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ABSTRACT
Objective: To investigate the relationship between 
microRNA107 (miRNA107) and BACE1 messenger RNA 
(mRNA) gene expressions in plasma and their diagnostic 
capability to distinguish subjects with amnestic mild 
cognitive impairment from healthy controls.

Method: We recruited 97 patients with Alzheimer’s 
disease according to diagnostic criteria of DSM-IV and 
National Institute of Neurologic and Communicative 
Disorders and Stroke/Alzheimer’s Disease and Related 
Disorders Association, 116 subjects with amnestic mild 
cognitive impairment, and 81 healthy controls from 
January 2012 to December 2012. The real-time PCR 
was used to quantify miRNA107 and BACE1 mRNA. The 
power of classification accuracies between patients 
with amnestic mild cognitive impairment and healthy 
controls was performed using linear discriminate 
analysis single or combining both the expression 
miRNA107 and BACE1 mRNA.

Results: For patients with Alzheimer’s disease, the 
miRNA107 expressions in plasma and cerebral spinal 
fluid were correlated (Pearson correlation = 0.665, 
P = .034). There were statistically significant correlations 
between plasma miRNA107 and BACE1 mRNA gene 
expression in Alzheimer’s disease, amnestic mild 
cognitive impairment, and healthy control groups (r 
value = −0.316 [P = .002], −0.615 [P < .001], and −0.367 
[P = .001], respectively). The overall classification 
accuracy of miRNA107 to discriminate between patients 
with amnestic mild cognitive impairment and healthy 
controls  was 91.9%, with sensitivity of 98.3% and 
specificity of 82.7%.

Conclusions: The miRNA107 expression in plasma has 
a high capability to discriminate between patients 
with amnestic mild cognitive impairment and healthy 
controls.
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A lzheimer’s disease is the most common form of dementia 
worldwide. Pathologically, the disease is defined by the 

intracellular accumulation of aggregated and hyperphosphorylated 
protein tau and the extracellular deposition of amyloid β (Aβ) 
peptides.1 For the latter, the secretase enzymes have been the 
focus of intense research for years. Related to the widely accepted 
hypothesized major pathology of Alzheimer’s disease, the generation 
and subsequent accumulation of Aβ was reportedly through 
sequential cleavage of the amyloid precursor protein (APP) by β-site 
APP-cleaving enzyme 1 (BACE1) and γ-secretase.2 In fact, it has 
been demonstrated that regulation of expression levels of proteins 
involved in this Aβ generation process is playing an important role 
in Alzheimer’s disease.3

The BACE1 messenger RNA (mRNA) is regulated by microRNA 
(miRNA).4 Accumulating evidence has suggested that alterations of 
miRNAs could contribute to risks for Alzheimer’s disease. In fact, 
deregulations in Alzheimer’s disease have been reported5–7 for a 
number of specific miRNAs. Researchers investigating miRNAs in 
postmortem brain tissues in patients with Alzheimer’s disease reported 
their decreases as compared to healthy controls and their variability 
over different human brain areas. More interestingly, studies5–7 from 
several groups demonstrated that miRNA expressions are altered not 
only in the brains of patients with Alzheimer’s disease but also in the 
cerebral spinal fluid (CSF) and especially in blood plasma of these 
patients, raising the possibility of their easy use for diagnosis in a 
clinical setting.

Among these miRNAs, miRNA107 targets genes directly related 
to disease such as BACE1 mRNA. It interacts with 3′UTR of BACE1 
mRNA.8 In previous microarray studies,9,10 miRNA107 levels were 
found to be substantially reduced in the temporal cortex of the patients 
affected by Alzheimer’s disease. However, the difficulty, high costs, 
and invasiveness of obtaining data for brain tissues and CSF made 
the microarray data unfeasible for routine uses such as in clinical 
settings.11 Therefore, it will be of great interest to identify disease-
associated changes in miRNA expression measurements from routine 
laboratory tests. In this regard, measurements from plasma data are 
more readily available in the clinical setting. We therefore set up this 
study to (1) explore the possibility of whether plasma measurements 
are correlated with CSF measurements for miRNA107 and BACE1 
mRNA separately and (2) examine whether each of these 2 plasma 
measures or their combination is capable of especially discriminating 
between subjects with amnestic mild cognitive impairment and 
healthy controls, between subjects with Alzheimer’s disease and 
healthy controls, between subjects with Alzheimer’s disease/amnestic 
mild cognitive impairment and healthy controls, or even between 
subjects with Alzheimer’s disease and those with amnestic mild 
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s  ■ The plasma measurements were correlated with the CSF 
measurements for microRNA107 (miRNA107) and β-site 
APP-cleaving enzyme 1 (BACE1) messenger RNA (mRNA) 
separately.

