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Parkinson’s disease (PD) has been shown to affect approximately 1% of the persons aged
more than 65 years. This multifactorial disorder has been associated with abnormal
function of NF-xB signals. In this research, we have evaluated expressions of NF-kB-
related long non-coding RNAs in the circulation of PD patients compared with healthy
controls. Expression of PACER was lower in total PD patients compared with healthy
persons (Ratio of mean expressions (RME)=0.32, P value<0.001). This pattern was also
evident among males (RME=0.25, P value<0.001). Expression of DILC was higher in total
PD patients (RME=4.07, P value<0.001), and in both sex-based subgroups (RME=3.77,
P value=0.01 and RME=4.25, P value<0.001, for females and males, respectively).
Similarly, CEBPA was significantly over-expressed in total PD patients (RME=14.76,
P value<0.001), and in both sex-based subgroups (RME=12.42, P value<0.001 and
RME=15.80, P value<0.001, for females and males, respectively). ATG5 had a similar
expression pattern (RME=2.6, P value=1E-08, RME=1.73, P value=0.03 and RME=3.09,
P value=1E-07, for total cases, females and males, respectively). H19 was up-regulated in
total cases and male cases compared with corresponding controls (RME=2.19,
P value<0.001, RME=2.68, P value=0.01, respectively). Finally, HNFAT-AS was down-
regulated in all comparisons (RME=0.10, P value=2E-06, RME=0.08, P value<0.001 and
RME=0.12, P value<0.001, for total cases, females and males, respectively). Among PD
patients, expressions of NKILA and ADINR were robustly correlated with each other
(r=0.75, P value=2.40E-10). In addition, expression levels of DICER1-AS were significantly
correlated with those of ADINR, PACER and H19 in these patients (r=0.73,
P value=1.76E-9; r=0.72, P value=5.15E-09 and r=0.72, P value=3.09E-09,
respectively). Correlation analyses among healthy controls revealed robust correlations
between CHAST and CEBPA (r=0.84, P value=3.09E-09), NKILA and ADINR (r=0.80,
P value=4.24E-12) as well as between DILC and CHAST (r=0.76, P value=1.70E-10).
CEBPA had the best parameters among all assessed genes (AUC=0.96, Sensitivity=0.90
and specificity=0.97). DILC and ATG5 were the most appropriate markers after CEBPA
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with AUC values of 0.82 and 0.80, respectively. Most notably, combination of all genes
improved AUC, sensitivity and specificity parameters to 1, 0.97 and 0.99, respectively.
Cumulatively, the current study provides evidence for participation of NF-kB-related
INcRNAs in the pathoetiology of PD.

Keywords: Parkinson’s disease, IncRNA, NF-xB, expression, biomarker

INTRODUCTION

As the second most prevalent neurodegenerative disease,
Parkinson’s disease (PD) has been shown to affect
approximately 1% of the persons aged more than 65 years (1).
From a neuropathological point of view, PD is associated with o-
synuclein-comprising Lewy body and defects in dopaminergic
neurons of substantia nigra which result in reduction of speed of
voluntary movements (1). Although the main pathoetiology of
PD is not clear, inflammation-related oxidative stress and
cytokine-associated neurotoxic events have been shown to be
involved in the stimulation of degradation of dopaminergic
neurons (2, 3). Nuclear factor-xB (NF-«xB) has been
demonstrated to regulate activity of inflammatory intermediates
in the course of inflammation. This transcription factors is
expressed in microglia, neurons, and astrocytes in the central
nervous system and contribute in the neurodegenerative process
in PD (2). A previous study has shown significant increase in the
percentage of dopaminergic neurons expressing NF-xB in their
nuclei in PD patients compared with controls. Notably, there has
been a possible association between the nuclear immunoreactivity
for NF-xB in neurons of mesencephalon of these individuals and
presence of oxidative stress in these neurons (4). Therapeutic
intervention with NF-«B signaling has been suggested as a new
strategy for management of inflammatory response triggered in
the course of PD. In fact, agents that inhibit IKKf or IKKy have
been shown to suppress neurodegeneration of dopaminergic
neurons in animal models of PD (5). Thus, identification the
regulatory mechanisms for modulation of NF-xB signaling in PD
is an important issue for implementation of appropriate
treatments for this disorder. Recent studies have revealed
interactions between this signaling pathway and several of non-
coding RNAs (6). These transcripts, particularly long non-coding
RNAs (IncRNAs) have been suggested to participate in the
pathophysiology of neuropsychiatric disorders, such as
schizophrenia (7). In the current project, we compared
expression levels of NF-xB-related IncRNAs and mRNAs,
namely CEBPA, ATGS5, PACER, DILC, NKILA, ADINR,
DICERI-AS1, HNFIA-AS1, CHAST and H19 in the circulation
of PD patients versus healthy individuals to appraise their possible
application as disease markers.

