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ABSTRACT

Objective: Inflammation and associated microRNAs (miRNA)
both play essential roles in the pathogenesis of Alzheimer's dise-
ase (AD). The expression profile of miRNA's in an AD brain, also
reflected in the peripheral blood mononuclear cells, may give
support to the inflammatory changes seen in the course of AD.
We aimed to investigate the expression levels of specific inflam-
matory miRNAs (mir-146a, mir-144, mir-34a) in both blood leuko-
cytes and plasma of AD patients and to evaluate their potential
usability as biomarkers in AD diagnosis and to also demonstrate
whether the expression of these miRNAs differ between early
and late-onset AD patients.

Methods: We investigated the expression levels of miRNAs in
16 early-onset and 26 late-onset AD patients and in their respe-
ctive controls by using gRT-PCR.

Results: Plasma mir-144 levels were significantly different betwe-
en EOAD and LOAD patients (p=0.015). In addition, levels of
leukocyte mir-34a were significantly down-regulated in EOAD
compared to LOAD patients (p=0.027). Our results also showed
significant positive correlations between age and plasma mir-
144 and leukocyte mir-34a expressions.

Conclusion: The differential expression of plasma mir-144 and
leukocyte mir-34a between EOAD and LOAD patients might ref-

OzZET

Amag: Enflamasyon ve iliskili mikroRNA'lar (miRNA), Alzheimer
hastaliginin (AH) patogenezinde énemli rol oynamaktadirlar. AH
beyininde goérilen miRNA'larin anlatim profilindeki degisiklikler-
in periferal kan mononikleer hicrelerine de yansimis olmasi,
AH sirasinda goérilen enflamatuar degisikliklerin bir gésterge-
si olabilir. Bu ¢alismada, Alzheimer hastalarinin hem periferal
|6kositlerinde hem de plazmalarinda belirli enflamatuvar miR-
NA'larin (mir-146a, mir-144, mir-34a) anlatim duzeylerindeki
degisiklikleri arastirmayi ve ve AH tanisinda biyobelirte¢ olarak
kullanilabillirliklerinin degerlendirilmesini amacladik. Ayrica, bu
miRNA'larin anlatimlarinin erken ve gec baslangicli AH arasinda
farklilik gosterip géstermedigini belirlemeyi amacladik.

Gereg ve Yontem: Gercek zamanli polimeraz zincir reaksiyonu
yontemini kullanarak 16 erken baslangi¢li ve 26 ge¢ baslangich
AH hastasi ve yag-uyumlu kontrollerinde miRNA'larin anlatim
diizeylerini arastirdik.

Bulgular: Plazma mir-144 anlatim dizeyinin erken ve geg
baslangi¢cl AH hastalar arasinda anlaml farklilik gdsterdigini
saptadik (p=0,015). Ek olarak, 6kosit mir-34a anlatim dizeyi
erken baglangich AH'de gec baslangich AH hastalarina gore
anlamli derecede dustk bulundu (p=0,027). Sonuglarimiz ayri-
ca, yas ve plazma mir-144 (r=0,319, p=0,02) ile |6kosit mir-34a
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lect age-dependent changes in miRNA expression and might be
independent of the disease status.

Keywords: Alzheimer disease, miRNA, miRNA expression

(r=0,414, p=0,001) anlatim dizeyleri arasinda anlamli pozitif ko-
relasyon oldugunu gosterdi.

Sonug: Bulgularimiz erken ve gec¢ baglangicl AH hastalar arasin-
da plazma mir-144 ve Idkosit mir-34a anlatimlarinda gérilen
farkliigin miRNA ekspresyonundaki yasa bagli degisiklikleri
yansitigini ve hastalik durumundan bagdimsiz olabilecegini
distndirmektedir.