 ■ Plasma measure of expression of miRNA107 and BACE1 
mRNA is capable of discriminating between subjects with 
amnestic mild cognitive impairment and healthy controls.

136     J Clin Psychiatry 76:2, February 2015

cognitive impairment. We were especially interested in 
examining such feasibility in distinguishing subjects with 
amnestic mild cognitive impairment from healthy control, 
as it is relatively more difficult to diagnose amnestic mild 
cognitive impairment in contrast to healthy controls than to 
diagnose Alzheimer’s disease from healthy controls.

METHOD
Participants and Recruitment

This study was registered at ClinicalTrials.gov (identifier: 
NCT01819545).

We recruited 97 patients with Alzheimer’s disease; 116 
patients with amnestic mild cognitive impairment from the 
tertiary hospital of Shanghai Mental Health Center, Shanghai 
Jiao Tong University School of Medicine (Alzheimer’s Disease 
and Related Disorders Center); and 81 cognitively healthy 
elderly subjects from the Shanghai Changning district, 
Huangpu district, and Putuo district from January 2012 
to December 2012. Patients enrolled by the hospital were 
via self-referral or referral from family or physician. This 
study was approved by the institution’s ethics committee, and 
informed consent was obtained from all subjects and/or their 
legal guardians.

Probable Alzheimer’s disease was diagnosed according to 
criteria from the Diagnostic and Statistical Manual for Mental 
Disorders, Fourth Edition (DSM-IV), and from the National 
Institute of Neurologic and Communicative Disorders 
and Stroke/Alzheimer’s Disease and Related Disorders 
Association.12

Amnestic mild cognitive impairment was diagnosed 
based on the following criteria13: (1) memory complaint, 
preferably corroborated by a spouse or relative; (2) objective 
memory impairment; (3) normal general cognitive function; 
(4) intact activities of daily living; and (5) absence of 
dementia. We have amended the amnestic mild cognitive 
impairment diagnostic criteria of the Petersen Mini-Mental 
State Examination (MMSE)14 cutoff score in order to be 
consistent with the low level of education in elderly Chinese 
people. Research15 has found that with the Chinese version 
of MMSE, subjects with Alzheimer’s disease who had not 
been educated exhibited MMSE scores of < 18, those with 
elementary school education exhibited MMSE scores of 
< 21, and those with higher than middle school education 
exhibited MMSE scores of < 25. In the present study, the 
amnestic mild cognitive impairment analysis was carried out 
on uneducated subjects with MMSE cutoff scores of ≥ 18, 
elementary school–educated subjects with MMSE cutoff 

scores of ≥ 21, and higher than middle school–educated 
subject with MMSE cutoff scores of ≥ 25.

The cognitively healthy elderly subjects formed the 
healthy control group and were independently functioning 
community dwellers with no neurologic or psychiatric 
conditions.

