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Abstract

Background The interaction between genes and the environment in psoriasis is firmly coupled by epigenetic modification.
Epigenetic modifications are inherited variations in gene expression devoid of DNA sequence alterations. Non-coding RNAs
are regarded as one of the epigenetic modifications that lead eventually to enduring heritable variations in gene expression.
In the present study, we chose the IncRNA, Psoriasis-susceptibility-Related RNA Gene Induced by Stress (PRINS) known
to have a regulatory role in psoriasis and deduced its axis of IncRNA-miRNA-mRNA through an in silico data analysis. We
aimed to assess the expression levels of this IncRNA-miRNA-mRNA in patients with psoriasis to elucidate their possible
roles in psoriasis management.

Methods We investigated the IncRNA-PRINS and its target microRNAs (miRNA124-3p, miRNA203a-5p, miRNA129-5p,
miRNA146a-5p, miRNA9-5p) and partner genes (NPM, G1P3) expression levels in the plasma of 120 patients with psoriasis
compared to 120 healthy volunteers using quantitative real-time polymerase chain reaction and correlated the results with
the patients’ clinicopathological data. Finally, we performed a function, disease, and pathway enrichment analysis for the
LncRNA-miRNA-mRNA axis under study.

Results The IncRNA PRINS, G1P3, and NPM genes showed significantly under-expressed levels while all miRNAs included
in the study showed significant over-expression in patients with psoriasis relative to controls. The IncRNA PRINS, GIP3,
and NPM genes showed a significant direct correlation with each other and inverse significant correlations with all miRNAs
under study. All the study biomarkers showed significant results for discriminating between patients with psoriasis and
controls using a receiver operating curve analysis with sensitivity over 90% except for PRINS, which was 74.2%. The G1P3
gene showed a direct significant correlation with body mass index in patients with psoriasis (p = 0.009) and an inverse sig-
nificant correlation with age (p = 0.034). The NPM gene showed a significant correlation with body mass index in patients
with psoriasis (p = 0.002).

Conclusions Based on our results, we suggest that restoring the altered PRINS-miRNA-mRNA axis gene expression levels
might represent a tool to prevent psoriasis worsening, along with standard therapy. Thus, on the clinical practice level, the
PRINS-miRNA-mRNA axis expression profile can be utilized in designing specific targeted therapy aimed at applying a
personalized medicine approach among patients with psoriasis.
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The IncRNA PRINS, GIP3, and NPM genes showed sig-
nificantly under-expressed levels, while all target micro-
RNAs (miRNA124-3p, miRNA203a-5p, miRNA129-5p,
miRNA146a-5p, miRNA9-5p) showed significant over-
expression in patients with psoriasis relative to controls.

The IncRNA PRINS, G1P3, and NPM genes showed a
significant direct correlation with each other and inverse
significant correlations with all microRNAs under study.

All the study biomarkers showed significant results for
discriminating between patients with psoriasis and con-
trols using a receiver operating curve analysis with sensi-
tivity over 90% except for PRINS, which was 74.2%.

Our results suggest that restoring the altered PRINS-
miRNA-mRNA axis gene expression levels might rep-
resent a tool to prevent psoriasis worsening, along with
standard therapy.

Based on our results, on the clinical practice level, the
PRINS-miRNA-mRNA axis expression profile can be
utilized in designing specific targeted therapy aimed
at applying a personalized medicine approach among
patients with psoriasis.

1 Introduction

Psoriasis is an inflammatory skin disease with a multifacto-
rial origin that causes significant stress and morbidity. It
presents often with well-demarcated, scaling, and erythe-
matous plaques at the extensor surfaces of the knees and
elbows. The prevalence varies between 0.7 and 2.9% world-
wide [1] and is estimated to be 0.19% among the Egyptian
population [2], varying among different ethnic populations
and geographical regions [3] with a preference for the Cau-
casian population.

Psoriasis is a complex polygenic disease in which expo-
sure of hereditarily predisposed persons to specific environ-
mental stressors could provoke disease development [4]. The
interaction between genes and the environment in psoriasis
is firmly coupled by epigenetic modification [4]. Epigenetic
modifications are inherited variations in gene expression
devoid of DNA sequence alterations [5]. DNA methylation,
histone modification, and non-coding RNAs are regarded as
epigenetic motivators, leading eventually to enduring herit-
able variations in gene expression [5—8]. Non-coding RNAs
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are RNA molecules not translated to functional proteins [9].
Evidence implied that long non-coding RNAs (IncRNAs)
and microRNAs (miRNAs) play substantial roles in epige-
netic control [9]. Long non-coding RNAs are transcripts
longer than 200 bases that take part in regulating chroma-
tin dynamics, gene expression, growth, differentiation, and
development [10]. The IncRNA PRINS (Psoriasis-suscep-
tibility-Related RNA Gene Induced by Stress) is a primate
conserved transcript, highly expressed in the epidermis of
non-lesional psoriatic skin [11]. Elevated levels of PRINS
were suggested to contribute to psoriasis pathogenesis by
adjusting the response of keratinocytes to stress [11].