MATERIALS AND METHODS

Patient and Controls
The current research was performed using the blood samples
gathered from 50 cases of PD (14 females and 36 males) and 50

healthy individuals (15 females and 35 males). PD cases were
recruited during January 2020-April 2021 from Farshchian
hospital, Hamadan, Iran. PD cases were diagnosed based on
criteria suggested by the International Parkinson and Movement
Disorder Society (8). None of cases or controls had current or
chronic infection, malignant conditions or any systemic
disorders. Individuals recruited as controls had no personal or
family history of any neuropsychiatric disorder. The study
protocol was confirmed by ethical committee of Shahid
Beheshti University of Medical Sciences. All PD patients and
controls signed the informed consent forms.

Expression Assays

A total of 3 mL of peripheral blood was gathered from PD cases
and healthy controls in EDTA-blood collection tubes. Total RNA
was extracted from these specimens using GeneAll extraction kit
(Seoul, South Korea). Then, cDNA was produced from
approximately 75 ng of RNA using BioFact " kit (Seoul, South
Korea). The Ampliqon real time PCR master mix (Denmark)
was used for making reactions. Tests were executed in
StepOnePlusTM RealTime PCR System (Applied Biosystems,
Foster city, CA, USA). Table 1 demonstrates primers
sequences. PCR program consisted of a primary activation
stage for 5 minutes at 94°C, and 40 cycles at 94°C for 15
seconds and 60°C for 45 seconds.

Statistical Methods

Relative amounts of CEBPA, ATG5, PACER, DILC, NKILA,
ADINR, DICERI-AS1, HNF1A-ASI, CHAST and HI19 were
quantified in all samples relative to amounts of B2M transcripts.
The Ln [Efficiency”ACT] formula was used for calculation of
expression levels. Data was analyzed using R programming
language and Rstan, ggplot 2 and non-parametric quantile
regression packages. Mean values were compared between PD
patients and healthy subjects using t-test. Spearman correlation
coefficient was calculated to evaluate correlations between
expressions of CEBPA, ATG5, PACER, DILC, NKILA, ADINR,
DICERI1-AS1, HNFIA-AS1, CHAST and HI9 genes. Receiver
operating characteristic curves were plotted using and values for
area under these curves (AUC) were measured.

RESULTS

Table 2 shows the demographic data of PD patients and
control subjects.

Figure 1 shows the minimum values, the first quartiles, the
medians, the third quartiles, and the maximum values of relative
expressions of genes in the formats of box-and-whisker plots.
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TABLE 1 | Primer sequences.

Gene Primer sequence Product size (bp)