All participants underwent a screening process that 
included a review of their medical history, physical and 
neurologic examinations, laboratory tests, and magnetic 
resonance imaging (MRI) scans (see below). The clinical 
assessment of mild cognitive impairment or dementia 
included neuropsychological tests, as well as behavioral and 
psychiatric interviews conducted by attending psychiatrists. 
Patients with Alzheimer’s disease recorded scores of < 4 on 
the Hachinski Ischemia Scale16 and showed no history of 
significant systemic or psychiatric conditions or traumatic 
brain injuries that could compromise brain function. 
The Clinical Dementia Rating17 and Montreal Cognitive 
Assessment18 were used to assess all of the participants. 
The neuropsychological battery which was used only to 
determine mild cognitive impairment subtype in the present 
study included Wechsler Memory Scale (WMS) Verbal 
Associates immediate and 30-minute delayed test,19 Rey 
Auditory Verbal Learning and 30-minute Delayed Test,20 
WMS-Digit Span,19 Category Naming Test-Animals,21 and 
Clock Drawing Test.22 We rated cognitive impairment of 
the patients with mild cognitive impairment in 7 domains 
(memory, attention, language, visual-spatial, orientation, 
calculation, and executive function) according to the 
neuropsychological battery and MMSE. On the basis of 
the assessment, we retained subjects with amnestic mild 
cognitive impairment and others were excluded, such as 
those who had impairment in a single nonmemory domain 
(single nonmemory domain mild cognitive impairment 
subtype) and those who had impairment in 2 or more 
domains (multiple domains, slightly impaired mild cognitive 
impairment subtype). Healthy control subjects had no history 
of cognitive decline, neurologic disorders, or uncontrolled 
systemic medical disorders. All subjects included in this 
study had no more than 2 lacunar ischemia (of diameter < 1 
cm) as revealed by MRI fluid-attenuated inversion recovery 
(FLAIR) sequence. The MRI FLAIR (Siemens MAGNETOM 
VERIO 3T, SIEMENS, Munich, Freistaat Bayern, Germany) 
data acquisition setting was with the following parameters: 
matrix size = 256 × 192, number of excitations = 1, field of 
view = 24 cm, echo time = 140 ms, repetition time = 8,600 
ms, inversion time = 2,200 ms.

Blood Plasma Collection  
and Lumbar Punctures for CSF Collection

An ethylenediaminetetraacetic acid (Zibo, Shandong, 
China) anticoagulated blood sample (5 mL) was obtained 
from each subject, and, after standing for 30–60 minutes, 
each sample was centrifuged for 20 minutes at 4°C low 
temperature and spun at 3,000 rpm. Each 200 μL sample was 
taken into a 2-mL eppendorf tube and immediately frozen 
stored at −80°C refrigerator tested.

http://www.clinicaltrials.gov/ct2/show/NCT01819545?term=NCT01819545&rank=1
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To examine the correlation between plasma and CSF 
measures, we performed lumbar punctures only on a subset 
of subjects with Alzheimer’s disease (45 of 97), not on 
healthy controls and subjects with amnestic mild cognitive 
impairment (due to the difficulty of getting consent from 
any of them). Eight mL CSF was collected into glass tubes. 
Cerebral spinal fluid samples were kept in 4°C for a maximum 
of 1 hour, until centrifuged for 10 minutes at 3,000 g in 4°C, 
and transferred to and stored in polypropylene tubes as 2 mL 
aliquots at −80°C.

Quantitative Real-Time Polymerase Chain Reaction
BACE1 mRNA quantitative real-time polymerase chain 

reaction. Total mRNAs were extracted using TRIZOL 
Reagent (Invitrogen Life Technologies; Carlsbad, California) 
and was quantified using the NanoDrop (Waltham, 
Massachusetts) ND-1000 spectrophotometer. Quality 
control was performed by assessing the optical density ratio 
of 260/280 nm. Quantitative real-time polymerase chain 
reaction (PCR) was conducted using 2 × PCR master mix 
(Super Array, Valencia, California) and the ABI PRISM7900 
system (Applied Biosystems; Foster City, California). For 
each sample, real-time PCR was performed together with 
reference gene β-actin for target mRNA (BACE1 mRNA) 
and its relative amount of the mRNA determined by 2-ΔΔ 
threshold cycle methods.

