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Abstract

Background Psoriasis (PsO) is an immune-mediated dermatosis and systemic inflammatory condition that can
affect the skin, joints, and other organs and tissues with a range of comorbidities. The activation of proinflamma-
tory cytokines is the primary cause of the development of skin lesions in PsO. Patients with PsO have a higher risk of
developing cardiovascular metabolic comorbidities; among these is the metabolic syndrome (MetS). Particularly, MetS
is characterized by abdominal obesity, hypertension, hyperglycemia, and hyperlipidemia, has been linked to PsO. The
connection between PsO and MetS is believed to be caused by PsO generating systemic inflammation, which then
results in elevated inflammatory adipokines, endothelial dysfunction, and insulin resistance. Micro RNA-377 and long
noncoding RNA taurine upregulated 1 (TUGT) are both involved in the control of a variety of inflammatory disorders
in humans and can be employed as biomarkers for the diagnosis and prognosis of psoriasis. The aim of the present
study is to establish a panel of biomarkers for the early diagnosis of MetS incidence in psoriasis and thereby, reducing
its lethal consequences.

Results In this study, 120 patients: 40 psoriatic patients, 40 psoriatic patients with metabolic syndrome, and 40
healthy subjects were conducted. Expressions of Long noncoding RNA Taurine Upregulated Gene-1 (TUGT), miRNA-
377 and Peroxisome Proliferator-Activated Receptor-y (PPAR-y) were assessed in tissue lesion by real-time PCR. ELISA
technique was carried out for the detection of serum levels of plasminogen activator inhibitor-1 (PAI-1) and trans-
forming growth factor 3 (TGF(3). Moreover, miRNA-377 expression was significantly elevated with the simultaneous
down-regulation of both TUG-1 and PPAR-y in PsO-MetS group when compared to those of PsO and control groups.
Furthermore, PAI-1 and TGF(3 levels were higher in PsO-MetS than PsO.

Conclusions The dysregulated levels of TUG-1, miRNA-377, PPAR-y, PAI-1, and TGF@3, biomarkers may provide informa-
tion about their potential role in the emergence of MetS in psoriasis patients.

Keywords Psoriasis, Metabolic syndrome, TUG-1, miRNA-377, PPAR-y, TGF-(3, PAI-1

*Correspondence:

Sahar M. Mohamed

sahrmohamed@med.bsu.edu.eg

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43088-023-00404-6&domain=pdf

Alhelf et al. Beni-Suef Univ J Basic Appl Sci (2023) 12:68

1 Background

Psoriasis (PsO) is a complex and chronic inflamma-
tory disease affecting 2-3% of the world’s population
[1]. Well-defined, erythematous plaques with silvery-
white scales are the hallmarks of PsO and often appear
in a symmetrical pattern on the scalp, elbows, knees, and
trunk [2]. It is still unclear exactly how PsO pathogenesis
occurs. Multiple genetic and environmental risk factors,
in addition to severe immunological imbalances interact
dynamically to cause PsO disease. Eventually, this can
lead to a number of systemic complications [3]. Con-
spicuously, the Psoriasis Area and Severity Index (PASI)
is the gold standard among Psoriasis evaluation tools.
On a scale from 0 to 72, it evaluates and grades both the
patient’s responsiveness to treatment and the severity of
the patient’s psoriatic lesions [4].

The chronic inflammation seen in PsO is related to
a higher incidence of cardiovascular risk factors such
as obesity, diabetes, hyperlipidemia, and hypertension,
which together make up the metabolic syndrome (MetS),
a condition that is more prominent in PsO patients as
compared to the general population [5]. The Interna-
tional Diabetes Federation states that three or more of
the following characteristics define MetS: A decreased
level of high-density lipoprotein cholesterol (HDL-Cho-
lesterol) (<40 mg/dL in men and <50 mg/dL in women);
and an increase in triglycerides (>150 mg/dL), fasting
blood glucose (>100 mg/dL), and waist circumference
(>102 cm in men and >88 c¢cm in women); in addition
to hypertension (systolic blood pressure>130 mmHg
and/or diastolic blood pressure >85 mmHg) [6]. There-
fore, inflammatory markers attributed to insulin resist-
ance and endothelial dysfunction, show greater levels in
patients with MetS, indicating higher levels of chronic
inflammation [7, 8]. Pro-inflammatory cytokines that
increase insulin resistance and lead to abdominal obe-
sity include tumor necrosis factor (TNF)-a, plasminogen
activator inhibitor 1 (PAI-1), transforming growth factor
B (TGEP), leptin, adiponectin, and interleukin (IL)-6 [9,
10].

