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Abstract: Background: Recently, large numbers of long noncoding RNAs (IncRNAs) have been detected in the mam-
malian nervous system. These circulating INcRNAs have been reported as potential biomarkers for neurodegenera-
tive disorders and processes affecting the central nervous system. This study was conducted to investigate the
potential role of plasma IncRNA 51A as a diagnostic biomarker for Alzheimer’s disease (AD). Methods: Plasma
samples were obtained from 70 AD patients and 90 age- and gender-matched controls. The IncRNA 51A level in
plasma was measured by real-time quantitative reverse transcriptase PCR. Moreover, the correlation between the
MMSE scores and the level of plasma IncRNA 51A expression was analyzed. Results: We found that IncRNA 51A was
upregulated in plasma of AD patients compared with that of controls. In addition, IncRNA 51A was stable in plasma.
By receiver operating characteristic curve analysis, the area under the receiver operating characteristic curve was
0.844, sensitivity was 0.839 and specificity was 0.729. Importantly, IncRNA 51A was negatively correlated with the
Mini Mental State Examination scores in AD patients. Conclusions: Our results indicate that plasma IncRNA 51A
may serve as a useful biomarker for the diagnosis of AD.
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Introduction

Alzheimer’s disease (AD), a neurodegenerative
disorder, is the most common form of demen-
tia, estimated to affect 27 million individuals
worldwide [1]. It is a slowly progressive degen-
erative disease with memory loss and other
cognitive dysfunction. Therefore, early detec-
tion of AD is of particular significance to reduce
the progression of cognitive dysfunction. Re-
cently published data have demonstrated high
sensitivity of AD detection by measuring con-
centrations of protein biomarkers such as total-
tau, phospho-tau and AB1-42 in the cerebral
spinal fluid. However, this examination method
is not widely used for diagnosis because of
its invasiveness [2]. Therefore, the discovery of
stable and more conveniently detected bio-
markers is highly desirable.

Long noncoding RNAs (IncRNAs), RNA mole-
cules longer than 200 bp that lack coding capa-
bility, can regulate the expression of associated
genes at transcriptional, posttranscriptional,
and epigenetic levels [3, 4]. Previous studies

have shown that IncRNA expression is frequent-
ly dysregulated in disease, including AD. For
example, IncRNA n341006, which associates
with genes involved in the protein ubiquitina-
tion pathway, was found to be downregulated in
AD [5].

Circulating RNAs, including miRNAs and
IncRNAs, are emerging as potential candidates
for non-invasive diagnostic applications in plas-
ma or serum [6]. They have already been pro-
posed as potential diagnostic tools for many
diseases due to their stability and convenience
of detection in plasma or serum. For example,
LINCO0152 is detected in plasma and has been
reported as a novel blood-based biomarker in
gastric cancer [7]. In addition, serum miR-125b
is downregulated in patients with AD and may
serve as a useful noninvasive biomarker for AD
[8].

A previous study has shown that IncRNA 51A is
upregulated in AD brain samples [9]. In this
present study, INcRNA 51A was detected in
plasma samples of AD patients as well as
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Table 1. Comparison of clinical characteristics and relative ex-
pression level of INcRNA 51A in AD group and control group

information that could identify
individual participants during or

Index AD group (n = 70) control group (n = 90) P after data collection.

Sex (male/female) 33/37 48/42 0.437 Real-time PCR

Age (years) 73.24 +4.81 74.28 + 4.18 0.148

MMSE scores 12.81 + 4.77 29.27 +0.35 <0.001 The plasma was separated from
IncRNA 51A 4.79% 1.05* <0.001 venous blood within 12 hours.

*The data were shown in mean of 244¢,

healthy controls. The primary aim of the study
was to investigate whether IncRNA 51A in plas-
ma could be used as a novel, noninvasive diag-
nostic biomarker for AD patients.