Anahtar Kelimeler: Alzheimer hastaligi, miRNA, miRNA anlatimi

INTRODUCTION

Alzheimer's disease (AD) is a neurodegenerative disease
leading to cognitive decline, interfering with the activi-
ties of daily living. The main pathological hallmarks of the
disease are extracellular protein deposits called amyloid
plaques (AB) and intracellular deposits called neurofibril-
lary tangles, consisting of phosphorylated tau protein.
Alzheimer's disease is divided into two groups accord-
ing to the age of onset; early-onset (<65 years old) and
late-onset (> 65 years old). Early-onset AD (EOAD) is most-
ly familial and caused by rare mutations in one of three
responsible genes: Amyloid precursor protein (APP), Pre-
senilin 1 (PSENT) and Presenilin 2 (PSENZ2). Late-onset AD
(LOAD), a more common type of AD, is mostly sporadic.
Numerous genetic and environmental factors pose risks
for the development of AD, affecting the age at onset
and the progression of the disease. Inflammation is one
of the core factors in the pathogenesis of AD. The mech-
anisms underlying the process from AB production to
neurodegeneration partly depend on fluctuation in the
expression of genes involved in inflammation, which sug-
gests the transcriptional and/or post-transcriptional reg-
ulation of these genes. One of the regulatory factors that
may play a role in this process is the behaviour of small
non-coding RNA molecules called micro RNAs (miRNAs)
that regulate gene expression in the post-transcriptional
stage (1). miRNAs have fine-tuning roles in inflammato-
ry processes, and their expression profiles are known to
change in various diseases (2).

Studies have shown that the expression levels of several miR-
NAs have altered in AD and moreover, these changes have
been reported not only in disease-related brain regions (3)
but also in peripheral body fluids such as blood, cerebrospi-
nal fluid (CSF), plasma and serum (4). Determination of these
changes in peripheral samples enables these miRNAs to be
used as non-invasive biomarkers for the early diagnosis of
AD. Accordingly, studies have found significant differences in
the expression levels of miRNAs, which involved a number
of important pathways including inflammation, in peripheral
mononuclear cells of Alzheimer’s patients (5).

Therefore, in our study we first aimed to investigate
whether the expression levels of specific inflammatory
miRNAs could be identified in both peripheral blood

cells (leukocytes) and cell-free plasma of Alzheimer pa-
tients and to evaluate their potential usability as a bio-
marker in AD diagnosis in the Turkish cohort of AD pa-
tients. Secondly, our aim was to determine whether the
expression of the selected miRNAs differed between
early and late-onset AD.

In the selection of miRNAs included in our study, we con-
sidered that they showed altered expression profile in
peripheral body fluids of AD patients as well as the fact
that they were not previously studied in the Turkish popu-
lation. Based on this, three candidate miRNAs (mir-146a,
mir-144 and mir-34a) known to be involved in inflamma-
tory processes and whose target genes are associated
with AB metabolism were selected for the study (Table 1).
Mir-146a plays a key role in the negative feedback regu-
lation of the inflammatory pathway activated by nuclear
factor kappa-light-chain-enhancer of activated B cells
(NFkB) by suppressing the expression of its target gene;
Interleukin-1 receptor-associated (IRAK1) (6). mir-144 is a
negative regulator of ADAM10, a major a-secretase re-
sponsible for cleaving APP, and up-regulation of mir-144
decreases expression of ADAM10 protein (7). Mir-34a is
a NFkB regulated miRNA that is involved in inflammato-
ry processes and through down-regulation of its target
gene triggering receptor expressed in myeloid cells 2
(TREM?2), it may be involved in AD pathogenesis (8).

MATERIALS AND METHODS

Patients and controls

The study population was comprised of 42 Turkish AD
patients and 20 Turkish control subjects with no history
of any major neurologic and psychiatric disease. Patients
were separated into two groups according to age at on-
set; EOAD (n=16) and LOAD (n=26) and also controls
were divided into two groups as young (age <65 yrs, n=_8)
and elderly (age 265yrs, n=12). Participants were recruit-
ed in the Behavioural Neurology and Movement disor-
ders Unit of the Neurology Department. All participants
underwent detailed clinical and neuropsychological ex-
amination with neuroimaging. The diagnosis of dementia
was based on the National Institute of Neurological and
Communicative Disorders and Stroke and Alzheimer’s
disease (9). A Mini Mental State Examination test (MMSE)
was used to evaluate the global cognitive status in the
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Table 1: Selected circulating miRNAs specifying their regulation status, source analysed, target genes and detection

method

miRNA Target gene Source miRNr:ect:l:;thion Status Reference

mir-146 TRAF6, IRAKT, CSF Microarray increased (14)