The interferon (IFN) inducible (GIP3) gene and the
nucleophosmin (NPM) were identified as a target gene and
an interacting partner protein of PRINS, respectively [12,
13]. Down-expression of PRINS in ultraviolet-irradiated
keratinocytes was associated with altered expression of
GI1P3, and re-allocation of NPM from the nucleus to the
cytoplasm led to diminished keratinocyte sensitivity for
spontaneous apoptosis [11]. MicroRNAs are highly con-
served RNA molecules, with an average length of 22-25
bases. The bind to the 3'-untranslated region of target mes-
senger RNAs (mRNAs), and according to the complemen-
tary level, they either inhibit mRNA translation or accelerate
its turnover, ultimately suppressing the expression of protein
[14]. Data suggested that different miRNAs may take part
in the pathogenesis of psoriasis. They might be involved in
the regulation of hyperproliferation and differentiation of
keratinocytes in addition to the abnormal immune activation
noted in psoriasis [15].

In the present study, we hypothesized that our chosen RNAs
by an in silico data analysis might be potential biomarkers for
psoriasis. We chose a IncRNA, PRINS known to have a regula-
tory role in psoriasis and linked it, at the epigenetic level, with
its target miRNAs and mRNAs to create a postulated IncRNA
PRINS-miRNA-mRNA axis to be used as a circulating bio-
marker panel in psoriasis. This axis encompassed the IncRNA
PRINS and its target miRNAs (miRNA124, miRNA203a,
miRNA129, miRNA146a, miRNAY) and partner genes (NPM,
GIP3). The aforementioned biomarker gene expression profile
was investigated in the plasma of patients with psoriasis com-
pared to healthy volunteers to elucidate their possible roles in
psoriasis management.

2 Subjects and Methods
2.1 Study Participants

The present study included 240 participants. The study sub-
jects were divided into two groups. (1) Study Group: 120
Egyptian patients diagnosed with chronic plaque psoriasis
of both sexes with age above 16 years were recruited from
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the Dermatology Outpatient Clinics, Suez Canal University
Hospital, Ismailia, Egypt and we excluded patients with any
other autoimmune diseases. (2) Control Group: 120 healthy
non-related participants of Egyptian descent, matched by
age and sex to the study group with no family history of
psoriasis or any autoimmune disease. The clinicopatho-
logical data, including patients’ age, sex, body mass index
(BMI), family history, age of disease onset, disease dura-
tion, severity, and lines of treatment were collected from the
patients’ history. All patients were subjected to a detailed
dermatological examination to determine the following: the
site, size, pattern, and distribution of individual lesions and
an assessment of disease severity according to the Psoriasis
Area and Severity Index (PASI) score, which included an
assessment of four body areas: head and neck, upper limbs,
trunk, and lower limbs. Within each area, the severity of
three signs, erythema, thickness/induration, and desquama-
tion/scaling, is each assessed on a five-point scale: 0, none;
1, mild; 2, moderate; 3, severe; 4, very severe. According
to the European consensus, a PASI score of < 10 is mild,
10-20 is moderate, and < 20 is severe [16].

2.2 Selection of LncRNA-miRNA-mRNA Under Study
Using Bioinformatics Tools

The LncRNA-miRNA-mRNA genes under study were
selected using the bioinformatics online tools, HMDD
(http://www.cuilab.cn/) [17], miR2Disease (http://www.
mir2disease.org/) [18], LncRNADisease version 2.0 (http://
www.rnanut.net/Incrnadisease/index.php/home) [19].

2.3 Sample Collection and Total RNA Extraction
Including miRNA

Three milliliters of fresh venous blood was collected in
vacutainer tubes containing ethylenediaminetetraacetic acid
anticoagulant. Blood samples were centrifuged to separate
plasma, 100 pL of plasma was then preserved in a 500-pL
Qiazole reagent. The plasma samples were stored at — 80
°C until further analysis.

Total RNA, including miRNA, was extracted from
plasma using the Qiagen (Germantown, Maryland, USA)
miRNeasy mini kit (Qiagen, Catalog no. 217004) following
the protocol supplied by the manufacturer. An Eppendorf
5417C cooling microcentrifuge with adjusted temperature
was used throughout the RNA extraction process. RNA con-
centration and purity were determined using the NanoDrop
2000 1C spectrophotometer at the absorbance of 260 and
280 nm (NanoDrop Tech., Inc., Wilmington, DE, USA). A
ratio between 1.8 and 2.2 was considered acceptable for fur-
ther genetic analysis.

2.4 LncRNA-miRNA-mRNA Gene Expression
Analysis

The total RNA extracted was subjected to reverse transcrip-
tion where complementary DNA was generated from total
RNA containing miRNA with the miScript I RT Kit (Qia-
gen, Catalog no. 218161), in which miRNAs and other non-
coding RNAs are polyadenylated by poly(A) polymerase and
converted into complementary DNA by reverse transcription
with oligo-dT priming. Reverse transcription was carried out
in a Veriti™ 96-Well Thermal Cycler (Applied Biosystems,
Waltham, MA, USA) at 37 °C for 1 h, followed by inactiva-
tion of the reaction by briefly incubating at 95 °C.

