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Abstract: This study aimed to investigate the intercorrelation among long noncoding RNA MALAT1 (Inc-MALAT1),
microRNA-125b (miR-125b), FOXQ1, PTGS2 and CDK5, as well as their correlations with disease risk, severity and
progression of Alzheimer’s disease (AD). In total, 120 AD patients, 120 Parkinson’s disease (PD) patients and 120
controls were enrolled. Cerebrospinal fluid (CSF) samples were collected from 50 AD patients, 50 PD patients and
50 controls; plasma samples were obtained from all participants. Lnc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5
were detected by RT-qPCR. CSF Inc-MALAT1/FOXQ1 and plasma Inc-MALAT1 were downregulated, while CSF miR-
125b/PTGS2/CDK5 and plasma miR-125b/PTGS2 were upregulated in AD patients compared to PD patients and
controls, which differentiated AD patients from PD patients and controls, as demonstrated by ROC curve analyses.
In AD patients, CSF/plasma Inc-MALAT1 negatively correlated with miR-125b and PTGS2 but positively correlated
with FOXQ1; CSF/plasma miR-125b negatively correlated with FOXQ1 but positively correlated with PTGS2/CDK5.
In addition, CSF/plasma Inc-MALAT1 and FOXQ1 correlated with alleviated disease severity, while miR-125b, PTGS2
and CDK5 correlated with exacerbated disease severity, which were manifested by their correlations with MMSE
score, AB42, t-tau and p-tau in AD patients. However, their correlations with MMSE score, AB42, t-tau and p-tau were
weak in PD patients and controls. Notably, CSF but not plasma Inc-MALAT1 and miR-125b could predict the MMSE
score decline at 1 year, 2 years and 3 years in AD patients. In conclusion, Inc-MALAT1 and its target miR-125b are
potential biomarkers for AD management via their intercorrelation with FOXQ1, PTGS2 and CDK5.
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Introduction phases (more than 20 years) with subtle de-
cline in episodic memory deficits [3, 4]. The dev-
astating effects of cognitive decline in impaired

patient independence places a great burden on

Alzheimer’s disease (AD), a complex neurode-
generative disease of elderly people worldwide,

is characterized by the sustained formation/
deposition of misfolded amyloid-f (AB) peptide
extracellularly and neurofibrillary tangles in-
tracellularly, which induces neuroinflammation,
synaptic abnormalities and neuronal degene-
ration in wide areas of the cerebral cortex and
hippocampus that are involved in learning and
memory capacities [1, 2]. Prior to the clinical
onset of cognitive decline, AD patients gener-
ally experience long preclinical and prodromal

patients, their families and society [1]. Despite
decades of tremendous progress in basic bio-
logy and clinical pathophysiology research on
AD, current treatments are still limited to sym-
ptomatic relief with short-term efficacy, and
drugs that halt AD progression or cure AD re-
main elusive [5, 6]. As no cure is available,
finding the efficient biomarkers for predicting
AD progression and prognosis is becoming in-
creasingly important.
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Long noncoding RNA metastasis-associated
lung adenocarcinoma transcript 1 (Inc-MAL-
AT1), a well-studied and highly conserved long
noncoding RNA, is closely implicated in the re-
gulation of hyperproliferation, inflammation/
immunity and neuroinjury by acting as a com-
peting endogenous RNA (ceRNA) of several tar-
get microRNAs (miRNAs) to posttranscription-
ally modulate genes, and Inc-MALAT1 is vital
in the physiological-pathological processes of
various diseases, including neurological disor-
ders [7, 8]. For instance, dysregulated Inc-MA-
LAT1 has neuroprotective functions and anti-
inflammatory effects in neurological disorders
such as traumatic brain injury (Inc-MALAT1 at-
tenuates neuroinflammation by suppressing
the polarization of macrophages towards M1
phenotype) and experimental autoimmune en-
cephalomyelitis (Inc-MALAT1 induces anti-ap-
optosis by downregulating microRNA-204) [9,
10]. Meanwhile, microRNA-125b (miR-125b) is
identified as a target gene of Inc-MALAT1, whi-
ch suppresses cell proliferation, promotes tau
phosphorylation and apoptosis and facilitates
inflammation in AD [7, 11-14]. As an example,
miR-125b overexpression enhances neuronal
apoptosis, neuroinflammation and oxidative st-
ress in an in vitro AD model [11]. Another study
demonstrated that miR-125b induces tau phos-
phorylation by downregulating Bcl-W, DUSPG,
and PPP1CA in an in vivo AD model [14]. Fur-
thermore, a collaboration at our institution re-
vealed that Inc-MALAT1 subsequently modu-
lates miR-125b-mediated prostaglandin-endo-
peroxide synthase 2 (PTGS2), cyclin dependent
kinase 5 (CDK5) and forkhead box Q1 (FOXQ1)
to suppress neuronal apoptosis and inflamma-
tion and enhance neurite outgrowth in AD [12].
Additionally, our preliminary study with small
sample size of AD patients revealed an inter-
correlation among CSF Inc-MALAT1, miR-125b,
FOXQ1, PTGS2 and CDK5 in AD patients, and
they are all dysregulated in AD patients com-
pared to patients with non-neurodegenerative
diseases. In light of the above data, a hypothe-
sis was proposed that Inc-MALAT1, miR-125b,
FOXQ1, PTGS2 and CDK5 might have clinical
significance as biomarkers for the disease
management of AD. However, relevant publi-
cations are sparse. Therefore, the focus of the
present study was to investigate the intercor-
relation among CSF/plasma Inc-MALAT1, miR-
125b, FOXQ1, PTGS2 and CDK5, and their cor-
relations with disease risk, severity and pro-
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gression of AD, aiming to offer new prospects
for the clinical management of AD.