Notably, numerous inflammatory and cytokine-medi-
ated pathways connect MetS and PsO. Both are a part
of a fascinating system of genetic, clinical, and patho-
physiologic aspects. Exploration of the pathophysiologic
mechanisms tying MetS to PsO is important from a
clinical standpoint since it may represent the possibil-
ity of novel pharmaceutical therapies. The fundamental
underlying mechanisms that bind these two disorders are
likely multifactorial; they typically overlap with metabolic
abnormalities, which commonly coexist in psoriatic peo-
ple [11].

Consistently, the maintenance of normal intracellular
signaling depends on the regulation of gene expression,
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and this process’ disruption plays a significant role in
the etiology of many diseases, including those of obesity,
insulin resistance, and autoimmune disorders. About
60% of protein-coding genes are controlled by non-cod-
ing RNAs, which comprise circular RNAs (circRNAs);
long chain non-coding RNAs (IncRNAs), and micro
RNAs (miRNAs). These non-coding RNAs are found
to be implicated in the development of many diseases,
either directly or indirectly by modulating certain path-
ways [12]. LncRNAs play significant roles in controlling
autoimmune disease and immune-mediated inflamma-
tory diseases. Psoriasis is one of immunological disorders
that has been linked to dysregulation of IncRNAs [13].
Considering this, LncRNAs are becoming recognized as
important players in the development and progression of
psoriasis. However, the exact IncRNA regulatory mecha-
nisms in psoriasis are still mostly unstudied [14].

Taurine-up-regulated gene 1 (TUG1), a 7.1-kb long
non-coding RNA, is implicated in the development of
skin cancer and serves as competing endogenous RNA
(ceRNAs) that inhibits the expression and function
of miRNAs [15]. It may be hypothesized that IncRNA
TUG]I functioned as an endogenous sponge of miRNA-
377, reducing the levels of miRNA-377 expression [16].
According to recent studies, non-coding RNAs have a
critical role in the onset and progression of psoriasis via
modulating the expression of essential proteins including
protein-coding genes associated with the interleukin-17
signaling pathway, the nuclear factor (NF)-«B signaling
pathway, the Jak-STAT signaling pathway and the mito-
gen-activated protein kinase (MAPK) signaling pathway
(17, 18].

Moreover, miRNAs mediate a number of biological
processes, including cellular differentiation and prolifera-
tion as well as pathological processes including neurolog-
ical diseases and malignancy. For example, miRNA-377 is
a key tumor suppressor in a number of human cancers
and is a member of a large miRNA cluster. It has received
a lot of attention recently in the context of oxidative
stress and diabetic nephropathy [19].

Interestingly, there is a strong correlation between
MetS and the nuclear hormone receptor superfam-
ily member peroxisome proliferator-activated receptor
gamma (PPAR-y). PPAR-y has been linked to improved
insulin sensitivity and blood pressure control, according
to previous researches [20, 21]. Consequently, PPAR-y
can affect cellular activities, such as glucose homeosta-
sis and fat metabolism, lipid buildup, and inflammation.
PPAR-y primarily regulates gene expression through
their function as ligand-activated transcription factors
[21-23].

As a well-known acute-phase reactant, PAI-1’s expres-
sion is increased rapidly in response to inflammatory
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cytokines (e.g., interleukin-6, interleukin-1, and tumor
necrosis factor-a), transforming growth factor-p [24],
hormones (e.g., insulin, glucocorticoids, adrenaline),
and in response to hypoxia [25]. Because of the correla-
tion between elevated plasma levels of (PAI-1) in pso-
riasis and enhanced angiogenesis, which in turn plays a
significant role in the disease, it is highlighted that there
is a relationship between the two [26]. In vivo, increased
body mass index and signs of insulin resistance are linked
with increasing plasma PAI-1 antigen and activity levels
[27]. In addition, Elevated plasma PAI-1 is a common
feature of patients with metabolic syndrome and diabetes
[28].

TGE-pB is a highly pleiotropic cytokine which plays a
vital role in several crucial cellular processes. In psoriasis,
TGF receptors have significantly decreased in the psori-
atic epidermis [29]. Reduced TGE- f signaling is thought
to boost keratinocyte hyperproliferation in the psoriasis
epidermis since TGF-P1 is a potent growth inhibitor for
keratinocytes. Serum levels of inflammatory biomarkers
such as C-reactive protein, tumor necrosis factor-alpha,
and TGF-B have been considerably higher in hyperten-
sive individuals with MetS than in non-MetS patients
[30].