Materials and methods

Patients and samples

Our study group comprised 70 sporadic AD
patients (age onset > 65 years) and 90 healthy
controls (age > 65 years) matched for age and
gender. The patients were recruited from the
outpatient clinic and the Department of
Neurology at the 3rd Xiangya Hospital of Cen-
tral South University in Hunan Province from
July 2012 to 2015. The control group com-
prised healthy people without dementia, tested
in the Health Management Center of the 3rd
Xiangya Hospital at the same time. All partici-
pants are from the Chinese Han population of
the Hunan Changsha region. A clinical diagno-
sis of probable Alzheimer’'s disease was es-
tablished according to the criteria of National
Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s
disease and Related Disorders Association
(NINCDS-ADRDA) [10]. Clinical data and periph-
eral blood samples were obtained from the
members of both groups. Subjects with signifi-
cant illness, including type 2 diabetes mellitus,
coronary heart disease, ischemic stroke, hem-
orrhagic stroke, infectious disease, cancer, and
glaucoma, were excluded from both cases in
our study. The study protocol was approved by
the local Ethics Committee of the 3rd Xiangya
Hospital, and informed consent was acquired
from all subjects or from their caregivers.

Peripheral blood (7 ml) was collected from pati-
ents and controls in sodium heparin tubes and
immediately subjected to the three-spin proto-
col (1500 rpm for 30 min, 3000 rpm for 5 min,
and 4500 rpm for 5 min) to prevent contamina-
tion by cellular nucleic acids. We had access to
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The plasma sample was further
resolved by a 15 min centrifuga-
tion at 12000 rpm at 4°C to
completely remove cell debris. Following the
manufacturer’'s protocol, RNA was extracted
using Trizol Reagent (Takara, Japan). The
reverse transcription reaction was carried out
using the PrimeScript 1l cDNA synthesis kit
(Takara, Japan) in 10 ul reaction containing 3 pl
of RNA extract. For cDNA synthesis, the reac-
tion mixtures were incubated at 16°C for 30
min, 42°C for 30 min, and 85°C for 5 min
and then held at 4°C. The quantitative detec-
tion of IncRNA was performed using SYBR
Green as implemented in the ABI StepOne
Real-Time PCR System (Applied Biosystems),
and the reaction mixtures were incubated
at 95°C for 10 min, followed by 40 cycles of
95°Cfor 15s,and 60°Cfor 1 min. The sequenc-
es of 51A forward and reverse primers were
5-TGGGAGAGTCAGCATCTTGAAG-3’ and 5-TG-
TACAGTCAGACAAGAGGTGTGTGTAT-3’, respecti-
vely. As an endogenous control, expression of
the human glyceraldehyde 3 phosphate dehy-
drogenase (GAPDH) gene was examined. The
sequences for human GAPDH primers were
5-GAAGGTGAAGGTCGGAGTC-3’ and 5-GAAG-
ATGGTGATGGGATTTC-3'. All samples were mea-
sured in duplicate and the mean values were
calculated for further statistical analysis.

Statistical analysis

Statistically significant differences between
groups were determined by the two-tailed
Student’s t-test. All statistical analyses were
carried out using SPSS version 19.0 (IBM,
Armonk, NJ, USA) and expressed as mean * SD.
A value of P < 0.05 was considered signifi-
cant. A receiver operating characteristics (ROC)
curve was plotted to determine how well the
expression level of IncRNA 51A discriminated
between AD samples and healthy control sam-
ples. MMSE score was compared between AD
patients and controls using the Mann-Whitney
test. The correlations between the variables
were assessed with the Spearman’s correlation
coefficient.
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Figure 1. Validation of AD-related IncRNA 51A expres-
sion as circulating biomarkers. A. The expression of
IncRNA 51A in 20 pairs of AD and healthy controls
plasma. Differential expression of IncRNA 51A in AD
plasma was compared with those of normal plasma.
B. LncRNA 51A expression with prolonged room tem-
perature incubation time. *P < 0.05 compared with
the control group.
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Results

Clinical data comparison between AD and
control groups

Clinical characteristics of the study population
are shown in Table 1. No significant differences
were found between the AD and control groups
in terms of sex and mean age. However, IncRNA
51A expression was significantly upregulated
in AD plasma compared to healthy plasma. In
addition, MMSE scores in AD patients were
lower than in healthy patients.