TSPANT2 gRT-PCR increased (25)

gRT-PCR decreased (16)

Microarray increased (15)

Microarray/qRT-PCR decreased (17)

gRT-PCR decreased (26)

mir-144 ADAM10 blood Small RNA seq decreased (26)

gRT-PCR decreased (29)

mir-34a TREM2, BECLIN1 CSF gRT-PCR decreased (27)

Microarray increased (19)

plasma gRT-PCR decreased (28)

gRT-PCR decreased (20)

gRT-PCR increased (30)

PBMC qRT-PCR increased (18)

blood Microarray increased (26)

CSF=Cerebrospinal fluid, PBMC=Peripheral blood mononuclear cell, gRT-PCR=quantitative real-time polymerase chain reaction

participants. The study was approved by the Ethics Com-
mittee of the University (Date:12/08/2014, No:1221). The
procedures used in this study adhere to the tenets of the
Declaration of Helsinki. Informed consent was obtained
from the individual participants or the legal guardians of
the subjects unable to consent.

Total RNA isolation from blood leukocytes and plasma
20 ml peripheral blood was collected into EDTA contain-
ing tubes to isolate leukocytes and plasma. Blood samples
were centrifuged at 1400xg for 10 min and separated plas-
ma samples were stored at -80C for further use. Total RNA
was isolated from peripheral blood leukocytes by using a
miRNeasy Mini Kit (Qiagen) and from 600 pl of plasma by
using a mirVana PARIS Isolation Kit (Applied Biosystems)
according to the manufacturer’s instructions. During the
first step of the plasma RNA isolation protocol, 0.30 fmols
synthetic miRNA-39 from Caenorhabditis elegans cel-
miR-3% (Qiagen) was added to each sample to normalise
and monitor the extraction efficiency in RNA isolation.

Quantitative real-time PCR

MicroRNAs were transcribed by using the Tagman Mi-
croRNA Reverse Transcription Kit (Applied Biosystems),
with specific miRNA stem-loop primers according to the
manufacturer’s instructions. 15 pl reverse transcription (RT)
reaction mixture consists of 0.15 pl of 100 MM dNTP, 1 pl of
MultiScribe reverse transcriptase (50 U/ul), 1.5 ul of 10x RT

buffer, 0.19 pl of RNase inhibitor (20 U/pl), 4.16 pl of RNase-
free water, 3uL of 5xmiRNA-specific stem-loop RT primer
and 5 pl of the RNA sample (1-10ng total RNA). RT reaction
for each specific miRNA was performed at 16°C for 30 min,
at 42°C for 30 min, and at 85°C for 5 min.

Quantitative real-time polymerase chain reaction (RT-gP-
CR) was performed to determine the expression levels
of miRNAs using the TagMan MicroRNA Assays (Applied
Biosystems). A total of 10 ul gPCR reaction mix was com-
posed of 1 pl TagMan Small RNA Assay (Applied Bio-
systems), 5 pl LightCycler 480 Probes Master (Roche), 2
ul RNase- free water and 2 pl RT reaction product. The
gRT-PCR was carried out on a LightCycler 480 system
(Roche) under the following conditions: 95°C 10 min, 45
cycles of 95°C 15's, and 60°C 1 min. All gRT-PCR reac-
tions were run in triplicate. The relative expression level
of each miRNA was calculated using the 244¢ method.
RNU48 was used as an endogenous control in 22 calcu-
lations for the leukocyte samples. The Ct values of plas-
ma samples were first normalised against cel-miR-39 and
then against RNU6, as described previously (10).

