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Background and purpose – Long noncod-
ing RNAs (lncRNAs) are highly expressed in 
the brain and alterations in their levels have 
been shown in many neurodegenerative 
disorders. Evidence has shown that lncRNAs 
play role in the onset and progression 
of Parkinson’s disease (PD) and it can be 
used as a potential therapeutic target. Our 
purpose was to detect whether the serum 
levels of four candidate lncRNAs H19, GAS5, 
HAR1B and LINC01783 are related with the 
clinical findings and treatment of PD or not. 
Methods – 83 patients and 50 healthy 
controls were included in this study. We 
assessed how severe the disease is, by using 
Hoehn Yahr (HY) staging and Unified PD 
rating scale (UPDRS). Venous blood samples 
were taken from the participants. Serum 
samples were centrifuged and stored at 
-80°C until analysis. Expression levels of
these lncRNAs were analyzed by a real-time
PCR instrument after RNA isolation and com-
plementary DNA synthesis in the laboratory.
Results – There was no significant difference
between PD patients and healthy controls in
these lncRNAs’ serum levels. Just as socio-
demographic characteristics, also onset
type and right or left predominance of the
disease, its duration and treatment did not
differ in lncRNA levels. Solely, there was a sig-
nificant negative correlation between GAS5
and HY and UPDRS scores. Patients with
family history of PD had significantly higher
levels of LINC01783.
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Háttér és cél – A hosszú nem kódoló RNS-ek 
(lncRNS-ek) nagymértékben kifejeződnek 
az agyban, és szintjük változását számos 
neurodegeneratív betegségben kimutatták. 
Bizonyított, hogy az lncRNS-ek szerepet ját-
szanak a Parkinson-kór (PD) kialakulásában 
és progressziójában, és potenciális terápiás 
célpontként használhatók. Célunk annak 
kimutatása volt, hogy a négy lncRNS, a H19, 
a GAS5, a HAR1B és a LINC01783 szérum-
szintje összefügg-e a Parkinson-kór klinikai 
tüneteivel és kezelésével, vagy sem. 
Módszerek – A vizsgálatba 83 beteget és 50 
egészséges kontrollt vontunk be. A betegség 
súlyosságát a Hoehn–Yahr- (HY-) stádium-
beosztás és az egységes PD minősítési skála 
(UPDRS) segítségével vizsgáltuk. A résztve-
vőktől vénás vérmintát vettünk. A szérum-
mintákat centrifugáltuk és –80 °C-on tároltuk 
az elemzésig. Az lncRNS-ek expressziós 
szintjét valós idejű PCR-rel elemeztük az 
RNS izolálása és a laboratóriumban végzett 
komplementer DNS-szintézis után.
Eredmények – Nem volt szignifikáns kü
lönbség a Parkinson-kóros betegek és az 
egészséges kontrollok között ezeknek az 
lncRNS-eknek a szérumszintjében. A szocio- 
demográfiai jellemzőkhöz hasonlóan a be
tegségkezdet típusa, jobb vagy bal oldali 
túlsúlya, fennállásának időtartama és ke
zelése sem különbözött az lncRNS-szintek 
alapján. Egyedül a GAS5 és a HY, valamint az 
UPDRS-pontszámok között volt szignifikáns 
negatív korreláció. A családi anamnézisben 
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Parkinson’s disease (PD) is the second most common
progressive neurodegenerative movement disorder 

after Alzheimer’s disease (AD) in the world. It is clinical-
ly characterized by bradykinesia, rigidity, resting tremor 
and postural instability. In addition to these motor symp-
toms, non-motor symptoms such as cognitive, psychiat-
ric, sleep and autonomic nervous system dysfunctions are 
also frequently observed. PD affects approximately 2-3% 
of people over the age of 65. The prevalence is predicted 
as to be nearly double in the following 30 years when 
the aging population is considered especially to be at the 
point of the extended life expectancy1. Therefore, PD 
represents a heavy burden on patients and their families 
and also economic burden on society, so that more effec-
tive treatments are urgently required. 