Thus, the current study aims to identify TUG-1 and
miRNA377’s attributes in the pathogenesis of psoriasis,
as well as how their dysregulated expression affected the
development of metabolic syndrome in psoriasis patients,
and to investigate any potential underlying mechanisms.

2 Subjects and methods

2.1 Study population

This study included a total of 120 adults, 40 patients with
PsO (26 males and 14 females), 40 patients with PsO
with MetS (22 males and 18 females), and 40 healthy
controls (27 males and 13 females) of the same ethnicity
that matched with age and gender. Informed consent was
obtained from the participants in this study after ethical
committee approval from Medical Biochemistry Depart-
ment, Faculty of Medicine, Cairo University. Approval
code: MD-146-2019. To be enrolled in the study, patients
had to be between the ages of 18 and 65 years and diag-
nosed as PsO patients with or without MetS. Patients
under the age of 18, those suffering from autoimmune
or inflammatory illnesses, or those with cancer were all
excluded.

2.2 Clinical and anthropometric measurements

The evaluation of patients included a general and derma-
tological physical examination, the monitoring of vital
signs, the assessment of laboratory results, the observa-
tion of adverse events, and the measurement of the sever-
ity of the skin disorder using the PASI score. The severity
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of the disease is determined by the affected surface area,
the erythema, the desquamation, and the infiltration of
psoriatic plaques, which are all expressed as parts of the
PASI score, which ranges from 0 to 72 [31]. A family his-
tory was obtained from each participant. Participants’
height, weight, and body mass index were all measured
using standardized methods. By dividing weight (in kg)
by height squared, the body mass index (BMI) was deter-
mined (kg/m?).

2.3 Sample collection and processing

From patients and controls, 5 mL of venous blood was
drawn, allowed to clot, and then centrifuged at 8000x g
for 5 min to separate the serum, which was then kept fro-
zen at — 80 °C till analysis for subsequent chemical assays.
In order to analyse the results of the biochemical studies
by real-time PCR, a 2 mm sample of bunch skin biopsy
was taken and stored frozen at — 80 °C.

2.4 Biochemical assays

Blood glucose was assessed using a Colorimetric Assay
kit (Catalogue No.: ab282922, Abcam, USA), and the
quantitative sandwich ELISA technique using the Human
Insulin Kit was used to quantify the serum insulin con-
centration (Catalogue No.: EO010Hu, BT LAB, China).
The following formula was used to test insulin resist-
ance using the Homeostasis Model Assessment of Insu-
lin Resistance (HOMA-IR): HOMA-IR is calculated as
follows: Fasting blood sugar (mmol/L) x Fasting insulin
(uIU/mL)/22.5. After fasting for twelve hours, serum
Triglycerides and total cholesterol levels were estimated
using Colorimetric Assay kits (Catalogues no.: ab65336,
Abcam, USA and STA-384, Cell Biolabs, USA) respec-
tively. LDL-Cholesterol and HDL-Cholesterol levels were
quantified using enzymatic assay kits (Catalogues no.:
80069, Crystal Chem, USA and STA-394, Cell Biolabs,
USA) respectively.

2.5 Enzyme-linked immunosorbent assay (ELISA)

Serum levels of TGF-B and PAI-1 were quantified by
ELISA. ELISA kits: Catalogue no.: EH0287; Fine Test,
Wuhan, China) and (Catalogue no.: SL1407Hu, SunLong
Biotech Co., LTD, China were used, respectively, for
TGE-B and PAI-1 quantification.

To quantify the TGF-f levels, according to the manu-
facturer’s instructions, standards and samples were
added into appropriate wells coated with anti-human
TGE-B, and the plate was incubated for 1 h at 37 °C. After
washing three times with the appropriate wash solution,
the HRP-Streptavidin Conjugate (SABC) working solu-
tion was added to each well at 37°C for 30 min. Subse-
quently, the washing step has been repeated five times
and 3,3,5,5'-tetramethylbenzidine (TMB) substrate
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reagent was added to each well for 30 min at 37 °C in
the dark. Lastly, Stop Solution has been added, and the
absorbance at 450 nm was read immediately in a stat fax
2100 plate reader.