LncRNA-miRNA-mRNA expression profiling was car-
ried out using real-time polymerase chain reaction (PCR)
based on SYBR Green. The premix of complementary DNA
was used as a template for real-time PCR relative quantifica-
tion of IncRNA, miRNA, and mRNA expression. Primers
for the LncRNA PRINS, miRNAs (miRNA124-3p, miR-
NA203a-5p, miRNA129-5p, miRNA146a-5p, miRNA9-5p),
and (NPM, GIP3) mRNA are described in Table 1 and the
miScript SYBR Green PCR Kit (Qiagen, cat. no 218076)
was used to measure the expression levels. GAPDH and
SNORDG68 were used as endogenous controls to enable a
data analysis using the AACT method of relative quantifica-
tion. The expression levels were measured according to the
quantitative real-time PCR experiments minimal informa-
tion required for publication guidelines. “No-template” and
“no-reverse transcribed” controls were included in each run
and all reactions run in duplicate. The PCR run initially at
95 °C for 5 min, followed by 40 cycles at 95 °C (15 s), then
at 55 °C (1 min), and finally at 72 °C (1 min) for denatura-
tion, annealing, and elongation, respectively.

2.5 Gene Expression Data Analysis

Fold changes for all the circulating study biomarkers in each
psoriasis sample relative to its control were estimated using
the Livak method [20] based on the (threshold) cycle (Cqor
Cp) quantification value as follows: relative expression =
27444, where AAC, = (C, Cir-Biomarker — C, SNORD68/
GAPDH) — (Cq Cir-Biomarker — Cq SNORDG6S8/

GAPDH)

psoriasis

control*

2.6 Function, Disease, and Pathway Enrichment
Analysis of the LncRNA-miRNA-mRNA Under
Study

Function, disease, and pathway enrichment of the LncRNA-
miRNA-mRNA under study were analyzed using gene ana-
Iytics software (https://geneanalytics.genecards.org) [21].
The score for disease analysis was based on the following:
(a) the number of biomarkers under study matching psoriasis
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Table 1 List of primers used for real-time polymerase chain reaction

Forward primer

Reverse primer

PRINS
miRNA124-3p
miRNA203a-5p
miRNA129-5p
miRNA146a-5p

5'-TTCACAGCGGACCTTGA-3'

5"TTTTGCGGTCTGGGCTT-3’

miRNA9-5p 5'-TCTTTGGTTATCTAGCTGTAT-3'
SNORD68 5'-GCCCCTGCGCAAGGATGAC-3’

NPM 5'-GCCAGTGCATATTAGTGGACAGC-3'
G1P3 5'-TGATGAGCTGGTCTGCGATCCT-3'
GAPDH 5-GGAGCGAGATCCCTCCAAAAT-3'

5'-GCATCTTCCCTTGGCAAA-3'

5" TGTTTGGCGTGCCAAGCTTCTC-3'

5'-GAGAACTGAATTCCATGG-3’

5'-GCCTAAAGGACATTTCGGTAT-3'
Universal reverse primer

Universal reverse primer

Universal reverse primer

Universal reverse primer

Universal reverse primer

Universal reverse primer
5'-GGAACCTTGCTACCACCTCCAG-3’
GTAGCCCATCAGGGCACCAATA-3'
5'-GGCTGTTGTCATACTTCTCATGG-3'

normalized by the whole gene numbers specifically asso-
ciated with psoriasis. (b) The type and quality of the dis-
ease—gene relationship. These relationships are based on
MalaCards sources including: (1) differentially expressed
genes found to be significantly over-expressed or under-
expressed in psoriasis in comparison to normal controls.
The differentially expressed genes were calculated by an
algorithm for filtering genes whose expressions are signifi-
cantly variable among the psoriasis samples. Then, using
the e-Bayesian method, differentially expressed genes were
identified. Any gene was defined as differentially expressed
if it is over-expressed or under-expressed by more than two-
fold, and the p value is equal to 0.05 or lower. (2) Genetic
Association Sprites were determined from several sources
available on MalaCards for genetic associations with psoria-
sis. For each gene, the maximal score was used as the final
biomarker score.

For pathways and gene ontology terms that match our
biomarkers under study, the matches were presented in the
order of the matching scores. The null hypothesis was tested
using a binomial distribution test that the input biomark-
ers were not highly represented within any pathway or gene
ontology term. The score shown for each biomarker was the
resulting p value, the higher the score, the better the match-
ing. The maximum score was assigned for results with p
values lower than 10-50.

2.7 Statistical Analysis

We used to Statistical Package for the Social Sciences
(SPSS) for Windows software version 26.0 (IBM Corpora-
tion, Armonk, NY, USA). The study power and sample size
were calculated by G¥*Power version 3.1.9.2. The estimated
power for the gene expression study design was 95% at a
total sample size of 200, an alpha error probability of 0.05,
and a calculated effect size of 0.5. For continuous variables,
means =+ standard deviations were used, while for categori-
cal variables we estimated the frequencies and percentages.
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Data were tested for normality and outliers. Mann—Whitney
and Student ¢ tests were used when appropriate, to compare
between psoriasis cases and controls. We used the Spearman
correlation test to determine the correlation coefficient. We
performed a two-sided p value correlation analysis by the
Spearman’s rank test. A two-tailed p value of < 0.05 was
considered statistically significant. The area under the curve
(AUC) of the receiver operating characteristic (ROC) was
plotted to evaluate the diagnostic and prognostic value of
putative biomarkers.