The dominant pathological features in PD are progres-
sive loss of dopamine-producing neurons in the substan-
tia nigra pars compacta (SNpc) and abnormal deposition 
of the α-synuclein, Lewy bodies and other proteins2. 
Studies have identified a variety of molecular mecha-
nisms involved in PD pathogenesis, including abnormal 
ubiquitin-proteasome system function, mitochondrial 
dysfunction, oxidative stress, dysfunction of calcium 
homeostasis and synaptic transmission, and neuroinflam-
mation. The combined action of these mechanisms caus-
es toxic effects, autophagy and apoptosis of dopaminer-
gic neurons in the SNpc2, 3. In recent years, long noncod-
ing RNAs (lncRNAs) have gained more importance in 
studies of PD pathogenesis3–13. lncRNAs are a class of 
noncoding RNAs that consists more than 200 nucleotides 
in length and represents one of the largest fractions in 
the human genome. Studies have shown that lncRNAs 
interact with DNA, RNA and protein molecules to regu-
late gene expression at the epigenetic, transcriptional and 
posttranscriptional levels in cellular homeostasis3. lnc
RNAs are highly expressed in various parts of the central 
nervous system (CNS) and alterations in their levels have 
been shown in many neurodegenerative disorders such as 
AD, PD, Huntington’s disease, amyotrophic lateral scle-
rosis and stroke14–16. Accumulating evidence has shown 
that lncRNAs play role in the onset and progression of 

PD and they can be used as a potential therapeutic target 
for the disease. Somewhat abnormal expression levels of 
these lncRNAs were detected in the samples of brain tis-
sue, cerebrospinal fluid (CSF), blood and even saliva15. 
Serum samples, easily accessible by minor invasive pro-
cedures, offer the possibility of a cheap, fast and quick 
way in the experimental studies of lncRNAs.

Soreq et al. in 2014, for the first time, utilized a whole-
transcriptome RNA sequencing to determine all the tran-
scripts that code proteins in leukocytes and lncRNAs in 
PD patients and controls. 13 of lncRNAs showed differ-
entiated levels of expression in PD4. It is so clear that 
the number of lncRNAs reported in PD has significantly 
increased in recent years4–8, 10, 12. We downloaded the ex-
perimentally validated disease-to-lncRNA associations 
according to the lncRNADisease 2.0 database and about 
27 of lncRNAs were specifically linked to PD14. When 
reviewed literature, we decided to select and analyze four 
of these lncRNAs; H19, GAS5, HAR1B and LINC01783 
(Gene ID: 100132147, ENST00000415386) which have 
been implicated in PD. lncRNA H19 is seen to be associ-
ated with PD pathogenesis and progression. It is reported 
to be protective against apoptosis9, 11. lncRNA GAS5 has 
also been shown to be associated with inflammatory re-
sponses13. So GAS5, HAR1B and LINC01783 are abun-
dant and expressed in brain samples6. In this study, we 
aimed to analyze serum expression levels of these four 
lncRNAs in patients with PD and to search whether those 
are associated with motor, non-motor symptoms, treat-
ment and prognosis of the disease.

Materials and methods

Participants

83 PD patients who were followed up in outpatient clinic 
and 50 healthy controls, matched for age and gender, 
were included in the study. All participants agreed and 
signed a written informed consent before enrollment. The 
controls were recruited among the patients’ spouses or 
individuals who wanted to participate in the study. The 
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participants ranged from 40 to 80 years in age and have 
at least five years of education.

Patients were diagnosed as having PD based on the 
Movement Disorder Society Clinical Diagnostic Crite-
ria and regularly followed up by the same experienced 
neurologist17. The patients have had this diagnosis for at 
least two years and have been taking antiparkinsonian 
treatment regularly for the last six months. Demographic 
information, clinical findings and scales were recorded 
in the databank at each follow-up. Data collection in-
cluded demographic and clinical information such as 
age, gender, years of education, duration of disease and 
treatment, family history of PD and levodopa equivalent 
daily dose (LEDD, mg/day)18. Exclusion criteria were as 
follows: (1) presence of other neurological disorder; (2) 
to be diagnosed with diabetes mellitus, coronary heart 
disease, ischemic or hemorrhagic stroke, infectious dis-
ease, malignant tumor, glaucoma, severe visual and hear-
ing impairment; (3) to receive any anti-inflammatory or 
immunosuppressive drugs; (4) presence of psychiatric 
disorder such as moderate to severe depression with a 
score of 17 or higher on the Geriatric Depression Inven-
tory and psychosis diagnosed with a structured clinical 
interview; (5) subjects whose scores less than 24 on the 
Mini-Mental State test; (6) any history of alcohol and/or 
substance abuse; (7) to have a brain surgery for PD or an-
other reason. The same exclusion criteria were applied to 
the controls, and they had to have negative family history 
of movement disorders. We only included hypertension 
as comorbidity for the whole of participants. 