Materials and methods
Patients

This study consecutively enrolled 120 AD pa-
tients, 120 Parkinson’s disease (PD) patients
and 120 controls (Ctrls) who were admitted to
Zhongshan Hospital Xiamen University bet-
ween January 2014 and December 2016. The
diagnosis of AD was made according to the
diagnostic guidelines in the National Institute
on Aging-Alzheimer’s association workgroups
[15], and all AD patients presented with de-
creased amyloid B 42 (AB42) (< 550 pg/mL),
increased total tau (t-tau) (= 350 pg/mL) and
increased phosphorylated tau (p-tau) (= 70 pg/
mL) in the cerebrospinal fluid (CSF). The PD
patients were confirmed according to the UK
Parkinson’s Disease Society Brain Bank clini-
cal diagnostic criteria [16]. The Ctrls were pati-
ents with neurological diseases that were not
neurodegenerative diseases (such as AD, PD,
amyotrophic lateral sclerosis, and Huntington’s
disease) and were without dementia sympto-
ms (Mini-Mental State Examination (MMSE)
score > 27). To match the age of PD patients
and Ctrls with that of AD patients, all patients
were required to be 60-85 years old. In addi-
tion, PD patients and Ctrls were recruited in
a sex ratio of 2:3 (male:female) to match the
gender of AD patients. In addition, patients
with malignancies or hematological diseases,
infection, pregnancy or were lactating were ex-
cluded from this study.

Ethics

This study was approved by the Ethics Com-
mittee of Zhongshan Hospital Xiamen Univer-
sity. All procedures were conducted in accor-
dance with the provisions of the Declaration of
Helsinki and Good Clinical Practice guidelines
as defined by the International Conference on
Harmonization. Written informed consent was
provided by the patients or their family mem-
bers.

Data collection
The demographics of all patients were docu-

mented after enroliment. The cognitive impair-
ment status of patients was assessed using
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the MMSE score. The total MMSE score ranged
from O to 30, and a score < 26 was considered
to indicate cognitive impairment. All patients
received lumbar puncture for diagnosis, and
the levels of CSF biomarkers (AB42, t-tau and
p-tau) were analyzed. For AD diagnosis, the cut-
off value of AB42 was 550 pg/mL, the cut-off
value of t-tau was 350 pg/mL, and the cut-off
value of p-tau was 70 pg/mL at Zhongshan
Hospital Xiamen University.

Sample collection

For all patients, peripheral blood samples were
collected after enroliment, and plasma sam-
ples were isolated from peripheral blood by
centrifugation. In addition, a total of 150 extra
CSF samples not for diagnostic use were ac-
quired by lumbar puncture, which included 50
from AD patients, 50 from PD patients and 50
from Ctrls. The collected plasma samples and
CSF samples were stored at -80°C until further
detection.

Reverse transcription quantitative polymerase
chain reaction (RT-gPCR)

RT-gPCR was performed to detect the relative
expression levels of Inc-MALAT1, miR-125b,
FOXQ1, PTGS2 and CDK5 CSF and plasma
samples. Total RNA was isolated by TRIzol™
Reagent (Thermo Fisher Scientific, USA) and
converted to complementary DNA by Prime-
Script™ RT reagent Kit (Takara, Japan), follow-
ed by amplification using SYBR® Premix Di-
merEraser™ (Takara, Japan). The gqPCR results
were computed by the 225°t method with GA-
PDH as the internal reference for Inc-MALAT1,
FOXQ1, PTGS2 and CDK5 mRNAs and U6 as
the internal reference for miR-125b. The differ-
ent internal references for miR-125b and Inc-
MALAT1/FOXQ1/PTGS2/CDK5 mRNAs would
cause variation, but GAPDH and U6 are widely
accepted as internal references with minimum
variation. The steps to calculate the relative
expression levels of Inc-MALAT1, miR-125b,
FOXQ1, PTGS2 and CDK5 (candidate genes)
were as follows: (i) ACt (test) = Ct (candidate
gene, test) - Ct (reference, test); (ii) ACt (calib-
rator) = Ct (candidate gene, calibrator) - Ct (re-
ference, calibrator); (iii) AACt = ACt (test) - ACt
(calibrator); and (iv) the relative expression of
target genes was calculated via the 222° me-
thod. The following primers were used: Lnc-
MALAT1, forward primer: 5-TCCTAAGGTCAAG-

5942

AGAAGTGTCAG-3’, reverse primer: 5-GTGGCG-
ATGTGGCAGAGAA-3’; miR-125b, forward prim-
er: 5-ACACTCCAGCTGGGTCCCTGAGACCCTAA-
CTT-3’, reverse primer: 5-TGTCGTGGAGTCGG-
CAATTC-3’; FOXQ1, forward primer: 5-GCACG-
CAGCAAGCCATATAC-3’, reverse primer: 5'-GGT-
TGAGCATCCAGTAGTTGTC-3’; PTGS2, forward
primer: 5-TGACCAGAGCAGGCAGATGA-3’, rever-
se primer: 5-CCAGTAGGCAGGAGAACATATAACA-
3’; CDK5, forward primer: 5-GGAAGGCACCTA-
CGGAACTG-3, reverse primer: 5’-CTCGGCACA-
CCCTCATCATC-3’; GAPDH, forward primer: 5'-
TGACCACAGTCCATGCCATCAC-3’, reverse prim-
er: 5-GCCTGCTTCACCACCTTCTTGA-3’; and U6,
forward primer: 5-CTCGCTTCGGCAGCACATATA-
CTA-3’, reverse primer: 5-ACGAATTTGCGTGTC-
ATCCTTGC-3..

Follow-up

All AD patients were followed up to death or 3
years, and during follow-up, the MMSE score
was assessed every year. Patients who were
lost to follow-up, died at a specific timepoint, or
had no available data at a specific timepoint
were not included in the analysis of that time-
point. In addition, the 1-year MMSE score de-
cline was calculated using the 1-year MMSE
score and subtracting the initial MMSE score;
the 2-year MMSE score decline was calculated
using the 2-year MMSE score and subtracting
the initial MMSE score; and the 3-year MMSE
score decline was calculated using the 3-year
MMSE score and subtracting the initial MMSE
score.

