biology of skin and in the pathology of 
cutaneous diseases (16).

Hidradenitis suppurativa (HS), also termed acne inversa, 
is an inflammatory skin condition that affects ~1% of the 
worldwide population, and its onset occurs at around the age 
of 20 years in patients (16). Western women have a prevalence 
of HS of 3:1 with respect to men, whereas in Asia, the ratio is 
inverted 1:2 in favor of men (17). Commonly affected regions 
are the buttocks in men, and the axillae, groins and breasts in 
women (17). The manifestation of HS passes through three 
stages: The Hyperkeratosis of hair follicles with subsequent 
occlusion and dilation, epithelial wall rupture and infiltration 
of inflammatory cells, and subsequently, formation of intercon‑
necting sinus tracts (17). Clinically, patients present with painful 
nodules, suppurative abscesses and comedones. Frequently, due 
to the presence of nodules and rupture of abscesses, patients 
experience a burning sensation, pain and malodor, with the 
discharge of purulent material; moreover, infections supported 
by bacteria induce HS chronicity  (17,18). HS induces poor 
health, an impaired quality of life and a high risk of mortality 
in patients, as it is associated with several comorbidities. For 
this reason, screening is recommended if certain conditions or 
clinico‑pathological characteristics are met in the patients, such 
as acne, pyoderma gangrenosum, smoking, polycystic ovary 
syndrome, cardiovascular disease, metabolic diseases, inflam‑
matory bowel disease and spondyloarthritis (19).

Of note, obesity represents a primary risk factor for hidrad‑
enitis, although the exact of the association between the two 
disorders is not yet well understood. The chronic inflammatory 
state established in patients with obesity likely plays a role 
in contributing to the susceptibility to hidradenitis as obesity 
generates an imbalance in a plethora of cytokines and adipo‑
kines, contributing to dysregulation in the immune system, thus 
participating in the etiopathogenesis of hidradenitis (20,21).

In the present study, plasma samples from 25 patients with 
HS and matched healthy controls were collected and screened 
using genome‑wide profiling microarray, and subsequently 
reverse transcription‑quantitative (RT‑q)PCR analysis was 
performed to investigate the presence of, and potentially 
increase the knowledge of, novel circulating lncRNA 
biomarkers for HS. Subsequently, lncRNA target predictions 
were made to associate the lncRNAs with their associated 
target mRNAs.

Patients and methods

Recruitment of patients. To profile circulating lncRNAs, 
25 patients (19 females and 6 males) aged 27.07±14.76 years, 
and 25 healthy volunteers (18  females and 7 males) aged 
33.25±11.26 years, were recruited from the Dermatology Unit 
of the University of Campania Luigi Vanvitelli (Caserta, Italy), 

and venous blood samples were collected from each participant 
in the study. Dysregulated lncRNAs in patients with HS were 
identified and used for further analysis and validation. The 
association between the selected lncRNAs and HS character‑
istics and prognosis was then investigated in the circulation 
of an expanded cohort of patients with HS (n=25) and healthy 
controls (n=25). Written informed consent was obtained from 
all the participants. The entire trial was conducted in agree‑
ment with the guidelines of The Ethics Committee of the 
University of Campania Luigi Vanvitelli, who also approved 
the research (approval no. 12478/20). The blood samples were 
handled in accordance with the guidelines of the Declaration 
of Helsinki.

Blood collection. A venous blood sample (10  ml) was 
collected and analyzed from each participant for the purposes 
of lncRNA identification and quantification. For human whole 
blood isolation, Lymphoprep™ (Axis‑Shield Diagnostics, Ltd.) 
was used in accordance with the manufacturer's instructions.

RNA extraction. From whole blood samples, total RNAs 
were extracted using Invitrogen® TRIzol™ reagent 
(cat. no. 15596‑026; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's instructions. RNA isolated with this 
protocol was extracted from all white cells (polymorpho‑
nuclear leukocytes and mononuclear cells) and subjected to a 
DNase digestion step. A concentration of 1 µl DNase I (2 U; 
RNase‑free, cat. no. AM2222‑24; Thermo Fisher Scientific, 
Inc.) for up to 10 µg RNA was used, in line with the manu‑
facturer's instructions. The RNA integrity was subsequently 
evaluated using standard denaturing 1% agarose gel electro‑
phoresis and the SYBR green dye (Qiagen, Inc.).