Assessment of the clinical findings of patients

A complete neurological examination was performed 
and Turkish versions of the scales were administered to 
PD patients during “on” periods before collecting blood 
samples. Onset signs of disease (bradykinesia or tremor) 
and their lateralization (left or right) and presence of pos-
tural instability and gait dysfunction were noted. Disease 
severity was measured using the Hoehn and Yahr (HY) 
staging scale and Unified PD Rating Scale (UPDRS). HY 
scale provides assessment of disease progression through 
a staging which ranges from 0 (no sign of disease) to 5 
(severe). PD usually starts from unilateral (Stage 1), to 
bilateral form without balance difficulties (Stage 2), fol-
lowed by the presence of postural instability (Stage 3), 
the loss of physical independence (Stage 4), and being 
wheel-chair or bedbound unless aided (Stage 5). HY 
scale had also been used to categorize PD as early stage 
(Stage 1 and 2), moderate stage (Stage 3) and late stage 
(Stages 4 and 5)19. UPDRS provides a comprehensive as-
sessment of disability and impairment by evaluating the 
most pertinent clinical findings of PD. The scale consists 
of 42 items in four parts. Part I assesses the mental func-
tion and mood, and contains 4 items. Part II concerns 

motor activities of daily living, and contains 13 items. 
Part I and II were evaluated completely as a patient ques-
tionnaire. Part III is motor examination, containing 14 
items and was evaluated completely by a specialist. Part 
IV assesses motor complications, containing 11 items 
and was evaluated by a specialist once a PD subject had 
started PD medication. Part IV assesses two motor com-
plications: dyskinesias and motor fluctuations which are 
strongly related to the duration of the disease, levodopa 
dose and the duration of levodopa treatment. PD patients 
rated items on a Likert scale ranging from 0 as normal: 
symptom not present to 4 as severe: symptom is present 
and precludes patient’s ability to carry out normal activi-
ties or social interactions or to maintain previous stand-
ards in personal and family life. A total of these four parts 
were calculated by total score20. All patients were using 
dopamine agonist therapy. 

Blood sample collection

From each participant, ~5 mL venous blood samples 
were collected into serum vacutainer tubes with gel and 
clot activator in the morning following 12 hours of fast-
ing. Serum samples were kept at room temperature for 
1 hour, and then centrifuged for 10 min at 4000× g for 
serum separation. Supernatant serum was stored at -80°C 
until analysis.

Laboratory analysis

Total RNA isolation

The lncRNAs were isolated from serum samples of PD 
patients and healthy controls using the miRNeasy serum 
/ plasma kit (Qiagen, Germany) according to the manu-
facturer’s instructions. Briefly, 500 μL of QIAzole lysis 
reagent was added to 100 μL of the serum sample and 
the whole reaction mixture was incubated for 5 min at 
room temperature. Then, 100 μL chloroform was added 
to the lysate tube, vortexed for 15 s and was incubated 
for 2 min at room temperature. Thereafter, we performed 
centrifugation at 12000×g for 15 min at 4°C. ~ 300 μL of 
the upper aqueous phase was removed and the mixture 
was transferred to a new collection tube, then 450 μL of 
100% ethanol was added. Then, 700 μL of the mixture 
was added to the RNeasy MinElute spin column in a 2 
mL collection tube and was centrifuged at 8000×g for 
15 sec at room temperature. After the mixture had been 
completely transferred to the column, we added 700 μl of 
buffer RWT to each column and centrifuged at 8000×g 
for 15 sec at room temperature. Next, 500 μl buffer RPE 
was added and centrifuged at 8000×g for 15 sec. Finally, 
500 μL of 80% ethanol prepared with RNase-free water 
was added to the column and centrifuged at 8000×g for 2 
min. A full speed centrifugation was performed to dry the 

Az alábbi dokumentumot magáncélra töltötték le az eLitMed.hu webportálról. A dokumentum felhasználása a szerzôi jog szabályozása alá esik.