In order to quantify PAI-1, standards and samples were
added in the anti-human PAI-1 pre-coated well. After
discarding the liquid in the wells, HRP-Conjugate rea-
gent was added to each well, and the plate was incubated
at 37° for 30 min. Subsequently the plate was washed
three times with the specific wash buffer. According to
the manufacturer’s instructions, Chromogen Solution A
and Chromogen Solution B were added into each well
and incubated at 37° for 15 min in the dark. Lastly, Stop
solution has been added, and the absorbance was read at
450 nm in a a stat fax 2100 plate reader. The concentra-
tion of Human TGF-p and PAI-1 in samples were deter-
mined from the standard curve.

2.6 Gene expression analysis
The expressions of miRNA-377, TUGL and PPAR Y
genes were analyzed using real-time PCR technique.
miRNA was isolated from the lesional tissue using mir-
Vana kit (AM1560, USA). Total RNA was isolated using
Qiagen kit (Qiagen, USA).

Primer data base with the following sequences were
studied:

LncRNA-TUG1 Forward: 5-GTCTCCGATAGTGCA

CACAGC-3/;
Reverse: 5'-GACCATCTCCTTCAG
GACCA-3/

MiR-377 Forward:5’-AUC ACA CAA AGG
CAA CUU UUG U-3%
Reverse: 5-AAA AGUUGC CUU
UGU GUG AUU U-3/

PPARy Forward:5'-GCCCTTTGGTGACTT
TATGGA-3;
Reverse: 5'-GCAGCAGGTTGT
CTTGGATG-3’

B-actin Forward:5’-ATCACCATCTTCCAG
GAGCG-3/;
Reverse: 5'-CCTGCTTCACCACCT
TCTTG-3’

The qPCR assay with the primer sets were optimized at
the annealing temperature. Relative Quantification (RQ)
(relative expression): was calculated according to Applied
Bio system StepOne” software, version 3.1. The fold
change results have been calculated using the threshold
cycle (2724€T) of PCR.
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2.7 Statistical analysis

The IBM SPSS statistics software, version 26.0, was used
to analyze and process the data (Thousand Oaks, CA,
USA). The Mann-Whitney U test was used to examine
the non-parametric data, and the results were presented
as median with interquartile range (IQR) (1st quartile-3rd
quartile). Mann—Whitney U test was used to compare
the medians of the two groups. For pairwise comparisons
between each of the two groups, the Post Hoc Test was
performed. Medcalc statistical software, version 19.6.1,
was used to produce receiver operator characteristic
(ROC) curves. The multivariate analysis, correlation, and
boxplots were carried out using R studio version 1.4.1103
and the R programming language software, version 4.1.3.

3 Results

3.1 Laboratory and anthropometric parameters

The clinical and anthropometric parameters of the
PsO, PsO-MetS and normal groups are summarized
in Table 1. There was no statistically significant differ-
ence noticed with age and sex among all study groups
(p>0.05). Both of PsO and PsO-MetS patients had
higher BMI in comparison with the normal-weight sub-
jects (p=0.04 and p<0.001, respectively), and there is a
statically significance between the two groups (p=0.01).
PsO-MetS patients had significantly higher serum blood
glucose, insulin, and HOMA-IR levels when compared
to their corresponding values of both of PsO and control
groups (p<0.001). Conversely, PsO patients’ serum insu-
lin, blood glucose and HOMA-IR levels did not differ sig-
nificantly from those of the control group.

Likewise, PsO and PsO-MetS groups had significantly
higher levels of triglycerides, total cholesterol, and LDL
cholesterol than the control group (p<0.001). The two
groups (PsO and PsO-MetS) had significantly lower HDL
levels compared to the control groups (p <0.001). Regard-
ing all lipid profile values except HDL of PsO-MetS group
were significantly increased compared to those of PsO
group (p=0.04).