CEBPA Forward ACTTGGTGCGTCTAAGATGAGG 144
Reverse CATTGGAGCGGTGAGTTTGC

ATG5 Forward TTCGAGATGTGTGGTTTGGAC 134
Reverse CACTTTGTCAGTTACCAACGTCA

PACER Forward TGGTCCTAAGCAGTTACCCTGTA 177
Reverse ACCAAAATAATCCACGCATCAGG

DILC Forward GGAAAGGAGAGAAGAATGG 144
Reverse GTAAGATGTGGTTGTCGG

NKILA Forward AACCACTATCATTTTATTTTCCATT 100
Reverse CAAAGCAATTCTCCTTTCCTA

ADINR Forward TGGATGTGCTGTGATGAAGAGAAG 91
Reverse CCATAACACCTCCGCAGACAAATC

DICER1-AS1 Forward CCCAGCCTGCTTCCTGTTTTAAC 126
Reverse TTCTCTCCCATCTTCACCTTCTCC

HNF1A-AST Forward CCAGCCTGACCTCTCCATTCC 158
Reverse GCCGAACTGACATCACTGAACAC

CHAST Forward GCAGAGGGTGCCAACTTGTA 109
Reverse TCTCAGGGAAATCAGATTGCGG

H19 Forward TGCTGCACTTTACAACCACTG 105
Reverse ATGGTGTCTTTGATGTTGGGC

BaM Forward AGATGAGTATGCCTGCCGTG 104
Reverse CGGCATCTTCAAACCTCCA

TABLE 2 | Demographic and clinical profiles of PD patients and healthy controls [The Mini-Mental State Examination (MMSE), Unified Parkinson’s Disease Rating Scale

(UPDRS)].
Parameters Groups Values
Sex (number) Male 37
Female 13
Age [Years, mean + SD (range)] Male 69.64 + 10.59 (47-89)
Female 66.46 + 12.6 (38-85)
Duration [Years, mean + SD (range)] Male 3.18 £ 3.65 (1-12)
Female 5.38 £ 9.76 (1-36)
MMSE [mean + SD (range)] Male 22.84 +3.032 (17-29)
Female 23.08 + 2.499 (19-26)
UPDRS [mean + SD (range)] Male 238.92 + 7.418 (13-41)
Female 26.31 + 9.437 (16-42)
Hoehn & Yahr stage (number) | Male 8
Female 3
Il Male 18
Female 5
Il Male 11
Female 5
Drug administration (number) L-DOPA 46
Bromocriptine, Amantadine, Quetiapine 4

Expression of PACER was lower in total PD patients compared
with controls (Ratio of mean expressions (RME)=0.32, P
value<0.001). This pattern was also evident among males
(RME=0.25, P value<0.001). Expression of DILC was higher in
total PD patients (RME=4.07, P value<0.001), and in both sex-based
subgroups (RME=3.77, P value=0.01 and RME=4.25, P value<0.001,
for females and males, respectively). Similarly, CEBPA was
significantly over-expressed in total PD patients (RME=14.76,
P value<0.001), and in both sex-based subgroups (RME=12.42,
P value<0.001 and RME=15.80, P value<0.001, for females and
males, respectively). ATG5 had a similar expression pattern
(RME=2.6, P value=1E-08, RME=1.73, P value=0.03 and
RME=3.09, P value=1E-07, for total cases, females and males,

respectively). H19 was up-regulated in total cases and male cases
compared with corresponding controls (RME=2.19, P value<0.001,
RME=2.68, P value=0.01, respectively). Finally, HNFAI-AS was
down-regulated in all comparisons (RME=0.10, P value=2E-06,
RME=0.08, P value<0.001 and RME=0.12, P value<0.001, for total
cases, females and males, respectively). Expression levels of other
genes were not different between PD patients and controls (Table 3).

Among PD patients, expressions of NKILA and ADINR were
robustly correlated with each other (r=0.75, P value=2.40E-10).
In addition, expression levels of DICER1-AS were significantly
correlated with those of ADINR, PACER and H19 in these
patients (r=0.73, P value=1.76E-9; r=0.72, P value=5.15E-09
and r=0.72, P value=3.09E-09, respectively) (Figure 2).
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FIGURE 1 | (A-J) Box-and-whisker plots showing the minimum values, the first quartiles, the medians, the third quartiles, and the maximum values of relative expressions of genes in PD cases and controls based
on their gender (Red and blue plots show respective values among females and males, respectively).