Statistical analysis

Relative mRNA levels between groups were compared
using a two-tailed Mann-Whitney U test. Correlations of
miRNA levels with age and MMSE in all subjects and cor-
relations of miRNA levels with age at onset in AD patients
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were analysed using Spearman’s correlation test. Descrip-
tive statistical analysis of the groups was performed with
an y2 test for the categorical variables, and a Student’s t
test for the continuous variables. We used receiver oper-
ating characteristic (ROC) curve analysis and calculated
the area under the curve (AUC) of the miRNAs to evalu-
ate their sensitivity and specificity for distinguishing AD
from controls or EOAD from LOAD. The criterion for sig-
nificance was set at p<0.05. The stability of the candidate
reference gene expression in groups was evaluated by
the NormFinder (11) and BestKeeper (12) programs. All
statistical analyses were performed with SPSS 21.0 soft-
ware (IBM Corp, Armonk, NY, USA).

RESULTS

Characteristics of the study group

Demographic and clinical characteristics of the subjects are
summarised in Table 2. As shown in table 2, mean MMSE
scores were similar between EOAD and LOAD groups but
as expected, lower than their age-matched controls.

miRNA expression levels

mir-146a levels

The plasma and leukocyte expression levels of mir-146a
did not show a significant difference between any of the
AD patients and controls. Figure 1 shows plasma and leu-
kocyte mir-146 expression in EOAD, LOAD groups and

Table 2: Descriptive characteristics of patient groups and controls

EOAD Young controls value LOAD Elderly controls value
(n=16) (n=8) P (n=26) (n=12) P
’jfafsat recruitment, 58.3£9.6 54.25+8.44 0.33 76.5+4.4 737453 0.09
Age of onset, years 53+8.8 71.6+4.5
Gender, n (%)
Male 4 (25) 4 (50) 9 (34.6) 541.7)
0.22 0.67
Female 12 (75) 4(50) 17 (65.4) 7 (58.3)
MMSE score 16.4+7.7 (n=12) 28.25+1.2 (n=4) 0.009 17.7+£6.0 (n=25) 28.45+1.5(n=11) <0.001
APOE ¢4 status, n (%)
¢4 carrier 6 (40) 2 (25) 12 (46.2) 2(16.7)
0.47 0.08
¢4 non-carrier 9 (60) 6 (75) 14 (53.8) 10 (83.3)

Continuous variables are presented as mean+SD and dichotomous variables as percentage. A t-test was used for comparison of means
and y? test for percentages. Abbreviations: AD=Alzheimer's disease, MMSE=Mini mental state examination, n=number of individuals
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Figure 1: Plasma (a) and leukocyte (b) mir-146a levels in EOAD, LOAD, young and elderly controls. Data are presented
as a scatter plot with mean+=SEM. EOAD=Early-onset Alzheimer Disease, LOAD=Late-onset Alzheimer Disease. plas-
ma mir-146a: EOAD vs young control p=0.766, LOAD vs elderly control p=0.111, EOAD vs LOAD p=0.388, young con-
trol vs elderly control p=0.116; leukocyte mir-14éa: EOAD vs young control p=0.401, LOAD vs elderly control p=0.690,
EOAD vs LOAD p=0.273, young control vs elderly control p=0.836
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their respective controls. Plasma mir-146a expression in
EOAD group (mean+SEM; 0.725+0.28) was similar to
young controls (mean+SEM; 0.729+0.39, p=0.766) but
lower levels of mir-14éa were observed in LOAD group
(mean+SEM; 1.04+0.26) than elderly controls (mean+SEM,;
1.66+0.33), without any significance (p=0.111; Figure 1a).
Also, there was no significant difference between EOAD
and LOAD patients, in terms of plasma mir-146a expres-
sion levels (p=0.388). As shown in Figure 1b, leukocyte mir-
146a expression was similar between EOAD (mean=SEM,;
1.15+0.08) and young controls (mean+SEM; 1.10+0.19,
p=0.401), also similar between LOAD (mean+SEM;
1.05+0.08) and elderly controls (mean+SEM; 1.10+0.15,
p=0.690). In addition, there was no significant difference
between the EOAD and LOAD groups (p=0.273).