3.2 Expression of TUG-1, miRNA-377 and PPAR-y
in the PsO and PsO-MetS patients

The gene expression of TUG-1, miRNA-377, and PPAR-y
in the studied groups are demonstrated in Table 2 and
Fig. 1. In detail, TUG-1 gene expression was markedly
lower in PsO-MetS rather than those found in PsO group
(p<0.001, Fig. 1a). Too, TUG-1 gene expression in PsO
and PsO-MetS was significantly down-regulated as com-
pared to those in normal group (p<0.001). However,
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Table 1 Clinical, anthropometric, and biochemical characteristics of the studied groups
parameters PsO (n=40) PsO-MetS (n=40) Control (n=40) p
Age (years) 45.0 (28.5-54.0) 48.0(38.5-57.3) 50.0 (41.3-53.0) 023
Gender (M/F), n (%) 26 (65%) / 14(35%) 22 (55%)/18 (45%) 27 (67.5%)/13 (32.5%) 047
PASI Score 183 (12.6-25.6) 49(3.7-79) - <0.001
Family history n (%) 18 (45%) 6 (15%) - 0.007
Anthropometric parameters
BMI (Kg/m?) 27.31(24.57-33.24) 32.0 (25.5-36.58) 25.82 (24.21-29.26) 0.01?
0.04°
<0.001°¢
Biochemical characteristics
Blood Glucose (mmol/L) 59 (4.9-7.1) 8.02 (6.35-8.88) 53(5.1-5.6) <0.001%¢
Insulin (uIU/mL) 84 (6.5-9.3) 12.5(10.3-14.9) 8.9 (84-104) <0.001%¢
HOMA-IR 22(1.7-26) 44 (3.5-6.0) 2.2 (1.9-25) <0.001%¢
Triglycerides (mg/dL) 213.5(197.5-254.8) 240 (198-277.5) 153.5(114-177.5) 0.04%
<0.001P<
Total cholesterol (mg/dL) 258.5 (227.5-274.8) 277 (249.3-297.5) 179 (150.5-197.8) 0.038°
<0.001°¢
LDL (mg/dL) 177.8 (170.5-184.6) 195.3 (160.7-220.4) 94.2 (79.1-115.7) 0.04°
<0.001°¢
HDL (mg/dL) 35(29-40.5) 29.5(19.3-37.8) 46 (41.3-53.8) <0.001°¢

PsO Psoriasis, PsO-MetS Psoriasis with metabolic syndrome, PAS/ Score Psoriasis Area and Severity Index, BMI Body mass index, HOMA-IR Homeostatic Model
Assessment for Insulin Resistance, LDL Low-density lipoprotein cholesterol, HDL High-density lipoprotein-cholesterol. All data presented as median and IQR (first
quartile-third quartile) except sex presented as numbers. p <0.05 is significant

@ Comparison between PsO and PsO-MetS
b Comparison between PsO and Control

€ Comparison between PsO-MetS and Control

Table 2 Expression of TUG-1, miRNA-377 and PPAR-y as well as PAI-1 and TGF( levels in the PsO and PsO-MetS patients compared to

control
PsO PsO -MetS Control p
(n=40) (n=40) (n=40)
TUG-1 0.48 (0.42-0.65) 0.18 (0.13-0.24) 1.01 (1.0-1.03) <0.0012b<
miRNA-377 44 (2.8-53) 9.1 (64-10.2) 1.02 (1.0-1.04) <0.0012b<
PPAR Yy 0.55(0.32-0.63) 0.29 (0.24-0.49) 1.0 (1.0-1.08) 0.001°
<0.001><
PAI-1(ng /mL) 24.5(20.08-41.3) 55.8 (39.43-85.78) 13.6(10.35-19.23) <0.001%¢
0.001°
TGFB (pg/mL) 124.7 (114.2-163.7) 165.5 (145.1-194.4) 38.7 (33.7-45.1) <0.0012b<

PsO Psoriasis, PsO-MetS Psoriasis with metabolic syndrome, TUG-1 Taurine up-regulated gene, miRNA-377 microRNA-377, PPAR y Peroxisome Proliferator-Activated
Receptor Y, PAI-1 Plasminogen activator inhibitor-1, TGFS Transforming growth factor beta. All data presented as median and IQR (first quartile-third quartile). p <0.05
is significant

@ Comparison between PsO and PsO-MetS
b Comparison between PsO and Control

¢ Comparison between PsO-MetS and Control

miRNA-377 expression was significantly elevated in
PsO-MetS group when compared to that of PsO group
(p<0.001). Patients with either PsO or PsO-MetS had
significant elevation in miRNA-377 gene expression
compared to that of control group (p <0.001, Fig. 1b).

The gene expression of PPAR-y was analyzed as the
main target gene of lipogenesis and adipogenesis in the
studied individuals. Both of PSO and PSO-MetS groups
had significantly decreased PPAR-y gene expression
when compared to that of the normal group, (p <0.001).
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showing the levels TGFP and PAI-1 in the studied groups

Similarly, PPAR-y gene expression in PsO-MetS was
significantly decreased as compared to PSO group
(p=0.001) (Fig. 1c).

3.3 ELISA measurement of the plasminogen activator
inhibitor (PAI-1) and transforming growth factor
(TGF-B)

According to the results of the ELISA test, the serum

PAI-1 level of PsO-MetS is higher than that of the PSO

or control groups (p<0.001). A significant increased

level of PAI-1 was also detected in PsO compared to
the control group (p=0.001). In comparison to either
the PsO or control groups, there was a statistically sig-
nificant increase in TGE levels in the PsO-MetS group

(p<0.001). Additionally, PsO had higher levels of TGFf

than the control group (p<0.001) as shown in Table 2,

Fig. 1d.