LncRNA microarray profiling. For lncRNA profiling, human 
RT2  lncRNA PCR assays (Qiagen, Inc.) were applied. The 
RT2 First Strand Kit (Qiagen, Inc.) was used for RT, which 
included an exclusive genomic DNA elimination step to 
remove any remaining contamination. Prior to hybridization 
to the chip (Human lncFinder RT2 lncRNA PCR Array; 
cat. no. 330721; Qiagen Inc.) RT2 SYBR Green Mastermix for 
RT‑qPCR (Qiagen, Inc.) was used. Microarrays were scanned 
using an Agilent microarray scanner (Agilent Technologies, 
Inc.), directed by GenePix Pro 6.0 software (Axon Instruments; 
Molecular Devices, LLC). Scanned images (in the .tiff format) 
were imported into Agilent Feature Extraction software v.12.2 
(Agilent Technologies, Inc.) for grid alignment and expression 
data analysis. Expression data were corrected and normalized 
(according to the quartiles) using the robust multiarray average 
algorithm included in the Agilent software. Differentially 
expressed lncRNAs were then identified using fold change as 
the filter. The microarray data were selected applying threshold 
values of >2 and <−2‑fold change under false discovery rate 
protection (P<0.05), and >25,000 human long noncoding tran‑
scripts were analyzed.

Validation of the gene expression of lncRNAs and lncRNAs 
co‑expressed with mRNAs in the blood, as determined by 
RT‑qPCR. RT‑qPCR quantification of the expression of 
lncRNAs and lncRNAs co‑expressed with mRNAs was 
performed using the PowerTrack SYBR Green Master Mix 
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(Qiagen, Inc.) using an Applied Biosystems™ QuantStudio 5 
instrument (Thermo Fisher Scientific, Inc.), following precisely 
the manufacturer's protocol with the following thermocycling 
conditions: Enzyme activation at 95˚C for 2 min 1X, denatur‑
ation phase at 95˚C for 14 sec, followed by annealing/extension 
at 60˚C for 60 sec; the final two phases were repeated 40 times. 
Reactions were performed in a mixture (10 µl) containing 
1  µl cDNA template, 5  µl 2X PowerTrack SYBR Green 
Master Mix and 0.5 µM each of sense and antisense primers. 
Table I shows the sequences of primers used for the RT‑qPCR 
analysis. RT‑qPCR reactions were performed in triplicate 
for each sample, and the specificity of the PCR products was 
estimated using the dissociation curve. β2‑microglobulin was 
used as the internal control. For quantitative results, expres‑
sion of each lncRNA was represented as the fold change using 

the 2-ΔΔCq method, and then analyzed for statistical signifi‑
cance (22,23).

Bioinformatics analysis. Through searching three data‑
bases, RNAinter (http://www.rnainter.org/), LncRRIsearch 
(ht tp://r tools.cbrc.jp/LncRRIsearch / ) and NPinter 
(http://bigdata.ibp.ac.cn/npinter4), potential mRNA targets 
for each lncRNA were identified with adjusted P‑value 
was set to <0.05. To determine the roles of differentially 
expressed mRNAs, Gene Ontology (GO) analysis was applied 
to categorize mRNAs according to their involvement in 
biological processes, cellular components or molecular func‑
tion. Subsequently, differentially regulated mRNAs were 
uploaded into the Database for Annotation, Visualization and 
Integrated Discovery (https://david.ncifcrf.gov) for annota‑
tion and functional analysis, including gene set enrichment 
analysis and mapping gene sets to the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway. The KEGG database 
(http://www.genome.ad.jp/kegg) and BioCarta (https://www.
hsls.pitt.edu/obrc/index.php?page=URL1151008585) were 
then used to predict the potential functions of these target 
genes in the pathways.

Construction of the lncRNA‑microRNA co‑expression 
network. The lncRNA‑microRNA regulatory network was 
defined as described in a previous report (24). The Pearson 
correlation method was used for miRNA analysis, and those 
pairs of miRNAs with significant correlations (≥0.90) were 
chosen to construct the network. Co‑expression networks were 
generated using Cytoscape v.3.10.1 (https://cytoscape.org/); 
in this representation, each lncRNA corresponded to a node, 
and the connection of two genes was depicted by an edge, 
indicating a strong correlation (i.e., either positive or negative).