‘[ 19 pIe--Unofeyn

9Se8SI(] S,UoSUBEd Ul SYNHOU|


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Ghafouri-Fard et al. INcRNAs in Parkinson’s Disease

— N © o N~ 0
— o~ N 0 0 ©
O v« < o o o
o 6 ® Parkinson Patients
P — < <
& I8y x dv9 A AT REER R AR
SR
[75] a1 re02 r=-008 re03 =012 =001
< () <o = émﬂhg prartaa | oo 126001 | po7 et | p-s5secss | o sz0ecar | p-ssse-on
% 2| oo« 2 - oo :
T OO0 Ogx® RS o || o | o | s | o | s
w !> cococw> o o o S | po 14502 || - 240w | - aseecs | 5 a0bett | 5-a20ec | o200
—~ O a On
2 wl ocno® BN e 00 T 8
L s | ~Y@ E B3R
g E| Yaw 2 S3So e
8 ot oo | i | o
c - M — 0 O
@ w ™0 ® w <~ NS »
g w228 W O I53 Hl i G
Q
o |1 o5 18 AN
O o - - = - v T T
& X o " s | om
8 8 8 g ﬁ °\° % B 8 = 248601  p- 186003
2 v 8 Yo 3
o by H Jesmes
£ 7] H e
S | = (] < Q0
= 7] = D1 © -
© g 5  §32<LF 988 §
S T > coowk > Wo o 5
I w N
§ O a L2 e
IS I
= w A — < w O 0 o
o
) E oo E 52535 FIGURE 2 | Correlation matrix for illustration of correlation between expression
© © o © < o levels of NF-kB-related IncRNAs among PD patients (The distribution of
HEJ % g g g I.‘;,J g - 'C\) expression levels of each INCRNA in PD patients is shown on the diagonal.
o Bivariate scatter plots are shown on the bottom of the diagonal. R and P values
P — ™M — .
<) 5 & o © % [te} v': are shown on the top of the diagonal).
= S —_ -~
[0}
o
° N N DO
5] B~ X 58
3 -] g o > )
c AR o © o -
£ ° ° Correlation analyses among healthy controls revealed robust
- =1 n s Q M~ .
o é s PR 3 g 89 correlations between CHAST and CEBPA (r=0.84, P
= o o o o
21z a <a T - value=3.09E-09), NKILA and ADINR (r=0.80, P value=4.24E-
€ W5y ¥ opg 12) as well as between DILC and CHAST (r=0.76, P value=1.70E-
o 2N M ;o= . . . .
S € o-o & Y=o 10). Figure 3 illustrates correlation matrix for healthy controls.
C . . .
S w 3L L N8N Then, we depicted ROC curves for assessment of diagnostic
2 7] : : 5SS . e . . .
5 ©er-e ® o©coo power of these genes using three distinctive models with Bayesian
© D O N o w o . . .
g 5|89 ® 200 GLM showing the best values (Figure 4A). Subsequently, this
a [SURGINaY —_ — o« . .
a o o .
T 2 oo O Lo model was used for plotting ROC curves for all genes (Figure 4B)
? S| longn § o0
g - O ~ o o T o
D
o o
ﬁ Ol 2| o-0oo 2 o o =
2/ 28 9998 9UO
ol | occocxT> o oo
§ o o Healthy Controls
= w w r=027 re07s re0ss re0ss re074 r-038 re-013 re062 reo21
g g 5 r,: g g 93_ g_ % § Eﬂh B s s B M) s i Pt B Mo i B
g r| << T A~ Al -
@ = e for N N ) N
g e > o < LJK o | o7 | e | 5| o5 [ o5 [
g W oooen w oS .
5 ©cooe ® ocoo i / . it o ina o o o | i | e | e
I 0 o O — N
c _ oo RO =
5 N © - N ; sun, | esuse | s ]| s | vosuss | 50m
2 O| oo _ A H= peigress | p-saecs | p-7e005 | p-1ouce | p-ssrace | pssoets
g ﬂ\a AN O O © M © O .‘ e
e BIY83 = 883 80" e | | e | |
Q [SINe) g o~ O &
O ' ) V o T ' T /
Slea| o r o L R I
- w 3|l or—-—o0oZ 3 0 o - =
9 (8] © S m O a o ~ ~ % A ony | ros | o
© E > | cocc@> S S o E > oo | o tecs | p-sress
3 o o .
] W aro W o« o ¢ e i Lo ot
» = @0 A = @ @ -
5 o o oo o - - - H . r0z
£ : i
E w BE8 o T8 :
ISl 7 ) N © w v - v g
5 cdoc W o+~o g
[oX
—= » 0 e
< ] ]
(6] - o 10 W - o v v
= o nr-om Q. nr- o
k%) XSS s S S
3 g - 8%8 % 5 838 FIGURE 3 | Correlation matrix for illustration of correlation between
2 % .E g .E expression levels of NF-kB-related INcRNAs among controls (The distribution
() 5 8 5 8 of expression levels of each INcRNA in controls is shown on the diagonal.
% -g ? = -E ) = Bivariate scatter plots are shown on the bottom of the diagonal. R and P
1] - [ "
S © S values are shown on the top of the diagonal).
I‘E 2/ 8 Rfus Z288uLs P gonal)