LncRNA 51A was upregulated in AD patients
and was stable in plasma

To determine the expression level of IncRNA
51A in plasma, we investigated the InCRNA ex-
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Figure 2. Evaluation of 51A levels in plasma samples
of patients with AD. A. Plasma 51A levels in 70 con-
secutive AD patients and 90 healthy controls. Using
a real-time RT-PCR assay, difference in plasma 51A
expression between AD patients and normal healthy
controls was determined (P < 0.0001). B. The ROC
curve analysis for discriminative ability between AD
cases and normal controls (AUC = 0.844, sensitivity:
0.839, specificity: 0.729).

pression in the plasma of 20 AD patients and
20 healthy controls. As a result, we found that
plasma IncRNA 51A was significantly upregu-
lated in AD plasma compared with healthy con-
trols (Figure 1A, P < 0.05). We then determined
the stability of the IncRNA in the plasma.
Plasma samples were incubated at room tem-
perature for 0, 6, and 24 h to determine wheth-
er IncRNA 51A could be degraded under these
conditions. Results indicated that incubation
time (Figure 1B, P > 0.05) had a negligible
effect on plasma level of IncRNA 51A, which
suggests that INcRNA 51A is stable in plasma.

Large-scale analysis of validation of plasma
IncRNA 51A level by comparing AD patients
with healthy controls

Next, plasma IncRNA 51A level was examined
on a large scale for our validation study using
plasma from 70 AD patients and 90 healthy
controls by qRT-PCR assays. Results showed
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Figure 3. Correlations between plasma IncRNA 51A
and MMSE in 70 AD patients. The scatter graph
shows a significant negative correlation between the
relative level of InNcRNA 51A and MMSE score (r =
-0.204, P < 0.0001).

that 51A expression was significantly higher in
AD patients than in controls (Figure 2A, P <
0.0001). Representation of the data using an
ROC plot showed strong separation between
the two groups, with an AUC of 0.844. The sen-
sitivity and specificity were 0.839 and 0.729
respectively (Figure 2B).

Correlation between cognitive function and the
level of IncRNA 51A

We analyzed the potential correlation between
MMSE scores and the level of plasma IncRNA
51A expression. Spearman correlation analysis
showed a negative correlation between the rel-
ative expression of IncRNA 51A and MMSE
scores (Figure 3, r =-0.204, P < 0.001).

Discussion

A current focus in AD research is the discovery
of non-invasive biomarkers for diagnosis of AD.
Recent studies have found that specific nucleic
acids are detectable in the plasma of many
patients with neurodegenerative disorders and
therefore may be utilized as a tool for the diag-
nosis of neurodegenerative disorders including
AD [8, 11, 12]. Numerous studies have focused
on miRNAs as potential markers for AD diagno-
sis and prognosis prediction. For example, miR-
125b was downregulated in AD and could be a
potential marker for AD [8]. Xie et al. reported
that circulating miR-206 and miR-132 are novel
mMiRNAs upregulated in patients with mild cog-
nitive impairment, and were therefore potential
biomarkers for its diagnosis [12]. However, lit-
tle is known about the diagnostic utility of
IncRNAs in the plasma for AD.
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Long noncoding RNAs are RNA molecules, lon-
ger than 200 nucleotides that lack coding
capability. LncRNAs have been shown to regu-
late the expression of associated genes at
transcriptional, posttranscriptional, and epi-
genetic levels [3, 4]. LncRNA expression levels
are strongly associated with development and
progression in AD [5]. Thus, differential expres-
sion of INcRNAs could be used to diagnose, dis-
cover potential treatment targets for, and
improve prognosis of patients with AD. Faghihi
reported a conserved noncoding antisense
transcript for beta-secretase-1 (BACE1) that
drives feed-forward regulation of beta-secre-
tase, and affects, and is directly implicated in,
the increased abundance of AB1-42 in AD [13].
In addition, a long intergenic RNA (lincRNA),
primate-specific BC200 RNA (BCYRN1), was
found to be expressed in dendritic domains of
neurons and downregulated during aging [14].