3.4 Multivariate analysis

Principal component analysis classified the study subjects
into three main groups with a clear distinction between
PsO, PsO-MetS patients, and healthy controls, according

to multivariate analysis. Arrows were used to represent
the primary demographic and biochemical variables,
with lengthier arrows indicating significant impact on
separation. As demonstrated, miRNA-377, TGEpP, and
PAI-1 levels were related to an elevated risk of metabolic
syndrome in PsO patients, although TUG-1 and PPAR-y
levels were inversely correlated with that risk (Fig. 2a).

3.5 Correlation of psoriasis patients with clinical
characteristics

In order to investigate the probable deregulation expres-
sion of TUG1 and miRNA-377 that might be related to
the incidence of MetS among PsO patients, a correlation
analysis between PsO and clinical characteristics was
conducted. As shown in Fig. 2b, TUG-1 and PPARY tis-
sue gene expression were significantly correlated nega-
tively with PASI, blood glucose, insulin, HOMA-IR, BMI,
TG, Cholesterol, LDL, miRNA-377, PAI-1 and TGEp but
significantly correlated positively with HDL and with
each other (p<0.001).

Nevertheless, the expression of miRNA-377 had sig-
nificant positive correlations with blood glucose, insu-
lin, HOMA-IR, BMI, TG, Cholesterol, LDL-cholesterol,
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PAI-1, and TGEp, while it exhibited a significant nega- and LDL-cholesterol (p<0.001). Also, there was a posi-
tive correlation with HDL (p <0.001). It has been demon-  tive significant correlation between TGFp and PASI
strated that serum levels of TGFf and PAI-1 significantly In contrast, there were notable negative correlations
positively correlate with each other as well as with blood  between HDL-Cholesterol, and serum levels of PAI-1 and
glucose, insulin, HOMA-IR, BMI, TG, total cholesterol, TGFp (p<0.001).
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Table 3 Area under curve, 95% confidence interval, cut-offs and sensitivity- specificity obtained from ROC curve analysis

TUG-1 miRNA-377 PPARYy PAI-1(ng /mL) TGF (pg/mL)
AUC 0.898 0.924 0.714 0.876 0.794
Sensitivity % 85 85 80 75 95
Specificity % 100 95 65 100 65
Accuracy 0.85 0.8 045 0.75 0.6
Cut-off level <0.28 >58 <049 >493 >1284
95% Cl 0.809-0.954 0.842-0.971 0.602-0.809 0.784-0.939 0.689-0.876
p-Value <0.0001 <0.0001 0.0006 <0.0001 <0.0001
PPV % 100 94.4 69.6 100 73.1
NPV % 87 86.4 76.5 80 929

Confidence interval Cl; PPV Positive predictive value, NPV Negative predictive value

3.6 Receiver-operating characteristic curve analysis

In order to evaluate the diagnostic efficiency of TUG-
1, miRNA-377 and PPAR y and other potential markers
including serum levels of TGFP and PAI-1, AUC (Area
Under Curve) was measured for each. the results illus-
trated that the highest AUC for miRNA-377 as [(0.924,
95% CI 0.842-0.971, p-value<0.001)] followed by
TUG-1 [(0.898, 95% CI 0.809-0.954, p-value<0.001)],
PAI-1 [(0.876, 95% CI 0.784-0.939, p-value<0.001)],
TGEFp [(0.794, 95% CI 0.689-0.876, p-value <0.001], and,
PPAR vy [(0.714, 95% CI 0.602-0.809, p-value =0.0006)]
(Fig. 3a,b and Table 3).

4 Discussion

As previously mentioned, cytokines are released dur-
ing psoriasis, triggering an immune-mediated response
in the skin that causes excessive epidermal proliferation
and chronic skin inflammation [32]. Obviously, PsO and
the MetS have similar pathophysiology and outcomes as
well as a number of cardiovascular risk factors. Unfor-
tunately, for PsO-MetS, clinical care takes longer, costs
more, and has a greater death rate [33]. Given this, if par-
ticular metabolic risks could be identified in their early
stages, it would open up a window for positive outcome
[34]. Subsequently, this study was carried out to deter-
mine the role of TUG-1 and miRNA377 in the pathogen-
esis of PsO, as well as how their dysregulated expressions
affected the development of MetS in PsO patients.