2.8 Ethics Statement

The study was approved by the Suez Canal University,
Faculty of Medicine, Ethics Committee in Ismailia, Egypt
(Approval No. 4503) and conducted according to the Dec-
laration of Helsinki’s guidelines. Informed consent was
obtained from all individual participants included in the
study.

3 Results

3.1 Baseline Characteristics Among the Study
Population

Table 2 shows the baseline characteristics among our study
population. The age distribution among the study popula-
tion ranged from 16.0 to 60 years, where the mean age for
the patients was 41.35 + 14.16 years and the mean age for
the controls was 37.6 + 11.83 years, with no statistically
significant difference between both groups. Regarding spe-
cial habits, 66.6% of patients were non-smokers and 33.3%
were smokers while 62.5% of controls were non-smokers
and 37.5% were smokers. Concerning BMI (kg/m?), the
mean BMI was 26.60 + 3.91 kg/m? for patients while it
was 27.70 + 3.93 kg/m? for controls with no statistical dif-
ference among both groups and different obesity grades.



IncRNA PRINS-miRNA-mRNA Axis Gene Expression Profile as a Circulating Biomarker Panel in Psoriasis 455

The mean age of disease onset was 34.71 + 13.68 years
and the mean duration was 6.83 + 6.24 years. According
to the age of disease onset, the patients were classified into
three subgroups: (1) very early-onset psoriasis: up to 20
years of age (28 patients); (2) middle early-onset psoria-
sis: between 21 and 40 years of age (48 patients); and (3)
late-onset psoriasis: above 40 years of age (44 patients).
Forty-four percent of patients showed mild severity, 34.2%
showed moderate severity, and 21.7% was severe. The dis-
tribution of the studied cases according to the PASI score
ranged between 2.50 and 42.50 and the mean was 12.45
+ 8.66.

Table 2 Baseline characteristics among the study population

3.2 Expression Signature of the Circulating
IncRNA-miRNA-mRNA Under Study in Patients
with Psoriasis

As depicted in Fig. 1A, B-I, the IncRNA PRINS showed
significantly lower expression levels in patients with pso-
riasis relative to controls: — 3.5 (- 9.3 to 1.1), p < 0.001.
Additionally, GIP3 and NPM genes showed significant
lower expression levels in patients with psoriasis relative
to controls: — 6.9 (— 9.5 to — 3.5), p < 0.001 and — 9.8
(— 13.2to — 6.5), p < 0.001, respectively. However, all miR-
NAs included in the study showed significant over-expres-
sion levels in patients with psoriasis relative to controls;

Variable Cases (n = 120) Controls (n = 120) p value Odds ratio (95% CI)
Age, mean (years) 41.35 + 14.16 37.6 +11.83 0.134
Sex
Female 67 (56.8%) 62 (51.6%) 0.301 Reference
Male 53 (44.2%) 58 (48.3%) 0.86 (0.7-1.1)
Smoking
Non-smoker 80 (66.6%) 75 (62.5%) 0.077 Reference
Smoker 40 (33.3%) 45 (37.5%) 1.64 (0.9-2.8)
BMI 26.60 + 3.91 27.70 £ 3.93 0.112
Obesity
Non-obese 89 (74.2%) 85 (70.8%) 0.665 Reference
Obese 31 (25.8%) 35 (29.2%) 1.13 (0.8-1.7)
Degree of obesity
No 38 (31.6%) 29 (24.2%) 0.215 Reference
Overweight 51 (42.5%) 56 (46.6%) (0.4-1.3)
Mild 27 (22.5%) 34 (28.37%) (0.3-1.1)
Moderate 4 (3.3%) 1 (0.83%) 3(0.3-28.8)
Age of onset 13.68
vEOP 28 (23.3%)
mEOP 48 (40.0%)
LOP 44 (36.7%)
Disease severity
Mild 53 (44.2%)
Moderate 41 (34.2%)
Severe 26 (21.7%)
Disease duration 6.83 +6.24
Family history
Positive 20 (16.7%)
Negative 100 (83.3%)
Treatment
No treatment 46 (38.3%)
On treatment 74 (61.7%)
PASI 12.45 + 8.66

Data are shown as number (percentage) or mean =+ standard deviation. A p value <0.05 was considered statistically significant

CI confidence interval, BMI body mass index, LOP late-onset psoriasis, mEOP middle early-onset psoriasis, PASI Psoriasis Area Severity Index,

vEOP very early-onset psoriasis
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miRNA146a [9.9 (7.2-13.6)], miRNA129 [9.5 (7.8-12.2)],
miRNA124 [5.5 (3.3-7.5)], miRNA203a [7.1 (4.4-9.9)], and
miRNA9 [7.6 (5.2-10.6)] with p < 0.001.