MicroRNA107 quantitative real-time PCR. Total miRNAs 
were extracted using TRIZOL Reagent and quantified using 
the NanoDrop ND-1000 spectrophotometer. Quality control 
was performed by assessing the optical density ratio of 
260/280 nm. Quantitative real time PCR was conducted using 
Universal cDNA Synthesis Kit, 16–32 rxns (Exiqon, Vedbaek, 
Denmark), and the Gene Amp PCR System 9700 (Applied 
Biosystems; Foster City, California). For each sample, real-
time PCR was performed together with reference gene 
miRNA423-5p for target miRNA (miRNA107) and its relative 
amount of the miRNA determined by 2-ΔΔ threshold cycle 
methods.

APOE Type and BACE1 Protein Concentration
We also used PCR–restriction fragment length 

polymorphism to determine the apolipoprotein E (APOE) 
types of subjects. 

We made extra efforts to have the blood samples assayed 
a second time for BACE1 protein. We used the BACE1 
protein ELISA kits (LBL 27752 human BACE1 assay kit; 
Takasaki-Shi, Gunma, Japan) to assay the BACE1 protein 
concentration from a subset of our study participants: 16 
patients with Alzheimer’s disease, 30 patients with amnestic 
mild cognitive impairment, and 32 healthy control subjects.

Data Analysis
For examining the plasma/CSF associations for miRNA107 

and BACE1 mRNA each alone for patients with Alzheimer’s 
disease, we used simple Pearson correlation analysis.

Demographic characteristics, except gender ratio and 
age, and clinical characteristics across the Alzheimer’s 

disease, amnestic mild cognitive impairment, and control 
groups were assessed by analysis of covariance (ANCOVA) 
to account for age and gender effects. The ANCOVA was 
followed by least significant difference post hoc tests. 
Gender ratio and age were assessed using χ2 test and 
analysis of variance separately. Similarly, miRNA107 and 
BACE1 mRNA expression and BACE1 protein differences 
between the groups in plasma were tested also by 
ANCOVA (accounting for age and gender) and followed 
least significant difference. In addition to testing the group 
difference and for the purpose of adopting these plasma-
based measurements as biomarkers for the feasibility of 
clinical diagnosis, we assessed especially the accuracies of 
classification between healthy controls and amnestic mild 
cognitive impairment group, between healthy controls and 
Alzheimer’s disease group, between amnestic mild cognitive 
impairment and Alzheimer’s disease groups, and between 
healthy controls and the pooled amnestic mild cognitive 
impairment/Alzheimer’s disease group, using each of these 
2 measurements alone or combined together. In assessing 
the classification accuracies, we used the receiver operating 
characteristic approach for estimating the sensitivity and 
specificity for each plasma expression alone. For combining 
the 2 together, we applied the simple linear discriminate 
analysis approach. The Youden’s Index was used to 
ensure the critical point of diagnosis accuracy for plasma 
miRNA107 and/or BACE1 mRNA gene expression. When 
doing each of all the analyses above, leave-1-out procedure 
was conducted for the reported sensitivity and specificity. In 
addition, we also randomly partitioned 60% of the subjects 
(n = 119) into training and the remaining 40% (n = 78) for 
testing. The discriminate model generated by the training 
group was subsequently applied to the subjects in the testing 
group.

RESULTS
There were no significant differences in age, gender, and 

education level among the 3 groups (Table 1). In patients 
with Alzheimer’s disease, the plasma and CSF Pearson 
correlation coefficient for miRNA107 expression was 0.665 
(P = .034). The correlation for BACE1 mRNA, however, was 
not significant (r = 0.107, P = .585).

The mean ± SD levels of plasma miRNA107 expression 
in Alzheimer’s disease group, amnestic mild cognitive 
impairment group, and healthy controls were 1.31 ± 1.12, 
1.02 ± 0.51, and 3.98 ± 1.88, respectively (P < .001; Figure 1, 
Table 2). We noted that the plasma expression of miRNA107 
was significantly different between the amnestic mild 
cognitive impairment and healthy controls (P < .001) and 
between Alzheimer’s disease and healthy controls (P < .001), 
but not between Alzheimer’s disease and amnestic mild 
cognitive impairment (P = .086).