mir-144 levels

The plasma and leukocyte expression levels of mir-144
did not show any significant difference between AD pa-
tients and controls. Figure 2 shows plasma and leukocyte
mir-144 expression in EOAD, LOAD groups and their
respective controls. Plasma mir-144 levels did not differ
significantly in EOAD (mean=SEM; 0.54+0.19) compared
to young controls (mean+=SEM; 0.82+0.32, p=0.366) and
in LOAD (mean+SEM; 2.94+0.74) compared to elder-
ly controls (mean+SEM; 3.14+1.17, p=0.946) but there
was a significant decrease in EOAD compared to LOAD
(p=0.015; Figure 2a). Also, plasma mir-144 expression
seems to be decreased in young controls compared with
elderly, but this was not statistically significant (p=0.178).
As shown in Figure 2b, leukocyte mir-144 levels in EOAD
(mean+SEM; 0.99+0.22) and young controls (mean+SEM,;
0.89+0.17) were similar (p=0.746). Also, no significant
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difference between the LOAD (mean=SEM; 1.46+0.27)
and elderly controls (mean+SEM; 1.77+0.45) were found
(p=0.637). Although the leukocyte mir-144 level seems to
decrease in EOAD patients compared to LOAD patients,
no significant difference was found (p=0.787). In addi-
tion, a lower leukocyte mir-144 level was observed in the
young controls than in the elderly controls without any
significance (p=0.537).

mir-34a levels

The plasma and leukocyte expression levels of mir-34a
did not show any significant difference between the AD
patients and the controls. Figure 3 shows plasma and
leukocyte mir-34a expression in EOAD, LOAD groups
and their respective controls. Plasma mir-34a expres-
sion did not show a significant difference between
EOAD (mean+SEM; 1.20+0.32) and young controls
(mean+SEM; 0.94+0.42, p=0.623) but mir-34a expres-
sion seems to decrease in LOAD (mean+=SEM; 1.57+0.48)
compared to elderly controls (mean+SEM; 2.35+0.76)
without any significance (p=0.293; Figure 3a). Besides,
plasma mir-34a expression was similar between the
EOAD and LOAD groups (p=1.000). As shown in Figure
3b Leukocyte mir-34a levels did not differ significantly
in EOAD (mean+SEM; 0.98+0.17) compared to young
controls (mean+SEM; 1.04+0.18, p=0.481) and in LOAD
(mean+SEM; 1.17+0.07) compared to elderly controls
(mean+SEM; 1.39+0.2; p=0.420) but it was significant-
ly decreased in the EOAD patients compared with the
LOAD patients (p=0.027). In addition, leukocyte mir-34a
expression seems to decrease in the young controls com-
pared with the elderly, but this was not statistically signif-
icant (p=0.342).
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Figure 2: Plasma (a) and leukocyte (b) mir-144 levels in EOAD, LOAD, young and elderly controls. Data are presented
as a scatter plot with mean+SEM. *p<0.05, EOAD=Early-onset Alzheimer Disease, LOAD=Late-onset Alzheimer Dis-
ease. plasma mir-144: EOAD vs young control p=0.366, LOAD vs elderly control p=0.946, EOAD vs LOAD p=0.015,
young control vs elderly control p=0.178 ; leukocyte mir-144: EOAD vs young control p=0.746, LOAD vs elderly control
p=0.637, EOAD vs LOAD p=0.787, young control vs elderly control p=0.537
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Figure 3: Plasma (a) and leukocyte (b) mir-34a levels in EOAD, LOAD, young and elderly controls. Data are presented
as a scatter plot with mean=SEM. *p<0.05, EOAD=Early-onset Alzheimer Disease, LOAD=Late-onset Alzheimer Dis-
ease. plasma mir-34a: EOAD vs young control p=0.623, LOAD vs elderly control p=0.293, EOAD vs LOAD p=1.000,
young control vs elderly control p=0.163; leukocyte mir-34a: EOAD vs young control p=0.481, LOAD vs elderly control
p=0.420, EOAD vs LOAD p=0.027, young control vs elderly control p=0.342