Statistical analysis. SPSS version 22.0 software (IBM Corp.) 
was used to analyze the data. Continuous variables were 
presented as the mean ± SD, or as the median (interquartile 
range). For each subject, >2‑fold changes in the expression of 
distinct lncRNAs were calculated by dividing the standardized 
expression levels of the lncRNAs. Differences in the expres‑
sion levels of the lncRNAs between the HS groups and the 
healthy controls, with at least 5 biological replicates/group, 
were analyzed using unpaired Student's t‑test, and P<0.05 was 
considered to indicate a statistically significant value.

Results

Profiling of circulating lncRNAs from patients with HS and 
healthy controls. The identification of circulating lncRNA 
signatures in patients with HS was performed in a pilot study 
(unpublished data). The aim was to identify any significant 
changes in lncRNA expression in the blood samples of 
patients with HS and non‑HS participants. LncRNA arrays 
were performed using RNA extracted from the total popula‑
tion of white cells. A 2‑fold expression difference was used 
as the cut‑off, and a total of 133 lncRNA transcripts were 
found to be dysregulated (109 lncRNA transcripts were 
upregulated, and 24 lncRNA transcripts were downregulated; 
each P<0.05) in patients with HS compared with non‑HS 
participants (Fig. 1). Using high‑signal intensity and ≥6‑fold 

Table  I. Primers used for quantitative PCR analysis of long 
noncoding RNAs.

Oligo name	 Sequence, 5'‑3'

TINCR1	
  Forward	 CAGTGGCTGGAGTTGTCAGA
  Reverse	 AACCAAGTGGAGGGACTGTG
HAR1A	
  Forward	 ACTCTGGTGTGTCCCGTTTG
  Reverse	 CTGCACACTCTCCAGCTCAG
IGF2	
  Forward	 CCCTGCCTAGAGCTCCCTCT
  Reverse	 CTTTCATATTCCGTGCCATG
NRON	
  Forward	 CACATAATCTCCCCGAAGG
  Reverse	 CCACAAGAGGGTAAGTGAAC
RBM5	
  Forward	 TTGAAGACTGGGGGAATCAG
  Reverse	 AAACCCTGTGCAGATTCGAG
RPLP	
  Forward	 CTGATGGGCAAGAACACCAT
  Reverse	 GTGAGGTCCTCCTTGGTGAA
PTENP1	
  Forward	 GGAATGGAGGGAATGCTCAG
  Reverse	 TGCGAAAACAACAAGCAGTG
MRPL23	
  Forward	 CTACTTCCATCCAGCACACC
  Reverse	 GCACCTCCATAGGACTCAGC
B2M	
  Forward	 GGCTATCCAGCGTACTCCAAA
  Reverse	 CGGCAGGCATACTCATCTTTT

TINCR1, ubiquitin domain‑containing protein TINCR1; HAR1A, 
highly accelerated region 1A; IGF2, insulin like growth factor 2; 
NRON, non‑coding repressor of NFAT; RBM5, RNA binding motif 
protein 5; RPLP, 50S ribosomal protein L16; PTENP1, phosphatase 
and tensin homolog pseudogene 1; MRPL23, mitochondrial ribo‑
somal protein L23; B2M, β‑2‑microglobulin; F, forward; R, reverse.
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deregulation of gene expression as filters, eight lncRNA 
candidates were selected. Only three of these eight lncRNA 
candidates (namely, lncRNA‑TINCR, lncRNA‑RBM5‑AS1 
and lncRNA‑MRPL23‑AS1) were found to be consistently 
dysregulated in the cohort of blood samples (25 patients with 
HS and 25 healthy non‑HS control participants). The expres‑
sion levels of circulating lncRNA‑TINCR lncRNA‑RBM5‑AS1 
and lncRNA‑MRPL23‑AS1 in patients with HS were found to 
be significantly increased compared with non‑HS participants 
(Fig. 2; P=0.004, P=0.002 and P=0.002, respectively).