The mean ± SD levels of plasma BACE1 mRNA expression 
in Alzheimer’s disease group, amnestic mild cognitive 
impairment group, and healthy controls were 0.64 ± 0.24, 
0.74 ± 0.19, and 0.43 ± 0.14, respectively (P < .001; Figure 1, 
Table 2). We noted that the plasma expression of BACE1 
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mRNA was significantly different between amnestic mild 
cognitive impairment and healthy controls (P < .001), 
between Alzheimer’s disease and healthy controls (P < .001), 
and between Alzheimer’s disease and amnestic mild cognitive 
impairment (P < .001).

There were statistically significant correlations between 
plasma miRNA107 and BACE1 mRNA gene expression in 
Alzheimer’s disease (r = −0.316, P = .002), amnestic mild 
cognitive impairment (r = −0.615, P < .001), and healthy 

controls (r = −0.367, P = .001), respectively (Table 2). The 
correlation over all subjects is r = −0.566 (P < .001).

Using the leave-1-out procedure, we found that the 
sensitivity and specificity of distinguishing amnestic 
mild cognitive impairment and healthy controls is 98.3% 
and 82.7%, respectively, for miRNA107 and 85.3% and 
87.7%, respectively, for BACE1 mRNA. When these 2 gene 
expressions were combined, the sensitivity and specificity 
became 91.4% and 81.5% (Table 3). See Table 3 for the 

Table 3. Plasma Expression of miRNA107 and BACE1 mRNA 
to Discriminate aMCI and HC, AD and HC, aMCI and AD, and 
AD + aMCI and HCa

Sensitivity 
(%)

Specificity 
(%)

Total 
Accuracy (%)

aMCI and HC
(1) miRNA107 98.3 82.7 91.9
(2) BACE1 mRNA 85.3 87.7 86.3
1 + 2 91.4 81.5 87.8

AD and HC
(1) miRNA107 89.7 77.8 84.3
(2) BACE1 mRNA 61.9 81.5 70.8
1 + 2 86.6 80.2 83.7

aMCI and AD
(1) miRNA107 38.1 68.1 54.5
(2) BACE1 mRNA 58.8 64.7 62.4
1 + 2 56.7 70.7 64.8

AD + aMCI and HC
(1) miRNA107 94.4 81.5 90.1
(2) BACE1 mRNA 73.2 85.2 76.5
1 + 2 91.1 79.0 88.8

aThe Youden’s Index was used to ensure the critical point of diagnosis 
accuracy.

Abbreviations: AD = Alzheimer’s disease, aMCI = amnestic mild cognitive 
impairment, APP = amyloid precursor protein, BACE1 = β-site  
APP-cleaving enzyme 1, HC = healthy control, 
miRNA107 = microRNA107, mRNA = messenger RNA.

Figure 1. The Plasma Expression Level of miRNA107 and 
BACE1mRNA in Alzheimer’s Disease, Amnestic Mild 
Cognitive Impairment, and Healthy Control Groupsa

aError bars represent SD.
Abbreviations: APP = amyloid precursor protein, BACE1 = β-site  

APP-cleaving enzyme 1, miRNA107 = microRNA107, 
mRNA = messenger RNA.
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Table 1. Demographic and Clinical Characteristics of Subjectsa

Characteristic

Alzheimer’s  
Disease 
(n = 97)

Amnestic Mild Cognitive 
Impairment 

(n = 116)
Healthy Controls 

(n = 81) P
Age, y 70.1 ± 4.6 68.6 ± 5.3 71.7 ± 5.4 .322
Male/female 34/63 46/70 36/45 .442
Education, y 7.1 ± 3.5 8.4 ± 5.1 9.0 ± 4.5 .574
Clinical Dementia Rating score 2.2 ± 0.8 0.5 ± 0.0 0.0 ± 0.0 < .001
Mini-Mental State Examination score 13.8 ± 5.4 23.9 ± 3.8 26.5 ± 3.5 < .001
Montreal Cognitive Assessment score 10.6 ± 3.7 21.2 ± 2.3 25.4 ± 4.6 < .001
aData represent n/n or mean ± SD. Data were analyzed by 1-way analysis of variance. Gender ratio was analyzed  

by χ2.