Statistical analysis

Statistical analyses were performed using SP-
SS 22.0 (IBM, USA), and figures were generat-
ed using GraphPad Prism 7.00 (GraphPad Soft-
ware, USA). Data are expressed as the mean +
standard deviation (SD), median (interquartile
range, IQR) or count (percentage). Comparisons
among AD patients, PD patients and Ctrls were
determined by one-way analysis of variance
(ANOVA), Kruskal-Wallis H rank sum test or Chi-
square test. Multiple comparisons between
groups were performed by Dunn’s test. Corre-
lations were analyzed by Spearman’s rank cor-
relation test. The abilities of Inc-MALAT1, miR-
125b, FOXQ1, PTGS2 and CDK5 to discriminate
AD patients from Ctrls or AD patients from PD
patients were determined by receiver operating
characteristic (ROC) curves and area under the
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Table 1. Comparison of characteristics among AD patients, PD patients and Ctrls

Iltems AD patients (N = 120) PD patients (N=120) Ctrls (N=120) Pvalue
Age (years), mean + SD 70.1+7.1 68.6+6.6 69.0+7.2 0.217
Gender, No. (%) 0.228
Male 37 (30.8) 49 (40.8) 47 (39.2)
Female 83(69.2) 71(59.2) 73(60.8)

Education duration (years), median (IQR) 5.0 (3.0-7.8) 6.0 (4.0-9.0) 8.0 (3.0-9.0) 0.040

CSF biomarkers, median (IQR)

AB42 (pg/mL) 346.2 (278.5-417.1)  860.6 (731.5-1001.7) 832.5(727.7-960.7) < 0.001
ttau (pg/mL) 954.6 (766.0-1173.0)  205.6 (181.1-258.5)  239.2 (193.8-259.6) < 0.001
p-tau (pg/mL) 124.9 (96.0-150.9) 45.5 (38.2-54.4) 49.7 (43.9-57.9) <0.001

MMSE score, mean + SD 17.9+3.8 26.9+1.6 28.1+1.1 <0.001

Comparison was determined by one-way analysis of variance (ANOVA), Kruskal-Wallis H rank sum test or Chi-square test. AD, Alzheimer’s
disease; PD, Parkinson’s disease; Ctrls, controls; SD, standard deviation; IQR, interquartile range; CSF, cerebrospinal fluid; AB42, amyloid 8 42;

t-tau, total tau; p-tau, phosphorylated tau; MMSE, mini-mental state examination.

curve (AUC) with 95% confidence interval (Cl).
A P value < 0.05 was considered statistically
significant.

Results

Characteristics in AD patients, PD patients and
Ctrls

No difference in age or gender was observed
among AD patients, PD patients and Ctrls
(both P > 0.05) (Table 1). The mean age was
70.1+7.1 for AD patients, 68.6+6.6 for PD
patients and 69.0+7.2 for Ctrls, and there
were 37 (30.8%) males/83 (69.2%) females
among AD patients, 49 (40.8%) males/71
(59.2%) females among PD patients, and 47
(39.2%) males/73 (60.8%) females among
Ctrls. Education duration, AB42, t-tau, p-tau
and MMSE score were different among AD
patients, PD patients and Ctrls (all P < 0.05).
Both education duration and MMSE score
were lowest in AD patients, followed by PD
patients, and then Ctrls. AB42 was lowest in
AD patients, followed by Ctrls, and then PD
patients. Regarding t-tau and p-tau, they were
highest in AD patients, followed by Ctrls, and
then PD patients.

Comparisons of Inc-MALAT1, miR-125b,
FOXQ1, PTGS2 and CDK5 among AD patients,
PD patients and Ctrls

In CSF samples, three-group comparison analy-
ses revealed that Inc-MALAT1 (Figure 1A), miR-
125b (Figure 1B), FOXQ1 (Figure 1C), PTGS2
(Figure 1D) and CDK5 (Figure 1E) were all dys-
regulated among AD patients, PD patients and
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Ctrls (all P < 0.001). Then, two-group compari-
son analyses demonstrated that Inc-MALAT1
(Figure 1A) and FOXQ1 (Figure 1C) were re-
duced, while miR-125b (Figure 1B), PTGS2 (Fi-
gure 1D) and CDK5 (Figure 1E) were increas-
ed in AD patients compared with PD patients
(all P < 0.05) and Ctrls (all P < 0.001).

In plasma samples, three-group comparison
analyses revealed that Inc-MALAT1 (Figure 1F),
miR-125b (Figure 1G), FOXQ1 (Figure 1H), PT-
GS2 (Figure 1l) and CDK5 (Figure 1J) were all
dysregulated among AD patients, PD patients
and Ctrls (all P < 0.001). Subsequent two-group
comparison analyses showed that Inc-MALAT1
(Figure 1F) was reduced, while miR-125b (Fi-
gure 1G) and PTGS2 (Figure 1l) were all elevat-
ed in AD patients compared with PD patients
(all P < 0.001) and Ctrls (all P < 0.001); FOXQ1
(Figure 1H) was lower in AD patients than in
Ctrls (P < 0.001) but similar to that in PD
patients (P = 0.755); CDK5 (Figure 1J) was
increased in AD patients compared with Ctrls
(P < 0.001) but similar to that in PD patients
(P=0.697).

ROC curve analyses

To further assess the value of Inc-MALATZ1, miR-
125b, FOXQ1, PTGS2 and CDK5 in distinguish-
ing AD patients from Ctrls and PD patients, we
performed ROC curve analyses, which showed
that in CSF samples, Inc-MALAT1 (AUC: 0.892,
95% Cl: 0.827-0.957), miR-125b (AUC: 0.887,
95% Cl: 0.824-0.950), FOXQ1 (AUC: 0.765, 95%
Cl: 0.674-0.857), PTGS2 (AUC: 0.894, 95% Cl:
0.833-0.956) and CDK5 (AUC: 0.817, 95% Cl:
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Figure 1. Lnc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5 in AD patients, PD patients and Ctrls. Comparisons of
CSF Inc-MALAT1 (A), miR-125b (B), FOXQ1 (C), PTGS2 (D) and CDK5 (E) expressions among AD patients, PD patients
and Ctrls. Comparisons of plasma Inc-MALAT1 (F), miR-125b (G), FOXQ1 (H), PTGS2 (I) and CDK5 (J) expressions
among AD patients, PD patients and Ctrls. Comparisons among AD patients, PD patients and Ctrls were performed
by Kruskal-Wallis H ran sum test. Multiple comparisons between groups were determined by Dunn’s test. P < 0.05
was considered significant. Lnc-MALAT1, long non-coding RNA metastasis-associated lung adenocarcinoma tran-
script 1; miR-125b, microRNA 125b; FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endoperoxide synthase 2;
CDKb5, cyclin dependent kinase 5; AD, Alzheimer’s disease; PD, Parkinson’s disease; Ctrls, controls; CSF, cerebro-

spinal fluid.