192	 Ozdilek: Serum lncRNA levels in PD patients

membrane with an open cover for 5 min. The filtrate and 
collection tube were discarded at each step. Total RNA 
was eluted by centrifugation for 1 min at full speed using 
14 μL of RNase-free water. Each sample was evaluated 
by nanodrop for its purity and concentration. 

Complementary DNA (cDNA) synthesis

After RNA extraction, cDNA was generated using Qia-
gen cDNA RT2 First Strand Kit. All reverse transcription 
quantitative polymerase reaction (RT-qPCR) was set up 
on ice. For each sample, 100 ng of total RNA and 6 μL 
buffer GE2 completed with RNase-free water to 14 μl of 
final volume was incubated at 37°C for 5 min and then 
kept on ice for 1 min. RT procedure was completed in a 
total volume of 20 μL with the addition of 6 μL BC5 to 
each 14 μL of the mixture at 42°C for 15 min and 95°C 
for 5 min. Thereafter, the cDNA was diluted with 80 μL 
nuclease-free water for the later use in qPCR.

RT-PCR

Expression levels of serum lncRNAs were analyzed us-
ing Rotor-Gene® Q instrument with 2.1.0.9 software and 
QuantiTech SYBR Green PCR Kit (Qiagen, Germany). 
qPCR was performed in duplicates, including RT con-
trols to evaluate DNA and nontemplate controls to avoid 
background signal. The qPCR reaction was set up with 
minimal changes according to the manufacturer’s in-
structions as follows: 5 μL 2× QuantiTect 
SYBR Green Master Mix, 1 μL 10× miS-
cript Universal Primer, 1 μL 10× primer 
assay, 1 μL RNase-free water and 2 μL of 
cDNA. Reaction mixture was prepared in 
0,1 mL strip tubes and caps (Qiagen, Ger-
many) in a total volume of 10 μL for each 
reaction. The following conditions were 
used for qRT-PCR to amplify the lncRNAs: 
95 °C for 10 min, followed by 40 cycles at 
95 °C for 15 sec, 55 °C for 30 sec and 72 °C 
for 15 sec. Finally, melt analysis from 55 to 
95 °C temperature in Rotor-Gene Q instru-
ment with 72 well plate was performed. 

Analysis of lncRNA qPCR Data

The relative expression level of each 
lncRNA was calculated according to the 
cycle threshold (CT) value by using 2−∆∆CT 
method21. lncRNA CT levels were exported 
appropriately into Qiagen GeneGlobe Data 
Analysis Center. CT cut off value was set to 
40. For normalization, β-actin was chosen 
appropriately. Results were obtained using 
the Qiagen Data Analysis Center web tool. 

Statistical analysis

All measured variables were subjected to normality test-
ing using Shapiro–Wilk normality test. Descriptive val-
ues were expressed as mean ± standard deviation, median 
(25%–75% quartiles) or count and percent frequencies. 
Independent samples t-test was used to compare differ-
ences between PD patients and control group with re-
gard to numerical variables. The relationships between 
the categorical variables were evaluated by using Chi-
squared test, or Fischer exact test. Multivariate binary lo-
gistic regression was performed to identify the significant 
predictors of PD risk. A p-value of less than 0.05 was 
considered statistically significant. Statistical calcula-
tions were performed using SPSS (ver. 23). 

Results
Demographic and clinical findings of the PD 
patients and healthy controls

A total of 133 participants, including 83 PD patients and 
50 healthy controls, were included in the study. The de-
mographic profile of the patients and controls and the 
clinical findings are described in Table 1. No significant 
difference was observed in age (p = 0.283), gender (p 
= 0.398) and presence of hypertension (p = 0.236) be-
tween PD and control groups. But duration of education 
was found significantly longer in the control group than 