3.3 Circulating IncRNA-miRNA-mRNA Under Study
Predictive Significance by ROC Curve Analysis

All the study biomarkers showed significant results for dis-
criminating between patients with psoriasis and controls
using the ROC curve as shown in Fig. 2 from the A—H plots.
Plasma PRINS levels can discriminate between patients with
psoriasis and controls with 74.2% sensitivity and 100% spec-
ificity (AUC was 0.742 at the cut-off point of 1.065-fold,
p < 0.001). Plasma GIP3 levels can discriminate between
patients with psoriasis and controls with 98.3% sensitivity
and 100% specificity (AUC was 0.983 at the cut-off point of
1.75-fold, p < 0.001). Plasma NPM levels can discriminate
between patients with psoriasis and controls with 99.2% sen-
sitivity and 100% specificity (AUC was 0.992 at the cut-off
point of 2.33-fold, p < 0.001). Plasma miRNA146a and 129
levels can discriminate between patients with psoriasis and
controls with 100% sensitivity and 100% specificity (AUC
was 1, p < 0.001). Plasma miRNA124 levels can discrimi-
nate between patients with psoriasis and controls with 88.3%
sensitivity and 100% specificity (AUC was 0.883 at the cut-
off point of 0.895-fold, p < 0.001). Plasma miRNA203a
levels can discriminate between patients with psoriasis and
controls with 94.2% sensitivity and 100% specificity (AUC
was 0.942 at the cut-off point of 0.765-fold, p < 0.001).
Plasma miRNA9 levels can discriminate between patients
with psoriasis and controls with 96.7% sensitivity and 100%
specificity (AUC was 0.967 at the cut-off point of 0.88-fold,
p < 0.001).

3.4 Correlation Analysis of the Circulating
IncRNA-miRNA-mRNA Under Study
and the Clinicopathological Features of Patients
with Psoriasis

The correlation of all the study circulating biomarkers with
each other is shown in Fig. 3. The IncRNA PRINS, GIP3,
and NPM genes showed a significant direct correlation with
each other and inverse significant correlations with all miR-
NAs under study. For all miRNAs under study, miRNA146a,
miRNA129, miRNA124, miRNA203a, and miRNA9
showed inverse significant correlations with PRINS, GIP3,
and NPM and direct significant correlations with each other.

The correlation of all the study circulating biomarkers
with the clinicopathological features of patients with pso-
riasis is shown in Table 3. The G1P3 gene showed a direct
significant correlation with BMI in patients with psoriasis
(p = 0.009, r = 0.169) and an inverse significant correlation
with age (p = 0.034, r = — 0.137). The NPM gene showed
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a significant correlation with BMI in patients with psoriasis
(p =0.002, r = 0.198).

A correlational analysis between the clinicopathologi-
cal characteristics revealed a direct significant correlation
between PASI score and disease severity (p < 0.001, r =
0.912), disease duration (p = 0.004, r = 0.262), and BMI
(p = 0.045, r = 0.184). The age of onset of disease showed
a direct significant correlation with BMI (p = 0.037, r
= 0.191), family history (p < 0.001, r = 0.335), and the
patient’s age (p < 0.001, » = 0.896). Finally, the age of the
patient showed a direct correlation with PASI (p = 0.000, r
= 0.335), severity (p = 0.035, r=0.193), BMI (p < 0.001, r
= 0.0429), disease duration (p = 0.003, r = 0.272) and dis-
ease onset (p < 0.001, r = 0.896) and an inverse correlation
with family history (p = 0.001, r = —0.293).

3.5 Pathway, Disease, and Function
Enrichment Analysis of the Circulating
IncRNA-miRNA-mRNA Under Study

The pathway matching score shown in Fig. 4A showed the
top ten pathways related to our studied biomarkers as: Alz-
heimer’s disease pathway, cell differentiation index, BARD1
signaling events, melatonin metabolism and effects, crizo-
tinib pathway, Aurora B signaling, transcriptional regula-
tion by the AP-2 family of transcription factors, TP53 regu-
lates transcription of cell cycle genes, miRNAs involved in
DNA damage response, and the HIF-I-a transcription fac-
tor network. Considering the disease matching score results
shown in Fig. 4B, psoriasis was ranked in the fourth posi-
tion in the disease list that can be caused by the circulating
LncRNA-miRNA-mRNA under study with a score value of
4.12. These results were based on MalaCards sources and
included genetic associations and differentially expressed
genes in psoriasis in comparison to normal controls.

The gene ontology analysis of all our study biomarkers is
presented in Fig. 5, where the cellular component matching
score revealed the highest ten scores were in the granular
component, spindle pole centrosome, large ribosomal subu-
nit, nuclear speck, small ribosomal subunit, protein-DNA
complex, extracellular exosome, ribonucleoprotein complex,
nucleolus, and microtubule organizing center, as shown in
Fig. 5A. The top ten molecular functions for the circulat-
ing LncRNA-miRNA-mRNA under study were as follows:
mRNA binding involved in post-transcriptional gene silenc-
ing, mRNA 3'-untranslated region binding, high-density
lipoprotein particle binding, Tat protein binding, riboso-
mal large subunit binding, ribosomal small subunit bind-
ing, transcription factor binding, core promoter sequence-
specific DNA binding, NF-kB binding, and DNA-binding
transcription factor binding, as presented in Fig. 5B. Finally,
considering the top ten biological processes for our circulat-
ing LncRNA-miRNA-mRNA under study, Fig. 5C shows
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Fig. 1 Circulating IncRNA-miRNA-mRNA under study expression B-I show the differential expression levels of the genes and miRNAs
levels. A Heat map representing the Log2 fold change for all the under study in the plasma of patients with psoriasis compared with
study biomarkers (PRINS, G1P3, NPM, miRNA146a, miRNA129, controls. Values are presented as median (Q1-Q3). For the p value
miRNA124, miRNA203a, miRNA9) included in the study. Graphs calculation, a Mann—Whitney U test was applied
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Fig.2 Circulating IncRNA-miRNA-mRNA under study predictive
significance by receiver operating characteristic (ROC) curve analy-