0.734-0.900) could differentiate AD patients
from Ctrls (Figure 2A). Moreover, Inc-MALAT1
(AUC: 0.830, 95% CI: 0.744-0.915), miR-125b
(AUC: 0.782, 95% CI: 0.692-0.872), FOXQ1
(AUC: 0.672, 95% CI: 0.566-0.779), PTGS2
(AUC: 0.769, 95% CI: 0.676-0.863) and CDK5
(AUC: 0.671, 95% CI: 0.563-0.779) could also
distinguish AD patients from PD patients (Fig-
ure 2B).
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In plasma samples, Inc-MALAT1 (AUC: 0.839,
95% Cl: 0.790-0.888), miR-125b (AUC: 0.821,
95% Cl: 0.770-0.872), FOXQ1 (AUC: 0.652, 95%
Cl: 0.581-0.723), PTGS2 (AUC: 0.800, 95% CI:
0.745-0.856) and CDK5 (AUC: 0.727, 95% CI:
0.664-0.789) could differentiate AD patients
from Ctrls (Figure 2C); In addition, Inc-MALAT1
(AUC: 0.735, 95% Cl: 0.673-0.797), miR-125b
(AUC: 0.692, 95% Cl: 0.625-0.758) and PTGS2
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Figure 2. The value of Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5 for distinguishing AD patients from Ctrls
and PD patients. The performance of CSF Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5 in differentiating AD
patients from Ctrls (A) and PD patients (B). The performance of plasma Inc-MALAT1, miR-125b, FOXQ1, PTGS2
and CDKb5 in discriminating AD patients from Ctrls (C) and PD patients (D). The abilities of Inc-MALAT1, miR-125b,
FOXQ1, PTGS2 and CDK5 in distinguishing AD patients from Ctrls or in distinguishing AD patients from PD patients
were illuminated by ROC curve and AUC with 95% CI. Lnc-MALAT1, long non-coding RNA metastasis-associated lung
adenocarcinoma transcript 1; miR-125b, microRNA 125b; FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endo-
peroxide synthase 2; CDK5, cyclin dependent kinase 5; AD, Alzheimer’s disease; Ctrls, controls; PD, Parkinson’s
disease; CSF, cerebrospinal fluid; ROC, Receiver operating characteristic; AUC, area under the curve; Cl, confidence

interval.

(AUC: 0.776, 95% CIl: 0.717-0.835) could dif-
ferentiate AD patients from PD patients as
well, while neither FOXQ1 (AUC: 0.540, 95% CI:
0.467-0.613) nor CDK5 (AUC: 0.545, 95% ClI:
0.472-0.618) distinguished AD patients from
PD patients (Figure 2D).
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Correlation of Inc-MALAT1/miR-125b with
FOXQ1, PTGS2 or CDK5

In AD patients, CSF Inc-MALAT1 negatively cor-

related with miR-125b, PTGS2 and CDK5 but
positively correlated with FOXQ1 (all P < 0.05);
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Table 2. Correlation of Inc-MALAT1/miR-125b with FOXQ1, PTGS2 or CDK5

MiR-125b FOXQ1 PTGS2 CDK5
Items Genes
P value r P value r P value r P value r
AD patients
CSF samples (N = 50) Lnc-MALATL1 <0.001 -0.513 0.024 0.320 <0.001 -0.525 0.042 -0.289
MiR-125b 0.001 -0.470 0.001 0.472 0.001 0473
Plasma samples (N = 120) Lnc-MALAT1 <0.001 -0.367 <0.001 0.451 0.002 -0.282 0.099 -0.151
MiR-125b <0.001 -0.340 0.001 0.307 0.026  0.203
PD patients
CSF samples (N = 50) Lnc-MALATL  0.003  -0.416 0.183 0.191 0.001 -0.446  0.112 -0.228
MiR-125b - - 0.425 -0.115 <0.001 0.529 0.155 0.204
Plasma samples (N = 120) Lnc-MALAT1 < 0.001 -0.358 0.205 0.116 0.558 -0.054 0.773 -0.027
MiR-125b 0.120 -0.143 0.100 0.151 0.002 0.283
Ctrls
CSF samples (N = 50) Lnc-MALATL ~ 0.003  -0.408 0.020 0.328 0.020 -0.328 0.056 -0.272
MiR-125b 0.016 -0.339 0.109 0.229 0.019 0.330
Plasma samples (N = 120) Lnc-MALAT1  0.006 -0.249 0.058 0.173 0.013 -0.225 0.085 -0.158
MiR-125b 0.002 -0.284 0.681 0.038 0.076  0.163

Correlation was determined by Spearman’s rank correlation test. FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endoperoxide synthase 2;
CDKS5, cyclin dependent kinase 5; Ctrls, controls; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; Lnc-MALAT1, long noncoding RNA metastasis-
associated lung adenocarcinoma transcript 1; miR-125b, microRNA 125b; PD, Parkinson’s disease.

CSF miR-125b negatively correlated with FO-
XQ1 but positively correlated with PTGS2 and
CDK5 (all P = 0.001). Plasma Inc-MALAT1 ne-
gatively correlated with miR-125b and PTGS2
but positively correlated with FOXQ1 (all P <
0.01); and plasma miR-125b negatively corre-
lated with FOXQ1 but positively correlated with
PTGS2 and CDKS5 (all P < 0.05) (Table 2).

In PD patients, CSF Inc-MALAT1 negatively cor-
related with miR-125b and PTGS2 (both P <
0.01); CSF miR-125b positively correlated with
PTGS2 (P < 0.001); plasma Inc-MALAT1 nega-
tively correlated with miR-125b (P < 0.001);
and plasma miR-125b positively correlated
with CDK5 (P = 0.002). In Ctrls, CSF Inc-MAL-
AT1 negatively correlated with miR-125b and
PTGS2 but positively correlated with FOXQ1
(all P < 0.05); CSF miR-125b negatively corre-
lated with FOXQ1 but positively correlated with
CDKS5 (both P < 0.05); plasma Inc-MALAT1 neg-
atively correlated with miR-125b and PTGS2
(both P < 0.05); and plasma miR-125b nega-
tively correlated with FOXQ1 (P = 0.002) (Table
2).

Correlation of candidate genes with MMSE
score

In AD patients, CSF Inc-MALAT1 (Figure 3A)
positively correlated with MMSE score (P =
0.014); CSF miR-125b (Figure 3B), PTGS2 (Fi-
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gure 3D) and CDK5 (Figure 3E) negatively cor-
related with MMSE score (all P < 0.05); and
CSF FOXQ1 (Figure 3C) did not correlate with
MMSE score (P = 0.098). Moreover, plasma
Inc-MALAT1 (Figure 3F) and FOXQ1 (Figure 3H)
positively correlated with MMSE score, while
plasma miR-125b (Figure 3G), PTGS2 (Figure
3l) and CDK5 (Figure 3J) negatively correlated
with MMSE score (all P < 0.05).