Table 2. Real-Time Polymerase Chain Reaction of miRNA107 and BACE1 mRNA in Plasma  
(value of 2-ΔΔ CT)a

(1) Alzheimer’s 
Disease
(n = 97)

(2) Amnestic Mild 
Cognitive Impairment

(n = 116)

(3) 
Healthy 
Controls
(n = 81) P

Least Significant 
Difference Post Hoc Tests 

(P value)
1 vs 2 2 vs 3 1 vs 3

miRNA107 1.31 ± 1.12 1.02 ± 0.51 3.98 ± 1.88 < .001 .086 < .001 < .001
BACE1 mRNA 0.64 ± 0.24 0.74 ± 0.19 0.43 ± 0.14 < .001 < .001 < .001 < .001

r −0.316 −0.615 −0.367 ... ... ... ...
P .002 < .001 .001 ... ... ... ...

aData represent mean ± SD and were analyzed by 1-way analysis of variance and least significant difference post 
hoc tests.

Symbol: ... = not applicable.
Abbreviations: APP = amyloid precursor protein, BACE1 = β-site APP-cleaving enzyme 1, 

miRNA107 = microRNA107, mRNA = messenger RNA.
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classification results for other group pairs. In addition, we 
used 60% of subjects (119 in the amnestic mild cognitive 
impairment and healthy control groups) randomly selected 
to construct the discriminator and then assessed its 
performance on the remaining 40% of subjects (78 in the 
amnestic mild cognitive impairment and healthy control 
groups). The 44 of 46 subjects with amnestic mild cognitive 
impairment and 25 of 32 healthy controls were correct 
classified. Thus, the estimated sensitivity was 95.6%, the 
specificity 78.1%, and the overall accuracy 87.2%. The 
Youden’s Index23 was used to ensure the critical point of 
diagnosis accuracy.

The APOE status was not significant difference among 
3 groups (χ2 test, P = .750). We used the APOE status in the 
analysis of variance statistical models. The APOE status did 
not produce the effect in the variance statistical models. 
The APOE status in the Alzheimer’s disease group was 
APOE*2/*2, n = 0; APOE*3/*3, n = 89; APOE*4/*4, n = 2; 
APOE*2/*3, n = 3; APOE*2/*4, n = 2; and APOE*3/*4, 
n = 1. The APOE status in the amnestic mild cognitive 
impairment group was APOE*2/*2, n = 0; APOE*3/*3, 
n = 107; APOE*4/*4, n = 2; APOE*2/*3, n = 4; APOE*2/*4, 
n = 3; and APOE*3/*4, n = 0. The APOE status in the healthy 
control group was APOE*2/*2, n = 1; APOE*3/*3, n = 74; 
APOE*4/*4, n = 0; APOE*2/*3, n = 4; APOE*2/*4, n = 2; and 
APOE*3/*4, n = 0.

For the post hoc analysis on the BACE1 plasma protein 
concentration for a subset of the subjects, there were no 
significant differences in age, gender, and education level 
among the 3 groups, a finding consistent with our results for 
the entire samples. The plasma BACE1 protein concentration 
was significantly different (P = .026) among Alzheimer’s 
disease (n = 16), amnestic mild cognitive impairment 
(n = 30), and healthy control (n = 32) groups, with the group 
pairwise differences between Alzheimer’s disease and 
healthy control groups (P = .025) and between amnestic mild 
cognitive impairment and healthy control groups (P = .022), 
but not between Alzheimer’s disease and amnestic mild 
cognitive impairment groups (P = .724). The mean ± SD 
levels of plasma BACE1 protein concentration in Alzheimer’s 
disease, amnestic mild cognitive impairment, and healthy 
control groups were 5.07 ± 1.78 ng/mL, 4.89 ± 2.01 ng/mL, 
and 3.89 ± 1.25 ng/mL, respectively.