Sortilin-related receptor 1 (SORL1), a risk gene
for late-onset AD, is expressed in neurons of
the central and peripheral nervous system [15,
16]. Our previous studies showed that a SORL1
gene polymorphism is closely associated with
late-onset Alzheimer’s disease [17]. Research
indicates that the expression of SORL1 is down-
regulated in the brain of AD patients, suggest-
ing a potential role in AD pathogenesis [18].
Ciarlo and colleagues indicated that IncRNA
51A was upregulated in AD brain samples [9],
and their experiments further found that the
51A expression drives a splicing shift of SORL1,
from the synthesis of the canonical long protein
variant A to an alternatively spliced protein
form. This process, leading to decreased syn-
thesis of SORL1 variant A, leads to impaired
processing of amyloid precursor protein (APP),
resulting in increased AB formation.

Previously, INcRNA 51A was shown to be upreg-
ulated in AD brain samples [9]. However, wheth-
er IncRNA 51A in plasma could be used as a
novel, noninvasive diagnostic biomarker of AD
patients was still unknown. To this end, the
expression levels of IncRNA 51A were mea-
sured in plasma from AD patients and healthy
subjects. The results described here demon-
strated that the level of IncRNA 51A was signifi-
cantly higher in plasma from AD patients com-
pared with normal controls. Moreover, IncRNA
51A alone may serve as a novel, noninvasive
biomarker for AD with high sensitivity/specifici-
ty (83.9%/72.9%). Taken together, these results
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provide strong evidence that AD-related IncRNA
51A could be released into the circulation and
that its expression profile in plasma could be
used as a diagnostic marker for AD. To find
a correlation between cognitive function and
the level of IncRNA 51A expression, we also
found that IncRNA 51A was significantly nega-
tively correlated with the MMSE scores of AD
patients.

In conclusion, we have shown that IncRNA 51A
is upregulated in the plasma of AD patients
compared with those of healthy controls.
Studies suggested that there is a vital link
between the expression of 51A and SORL1
splicing; the 51A-dependent alternative splic-
ing of SORL1 leads to an imbalance in Ap secre-
tion that could induce diseases like AD. Our
findings indicate for the first time that the
expression of IncRNA 51A in plasma could be
used as a novel and rapid diagnostic and/or
prognostic biomarker for AD.

Acknowledgements

The project was supported by Focus on
Research and Development Plan of Science &
Technology Department of Hunan Province
of China (2015SF2029-2, 2016JC2063), The
project was supported by the New Xiangya
Talent Project of the Third Xiangya Hospital of
Central South University (20150305).

Disclosure of conflict of interest
None.

Address correspondence to: Deren Hou, Depart-
ment of Neurology, the Third Xiangya Hospital,
Central South University Changsha, 138 Tongzipo
Road, 410013, Changsha, Hunan, China. Tel: +86-
731-88618007; Fax: +86-731-88618339; E-mail:
hou0718@126.com

References

[1]  Alzheimer’s Association. 2011 Alzheimer’s dis-
ease facts and figures. Alzheimer’'s Dement
2011; 7: 208-44.

[2] Langbaum JB, Fleisher AS, Chen K, Ayutyanont
N, Lopera F, Quiroz YT, Caselli RJ, Tariot PN,
Reiman EM. Ushering in the study and treat-
ment of preclinical alzheimer disease. Nat Rev
Neurol 2013; 9: 371-81.

[3] Maruyama R, Suzuki H. Long noncoding RNA
involvement in cancer. BMB Rep 2012; 45:
604-11.

4698

(4]

(5]

(6]

(7]

)

(11]

[12]

(13]

(14]

(15]

Qi P, Du X. The long non-coding RNAs, a new
cancer diagnostic and therapeutic gold mine.
Mod Pathol 2013; 26: 155-65.

Zhou X, Xu J. Identification of Alzheimer’s dis-
ease-associated long noncoding RNAs. Neuro-
biol Aging 2015; 36: 2925-31.