sis. Graphs A—H show the ROC curve including area under the curve
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(AUC) =+ standard error (SE) with upper and lower asymptomatic
95% confidence interval (CI) value for each biomarker
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Fig.3 Correlation matrix for the circulating LncRNA-miRNA-mRNA under study

their order according to their matched score as follows:
negative regulation of cytokine production involved in the
inflammatory response, negative regulation of interleukin-8
production, gene silencing by miRNA, negative regula-
tion of gene expression, negative regulation of xenobiotic
detoxification by transmembrane export across the plasma
membrane, miRNA-mediated inhibition of translation, nega-
tive regulation of transporter activity, negative regulation of
NIK/NF-xB signaling, positive regulation of apoptotic pro-
cess in bone marrow cells, and regulation of mRNA stability
involved in the cellular response to ultraviolet.

4 Discussion and Conclusions

In recent years, transcriptome studies have uncovered non-
coding RNAs as crucial players in psoriasis through altering
keratinocyte functions and the dysregulation of inflamma-
tory reactions in affected skin [22, 23]. In the present study,
we investigated the expression of LncRNA PRINS, its target
miRNAs, and mRNAs in patients with psoriasis. The expres-
sion of PRINS was significantly down-regulated in patients
with psoriasis. Previous studies demonstrated that PRINS
expression is higher in both non-lesional and lesional epi-
dermis compared with healthy epidermis, with the highest
expression found in non-lesional epidermis [12, 24]

The discrepancy in PRINS expression between the present
study and the previous studies could be attributed to different
specimens. In the previous studies [12, 24], PRINS expres-
sion was assessed in isolated epidermis while in the present
study PRINS expression was detected in plasma.

PRINS is expressed in various healthy human tissues,
for example, veins, gonads, lungs, gastrointestinal tract,
and skin [12], thus plasma PRINS can originate from all the
producing tissues in the body. Therefore, down-regulation
of PRINS in the plasma of patients with psoriasis can be a
reflection for decreased PRINS, particularly in the venous
epithelium and affected skin, an assumption that needs fur-
ther investigation.

The down-regulation of PRINS in patients with psoriasis
compared with controls could be explained as follows: the
inflammatory cytokines, interleukin (IL)-17, IFN-y, tumor
necrosis factor (TNF), and IL-22 produced by infiltrating T
helper-22 and T helper-1 lymphocytes at the dermal-epider-
mal junction [25], affect both keratinocytes and the endothe-
lium. Interferon-y mediates keratinocyte proliferation and
promotes inflammatory responses in endothelial cells [26],
by activating several signaling pathways including the sig-
nal transducer and activator of the transcription 3 (STAT3)
pathway [27, 28].

STAT3 interacts with histone deacetylase 1, a key epige-
netic regulator involved in re-programming gene transcrip-
tion [29]. The transcription start site of the PRINS gene is
marked by a high density of histone modification sites asso-
ciated with active transcription, such as acetylated lysine
9 and 27 (H3K9Ac, H3K27Ac) [11]. Therefore, the de-
acetylation of lysine residues mediated by histone deacety-
lase 1 creates a more condensed chromatin structure, which
could repress PRINS transcription [30]. In favor of this
explanation, Sonkoly et al. stated that the treatment of non-
lesional epidermal keratinocytes with a mixture of T-cell
lymphokines including IFN-y induces both keratinocyte
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Table 3 Correlation between the circulating biomarker expression levels and the clinicopathological features among the psoriatic study popula-
tion

PASIscore  Disease severity  BMI Treatment  Family history ~ Disease duration  Disease onset ~ Age

PRINS

1 (Poor) —-0.029 0.021 0.097 0.117 0.175 0.07 0.006 —0.033

P, value 0.751 0.871 0.133 0.204 0.056 0.449 0.947 0.606
G1P3

r (Peor) —-0.26 0.018 0.169%*  0.152 0.17 0.03 —0.068 —0.137*

P, value 0.779 0.843 0.009 0.098 0.063 0.748 0.462 0.034
NPM

r (P 0.085 0.119 0.198**  0.164 0.127 0.032 0.135 —0.06

P, value 0.355 0.195 0.002 0.074 0.166 0.732 0.141 0.357
MiRNA146a

r (P 0.009 - 021 —0.11 —0.004 0.048 0.006 0.005 0.124

P, value 0.921 0.822 0.088 0.965 0.604 0.948 0.954 0.054
MiRNA129

r (P -0.16 -0.24 -0.119  —-0.047 —0.072 —0.046 -0.05 0.1

P, value 0.861 0.793 0.065 0.608 0.434 0.615 0.59 0.122
MiRNA124

7 (P 0.042 0.048 -0.082 -0.1 —0.01 0.069 —0.09 0.054

P, value 0.647 0.606 0.207 0.277 0.91 0.455 0.329 0.401
MiRNA203a

7 (P 0.042 0.062 -0.105 -0.024 —0.026 —0.056 —0.081 0.056

P, value 0.647 0.504 0.106 0.797 0.775 0.541 0.382 0.39
MiRNA9
7 (Peor) 0.057 0.041 —0.12 —0.035 0.005 0.33 —0.047 0.098
P, value 0.536 0.658 0.063 0.703 0.959 0.721 0.61 0.13

