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Abstract 

 Alzheimer’s disease (AD) is a progressive neurodegenerative disease characterized by memory loss, 

multiple cognitive abnormalities and intellectual impairments. Currently, there are no drugs or agents that 

can delay and/or prevent the progression of disease in elderly individuals, and there are no peripheral 

biomarkers that can detect AD early in its pathogenesis.  Research has focused on identifying biomarkers 

for AD so that treatment can be begun as soon as possible in order to restrict or prevent intellectual 

impairments, memory loss, and other cognitive abnormalities that are associated with the disease.  One 

such potential biomarker is microRNAs that are found in circulatory biofluids, such as blood and blood 

components, serum and plasma. Blood and blood components are primary sources where miRNAs are 

released in either cell-free form and then bind to protein components, or are in an encapsulated form with 

microvesicle particles. Exosomal miRNAs are known to be stable in biofluids and can be detected by high 

throughput techniques, like microarray and RNA sequencing. In AD brain, enriched miRNAs 

encapsulated with exosomes crosses the blood brain barrier and secreted in the CSF and blood 

circulations.  This review summarizes recent studies that have identified miRNAs in the blood, serum, 

plasma, exosomes, cerebral spinal fluids, and extracellular fluids as potential biomarkers of AD. Recent 

research has revealed only six miRNAs – miR-9, miR-125b, miR-146a, miR-181c, let-7g-5p, and miR-

191-5p – that were reported by multiple investigators. Some studies analyzed the diagnostic potential of 

these six miRNAs through receiver operating curve analysis which indicates the significant area-under-

curve values in different biofluid samples. miR-191-5p was found to have the maximum area-under-curve 

value (0.95) only in plasma and serum samples while smaller area-under-curve values were found for 

miR-125, miR-181c, miR-191-5p, miR-146a, and miR-9. This article shortlisted the promising miRNA 

candidates and discussed their diagnostic properties and cellular functions in order to search for potential 

biomarker for AD.   

 

Key words: Alzheimer’s disease, circulatory microRNA, biomarker, serum, cerebral spinal fluid, CSF, 

plasma   

Abbreviations: miR or miRNA, microRNA; AD, Alzheimer’s disease; MCI, mild cognitive impairment; 

CSF, cerebral spinal fluid;  ECF, extracellular fluid; AUC, area under curve; ROC, receiver operating 

characteristic; mRNA, messenger RNA; RISC, RNA-induced silencing complex; HDL, high-density 

lipoprotein; MV, microvesicle; HCC, hepatocellular carcinoma; PD, Parkinson’s disease; ALS, 

amyotrophic lateral sclerosis; HD, Huntington’s disease; BMC, blood mononuclear cell; NINDCs, non-

inflammatory neurological disease control; INDC, inflammatory neurological disease control; FTD, 

frontotemporal dementia; APP, amyloid precursor protein; VD, vascular dementia; OSCC, Oral squamous 

cell carcinoma; PCa, Prostate cancer; BPH, Benign prostatic hyperplasia; CRC, Colorectal cancer; 

MMSE, Mini-mental state examination; BMI, Body mass index. 
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Introduction 

Since the discovery of microRNA (miRNA) in C. elegance by Lee and colleagues in 1993, the role 

of miRNAs in various cellular processes has been established, including development, cell proliferation, 

replicative senescence, and aging [1-3]. According to the miRbase-21 database released in June 2014, 

1881 precursor and 2588 mature miRNAs have been identified (www.mirbase.org/) in such human 

diseases as cancer, viral infection, diabetes, immune-related diseases, and neurodegenerative disorders [4-

7]. miRNA biogenesis initiates in the nucleus with transcription of the primary miRNA transcript and 

with several processing steps, and it ends in the cytoplasm with the formation of mature miRNA 

molecules [8]. In human genome approximately 2000 genes encodes multiple miRNAs that target nearly 

60% of all human genes in a sequence-specific manner and modulates gene expression either by mRNA 

degradation or repression [1, 9-10]. Besides their role as modulator of cellular activity, in pathological and 

non-pathological states, miRNAs are also released from the cells and enter into circulatory bio-fluids, 

such as the blood, serum, plasma, saliva, and urine [2, 11]. This peripheral circulatory form of miRNAs 

may be a very important bio-indicator for disease assessment. These circulatory miRNAs have also been 

found to be quite stable in extracellular circulation, suggesting that they can be used as biomarkers for 

various human diseases, such as cancer, cardiovascular disease, diabetes, aging, and neurodegenerative 

disorders, such as Alzheimer’s disease (AD)  [5,11-14].  

AD is a progressive degenerative disorder manifested by dementia in aged individuals [15-16]. 