Expression patterns of the circulating lncRNA‑TINCR, 
lncRNA‑RBM5‑AS1 and lncRNA‑MRPL23‑AS1 signatures 
in the blood of patients with HS. As shown in Fig. 2, the 

expression levels of these three lncRNAs in the peripheral 
blood was consistently found to be higher in HS blood 
compared with that of the healthy participants; therefore, the 
origin of the total RNA was investigated. Further analysis of 
the data showed that no dysregulated molecules appeared to be 
sex specific (data not shown). The large standard error values 
observed for the other lncRNAs is possibly due to the grouping 
of the samples, given the inherent variability in expression 
levels among those groups. It is noteworthy that a larger stan‑
dard error was associated with small expression values, which 
may be less reproducible. In fact, at low levels of expression, 
minor technical variations or biological fluctuations can result 
in relatively large proportional changes, making it challenging 
to consistently measure these small quantities accurately 

Figure 1. Heatmap representing expression levels of lncRNAs in patients with HS and healthy controls. Rows represent lncRNAs with a different expression, 
and columns represent patient and control samples. The color scale shows lncRNA expression with upregulation represented by red and downregulation 
represented by blue. lncRNA, long noncoding RNA; Ctr, control; Pt, patient; HS, Hidradenitis suppurativa.
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across samples; however, the absence of dysregulation of these 
lncRNAs is clear for these groups.

Gene enrichment and ingenuity pathway analysis (IPA) of 
the lncRNA‑co‑expressed mRNA signatures. Gene enrich‑
ment analysis was performed to determine which genes were 
involved in the GO categories of biological process, cellular 
component and molecular function. As shown in Fig. 3, the 
most enriched GO terms, targeted by lncRNA‑co‑expressed 
mRNAs, were found to be responses to regulation of biological 
and cellular processes (GO: Biological process), cellular and 
anatomical entities (GO: Molecular function) and intracellular 
anatomical structures (GO: Cellular component). Examples 
of relevant functional terms are ‘Cytokine receptor activity’, 
‘Non‑coding RNA processing’ and ‘Histone deacetylase 
complex’.

KEGG pathway analysis revealed an involvement of 
lncRNA‑co‑expressed mRNAs in pathways such as ‘Toll 
receptor signaling pathway’, ‘Cadherin signaling pathway’, 
‘RHOA signaling’ , ‘CCKR signaling pathway’ and ‘ERK5 
signaling pathway’ (Fig. 4).

Expression patterns of Yes‑associated protein 1 (YAP1), 
MYC1, SEPTIN7 and interleukin‑13 (IL‑13) genes from the 
blood of patients with HS. IPA of lncRNA‑co‑expressed 
mRNAs revealed that MYC appeared in several of the path‑
ways associated with the lncRNAs co‑expressed mRNAs, 
followed by YAP1 and SEPTIN7. To gain an understanding of 
the involvement of these genes in HS etiology, RT‑qPCR was 
performed to measure the expression level of these targets. 

Both SEPTIN7 and IL‑13 were found to be upregulated in the 
blood of patients with HS, whereas YAP1 and MYC1 exhibited 
significantly lower expression levels compared with healthy 
controls (Fig. 5). Taken together, these results suggested that 
such mRNAs in association with lncRNAs may be involved 
in the inflammatory state, the maintenance of cellular 
morphology and tissue development, or the progression of HS.

Construction of the lncRNA/miRNA co‑expression 
network. The lncRNA‑miRNA co‑expression network 
was constructed using Cytoscape software (Fig. 6), and the 
potential interactions between miRNAs and lncRNAs were 
investigated. LncRNA‑TINCR, lncRNA‑RBM5‑AS1 and 
lncRNA‑MRPL23‑AS1 were found to interact with 145 
miRNAs, and these were involved in three relevant pathways: 
i)  RhoA signaling and signaling by Rho family GTPases 
involving Septin3 and Septin7; ii) glucocorticoid receptor 
signaling/STAT3 and; iii) macrophage alternative activation 
signaling. Among these pathways, the RhoA signaling and 
signaling by Rho family GTPases involving Septin3 and 
Septin7 appears to be the most enriched one. The network 
indicated that each lncRNA was associated with a large 
number of target miRNAs, suggesting an inter‑regulation of 
lncRNAs and miRNAs only in the HS state.