DISCUSSION
The main aim of the study was to search for plasma 

miRNA biomarkers that can be used to primarily distinguish 
between subjects with amnestic mild cognitive impairment 
and healthy controls  as well as between subjects with 
Alzheimer’s disease and healthy controls or between 
subjects with Alzheimer’s disease/amnestic mild cognitive 
impairment and healthy controls in clinical settings. The 
results obtained in our experiments have demonstrated for 
the first time that minimally invasive tests based on analysis 
of cell-free miRNA107 and BACE1 mRNA expression in 
plasma are feasible for distinguishing especially amnestic 
mild cognitive impairment from healthy control.

In spite of the positive findings, we noted that the 
plasma and CSF measure association was significant 
only for miRNA107 but not for BACE1 mRNA using data 
from patients with Alzheimer’s disease. The lack of such 
association for BACE1 mRNA is probably due to the inability 
of the molecular BACE1 mRNA to freely go through blood-
brain barrier because of the molecular size.24 Regardless, our 
findings should be treated as preliminary and exploratory. 
Their use and understanding require additional studies to 
establish its validity. And our results and discussions should 
be interpreted with this caution.

Amyloid plaques and neurofibrillary tangles are 
considered to be the most important hallmarks of Alzheimer’s 
disease pathophysiology. The amyloid hypothesis states that 
the 39–43 amino acid Aβ peptides, ie, the main constituent 
of amyloid plaques, are responsible for the initiation of a 
neurotoxic cascade that ultimately leads to neuronal death 
and dementia.25,2 Considerable evidence indicates that Aβ 
production is critical to the brain deterioration related to 
Alzheimer’s disease.26 Secretase plays a central role in this 
process. Amyloid β is generated by the sequential cleavage of 
APP, a type I integral transmembrane protein that becomes the 
exclusive target in Alzheimer’s disease pathology. The cleavage 
occurs within the ectodomain of APP mediated by BACE1 
(β-secretase, memapsin-2, aspartyl protease 2).27–31 Due to 
heterogeneous γ-secretase cleavage, Aβ species of different 
lengths are produced, including the pathogenic 42-amino 
acid peptide Aβ42.2 Because BACE1 is rate limiting for this 
disease process, considerable effort has been expended on 
elucidating its role in Alzheimer’s disease and identification 
of therapeutic agents that specifically target this enzyme. In 
our research, we did not find significant association between 
plasma and CSF measures for BACE1 mRNA using data from 
patients with Alzheimer’s disease. It has been reported that 
it is difficult for the BACE1 mRNA to go across the blood-
brain barrier because of its molecular size.24 Another possible 
cause of this lack of association between CSF and plasma was 
that BACE1 mRNA is also prevalent in platelets and other 
peripheral cell types.

The down-regulation of miRNA107 is frequently observed 
in the brain of Alzheimer’s disease, as well in patients 
suffering from mild cognitive impairment.8,32,33 Among 
several candidates, miRNA107 targets genes directly related to 
disease, such as BACE1.34 In this study, we found miRNA107 
plasma measures were significantly different between 
patients with Alzheimer’s disease and healthy controls and 
between subjects with mild cognitive impairment and healthy 
controls. Furthermore, miRNA107 can distinguish amnestic 
mild cognitive impairment from healthy controls with high 
accuracy. Together with these findings, the observation that 
miRNA107 expression in plasma is decreased in amnestic 
mild cognitive impairment makes this miRNA an interesting 
candidate for future mechanistic and, eventually, diagnostic 
studies.

With the use of a total of 294 plasma samples from 
Alzheimer’s disease, amnestic mild cognitive impairment, and 
healthy controls in our study, we found significant expression 
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correlation between miRNA107 and BACE1 mRNA within 
each group and over all subjects. To our knowledge, no 
previous publication has reported such correlation finding. 
It is also interesting to note that miRNA107 expression was 
lower in subjects with amnestic mild cognitive impairment 
than in healthy controls or in subjects with Alzheimer’s 
disease. Similarly, changes of BACE1 mRNA among the 3 
groups were also not monotonic with regard to the disease 
severity. The nonmonotonicity, however, coincided with the 
regulatory relationships in the 2 genes.