Table 1. Demographic and clinical profile of patients with PD and 
controls 

Variable PD group Control group P-value

Age (years)a 63 ± 8.75 61.34 ± 8.32 0.283

Gender, male (%) 51 (61) 27 (54) 0.398

Education (years)a 7.23 ± 3.48 8.82 ± 4.10 0.024*

History of hyperten-
sion (%) 28 (66) 12 (24) 0.236

Disease duration 
(years)a 8.04 ± 4.14

HY stagea 2.13 ± 0.65

LEDD (mg/day)a 933.84 ± 466.59

UPDRS-Ia 1.35 ± 1.23

UPDRS-IIa 9.16 ± 5.16

UPDRS-IIIa 13.14 ± 6.56

UPDRS-IVa 2.60 ± 3.49

UPDRS-Totala 26.28 ± 13.57

a data are presented as the mean ± SD
* Significance at p < 0.05
Abbreviations: PD: Parkinson’s disease; HY: Hoehn & Yahr stage score; LEDD: 
levodopa equivalent daily dose; UPDRS: Unified Parkinson’s Disease Rating Scale
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among PD patients (p = 0.024). All participants were 
right-handed. 

51 (61%) of the 83 PD patients were suffering from a 
tremors-rigid form of the disease and this tremors-rigid 
form had a right sided onset in 61% of them. Besides, 
66% of patients with a bradykinesia form of PD had a 
right-sided onset, too. 12 (15%) of the patients had a 
family history of PD. According to HY stages, patients 
were distributed as follows: 13 (16%) patients in stage 
1; 46 (55%) in stage 2 and 24 (29%) in stage 3. All pa-
tients had used dopaminergic treatment. Only 3 patients 
were not treated with dopamine agonists and 61 (74%) 
had received pramipexole treatment, while the others 
ropinirole. 10 (12%) of the patients had dopamine dys-
regulation syndrome, 28 of them (34%) dyskinesia and 
36 (43%) of them motor fluctuations.

Serum expression levels of lncRNAs H19, 
GAS5, HAR1B and LINC01783
Relative serum expression levels (2-∆∆CT) 
of lncRNAs H19, GAS5, HAR1B and 
LINC01783 in PD patient and control 
groups are given in Table 2. HAR1B and 
LINC01783 had many unmeasurable val-
ues in the serum samples. 25 PD patients 
and 12 controls for HAR1B, 33 patients 
and 26 controls for LINC01783 had meas-
urable values in the laboratory analysis. No 
significant difference was observed in the 
levels of these lncRNAs between the two 
groups.

For 3 PD patients and 3 controls the nor-
malization value using β-actin could not be 
obtained from the laboratory analysis so 
they were estimated by the missing value 
method. At comparison of normalization 
values of PD group (27.44 ± 2.893) to con-

trol group (27.60 ± 2.027), no significant difference was 
found (p = 0.697). This result desired further analysis 
to be performed. Distribution of normalization values ​​
in PD patient and control groups is given in Figure 1. 
When figure is examined, it is seen that the normaliza-
tion values in the control and PD groups show a slightly 
right-skewed distribution. Normalization values were 
mostly below 30. The mean levels of lncRNAs that nor-
malization values below 30 in PD patient and control 
groups are given in Table 3 and no significant difference 
was found. 

Correlation analysis between serum levels  
of H19, GAS5, HAR1B and LINC01783 
in the PD patients
There was a significant positive correlation between 
H19 and GAS5 and LINC01783. In addition, a signifi-
cant positive correlation was found between GAS5 and 
HAR1B and LINC01783. Apart from that, no meaningful 

Figure 1. Distribution of normalization values in PD patient and cont­
rol groups 

Table 2. Relative serum expression levels of H19, GAS5, HAR1B and LINC01783 in PD patient and control groups 

lncRNA N PD group N Control group P-value*

H19 83 0.03
(0.01–0.17) 50 0.03

(0.01–0.10) 0.352

GAS5 83 0.07
(0.03–0.23) 50 0.13

(0.05–0.30) 0.592

HAR1B 25 0.06
(0.02–0.14) 12 0.01

(0.00–0.07) 0.117

LINC01783 33 0.03
(0.01–0.20) 26 0.03

(0.00–0.09) 0.253

Data are expressed as median (25–75% percentiles). 
*: Independent samples t-test 
Abbreviation: N: number
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relationship was found between other lncR-
NAs in PD patients (Table 4). 