BMI body mass index, FH family history, Onset the age of disease onset, PASI Psoriasis Area and Severity Index
*Correlation is significant at the 0.01 level (two-tailed)

**Correlation is significant at the 0.05 level (two-tailed) Correlation coefficient (r) represents the value for the Spearman’s correlation analysis
and its p values (Pc,,,). Shaded boxes enclose values that are statistically significant at either p < 0.05 (*) or p < 0.01 (¥¥)
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Fig.4 Pathways and disease matching score for the circulating IncRNA-miRNA-mRNA under study. A Pathway matching score between all
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hyperproliferation and a significant reduction in PRINS
expression [24].
In addition, STAT3 activity is enhanced in skin affected

altered differentiation of the psoriatic epidermis [31]. More-

over, the expression of histone deacetylase 1 was observed

by psoriasis and is responsible for the hyperproliferation and

to increase significantly in psoriatic lesions and peripheral
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blood mononuclear cells of patients with psoriasis compared
with healthy controls [32, 33].

PRINS was proposed to contribute to psoriasis pathogen-
esis by altering the stress response of non-lesional epider-
mis and keratinocyte innate immune responses [11]. Danis
et al. suggest a broad anti-inflammatory function for PRINS,
providing insight into the protective role of high PRINS
expression in psoriatic non-lesional skin [34]. However, the
exact mechanisms are not yet clear. It was proposed that the
nuclear and cytoplasmic localization of PRINS could con-
tribute to psoriasis by modifying the expression of proteins
and miRNAs, which have roles in psoriasis pathogenesis
[11].

G1P3 genes and NPM were under the control of and the
direct interacting partner of PRINS, respectively [35]. GIP3
and NPM had been previously shown to play important roles
in psoriasis pathogenesis [36].

In the present study, the down-regulated expression of
PRINS was associated with the down-regulated expression
of both G/P3 and NPM in patients compared with con-
trols. A result that agrees with a previous study that found
that the suppression of PRINS resulted in down-regulated
G1P3 mRNA expression [35]. Conversely, our result disa-
grees with the previous that silencing of PRINS resulted in
a slight elevation of NPM expression [12], which could be
attributed to different methodologies in both studies. Gen-
erally, IncRNAs mediate transcriptional regulation by sev-
eral mechanisms. They modulate the chromatin state at a
target gene locus by interacting with and recruiting chro-
matin-modifying enzymes, which leads to the activation
of gene transcription. In addition, they interact with other
RNA-binding factors to form RNA—protein complexes that
recruit key proteins to the target gene promoters, promoting
transcription [37].

Regarding the correlation between the clinicopathologi-
cal features and the biomarkers under study, G1P3 expres-
sion showed a direct significant correlation with BMI in
patients with psoriasis. GIP3 is an IFN-induced gene, par-
ticularly /FNy, which is up-regulated in direct proportion
to the increase in BMI [38]. Conversely, NPM expression
showed a negative correlation with BMI. NPM regulates the
levels of reactive oxygen species (ROS) at least partially
via regulating the expression of peroxiredoxin-6, a member
of the peroxiredoxin family of antioxidant enzymes, widely
expressed in all tissues [39]. Liu et al. reported that ROS was
increased after NPM knockdown due to down-regulated per-
oxiredoxin-6 [40]. High levels of ROS are linked to obesity
[41], as well as peroxiredoxin-6, which is linked to obesity
by regulating mitochondrial oxidative stress and ROS pro-
duction [42].

However, the expression of miRNA124, miRNA203a,
miRNA129, miRNA146a, and miRNA9 were up-regulated,
in an inverse correlation with PRINS expression validating
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the in-silico data analysis that those miRNAs are possible
targets of PRINS. PRINS by interacting with complemen-
tary sequences in miRNAs can function as a “sponge,”
which could constrain miRNA availability and activity
[43]. Accordingly, the down-expression of PRINS resulted
in the release of those miRNAs, which could explain their
up-regulated expression in the present study.

The high expressions of miRNA146a, miRNA203a, and
miRNA124 in psoriasis lesions agree with previous research
[44-46]. Up-regulated expression of miRNA146a in both
lesions and peripheral blood mononuclear cells of patients
with psoriasis was positively correlated with IL-17 expres-
sion. As mentioned, IL-17 may contribute to the hyperprolif-
eration of keratinocytes because of persistent inflammation
in psoriatic lesions [44].