Wang W, Qu A, Liu W, Liu Y, Zheng G, Du L,
Zhang X, Yang Y, Wang C, Chen X. Circulating
miR-210 as a diagnostic and prognostic bio-
marker for colorectal cancer. Eur J Cancer Care
(Engl) 2016; [Epub ahead of print].

Li Q, ShaoY, Zhang X, Zheng T, Miao M, Qin L,
Wang B, Ye G, Xiao B, Guo J. Plasma long non-
coding RNA protected by exosomes as a poten-
tial stable biomarker for gastric cancer. Tu-
mour Biol 2015; 36: 2007-12.

Tan L, Yu JT, Liu QY, Tan MS, Zhang W, Hu N,
Wang YL, Sun L, Jiang T, Tan L. Circulating miR-
125b as a biomarker of alzheimer’s disease. J
Neurol Sci 2014; 336: 52-6.

Ciarlo E, Massone S, Penna I, Nizzari M, Gigoni
A, Dieci G, Russo C, Florio T, Cancedda R,
Pagano A. An intronic ncRNA-dependent regu-
lation of SORL1 expression affecting Abeta
formation is upregulated in post-mortem al-
zheimer’s disease brain samples. Dis Model
Mech 2013; 6: 424-33.

McKhann G, Drachman D, Folstein M, Katzman
R, Price D, Stadlan EM. Clinical diagnosis of
alzheimer’s disease: report of the NINCDS-
ADRDA work group under the auspices of de-
partment of health and human services task
force on alzheimer’s disease. Neurology 1984;
34:939-44.

Wang J, Zhang KY, Liu SM, Sen S. Tumor-asso-
ciated circulating microRNAs as biomarkers of
cancer. Molecules 2014; 19: 1912-38.

Xie B, Zhou H, Zhang R, Song M, Yu L, Wang L,
Liu Z, Zhang Q, Cui D, Wang X, Xu S. Serum
miR-206 and miR-132 as potential circulating
biomarkers for mild cognitive impairment. J Al-
zheimer’s Dis 2015; 45: 721-31.

Faghihi MA, Modarresi F, Khalil AM, Wood DE,
Sahagan BG, Morgan TE, Finch CE, St Laurent
G 3rd, Kenny PJ, Wahlestedt C. Expression of a
noncoding RNA is elevated in alzheimer’s dis-
ease and drives rapid feed-forward regulation
of beta-secretase. Nat Med 2008; 14: 723-30.
Mus E, Hof PR, Tiedge H. Dendritic BC200 RNA
in aging and in Alzheimer’s disease. Proc Natl
Acad Sci U S A 2007; 104: 10679-84.
Elias-Sonnenschein LS, Helisalmi S, Natunen
T, Hall A, Paajanen T, Herukka SK, Laitinen M,
Remes AM, Koivisto AM, Mattila KM, Lehtimaki
T, Verhey FR, Visser PJ, Soininen H, Hiltunen M.
Genetic Loci associated with alzheimer’s dis-
ease and cerebrospinal fluid biomarkers in a
Finnish case-control cohort. PLoS One 2013;
8: e59676.

Int J Clin Exp Pathol 2017:10(4):4694-4699



(16]

(17]

Plasma IncRNA 51A as a biomarker of AD

Jin C, Liu X, Zhang F, Wu Y, Yuan J, Zhu J, Zhang
F, Wang G, Cheng Z. An updated meta-analysis
of the association between SORL1 variants
and the risk for sporadic alzheimer’s disease. J
Alzheimers Dis 2013; 37: 429-437.

Feng X, Hou D, Deng Y, Li W, Tian M, Yu Z.
SORL1 gene polymorphism association with
late-onset alzheimer’s disease. Neurosci Lett
2015; 584: 382-9.

4699

(18]

Ma QL, Galasko DR, Ringman JM, Vinters HV,
Edland SD, Pomakian J, Ubeda OJ, Rosario ER,
Teter B, Frautschy SA, Cole GM. Reduction of
SorLA/LR11, a sorting protein limiting beta-
amyloid production, in alzheimer disease cere-
brospinal fluid. Arch Neurol 2009; 66: 448-
457.

Int J Clin Exp Pathol 2017:10(4):4694-4699