The relationship between disease dura-
tion, onset sign and lateralization, positive 
family history, disease severity (HY score) 
and clinical status (UPDRS score), LEDD in 
patients and lncRNA H19, GAS5, HAR1B 
and LINC01783 levels were examined. The 
results shows that the relative expression 
of lncRNA GAS5 levels were significantly 
negatively correlated with HY and UPDRS 
II, III and total scores (r = -0.243, p = 0.027; 
r = -0.286, p = 0.009; r = -0.232, p = 0.035; 
r = -0.225, p = 0.041, respectively). No 
significant relationship was found between 
these four lncRNAs and other characteris-
tics of the PD. LINC01783 was found to be 
significantly higher in those with positive 
family history (p = 0.047). However, the 
other three lncRNA levels were found in 
similar amounts in patients with and with-
out positive family history.

Logistic regression analysis to 
predict PD risk 
Considering the age, gender, duration of 
education and presence of hypertension 
in PD patients and controls together with 
lncRNA H19 and GAS5, re-evaluation was 
performed with a multivariate logistic re-
gression model and the results are shown in 
Table 5. lncRNA HAR1B and LINC01783 
were not included in the model as there 
were many unmeasurable values in the 
laboratory analysis ​​(25 PD patients and 12 controls for 
HAR1B, 33 patients and 26 controls for LINC01783). 
We found that male individuals had significantly high-
er risk for PD. In addition, as the duration of education 
increases, the risk of PD decreases. lncRNA H19 and 
GAS5 do not appear to have a discriminating role be-
tween patients and controls.

After the individuals with normalization values ​​above 
30 were excluded from the data, correlation between 
age, gender, duration of education, presence of hyperten-
sion and lncRNA H19 and GAS5 were evaluated with 
the multivariate logistic regression model and the results 
are given in Table 6. Since there are many unmeasurable 
values ​​of the HAR1B and LINC01783, they were not in-
cluded in the model. 

Discussion
Although there is a significant progress to understand the 
mechanisms which lead to PD, it is still challenging to 

determine specific biomarkers enabling accurate diagno-
sis, classification and risk factors of the disease, and pre-
diction of probable patients. All these findings indicate 
that detecting lncRNAs’ profiles have the potential to be-
come a biomarker for diagnosis, prognosis and therapeu-
tic target for PD8, 10, 12, 16. In this study, we determined the 
levels of lncRNAs H19, GAS5, HAR1B and LINC01783 
in the sera of PD patients.

Studies have reported that lncRNAs are expressed in 
many regions of the brain4, 5. Soreq et al. reported that 
13 lncRNAs showed differentiated levels of expression 
in PD patients and four of these lncRNAs’ levels were 
reversed after deep brain stimulation treatment. In this 
study it was stated that U1 levels (ENST00000415386 
which is LINC01738) were differentiated in PD patients’ 
amygdala and leukocytes4. Kraus and colleagues studied 
lncRNA expression levels in brain tissue of 20 PD pa-
tients postmortem and 10 healthy controls. It was identi-
fied that GAS5 and HAR1B were abundant and expressed 
in brain samples, so they were used as normalizers6. In 

Table 3. The mean levels of lncRNAs that normalization values below 30 
in PD and control groups 

lncRNA Group N Mean ± SD P-value*

H19
PD 75 0.115 ± 0.262

0.764
Control 47 0.100 ± 0.256 

GAS5
PD 75 0.232 ± 0.648 

0.832
Control 47 0.257 ± 0.571

HAR1B
PD 22 0.388 ± 1.546 

0.444
Control 12 0.040 ± 0.068

LINC01783
PD 29 0.078 ± 0.124 

0.499
Control 25 0.139 ± 0.464

*: Independent samples t-test 
Abbreviation: N: number

Table 4. Correlation analysis between the serum levels of H19, GAS5, 
HAR1B and LINC01783 in PD patients 