Enhanced expression of miRNA203a in psoriasis-affected
keratinocytes was associated with down-regulation of the
suppressor of cytokine signaling-3 (SOCS-3), a negative
regulator of the STAT3 pathway [47, 48]. Sustained activa-
tion of STAT3 signaling up-regulates the transcription of
TGF-f, EGFR, and IL-6 genes, blocks apoptosis, favors cell
proliferation and survival, and promotes angiogenesis [49].

MiRNA124 is another miRNA that might affect human
keratinocyte proliferation and migration and impact the
inflammatory microenvironment in psoriatic lesions through
modulating IL-17A and TNF expression [45]. MiRNA124
negatively regulates several pathways including STAT3 and
TLRs [50]. Up-regulation of the miRNA124 target STAT3
pathway led to decreased IL-6 production and TNF-a release
owing to reduced activity of the TNF-a-converting enzyme
[51]. Add-on miRNA124 targets multiple components of the
TLR signaling, including TLR6, TNF-a, and TNF receptor-
associated factor 6, collectively resulting in the prevention
of excessive inflammation [52].

It is worth noting that, to our knowledge, this is the first
study that documents an up-regulation of miRNA129 and
miRNA9 in patients with psoriasis. Overexpression of
miRNA 129 significantly promoted CD3+/CD4+ T-lympho-
cyte proliferation, inhibited T-cell apoptosis, and increased
IL-2 and IFN expression levels through targeting SOXS6
[53]. T helper-17, a subset of CD4+ T-cell-derived proin-
flammatory cytokines including IL-17A, IL-17F, IL-21,
IL-22, and IL-26, plays a critical role in the pathogenesis
of psoriasis [54]. MiRNAO9 is another miRNA that has an
anti-inflammatory effect. Overexpression of miRNAY is cor-
related with reduced NF-kB signaling pathway-related fac-
tors such as NF-kB, p65, TNF-a, IL-1f, and IL-6 [55]. As a
result, it can be assumed that down-regulation of PRINS and
associated up-regulation of both proinflammatory and anti-
inflammatory miRNAs may prevent excessive inflammatory
reactions and contribute to the low-grade inflammation and
chronicity characteristic of psoriasis [56].
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Gene ontology of the PRINS IncRNA-miRNA-mRNA
under study revealed that the axis is functioning mainly in
the regulation of cytokine production involved in the inflam-
matory response, gene silencing by miRNA, and regulation
of gene expression, data in line with previous studies [37,
44-55]. The biological functions are correlated with the
molecular function as the LncRNA-miRNA-mRNA under
study are involved in gene silencing at both the transcrip-
tional and post-transcriptional levels by binding to transcrip-
tion factor, TAT protein (a regulator of gene expression),
mRNA 3'-untranslated region, and large and small ribosomal
subunits [14-58].

The PRINS LncRNA-miRNA-mRNA axis components
are mainly active in the microtubule organizing center,
nucleolus, ribonucleoprotein complex, and extracellular exo-
some. These organelles contribute to the process of cellular
differentiation, cell division, and organization [58].

The pathway matching score and the disease matching
score results showed that the circulating IncRNA-miRNA-
mRNA under study are related to different pathways affect-
ing cell proliferation, differentiation, and apoptosis [59-61],
and in addition to psoriasis, are associated with different
types of cancer especially hepatocellular carcinoma and
prostate and gastric cancer [62—64]. These findings suggest
that patients with psoriasis, having an altered gene expres-
sion profile for the biomarkers under study, could be more
susceptible to other diseases mentioned in Fig. 4 that are
mostly cancer or autoimmune related.

In conclusion, with the given insights of the present study
and others [45, 46, 65], it could be postulated that restoring
the altered PRINS and miRNAs physiological levels might
represent a tool to prevent psoriasis worsening, along with
standard therapy. RNA therapy, based on supplying exog-
enous genetically engineered mRNA to replenish the down-
regulated endogenous mRNA [66] and/or miRNA activity
modulators as anti-miRNA antisense oligonucleotides to
reduce the up-regulated miRNA, could be delivered to tar-
get cells by encapsulation into lipid-based nanoparticles [67,
68].

The advantages of RNA-based drugs are their poten-
tial to target the different levels of gene expression, and
a reduced risk of genotoxicity [66]. PRINS and its target
miRNA expression profile can be utilized in designing spe-
cific targeted RNA-based therapy for every patient aiming
to reduce costs, duration, and comorbidity associated with
psoriasis. Thus, applying the concept of personalized medi-
cine in psoriasis.

Considering the current study limitations that could be
addressed in future research, our study has three major
limitations. The first limitation is that our laboratory work
was confined to investigating the biomarkers under study
expression profile followed by the bioinformatics analysis
for the results. We did not have the opportunity to conduct a

further functional analysis. Thus, we recommend doing both
in vitro and in vivo functional studies for these biomarkers
in psoriasis, thus helping to provide better insights for their
actual role. The second limitation is the size of the cohort
under study, a larger sample size from multicentric sources
is recommended in future studies for confirming the study
results on a wider scale. Finally, the third limitation was the
scarcity of previous research studies using these biomark-
ers in psoriasis, this was an opportunity to pin point this
literature gap and to emphasize the need for further research
in this area.
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