ROC curve analysis

To evaluate the sensitivity and specificity of the signifi-
cantly altered miRNAs, a receiver operating characteristic
(ROC) curve analysis was used. The ROC curve analysis
and calculated area under the curve (AUC) of significant
miRNAs are presented in Table 3. Both plasma mir-144
and leukocyte mir-34a were sensitive to distinguish LOAD
from EOAD (Figure 4a-b). The AUC for plasma mir-144
was 0.741 (95% Cl, 0.577-0.905), with 71.4% sensitivity and
80% specificity. Similarly, the AUC for leukocyte mir-34a
was 0.711 (95% Cl, 0.533-0.888), with 44% sensitivity and
86.7% specificity. However, the diagnostic power values
of plasma mir-144 and leukocyte mir-34a in differentiation
of EOAD or LOAD patients from controls as measured

by AUC were lower than 0.70, indicating poor diagnos-
tic value for distinguishing the patients from the controls
(Table 3). As we performed ROC analysis for both miR-
NAs in all young and elderly individuals regardless of the
disease status, both miRNAs were sensitive to distinguish
young individuals from elderly, the AUC for plasma mir-
144 was 0.711 (95% Cl, 0.572-0.850), with 56.7% sensitivity
and 82.6% specificity and the AUC for leukocyte mir-34a
was 0.684 (95% Cl, 0.540-0.829), with 63.9% sensitivity and
68.2% specificity.

Correlation analysis
Since the expression levels of the miRNAs may vary de-
pending on age and the MMSE score, the relationship

Table 3: The receiver operating characteristic (ROC) curve analysis of significant miRNAs

Cutoff value AUC Sensivity Specificity 95%Cl p-value Distinguish between
3 <0.58 0.741 0.714 0.800 0.577-0.905 0.015 EOAD from LOAD
_Z <0.38 0.617 0.625 0.667 0.371-0.862 0.366 EOAD from young control
E <4.55 0.492 0.444 0.714 0.265-0.719 0.946 LOAD from elderly control
5 <0.53 0.694 0.667 0.625 0.438-0.951 0.178 young control from elderly control
o <1.09 0.711 0.567 0.826 0.572-0.850 0.009 young subjects from elderly subjects
K <1.36 0.711 0.440 0.867 0.533-0.888 0.027 EOAD from LOAD
2 <1.02 0.595 0.571 0.667 0.353-0.837 0.481 EOAD from young control
E <1.39 0.585 0.545 0.720 0.342-0.829 0.420 LOAD from elderly control
§" <1.05 0.636 0.636 0.714 0.375-0.898 0.342 young control from elderly control
é <1.05 0.684 0.639 0.682 0.540-0.829 0.019 young subjects from elderly subjects

AUC=Area under curve, Cl=Confidence interval
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Figure 4: The receiver operating characteristic (ROC) curve plots of plasma mir-144 (a) and leukocyte mir-34a (b) for
discriminative ability between EOAD and LOAD. AUC=Area under curve

between age, age of onset, MMSE and the expression
levels of the miRNAs were examined by correlation analy-
sis. The correlation analyses pointed out that plasma mir-
144 levels were positively correlated with age and age
of onset (r=0.319, p=0.02; r=0.343, p=0.041; respective-
ly; Figure 5a-b). Also, leukocyte mir-34a expression lev-

els were positively correlated with age and age of onset
(r=0.414, p=0.001; r=0.399, p=0.011; respectively; Figure
5c-d). There was no significant correlation between age,
age of onset and levels of other miRNAs. No significant
correlation was found between the MMSE score and lev-
els of miRNAs.
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Figure 5: Correlations of plasma mir-144 and leukocyte mir-34a expression levels with age (a-c) and age at onset (b-d).
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DISCUSSION