Discussion

At present, knowledge on the specific roles of lncRNAs 
in different types of human disease remains limited. In the 
present study, 133 dysregulated lncRNAs were identified 

Figure 2. Differential expression of lncRNAs from peripheral blood in patients with HS compared with healthy controls (*P<0.05; **P<0.01). RT‑qPCR 
reactions were performed in triplicate for each sample. lncRNA, long noncoding RNA; HS, Hidradenitis suppurativa; TINCR1, ubiquitin domain‑containing 
protein TINCR1; HAR1A, highly accelerated region 1A; IGF2, insulin like growth factor 2; NRON, non‑coding repressor of NFAT; RBM5, RNA binding 
motif protein 5; RPLP, 50S ribosomal protein L16; PTENP1, phosphatase and tensin homolog pseudogene 1; MRPL23, mitochondrial ribosomal protein L23.
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in the blood samples of patients with HS compared with 
non‑HS participants (fold change ≥2.0; P<0.05), and using 
RT‑qPCR, it was shown that the expression levels of three of 
the lncRNAs, namely lncRNA‑TINCR, lncRNA‑RBM5‑AS1 
and lncRNA‑MRPL23‑AS1, were significantly upregulated in 
patients with HS.

In spite of this finding, future studies with larger sample sizes 
are required to confirm the roles of such candidate lncRNAs in 

HS. Several functions of lncRNAs can be predicted through the 
identification of co‑expressed mRNAs. In the present study, 45 
mRNAs were found to interact with these three lncRNAs in 13 
significant pathways (Fig. 4 and Table II). The most enriched 
network was found to be RhoA Signaling and Signaling by 
Rho Family GTPases involving the septins, Septin3 and 
Septin7. There are 13 mammalian septins that are assigned to 
four groups (Septin2, Septin3, Septin6 and Septin7). Septins 

Table II. Ingenuity canonical pathways enrichment analysis.

Pathway	 ‑log (P‑value)	 Molecules (gene symbol)

tRNA charging	 4.74	 AARS1, CARS1, LARS1
Ras homolog family member A signaling	 3.24	 ARPC4, SEPTIN3, SEPTIN7
Ferroptosis signaling pathway	 3.16	 CARS1, MACROH2A1, YAP1
Macrophage alternative activation signaling pathway	 2.63	 H4C8, IL13, RAI1, MYC
Extracellular signal regulated kinase 5 signaling	 2.37	 MYC, SGK1
Signaling by Rho family GTPases	 2.29	 ARPC4, SEPTIN3, SEPTIN7
DNA methylation and transcriptional repression signaling	 2.02	 H4C8, MYC
Signal transducer and activator of transcription 3 pathway	 1.87	 IL13, RAI1, MYC
Epithelial adherens junction signaling	 1.74	 ARPC4, YAP1
MicroRNA biogenesis signaling pathway	 1.6	 MYC, YAP1
Pulmonary healing signaling pathway	 1.55	 MYC, YAP1
Estrogen‑mediated S‑phase entry	 1.47	 MYC
Glucocorticoid receptor signaling	 1.4	 IL13, RAI1, MYC, SGK1

AARS1, alanyl‑tRNA synthetase 1; CARS1, cysteinyl‑tRNA synthetase 1; LARS1, leucyl‑tRNA synthetase 1; ARPC4, actin related protein 
2/3 complex subunit 4; SEPTIN3, septin 3; SEPTIN7, septin 7; MACROH2A1, macroH2A.1 histone; YAP1, Yes1‑associated transcriptional 
regulator; H4C8, H4 clustered histone 8; IL13, interleukin 13; RAI1, retinoic acid induced 1; MYC, MYC proto‑oncogene, bHLH transcription 
factor; SGK1, serum/glucocorticoid regulated kinase 1; H4C8, H4 clustered histone 8.

Figure 3. Gene enrichment and pathway analysis of lncRNAs‑coexpressed mRNAs. The gene ontology enrichment analysis defines the differentially expressed 
lncRNAs‑coexpressed mRNAs. The ontology covered three domains: Biological process, cellular component and molecular function (P<0.05). LncRNA, long 
noncoding RNA; GO, gene ontology.
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Figure 4. Functional gene enrichment and ingenuity pathway analysis of the three lncRNA signatures. The x‑axis represents the number of genes, while 
the y‑axis displays the pathways. The color represents the P‑value. LncRNA, long noncoding RNA; RHOA, Ras homolog family member A; STAT3, signal 
transducer and activator of transcription 3; CCKR, cholecystokinin.