In PD patients, CSF Inc-MALAT1 positively cor-
related with MMSE score, while CSF miR-125b
and PTGS2 negatively correlated with MMSE
score (all P < 0.05) (Table S1). In Ctrls, no cor-
relation of CSF/plasma Inc-MALAT1, miR-125bh,
FOXQ1, PTGS2 or CDK5 with MMSE score was
observed (all P > 0.05).

Correlation of candidate genes with AB42,
t-tau and p-tau

In AD patients, CSF Inc-MALAT1 negatively cor-
related with t-tau and p-tau (both P < 0.01);
CSF miR-125b positively correlated with t-tau
and p-tau (both P = 0.003); CSF FOXQ1 nega-
tively correlated with p-tau (P = 0.002); CSF
PTGS2 negatively correlated with AB42 but
positively correlated with t-tau and p-tau (all
P < 0.05); and CSF CDK5 negatively correla-
ted with AB42 but positively correlated with
p-tau (both P < 0.05) (Table 3). Moreover, plas-
ma Inc-MALAT1 positively correlated with AB42
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Figure 3. Association of Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5 with MMSE score in AD patients. Cor-
relation of CSF Inc-MALAT1 (A), miR-125b (B), FOXQ1 (C), PTGS2 (D) and CDK5 (E) with MMSE score in AD patients.
Correlation of plasma Inc-MALAT1 (F), miR-125b (G), FOXQ1 (H), PTGS2 (l) and CDK5 (J) with MMSE score in AD
patients. Correlation was analyzed by Spearman’s rank correlation test. Lnc-MALATZ, long non-coding RNA metas-
tasis-associated lung adenocarcinoma transcript 1; miR-125b, microRNA 125b; FOXQ1, forkhead box Q1; PTGS2,
prostaglandin-endoperoxide synthase 2; CDK5, cyclin dependent kinase 5; AD, Alzheimer’s disease; MMSE, mini-

mental state examination; CSF, cerebrospinal fluid.

(P = 0.008); plasma miR-125b positively corre-
lated with p-tau (P = 0.039); plasma PTGS2
negatively correlated with AB42 but positively
correlated with p-tau (both P < 0.05); and plas-
ma CDK5 negatively correlated with AB42 (P =
0.023).

In PD patients, CSF miR-125b and PTGS2 posi-
tively correlated with t-tau and p-tau (all P <
0.05). Moreover, plasma Inc-MALAT1 negatively
correlated with t-tau, and plasma CDK5 nega-
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tively correlated with AB42 (both P < 0.05)
(Table S1). In Ctrls, CSF Inc-MALAT1 positively
correlated with AB42 (P = 0.036); CSF miR-
125b positively correlated with t-tau and p-tau
(both P < 0.05); CSF FOXQ1 negatively corre-
lated with t-tau and p-tau (both P < 0.01); and
CSF PTGS2 positively correlated with p-tau
(P 0.038). Moreover, plasma Inc-MALAT1
positively correlated with AB42, and plasma
FOXQ1 negatively correlated with t-tau (both P
< 0.05).
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Table 3. Correlation of candidate genes with CSF biomarkers in AD patients

Lnc-MALAT1 MiR-125b FOXQ1 PTGS2 CDK5
Samples Iltems
P value r P value r P value r P value r P value r

CSF (N = 50) AB42 0.107 0.230 0.209 -0.181 0.362 0.132 0.049 -0.280 0.041 -0.289

ttau 0.001 -0.466 0.003 0.408 0.053 -0.275 0.034 0.300 0.083 0.248

ptau <0.001 -0.494 0.003 0.418 0.002 -0.419 0.019 0.331 0.041 0.290
Plasma (N = 120) Ap42 0.008 0.241 0.110 -0.147 0.162 0.129 0.003 -0.271 0.023 -0.207

t-tau 0.256 -0.103 0.073 0.164 0.450 -0.070 0.110 0.146 0.102 0.150

p-tau 0.053 -0.177 0.039 0.189 0.373 -0.080 0.034 0.194 0.111 0.146

Correlation was determined by Spearman’s rank correlation test. CSF, cerebrospinal fluid; AD, Alzheimer’s disease; Lnc-MALAT1, long noncoding
RNA metastasis-associated lung adenocarcinoma transcript 1; miR-125b, microRNA 125b; FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endo-
peroxide synthase 2; CDK5, cyclin dependent kinase 5; AB42, amyloid B 42; t-tau, total tau; p-tau, phosphorylated tau.

Correlation of candidate genes with 1-year
MMSE score decline in AD patients

At the 1-year follow-up, 104 AD patients (44
baseline CSF samples and 104 baseline plas-
ma samples) had 1-year MMSE score data. In
CSF samples of AD patients, Inc-MALAT1 (Fi-
gure 4A) and FOXQ1 (Figure 4C) negatively cor-
related with 1-year MMSE score decline (both
P < 0.01); miR-125b (Figure 4B) and PTGS2
(Figure 4D) positively correlated with 1-year
MMSE score decline (both P < 0.05); while
CDK5 (Figure 4E) did not correlate with 1-year
MMSE score decline (P = 0.145). In plasma
samples of AD patients, only PTGS2 (Figure 4l)
positively correlated with 1-year MMSE score
decline (P = 0.038), while Inc-MALAT1 (Figure
4F), miR-125b (Figure 4G), FOXQ1 (Figure 4H)
and CDK5 (Figure 4J) did not correlate with
1-year MMSE score decline (all P > 0.05).