It is important to note that most of elderly patients and 
age-matched controls had various nonneurologic conditions 
unrelated to amnestic mild cognitive impairment. In our 
study, the other comorbidities in the 3 groups included 
diabetes, hyperlipidemia, the lichen planus of tongue, 
gallstone, breast fibroma, hernia, hearing loss, gastric ulcer, 
myoma of uterus, anemia, hyperplasia of prostate, sciatica, 
cholecystitis, cataract, protrusion of intervertebral disc, and 
gout. There were no significant differences among the 3 
groups. Since prevalences of these comorbidities were the 
same among these patient groups, our study demonstrated 
the plasma test capability of detecting amnestic mild cognitive 
impairment in subjects with other accompanying diseases. 
Our results support the ability of the expression in plasma 
of miRNA107 and BACE1 mRNA to differentiate amnestic 
mild cognitive impairment (and Alzheimer’s disease) from 
an age-matched control. However, additional larger studies 
are necessary for further validation of our results, including 
a prospective longitudinal study. The differentiation of 
Alzheimer’s disease from other type dementias is an important 
but separate issue that was not addressed in this study. It is 
expected that a combination of multiple miRNAs in plasma 
could be useful for such differential diagnosis. For example, 
additional promising miRNAs along with those described in 
the present study could be potentially used for detecting other 
neurodegenerative diseases and for differential diagnosis.

Early detection of patients with mild cognitive impairment 
by a noninvasive or minimally invasive screening test is more 
practical than invasive and expensive tests. Such a test can be 
not only used in a clinical diagnosis setting but also applied 
as a preselection tool to enroll patients in clinical trials. In 
the present study, we found that the plasma expression of 
miRNA107 had a relationship to its expression in CSF. But 
there was no relationship of BACE1 mRNA expression 
between plasma and CSF. We also found that the expression 
of miRNA107 and BACE1 mRNA had a reverse change after 
the amnestic mild cognitive impairment stage. When and 
why the change becomes present should be need for further 
research. Although our study had a small number of subjects 
and its results need confirmation from independent study, we 
found that the plasma BACE1 protein has a potential ability to 
discriminate between subjects with Alzheimer’s disease and 
healthy controls.

Recently, the National Institute on Aging and the 
Alzheimer’s Association developed new diagnostic guidelines 
for Alzheimer’s disease.35–37 The guidelines contain updated 
classification of the phases of Alzheimer’s disease, namely, 

the dementia phase, the symptomatic predementia phase 
(mild cognitive impairment), and the asymptomatic 
preclinical phase of Alzheimer’s disease (preclinical mild 
cognitive impairment). The new guidelines also provide 
recommendations for the diagnosis of preclinical mild 
cognitive impairment, mild cognitive impairment, and 
Alzheimer’s disease dementia and stress the lack of and 
a great need for reliable biomarkers that can be used for 
detection of mild cognitive impairment and preclinical 
phases of Alzheimer’s disease. We believe the current study 
provides preliminary evidence for the inclusion of plasma-
based biomarkers toward this objective.

Additional studies are needed to further test and verify the 
ability of discriminant amnestic mild cognitive impairment 
and healthy controls in an independent cohort by plasma 
miRNA107. Moreover and related to what we discussed 
earlier about the differential dementia diagnosis, miRNA107 
is not specific to Alzheimer’s disease, as it is also hypothesized 
to regulate progranulin/granulin, a molecule known to be 
important in non-tau frontotemporal dementia. Thus, this 
marker may have somewhat limited value in differentiating 
Alzheimer’s disease from other dementia.10 The possibility 
of differentiating Alzheimer’s disease from other dementia 
by the expression of plasma miRNA107 and BACE1 mRNA 
together with possible additional plasma measures should 
be examined in separate future studies.

CONCLUSION
This study suggests an association between plasma and 

CSF expression of miRNA107 and an association between 
the expressions of miRNA107 and BACE1 mRNA in plasma. 
Moreover, miRNA107 and BACE1 mRNA are capable of 
discriminating between healthy controls and patients with 
amnestic mild cognitive impairment.
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