Figure 5. Differential expression of YAP1, MYC1, SEPTIN7 and IL‑13 genes from peripheral blood in patients with HS compared with healthy controls. 
Reactions were performed in triplicate for each sample and results are presented as the mean ± SD. **P<0.01. YAP1, Yes1‑associated transcriptional regulator; 
MYC1, MYC proto‑oncogene, BHLH transcription factor; SEPTIN7, septin 7; IL‑13, interleukin 13; HS, Hidradenitis suppurativa.
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Figure 6. Combined molecular analysis in Hidradenitis suppurativa. Functional annotations of the three long noncoding RNAs together with their microRNAs 
visualized as a network workflow (Cytoscape 3.6.0; https://cytoscape.org/release_notes_3_6_0.html).
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have been shown to interact with the membrane and cortical 
actin cytoskeleton, which partly explains their functions in the 
cells of the hematopoietic lineages (24). Septins are consid‑
ered the fourth component of the cytoskeleton, especially the 
Septin7 isoform, which has a critical role in the formation of 
higher‑order structures. Septin7 may be involved in muscle 
regeneration and development following muscle injury (25). 
Preferentially, septins of the Septin3 and Septin7 groups have 
interactions (26‑28).

The results of the present study suggested that there is 
an inter‑regulation of lncRNAs and mRNAs, involved in the 
cytokinesis, the maintenance of cellular morphology and 
tissue development, and/or progression of HS. The epithelial 
adherens junction signaling pathway mainly involves the 
protein, YAP1 (29). In endothelial cells, the pairing of proteins 
YAP/transcriptional coactivator with PDZ‑binding motif 
(TAZ) regulates cell decisions made between survival and 
proliferation or cell death in response to stress (29). YAP/TAZ 
not only regulates the cell choice in response to mechanical 
stimuli, but it may also act to reinforce the cytoskeleton and 
contractile apparatus as a response to mechanical stress. 
Generally speaking, the YAP/TAZ proteins are overexpressed 
in different types of cancer, causing hyperproliferation (29). 
Hyperproliferation of adherens junctions is due to activation 
or inhibition of YAP/TAZ, depending on the cell density (29).

The glucocorticoid receptor signaling/STAT3 and macro‑
phage alternative activation signaling pathways are important 
pathways that feature mRNAs linked with lncRNAs. In partic‑
ular, IL‑13 is the gene mainly involved in such pathways. IL‑13 
is a growth‑promoting cytokine that is capable of supporting 
cell activities such as cell growth, differentiation and apop‑
tosis (30). In atopic dermatitis, an inflammatory and chronic 
skin disease characterized by an acute level of spongiosis in 
the basal epidermal layer, IL‑13 has been shown to be dysregu‑
lated (31). In spongiosis, the skin exists in a morphologically 
altered state due to the expansion of skin tissue generated 
by changes in cohesion between epidermal keratinocytes in 
human skin (32).

The main driver of pathogenesis in HS is an overactivation 
of immune‑cell infiltration, which leads to an enhancement of 
the inflammatory response due to the release of pro‑inflam‑
matory cytokines and chemokines. The inflammation may 
become chronic and, in severe cases, adversely affects diverse 
tissues and organs  (33). Currently, the etiopathogenesis of 
HS remains poorly understood due to the complexity and the 
multifactorial nature of the disease. In the present study, the 
lncRNA‑mRNA interactions were thoroughly identified and 
explored, and it was shown that altered gene regulation in the 
lncRNA‑mRNA network may be crucial for the development 
of HS. However, it must be admitted that the present study had 
numerous limitations associated with the small sample size 
for microarray analysis and the absence of in vitro and in vivo 
models to confirm the identified pathways. Specifically, the 
small sample size not only limited the statistical power of the 
analysis but also increased the likelihood of encountering large 
standard errors, particularly for lncRNAs with low expression 
levels. This can lead to challenges in the reproducibility and 
accuracy of the present findings, as minor technical or biolog‑
ical variations can significantly affect the measured expression 
levels of these low‑abundance transcripts Therefore, a larger 

sample cohort, together with experimental validation studies, 
are required in order to verify the recognized pathways associ‑
ated with HS. 
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