Correlation of candidate genes with 2-year
MMSE score decline in AD patients

At the 2-year follow-up, 106 AD patients (44
baseline CSF samples and 106 baseline plas-
ma samples) had 2-year MMSE score data. In
CSF samples of AD patients, Inc-MALAT1 (Fig-
ure 5A) and FOXQ1 (Figure 5C) negatively cor-
related with 2-year MMSE score decline (both
P < 0.05); miR-125b (Figure 5B) positively cor-
related with 2-year MMSE score decline (P =
0.012); while PTGS2 (Figure 5D) and CDK5
(Figure 5E) did not correlate with 2-year MMSE
score decline (both P > 0.05). In plasma sam-
ples of AD patients, only miR-125b (Figure 5G)
positively correlated with 2-year MMSE score
decline (P = 0.004), whereas Inc-MALAT1 (Fig-
ure 5F), FOXQ1 (Figure 5H), PTGS2 (Figure 5I)
and CDK5 (Figure 5J) did not correlate with
2-year MMSE score decline (all P > 0.05).
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Correlation of candidate genes with 3-year
MMSE score decline in AD patients

At the 3-year follow-up, 103 AD patients (43
baseline CSF samples and 103 baseline plas-
ma samples) had 3-year MMSE score data.
In CSF samples of AD patients, Inc-MALAT1
(Figure 6A) negatively correlated with 3-year
MMSE score decline (P = 0.022); miR-125b
(Figure 6B) and PTGS2 (Figure 6D) positively
correlated with 3-year MMSE score decline
(both P < 0.05); whereas FOXQ1 (Figure 6C)
and CDK5 (Figure 6E) did not correlate with
3-year MMSE score decline (all P > 0.05). In
plasma samples of AD patients, only miR-125b
(Figure 6G) positively correlated with 3-year
MMSE score decline (P = 0.012), whereas Inc-
MALAT1 (Figure 6F), FOXQ1 (Figure 6H), PT-
GS2 (Figure 6l) and CDK5 (Figure 6J) did not
correlate with 3-year MMSE score decline (all
P> 0.05).

Discussion

Following advances in genome-wide transcrip-
tome studies and the advent of next-genera-
tion sequencing techniques in recent years,
research on long noncoding RNAs (IncRNAs)
has gathered momentum, and a growing body
of evidence has implicated IncRNAs in the de-
velopment and progression of many diseases,
including neurological disorders [17, 18]. Am-
ong the commonly identified IncRNAs, IncRNA-
MALAT1, located on chromosome 11q13.1, is
abundantly expressed in brain tissues, espe-
cially in the high-activity areas of neocortex
[17]. Existing data demonstrate that the down-
regulation of INcRNA-MALAT1 facilitates the
polarization of macrophages towards the M1
phenotype and the proliferation of T-cells in
experimental autoimmune encephalomyelitis,
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Figure 4. Association of Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5 with 1-year MMSE score decline in AD
patients. Correlation of CSF Inc-MALAT1 (A), miR-125b (B), FOXQ1 (C), PTGS2 (D) and CDK5 (E) with 1-year MMSE
score decline in AD patients. Correlation of plasma Inc-MALAT1 (F), miR-125b (G), FOXQ1 (H), PTGS2 (I) and CDK5
(J) with 1-year MMSE score decline in AD patients. Correlation was analyzed by Spearman’s rank correlation test.
Lnc-MALAT1, long non-coding RNA metastasis-associated lung adenocarcinoma transcript 1; miR-125b, microRNA
125b; FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endoperoxide synthase 2; CDK5, cyclin dependent kinase 5;
MMSE, mini-mental state examination; AD, Alzheimer’s disease; CSF, cerebrospinal fluid.

which implies the potential anti-inflammatory
effect of INcRNA-MALAT1 [9]. In spinal cord
ischemic injury, Inc-MALAT1 elicits its neuro-
protective effect by attenuating interleukin-6,
nuclear factor-kB and aquaporin 4 [10]. As a
direct target of IncRNA-MALAT1, miR-125b is
also highly abundant in the brain and is essen-
tial in diverse pathological processes of AD,
such as neuronal cell apoptosis, tau phosphor-
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ylation, neuroinflammation, and Ap peptide pro-
duction [11, 13, 14, 19, 20]. For instance, one
study demonstrated that miR-125b promotes
neuronal cell apoptosis and tau phosphoryla-
tion by activating CDK5 and p35/25 in AD
[13]. Another study discovered that CSF miR-
125b is elevated compared with that in nor-
mal participates, and further experiments bas-
ed on an in vitro AD model showed that miR-
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Figure 5. Association of Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5 with 2-year MMSE score decline in AD
patients. Correlation of CSF Inc-MALAT1 (A), miR-125b (B), FOXQ1 (C), PTGS2 (D) and CDK5 (E) with 2-year MMSE
score decline in AD patients. Correlation of plasma Inc-MALAT1 (F), miR-125b (G), FOXQ1 (H), PTGS2 (l) and CDK5
(J) with 2-year MMSE score decline in AD patients. Correlation was analyzed by Spearman’s rank correlation test.
Lnc-MALATZ, long non-coding RNA metastasis-associated lung adenocarcinoma transcript 1; miR-125b, microRNA
125b; FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endoperoxide synthase 2; CDK5, cyclin dependent kinase 5;
MMSE, mini-mental state examination; CSF, cerebrospinal fluid; AD, Alzheimer’s disease.

125b overexpression suppressed cell prolif-
eration and promoted oxidative stress [11]. A
previous exploration by a collaboration at our
institution revealed that IncRNA-MALAT1 ne-
gatively regulates miR-125b-mediated PTGS2,
CDK5 and FOXQ1 to suppress neuronal apop-
tosis and neuroinflammation and stimulate
neurite outgrowth in AD [12]. In addition, our
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preliminary study showed an intercorrelation
among CSF Inc-MALAT1, miR-125b, FOXQ1, PT-
GS2 and CDKD5, all of which are dysregulated
in AD patients compared to patients with non-
neurodegenerative diseases. Although several
lines of evidence are available regarding the
mechanism of Inc-MALAT1, miR-125b, PTGS2,
CDK5 and FOXQ1 underlying neurological dis-
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Figure 6. Association of Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5 with 3-year MMSE score decline in AD
patients. Correlation of CSF Inc-MALAT1 (A), miR-125b (B), FOXQ1 (C), PTGS2 (D) and CDK5 (E) with 3-year MMSE
score decline in AD patients. Correlation of plasma Inc-MALAT1 (F), miR-125b (G), FOXQ1 (H), PTGS2 (I) and CDK5
(J) with 3-year MMSE score decline in AD patients. Correlation was analyzed by Spearman’s rank correlation test.
Lnc-MALAT1, long non-coding RNA metastasis-associated lung adenocarcinoma transcript 1; miR-125b, microRNA
125b; FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endoperoxide synthase 2; CDK5, cyclin dependent kinase 5;
MMSE, mini-mental state examination; AD, Alzheimer’s disease; CSF, cerebrospinal fluid.

orders, including AD, the clinical implication of
Inc-MALAT1, miR-125b, PTGS2, CDK5 and FO-
XQ1 in AD is still unknown.