Correlation 
analysis

H19 GAS5 HAR1B LINC01783

H19 r = 0.441
p < 0.001**

r = 0.072
p = 0.751

r = 0.626
p < 0.001**

GAS5 r = 0.530
p = 0.011*

r = 0.598 
p < 0.001**

HAR1B r = 0.164
p = 0.631

LINC01783

Data were analyzed by Spearman (for non-parametric data) and Pear-
son (for parametric data) correlation.
* Significance at p < 0.05; ** Significance at p < 0.001
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recent studies, it was shown that lncRNA H19 can play 
protective roles against dopaminergic neuronal loss and 
apoptosis in mice models with PD9, 11. GAS5, as a mem-
ber of the lncRNA family, is located on chromosome 1 
of the human genome. Studies have shown that GAS5 is 
abnormally expressed in many tumors and plays an onco-
genic role by inhibiting apoptosis. Moreover, GAS5 also 
takes place in the development of inflammation-related 
disorders by activating microglia and increasing the ex-
pression levels of inflammatory cytokines. Microglia-
induced neuroinflammation plays a significant role in 
PD pathogenesis13. All these findings highly suggest an 
involvement of GAS5 in PD development, but further 
studies are still needed to determine its whole role in the 
disease. It was reported that HAR1 specifically expressed 
in Cajal-Retzius neurons in the human neocortex during 
a period of 7 to 19 gestational weeks, a crucial time for 
cortical neuron specification and migration15. It upregu-
lates reelin. A recent study found that PD-related genes 
associated with lncRNAs were decreased in the SN and 
cerebellum of patients, just as consistent with the results 

obtained in peripheral blood cells and CSF of patients 
with PD23.

No significant difference was shown when the ex-
pression levels of four candidate lncRNAs; H19, GAS5, 
HAR1B and LINC01783 in the sera of PD patients 
were studied in comparison to those of healthy controls. 
However, it was found that there was solely a significant 
negative correlation between GAS5 and HY stage and 
UPDRS II, III and total scores when the relationship 
between the expression levels of these four lncRNAs 
were examined by age, gender, duration of education, 
disease duration, disease onset finding, HY stage, UP-
DRS scores and treatment doses. Even though this pa-
rameter was suggested to have a role in inflammation in 
other previous studies, in our study we revealed that it 
was associated with the clinical severity of the disease 
and there was no correlation with other lncRNAs’ lev-
els. lncRNA GAS5 serum level may be a possible bio-
marker for disease severity in PD patients. Other studies 
in the literature did not report any significant relation-
ship6, 9, 12, 13. It was found that LINC01783 lncRNA was 

Table 5. Logistic regression analysis of H19, GAS5 and risk factors for PD

Variable Coefficient 
(β)

SE Wald
(x2)

P-value Odds Ratio 95% CI

H19 0.151 0.289 0.272 0.602 1.163 0.66–2.04

GAS5 0.007 0.021 0.108 0.742 1.007 0.96–1.04

Age 0.015 0.025 0.350 0.554 1.015 0.96–1.06

Gender (Male / Female) 0.860 0.453 3.599 0.050* 2.362 0.97–5.74

Education (years) –0.149 0.056 7.123 0.008* 0.861 0.77–0.96

Hypertension (present / 
absent)

0.608 0.460 1.746 0.186 1.837 0.74–4.52

* Significance at p < 0.05
Abbreviations: SE: standard error

Table 6. Logistic regression analysis of H19, GAS5 and risk factors for PD group that normalization values below 30  

Variable Coefficient (β) SE Wald
(x2) P-value Odds 

Ratio 95% CI

H19 0.942 0.966 0.951 0.329 2.566 0.38-17.04

GAS5 –0.024 0.373 0.004 0.950 0.977 0.47–2.02

Age 0.022 0.026 0.721 0.396 1.022 0.97–1.07

Gender (Male / Female) 0.641 0.460 1.947 0.163 1.899 0.77–4.67

Education (years) –0.160 0.057 7.732 0.005* 0.852 0.76–0.95

Hypertension (present / 
absent)

–2.646 1.752 2.281 0.131 0.071 0.65–4.19

* Significance at p < 0.05
Abbreviations: SE: standard error
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significantly higher only in PD patients with positive 
family history.

In conclusion, as we know this is the first clinical 
study in order to explore the expression levels of serum 
lncRNAs in Turkish PD patients. Searching serum lncR-
NAs levels may help to understand PD pathogenesis bet-
ter and more in detail, but there have been few studies in 
the literature so far. It can be important contribution to 
the development of potential biomarkers for PD and also 
to the identification of new therapeutic targets, although 
the mechanisms by which lncRNAs play role in complex 
physiological and pathological cases such as PD have not 
been elucidated fully yet. 
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