Frontiers in Immunology | www.frontiersin.org 5 October 2021 | Volume 12 | Article 755246


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Ghafouri-Fard et al.

INcRNAs in Parkinson’s Disease

case vs control

0.75

name

— bayesgim
— gim

— ida

sensitivity
o
n
8

BayesGLM AUC = 1.00
GLM AUC =0.99
LDAAUC = 1.00

0.00 025 050 075 1.00

1 - specificity

genes in PD using Bayesian GLM (B).

case vs control

name
PACER
—— DILC
— NKILA
— CHAST
— CEBPA

0.75

PACER AUC =067
DILC AUC =0.82
NKILA AUC =0.63
CHAST AUC =061
CEBPA AUC = 0.96
ADINR AUC =0.54
H1SAUC=0.73
ATGS AUC =0.80
HNF1A AS1 AUC =0.75
DICER1.AS1 AUC = 0.61

sensitivity
o
8

—— ADINR

— H19

— ATGS

—— HNF1AAS1
—— DICER1.AS1

0.25

0.00 025 0.50 075 1.00

1 - specificity

FIGURE 4 | ROC curves for assessment of diagnostic power of these genes using three distinctive models (A). Assessment of diagnostic values of NF-«xB-related

CEBPA had the best parameters among all assessed genes
(AUC=0.96, Sensitivity=0.90 and specificity=0.97). DILC and
ATGS5 were the most appropriate markers after CEBPA with
AUC values of 0.82 and 0.80, respectively. Most notably,
combination of all genes improved AUC, sensitivity and
specificity values to 1, 0.97 and 0.99, respectively (Table 4).

DISCUSSION

NF-kB comprise a group of transcription factors that through
regulation of inflammation and apoptosis contribute in the
programming of systemic ageing in the central nervous system
and pathobiology of the neurodegenerative disease PD (9). NF-kB-
associated genes partake in the regulation of the cellular levels of
reactive oxygen species in the cell (10, 11). Moreover, through
regulating autophagic processes, NF-kB acts as an important
modulator of clearance of protein aggregates (12). Notably, NF-
KB has been shown to be activated in microglia upon their exposure
to lipopolysaccharide. Activation of this nuclear factor enhances
expression of proinflammatory genes as well as proteolytic enzymes
(13). Based on the structure of NF-xB dimers, this pathway might
exert either protective or harmful effects. To be more precise, p50/
RelA and c-Rel-containing dimers have pro-apoptotic and
neuroprotective effects, respectively (14, 15). In the current
investigation, we compared expression levels of a number of NF-
KB-related IncRNAs and mRNAs in the circulation of PD patients
versus healthy controls. Expression of PACER was lower in total PD
patients compared with controls. This pattern was also evident
among males. Moreover, HNFAI-AS was down-regulated in all
comparisons. We have recently reported down-regulation of
PACER, while up-regulation of HNFAI-AS in patients with
schizophrenia compared with normal individuals (7), indicating
distinctive roles of these IncRNAs in these two neuropsychiatric
conditions. PACER is an IncRNA whose expression is induced by
cyclooxygenase-2. This IncRNA has a functional association with
P50, a suppressive subunit of NF-xB, and obstructs it from the

promoter of the cyclooxygenase-2 gene, thus enhancing the
interplay with activating NF-xB p65/p50 dimers (16). HNFIA-
ASI is a natural antisense RNA for HNFIA (17) whose expression
is increased by HNF1A (18). NF-xB via affecting expression of
TNF-o0 decreases levels of HNF1A (19), thus it is expected to
decrease expression of HNFIA-ASI. Therefore, the reduced levels
of HNFIA-ASI in PD patients might be explained by higher activity
of NF-«B signaling in these patients.