The present study detected Inc-MALAT1, miR-
125b, PTGS2, CDK5 and FOXQ1 expression in
AD patients, PD patients and Ctrls, and the
results revealed that CSF Inc-MALAT1 and
FOXQ1 were reduced, while miR-125b, PTGS2
and CDK5 were increased in AD patients com-
pared with PD patients and Ctrls. Plasma Inc-
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MALAT1 was decreased, while miR-125b and
PTGS2 were elevated in AD patients compared
with PD patients and Ctrls. Subsequent ROC
curve analyses showed that CSF Inc-MALAT1,
miR-125b, FOXQ1, PTGS2 and CDK5 could dif-
ferentiate AD patients from Ctrls and PD pati-
ents; plasma Inc-MALAT1, miR-125b, FOXQ1,
PTGS2 and CDK5 could distinguish AD pati-
ents from Ctrls, while only plasma Inc-MALAT1,
miR-125b and PTGS2 could discriminate AD
patients from PD patients. The following expla-
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nations are proposed: (1) Lnc-MALAT1 might
directly suppress the transcription of target
miRNAs directly (such as miR-125b and miR-
155) to inhibit downstream pathways, such as
suppressor of overexpression of CO 1/Janus
kinase-signal transducers and activators of tr-
anscription pathway, which subsequently inhib-
ited the release of inflammatory cytokines and
neuronal cell apoptosis, thereby, protecting ne-
urons from damage [12, 21]. Thus, Inc-MALAT1
expression was lower in AD patients than that
in PD patients and Ctrls. (2) MiR-125b might
repress the transcription of its target gene
FOXQ1, which then stimulated the activation of
CDK5 and p35/25, resulting in neuronal apop-
tosis and tau phosphorylation in AD [13]. The-
refore, miR-125b and CDK5 were elevated in
AD patients compared with PD patients and
Ctrls. (3) PTGS2 might amplify neuroinflamma-
tion, facilitate cell apoptosis and inhibit neu-
rite outgrowth by regulating interleukin-1p3 and
AB in glial and neuronal cells; thus, PTGS2 was
reduced in AD patients compared with PD pa-
tients and Ctrls [22]. Of note, the ability of
CSF Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and
CDK5 to discriminate AD patients from PD
patients and Ctrls was better than that in plas-
ma. A possible explanation is that the regu-
latory mechanisms of Inc-MALAT1, miR-125b,
FOXQ1 and CDK5 were initiated in the brain
and reflected by CSF, while in plasma, the ex-
pression of these candidate genes might be
affected by a variety of unknown factors (such
as the blood brain barrier, pulmonary diseas-
es, immune response and inflammation level),
which reduced their ability to differentiate AD
patients from PD patients and Ctrls [23, 24].

In addition, in AD patients, CSF/plasma Inc-
MALAT1 negatively correlated with miR-125b
and PTGS2 but positively correlated with FO-
XQ1; CSF/plasma miR-125b positively correlat-
ed with PTGS2 and CDK5 but negatively corre-
lated with FOXQ1. These data could be ex-
plained by the following. Lnc-MALAT1 was re-
ported to negatively regulate miR-125b, and
upregulation of miR-125b was accompanied
by increased PTGS2 and CDK5 but attenuated
FOXQ1 in AD [12]. Therefore, CSF/plasma Inc-
MALAT1 was inversely correlated with miR-
125b and PTGS2 but positively correlated with
FOXQ1; CSF/plasma miR-125b was negatively
correlated with PTGS2 and CDK5 but negatively
correlated with FOXQ1 in AD patients.

Furthermore, the present study observed that
CSF/plasma Inc-MALAT1 and FOXQ1 correlated
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with alleviated disease severity, while CSF/
plasma miR-125b, PTGS2 and CDK5 correlat-
ed with exacerbated disease severity in AD
patients, which was manifested by their corre-
lations with MMSE score, AB42, t-tau or p-tau.
These results could be explained by the follow-
ing. (1) Lnc-MALAT1 might sponge several neu-
rotoxic miRNAs (e.g. miR-125b and miR-204)
and anti-inflammatory miRNAs (e.g. miR-155)
to decrease neuronal cell apoptosis, neuroin-
flammation, synaptic loss and neurodegenera-
tion, resulting in Inc-MALAT1 being associated
with alleviated disease severity in AD patients
[10, 12, 21]. (2) MiR-125b might suppress
FOXQ1 and sphingosine kinase 1 expression
while promoting CDK5 expression to increase
AB peptide production, suppress cell prolifera-
tion, induce neuronal apoptosis, amplify neuro-
inflammation and accelerate neurodegenera-
tion, resulting in miR-125b and CDK5 being
correlated with exacerbated disease severity,
but FOXQ1 being correlated with attenuated
disease severity in AD patients [11, 13]. (3)
PTGS2 might exaggerate inflammation and trig-
ger more extensive neuronal cell loss by inten-
sifying the release and production of inflamma-
tory mediators and cytokines, which contribut-
ed to disease progression in AD patients [25].
Interestingly, from the perspective of correla-
tion efficiency, the correlation efficiency of CSF
Inc-MALAT1, miR-125b, FOXQ1, PTGS2 and
CDK5 with disease severity was above 0.3,
while the correlation efficiency of plasma Inc-
MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5
with disease severity was below 0.3 in AD pa-
tients, which indicated that the correlations
of CSF Inc-MALAT1, miR-125b, FOXQ1, PTGS2
and CDK5 with disease severity were stronger
than those indexes in plasma, which might be
explained by Inc-MALAT1, miR-125b, FOXQ1,
PTGS2 and CDK5 being pathologically regulat-
ed in the brain, and they were overexpressed in
the CSF, while in blood, their expression fluctu-
ated considerably since multiple unknown fac-
tors (such as pulmonary diseases, immune re-
sponse and inflammation level) could affect
their expression in blood [23, 24].