The present work is a preliminary study with a small num-
ber of patients and miRNAs. We aimed to perform a com-
parative analysis of the selected miRNAs, the expression
of which are known to change in AD patients. Therefore,
we focused on three circulating miRNA (mir-146a, mir-144
and mir-34a) which were previously identified in microar-
ray or RNA sequencing studies. The first aim of this study
was to test whether the expression of specific miRNAs
could be identified in both the cellular component (leu-
kocyte) and cell-free plasma, and could serve as a periph-
eral biomarker in AD diagnosis. Then secondly, our next
aim was to determine the expression levels of the select-
ed miRNAs in AD patients and whether they differed in
EOAD and LOAD. Distinct from previous studies where
these miRNAs were investigated, our study is the first
comparative study dealing with the cellular origin of the
selected miRNAs. Since the cellular origin of a biomarker
miRNA is important to explain the mechanism of the rela-
tion between the biomarker-miRNA and the disease, we
used both cellular (leukocyte) and free (plasma) miRNA.
Furthermore, the expression levels of some miRNAs are
known to differ among populations (13) and to the best
of our knowledge, the selected miRNAs have not been
investigated within the Turkish population. Therefore, our
study is the first in literature to investigate the mentioned
miRNAs in Turkish AD patients.

AD-related alterations in the expression of miRNAs have
been described by several studies and these alterations
have been reported not only in disease-related brain
regions but also in peripheral body fluids such as CSF
(14-17), blood (18), plasma (19) and serum (20). Compared
to brain tissue, peripheral samples, including blood, plas-
ma, and serum are much easier to collect and determi-
nation of miRNA expression profiles in peripheral com-
ponents enables these miRNAs to be used as a source
of non-invasive biomarkers in AD diagnosis. So far, there
has only been one study in literature to investigate the
expression levels of miRNAs in Turkish AD patients (21).
In their study Yilmaz et al. examined seven miRNAs (mir-
9-5p, mir-29a-3p, mir-106a-5p, mir-106b-5p, mir-107, mir-
125a-3p, and mir-125b-5p) whose target genes were as-
sociated with the AP pathway, in blood samples of AD
patients. They found that the expression levels of mir-
9-5p, 106a-5p, mir-106b-5p and mir-107 were down-reg-
ulated in AD patients and indicated that these miRNAs
conferred a protection against AD.

Mir-146a expression levels were reported to increase in AD
mouse models and human AD brain (22, 23). Also, it has
been shown that the expression of mir-146a was higher in
the hippocampus and neocortex regions of a human AD
brain, and the increase in the mir-146 level was associated
with the severity of AD pathology (24). Higher levels of mir-

146a were also reported in CSF (14, 15, 25), plasma (19)
and serum (20) samples of AD patients; on the contrary,
lower levels of mir-146a were observed both in CSF (16,
17, 26), plasma (26, 27) and serum (28). A study by Kiko et
al. showed decreased levels of plasma mir-146a in elderly
AD patients (mean age:80.7 yrs) (15). However, that study
included a small sample size, and there was a significant
difference in age between patients and controls. A recent
study by Maffioletti et al. showed no significant association
in plasma mir-146a levels comparing AD patients and age-
matched controls (29). Strikingly, in their study, Maffioletti
et al. observed significantly higher mir-146a levels when
AD patients were compared with age-unmatched con-
trols (29). Furthermore, they found a positive correlation
between mir-146a levels and age, which pointed out the
influence of ageing on peripheral mir-14éa levels. In these
two studies, the mean ages of AD patients (80.7 and 74.6
years) were similar to the mean age of our LOAD patients
(76.5 years). Unlike the study by Kiko et al. but in line with
Maffioletti et al., we did not find a significant difference
in plasma levels of mir-146a between LOAD patients and
elderly controls (26, 29). Although there have been a few
studies analysing plasma mir-146 expression in AD pa-
tients, such a study in blood leukocytes has not been per-
formed so far. Therefore, our study is the first to examine
leukocytes mir-146 expression in AD patients and we have
found that the expression of leukocyte mir-146a does not
significantly differ between each group, but is very similar.
Overall, we can suggest that the differential expression of
mir-146a detected in a human AD brain may not be pres-
ent in leukocytes or plasma. However, it should be taken
into consideration that our study and other studies inves-
tigating the peripheral mir-146a levels in AD patients were
performed in small study cohorts.