The non-coding RNAs have recently been discovered
to be key participants in PsO through affecting keratino-
cyte activities and the dysregulation of inflammatory
responses in the damaged skin [35]. Correspondingly,
microRNAs have a significant role in the regulation of
gene expression and transcription, contributing to a vari-
ety of cellular metabolic processes as well as the onset
and progression of various skin diseases [36]. LncRNAs
play a role in the skin via controlling a variety of tar-
gets. TUGL and its target miRNA-377 are examples of

IncRNA-miRNA axes interaction. In the current work,
the expressions of LncRNA TUGL and its associated tar-
get miRNAs in PsO patients were investigated.

In the present study, the expression of TUG1 was
down-regulated in PsO and PsO-MetS patients com-
pared to the normal controls. TUG1 expression and PASI
were also found to be significantly negatively correlated.
This finding is in accordance with a study performed
by He et al., who reported that abnormal expression of
LncRNAs has been associated with psoriasis [37]. TUG1
was also found to be significantly downregulated in the
PsO-MetS group compared to the PsO group. Its signifi-
cant negative correlation with MetS components such
blood glucose, insulin, HOMA-IR, BMI, TG, Cholesterol,
and LDL and positive correlation with HDL may assist in
understanding why it is more downregulated in patients
with MetS. As expected, it is possible to deduce a con-
nection between metabolic disorders and TUG1 down-
regulation. Similar conclusions, including decreased
insulin synthesis and secretion, were confirmed by
other researchers who hypothesized that TUG1 may be
involved in the regulation of islet cell and visceral and
subcutaneous adipose tissues activities [38—40].

Moreover, in this study’s PsO and PsO-MetS patients,
miRNA-377 was significantly up-regulated in com-
parison to healthy controls. Our findings supported a
study by Abdelghaffar et al., who indicated that patients
with diabetic nephropathy had a statistically signifi-
cant higher percentage of miRNA-377 up-regulation
than the control group [41]. In this study, PsO-MetS
patients had miRNA-377 levels that were higher than
those in the PsO group. The prior finding was validated
by miRNA377 expression’s significant positive correla-
tions with blood glucose, insulin, HOMA-IR, BMI, TG,
cholesterol, and LDL-cholesterol, whereas it showed a
significant negative correlation with HDL. These results
could confirm those published by Wang et al. and
Abdelghaffar et al., who established that overexpression
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of miRNA-377 induces oxidative stress and has a signif-
icant positive correlation with LDL cholesterol, which
has been associated to vascular complications in dia-
betics [41, 42]. This shed light into miRNA-377’s role in
psoriasis pathogenesis by induction of oxidative stress
and its dysregulation linked to MetS. It is worth noting
that, this is the first study that documents an up-regula-
tion of miRNA377 in Egyptian patients with PsO.

Importantly, the inflammatory response is controlled by
PPARs, which are ligand-dependent transcription factors
that are activated by fatty acids and their derivatives. Pso-
riasis has altered PPAR-y expression, which affects lipid
and glucose metabolism as well as the disease’s systemic
inflammation [43]. Regarding PPAR-y gene expression,
the present research found a significant down-regulation
in both PsO and PsO-MetS groups compared to healthy
controls. Besides, we detected a significant negative cor-
relation between the PPAR-y expression and PASI score
which suggests that PPAR-y plays a role in the severity of
psoriasis. The previous results may agree with those of
Westergaard et al. and Mittal et al., who identified that
PPAR-y expression was diminished in psoriatic plaques,
indicating that irregular activation of PPAR-y driven
intra-cellular pathway can contribute to skin-damag-
ing immune-inflammatory response seen in this disor-
der. Therefore, the symptoms of psoriatic patients who
received PPAR-y agonists were improved [44, 45].

In this study, there was a significant downregulation
in PPAR-y gene expression in PsO-MetS compared to
PsO group. In agreement with SAYED and HALIM, who
stated that PPAR-y levels showed significantly lower lev-
els among PsO-MetS patients when compared to PsO
patients [46]. The down-regulation of PPAR- y in psoria-
sis patients with MetS could be explained due to inflam-
matory cytokines, such as TNF-«, which are highly raised
in the skin and blood of psoriatic patients, play a crucial
role in the activation of T cells, encourage angiogenesis,
and cause epidermal hyperproliferation [47]. TNF-« is
also linked to the persistent inflammation that is present
in obesity and has a role in the insulin resistance that is
present in MetS [48]. Psoriasis is an example of a Th-1
inflammatory disorder, and chronic Th-1 inflammation
has a role in the pathogenesis of obesity, MetS, diabe-
tes, atherosclerosis, and myocardial infarction [49]. The
anti-inflammatory characteristics of PPAR-y allow it to
regulate inflammatory responses by blocking nuclear
factor-kB and activating protein, as well as by inhibit-
ing the generation of interleukin-2 and TNF a—by T
cells [50]. There is a link between the downregulation of
PPAR-y and the immunological contexts involved in the
development of both disorders since PPAR-y overexpres-
sion requires the existence of a T-helper (Th)-2 cytokine
profile and downregulation of (Th)-1 response [51]. This
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indicates an additional effect of PPAR-y downregulation
on the pathogenesis of both diseases by inducing uncon-
trolled inflammation.