To further evaluate the impact of candidate
genes on AD progression, all AD patients were
followed up for 3 years, with MMSE scores as-
sessed at year 1, year 2 and year 3. We found
that CSF Inc-MALAT1 and miR-125b could pre-
dict MMSE score decline at each time point,
while CSF FOXQ1, PTGS2 and CDK5 only pre-
dicted MMSE score decline at certain time po-
ints. For plasma candidate genes, only plasma
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PTGS2 and miR-125b could predict MMSE
score decline at specific time points. The fol-
lowing are possible explanations. (1) CSF Inc-
MALAT1 might suppress neuronal apoptosis
and neuroinflammation but facilitate neurite
outgrowth by directly targeting miR-125b and
miR-155, which subsequently attenuated dis-
ease progression [12, 21]. Furthermore, CSF
miR-125b might promote neuronal apoptosis,
tau phosphorylation and neuroinflammation by
downregulating FOXQ1, which reduced inflam-
matory cytokine expression by modulating the
SIRT1-NF-kB pathway, and activated CDKb5,
which induced the hyperphosphorylation of
amyloid precursor protein/tau, synaptic dam-
age and neuronal apoptosis, accelerating the
disease progression of AD [13, 26]. Addition-
ally, CSF PTGS2 might increase inflammation
and induce more extensive neuronal apoptosis
by stimulating the release of inflammatory cyto-
kines, thereby contributing to the disease pro-
gression of AD [25]. Taken together, CSF Inc-
MALAT1, miR-125b, FOXQ1, PTGS2 and CDK5
could predict MMSE score decline in AD pa-
tients. (2) Plasma Inc-MALAT1, FOXQ1 and
CDK5 could be influenced by a variety of fac-
tors (such as pulmonary disease, immune res-
ponse and inflammation level), which reduced
their expression and ability to predict disease
progression in AD patients. Plasma miR-125b
and PTGS2 are well-known biomarkers for indi-
cating inflammation in blood, and they consis-
tently stimulate and exaggerate inflammation
as AD disease manifests [27-29]. Therefore,
plasma PTGS2 and miR-125b could predict
MMSE scores in AD patients.

Despite the interesting results in the present
study, several limitations should be noted
when interpreting the findings. First, the sam-
ple size was relatively small, which might re-
duce the statistical power of the analyses.
Second, the follow-up duration (3 years) was
relatively short since AD is a chronic disease,
and further study with extended follow-up time
is necessary to explore the value of Inc-MAL-
AT1, miR-125b, FOXQ1, PTGS2 and CDK5 for
long-term disease progression in AD patients.
Third, AD patients who were lost to follow-up
or died at the last follow-up date were not
included in the analysis of MMSE score at that
timepoint, which might cause selection bias.
Fourth, the value of CSF/plasma Inc-MALAT1,
miR-125b, FOXQ1, PTGS2 and CDK5 for prog-
nosis was not explored in AD patients. Alth-
ough it was not an aim in our study, it would
be of clinical significance to detect the corre-
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lation of CSF/plasma Inc-MALAT1, miR-125b,
FOXQ1, PTGS2 and CDK5 with prognosis in AD
patients. Last, only baseline Inc-MALAT41, miR-
125b, FOXQ1, PTGS2 and CDK5 expression
was measured, and variations in Inc-MALAT1,
miR-125b, FOXQ1, PTGS2 and CDK5 were not
detected in AD patients during follow-up, which
requires further study.

To conclude, Inc-MALAT1 and its target miR-
125b display clinical value as biomarkers for
disease risk, severity and progression of AD
via intercorrelation with FOXQ1, PTGS2 and
CDK5, which might offer valuable insights into
the optimization of disease management in
AD patients. Clinical investigation of larger AD
patient cohorts is greatly needed to confirm
and validate our findings.
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Table S1. Correlation of candidate genes with CSF biomarkers in PD patients and Ctrls

Lnc-MALAT1 MiR-125b FOXQ1 PTGS2 CDK5
Iltems Items
P value r P value r P value r P value r P value r
PD patients
CSF samples (N = 50) MMSE  0.047 0.282 0.014 -0.346 0.277 0.157 0.025 -0.317 0.119 -0.223
AB42 0.063 0.265 0.064 -0.264 0.277 0.157 0.377 -0.128 0.681 -0.060
t-tau 0.092 -0.241 0.016  0.338 0.358 -0.133 0.016 0.339 0.187  0.190
p-tau 0.059 -0.269 0.013 0.348 0.352 -0.134 0.028 0.312 0.217 0.178
Plasma samples (N =120) MMSE 0.578 0.051 0.056 -0.175 0.254 0.105 0.138 -0.136 0.128 -0.140
AB42 0.587 0.050 0.297 -0.096 0.995 -0.001 0.140 0.135 0.046 -0.183
t-tau 0.024 -0.206 0.480 0.065 0.200 -0.118 0.999 0.000 0.130 0.139
p-tau 0.058 -0.174 0.713 0.034 0.174 -0.125 0.949 -0.006 0.432 0.070
Ctrls
CSF samples (N = 50) MMSE  0.103 0.233 0.328 -0.141 0.601 0.076 0.835 0.030 0.855 0.026
AB42 0.036  0.298 0.537 -0.089 0.210 0.180 0.154 -0.204 0.228 -0.174
t-tau 0.113 -0.227 0.009 0.366 0.001 -0.455 0.058 0.270 0.174 0.195
p-tau 0.288 -0.153 0.027 0.313 0.002 -0.423 0.038 0.295 0.299 0.150
Plasma samples (N = 120) MMSE  0.470 0.067 0.638 0.043 0.721 -0.033 0.462 0.068 0.853 0.017
AB42 0.042 0.186 0.239 -0.108 0.600 0.048 0.660 -0.048 0.714 -0.034
t-tau 0.233 -0.110 0.477 0.065 0.049 -0.180 0.150 0.132 0.670 0.039
p-tau 0.189 -0.121 0.946 0.006 0.127 -0.140 0.061 0.171 0.887 0.013

Correlation was determined by Spearman’s rank correlation test. CSF, cerebrospinal fluid; PD, Parkinson’s disease; Ctrls, controls; Lnc-MALAT1, long noncoding RNA
metastasis-associated lung adenocarcinoma transcript 1; miR-125b, microRNA 125b; FOXQ1, forkhead box Q1; PTGS2, prostaglandin-endoperoxide synthase 2; CDK5,
cyclin dependent kinase 5; MMSE, mini-mental state examination; AB42, amyloid B 42; t-tau, total tau; p-tau, phosphorylated tau.