Expression of DILC was higher in total PD patients, and in
both sex-based subgroups. This IncRNA has been shown to
inhibit the autocrine IL-6/STAT3 axis (20). STAT3 has a
possible impact in the pathogenesis of PD, since the PD gene,
DJ-1 has been shown to regulate astrogliosis via this factor (21).
Moreover, STAT3 can trigger production of neurotoxic proteins
by microglia (22). The observed up-regulation of DILC in PD
patients can be a compensatory response to attenuate the
harmful effects of IL-6/STAT3 axis in these patients.

Similarly, CEBPA was significantly over-expressed in total PD
patients, and in both sex-based subgroups. CEBPA has been
among genes of interest for PD recognized by “guilt-by-
association” with the known PD-associated genes (23). CEBPA
has also been reported to interact with the promoter region of
leptin coding gene and regulate its expression. Leptin can be
easily transported to the brain and interact with its receptors in
neurons to influence neurodevelopment (24).

ATGS5 had a similar high expression pattern in both sex-based
subgroups of PD patients. Over-expression of ATG5 has been
shown to protect dopaminergic neurons in an animal model of
PD (25). Thus, upregulation of this gene in PD patients might be a
compensatory response to attenuate neuron loss in these patients.

Finally, HI9 was up-regulated in total cases and male cases
compared with corresponding controls. This IncRNA reduces
dopaminergic neuron loss in PD through modulation of Wnt/f-
catenin signaling (26). Moreover, it decreases apoptosis in MPTP-
associated PD via modulation of miR-585-3p/PIK3R3 axis (27).

Among PD patients, expressions of NKILA and ADINR were
robustly correlated with each other. In addition, expression levels
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TABLE 4 | Statistical parameters of ROC curve analyses.

0.66

of DICERI-AS were significantly correlated with those of ADINR,
PACER and HI9 in these patients. Correlation analyses among
healthy controls revealed robust correlations between CHAST and
CEBPA, NKILA and ADINR as well as between DILC and CHAST.
Thus, the pattern and robustness of correlations were affected by
the presence of PD, except for NKILA and ADINR genes which
were robustly correlated in both groups of study participants.

CEBPA had the best parameters among all assessed genes
(AUC=0.96, Sensitivity=0.90 and specificity=0.97). DILC and
ATGS5 were the most appropriate markers after CEBPA with
AUC values of 0.82 and 0.80, respectively. Most notably,
combination of all genes improved AUC, sensitivity and
specificity values to 1, 0.97 and 0.99, respectively. Therefore,
this study provides clues for design of a panel of genes for
diagnosis of PD or follow-up of patients. Assessment of
expression profile of these genes during different stages of
development of PD as well as in drug-naive patients would
help in identification of biomarker role of these genes.

Cumulatively, the current study provides evidence for
participation of NF-kB-related IncRNAs in the pathoetiology of
PD. Modulation of immune responses and apoptotic pathways are
the most probable mechanisms of participation of these IncRNAs
in the pathoetiology of PD. We recommend conduction of
functional studies for appraisal of the mechanisms of
involvement of these genes in the pathogenesis of PD.

Our study has some limitations. First, we did not include a
group of drug-naive patients to apprise expression of these genes
in them. Second, we did not perform in vitro or ex vivo studies to
unravel the mechanism of involvement of these genes in the
pathogenesis of PD.

Future studies are needed to assess expression levels of NF-xB-
related IncRNAs in larger cohorts of PD patients to verify their
diagnostic impact. Moreover, the effect of modification of their
expression on the course of PD should be assessed in animal models
of PD in roder to find novel therapeutic options for this disorder.
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