One perspective of this finding is that IncRNA TUG1
regulated the expression of miRNA-377, which in turn
controlled the expression of PPAR-y. For that reason,
it can be assumed that down-regulation of TUG-1
associated with both of up-regulation of miRNA-377
and down-regulation PPAR-y may contribute to the
inflammatory cascade responses and chronicity that
characterize psoriasis. The present study showed that
dysregulation of MetS components were correlated
with the dysregulation of these parameters expression,
indicating a related connection between psoriasis and
MetS. As a result one can suggest that TUG-1, miRNA-
377 and PPAR-y should be included among the factors
suspected of being connected to pathophysiology of
PsO-MetS.

The MetS is characterized by an increased level of
particular inflammatory mediators such as PAI-1,
which are similar to the mediators produced by the
chronic systemic Thl lymphocyte-mediated inflamma-
tion that is diagnostic of PsO [52]. The current study
revealed that PsO-MetS has significantly higher serum
levels of PAI-1 than PsO provides, and that both PsO
and PsO-MetS patients have elevated serum levels of
PAI-1 when compared to controls. This was in line with
the results of Teixeira et al., who noticed a significant
correlation between MetS and PAI-1, which was higher
in MetS patients [53]. The elevation in PAI-1 levels in
the blood is expected among PsO-MetS patients since
PsO may further induce insulin resistance, glucose
and lipid metabolism abnormalities, and vascular dys-
function, resulting in the corresponding effects [54].
For that reason, TNF-a increases the levels of PAI-1,
which prevents tissue-type plasminogen activator from
activating, leading to impaired fibrinolysis and uncon-
trolled clotting [55]. Remarkably, significant and posi-
tive correlations between MetS components and PAI-1
had also been reported in this study. These correla-
tions could confirm the previous results. Higher lev-
els of PAI-1 may work in concert with other factors to
increase the immune inflammatory response in psoria-
sis and/or the presence of MetS [56].

Transforming growth factor-p (TGEF-P) secretion and
function dysregulation has been associated with a vari-
ety of skin diseases, including psoriasis, complications
with wound healing, the formation of hypertrophic scars,
and skin cancer [57]. The data revealed that PsO-MetS
group has a significant enrichment in TGF-$ level of
skin lesions compared to those of PsO and control due
to proinflammatory cytokines activation. Similar obser-
vation were reported by Meki et al. who illustrated that
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TGF-B serum content in patients with PsO was signifi-
cantly higher compared to that in controls [58]. It has
been demonstrated that serum TGEF-f levels significantly
correspond with the metabolic components during the
development of psoriasis.

5 Conclusion

Taken together, our study results firstly reveal the criti-
cal impact of the interaction between IncRNA TUG1 and
miRNA-377 on the PsO-MetS group. Previous study pos-
tulated that IncRNA TUG]I functioned as an endogenous
sponge of miRNA-377, lowering its expression levels
[16]. This study demonstrates a possibly novel regulatory
mechanism of TUG-1 down-regulation in PsO-MetS
patients that increased miRNA-377 expression; where
miRNA-377 inhibit its target gene PPAR-y and thereby
raise TGF-pB and PAI-1 levels highlighting their critical
contribution to the immunological imbalance and skin
lesions caused by proinflammatory and metabolic fac-
tors in psoriasis (Additional file 1). In addition, our ROC
curve analysis also indicated that dysregulation of TUG-
1, miRNA-377, PPAR-y, TGF-P and PAI-1 could predict
MetS with a relatively high sensitivity and specificity. As
a conclusion, it is possible to recommend that the desreg-
ulated parameters TUG-1 and miRNA-377 have a role in
the pathogenesis of PsO disease and this could increase
the risk of developing MetS in psoriasis patients via act-
ing on PPAR y, TGEP and PAI-1.
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