Previously, mir-144 expression was found to be down-reg-
ulated in blood samples of AD patients (18, 30). Unlike
Satoh et al., we found that blood mir-144 levels did not
differ in early and late-onset patients compared to their
age-matched controls. However, our study was conduct-
ed on a relatively small sample size compared with that
of Satoh et al., thus, further research in larger cohorts will
be needed to validate the reported results (30). Plasma
mir-144 levels in AD patients have not been examined so
far. Our results showed no significant difference in early
and late-onset patients compared to their age-matched
controls but we observed significantly increased plasma
mir-144 levels in LOAD patients when compared with
EOAD, and this increase was also detected in leukocytes
although statistically non-significant. Moreover, we found
that plasma mir-144 levels were positively correlated with
age. Up-regulation of miR-144 was reported in the age-
ing primate cerebellum and cortex and also in the cortex
of human AD brain (31). The increase of miR-144 levels
suggested that miR-144 may play a regulatory role in the
post-transcriptional regulation of certain genes in the
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ageing brain (32). In line with this finding, both in plas-
ma and leukocyte samples we observed lower levels of
mir-144 in young controls than in elderly controls but due
to the low number of individuals in each group, this de-
crease did not reach a statistical significance. Therefore,
we can suggest that the differential expression of mir-144
between EOAD and LOAD groups might be indepen-
dent of the disease status and results from an age-de-
pendent increase in mir-144 expression.

mir-34a is up-regulated in the hippocampus of an AD
brain (33) and the increased expression of miR-34a in AD
brains correlated with the severity of AD pathology (34).
Alterations in the expression of mir-34a were described
in plasma samples of AD patients, although with contra-
dictory results (10, 26, 27). Two studies (26, 27) showed
lower levels of plasma mir-34a in AD patients while in
one study, higher levels were observed (10). Unlike these
studies, we did not find a significant difference in plasma
mir-34a levels in early and late-onset patients compared
to their age-matched controls. So far, two studies have
investigated mir-34a expression in blood cells of AD pa-
tients (5, 10). In both studies, analyses were performed in
elderly AD patients and higher mir-34a levels were ob-
served. However, in our study blood leukocyte levels of
mir-34a were not different in neither the EOAD nor the
LOAD group compared to their respective controls. Strik-
ingly, leukocyte mir34-a expression in EOAD patients was
significantly lower than the expression in LOAD patients.
Furthermore, young controls seem to have lower levels of
leukocyte mir34-a expression than elderly controls. Thus,
we can suggest that this differential expression of mir-34a
between EOAD and LOAD might be due to the age-de-
pendent changes in expression of mir34-a (35). In addi-
tion, the significant positive correlation of mir-34a ex-
pression with age was another finding of our study, in line
with this evidence. Since studies examining peripheral
mir-34a expression showed contradictory results, further
studies are needed to clarify the role of mir-34a in AD.

To be used as a biomarker, a miRNA level is expected to
have sufficient levels of specificity and sensitivity. Though
our data demonstrated that relative expression levels of
plasma mir-144 and leukocyte mir-34a seemed to distin-
guish EOAD from LOAD with significant specificity and
sensitivity, these findings were due to dependence of
both miRNAs on the age, consistent with the results of
the correlation analyses.

In conclusion, our results could suggest that the differ-
ential expression of miRNAs between EOAD and LOAD
groups might be independent of the AD disease status
and result from age-dependent changes. Also, altered
expression of miRNAs in the brain may not be correlat-
ed in plasma or blood cells. The relatively small sample
size is the main limitation of our study. Future studies

with larger cohorts are needed to validate results report-
ed here, and reveal whether miRNA changes specific to
EOAD and LOAD could be used as a biomarker.
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