Currently, over 46.8 million people live with dementia worldwide, and this number is estimated to 

increase to 131.5 million by 2050 [17]. Dementia has a huge economic impact. The total estimated 

worldwide medical cost of dementia in 2015 was $818 billion, and it will become a trillion-dollar disease 

by 2018 [17]. AD is associated with the loss of synapses, synaptic dysfunction, mitochondrial structural 

and functional abnormalities, inflammatory responses, and neuronal loss, in addition to extracellular 

neuritic plaques and intracellular neurofibrillary tangles [17-21]. Several factors, including lifestyle, diet, 

environmental exposure, Type 2 diabetes, stroke, apolipoprotein allele E4, and several other genetic 

variants, are known to be involved in late-onset AD [22-23]. Early onset AD is associated genetic 

mutations in the amyloid precursor protein (APP), presenilin 1, and presenilin 2 [20].  

Several decades of intense research have revealed that multiple cellular changes are involved in 

development and pathogenesis of disease, including mitochondrial damage, synaptic loss, amyloid beta 

accumulation, hyperphosphorylated tau formation, inflammatory responses, hormonal imbalance and cell 

cycle deregulation [17-19,21,24]. Therapeutic strategies have been developed, based on these cellular 

changes, and currently, preclinical research (using animal models) and clinical trials have been conducted. 
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Although animal model preclinical studies did show positive effects against AD pathology, almost all 

clinical trials with AD patients showed negative results. 

Currently, the manifestation of AD is determined by measuring proteins in cerebral spinal fluids 

(CSF), such as the Aβ peptide 42, total tau or hyper phosphorylated tau protein levels [8,25]. However, 

these measurements involve invasive lumbar puncture for routine assessment of disease [26]. 

Neuroimaging techniques, such as positron emission tomography and magnetic resonance imaging, 

provide more conclusive evidence of AD pathogenesis [27]. These procedures are used to identify 

neurodegenerative disease markers, but to do so, they need to be executed late in disease progression – 

too late to initiate successful preventive or effective therapeutic measures [28]. A less invasive method to 

diagnose AD and other neurodegenerative diseases much earlier than current methods is needed, and one 

promising alternative is through the use of biomarkers.  One such promising biomarker for AD is 

circulating miRNAs. The purpose of this article is to discuss latest developments in circulating miRNAs 

and their possible role in early, noninvasive identification and assessment of AD. 

miRNA synthesis in cells 

miRNA biogenesis pathways are similar in different organism species and cell types. Primary 

processing starts in the nucleus with the synthesis of multiple hairpin loop-like structures known as 

primary miRNA (Pri-miRNA) transcripts (Figure 1). Pri-miRNAs synthesized either from introns, protein 

coding genes that are specialized miRNA encoding genes, or from poly-cistronic transcripts by RNA 

polymerase II or III. Pri-miRNAs are further cleaved into shorter (~70 nt) hairpin loop-like structures that 

are precursor miRNA (Pre-miRNA) transcripts by the enzymatic action of microprocessor complex.  

These complexes contain one subunit of Drosha (a class II RNase III enzyme), two subunits of DiGeorge 

syndrome chromosomal region eight proteins, and one subunit of SRp20 (a splicing factor) [29]. Pre-

miRNAs are transported to the cytoplasm via the exportin-5 pathway, which includes several other 

proteins, such as the ras-related nuclear and GTP proteins. Secondary processing of miRNAs occurs in the 

cytoplasm where the hairpin-loops of pre-miRNAs are further digested by Dicer, another RNase III 

enzyme, and by several other co-factors, such as Interferon-inducible, double-stranded RNA-dependent 

activator and HIV-1 TAR RNA-binding proteins, and mature miRNA duplexes of (21-25 nt) are 

generated [29]. miRNA duplex structures are separated by helicase and two single-stranded RNA 

molecules, termed guide strand and passenger strand, which were generated, based on their 5’ to 3’ 

complementarity. During this selection process, passenger strand is degraded, while the guide strand is 

incorporated into the RNA-induced silencing complex (RISC) and functions as a mature miRNA [29-31]. 

If mature miRNA is produced from a 5’ strand, its nomenclature is miRNA-5p, and if it is generated from 
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a 3’ strand, it is represented as miRNA-3p (http://atlasgeneticsoncology.org). Both of the 5p and 3p 

miRNAs function similarly and can form the RISC complex with Argonaute2 (Ago2) proteins.  The 

miRNA-Ago2 complex targets the complementary seed sequence at the 3’UTR of mRNAs and leads to 

either translation inhibition or mRNA degradation [30].  

miRNAs synthesis occurs in the nucleus and cytoplasm and various nuclear and cytoplasmic 

proteins are involved in miRNA bioprocessing pathways. miRNA mediated gene modulation basically 

depends on the seed sequence complementarity with the target mRNA. Further research is needed to 

extensively understand the down-stream processing of miRNA maturation and regulation of cellular 

function. 

Brain-enriched miRNAs and Synaptic Functions 

From all of the known miRNA candidates almost 70% are expressed in the human brain, while 

very few miRNAs are considered brain-enriched miRNAs [32]. Some brain-enriched miRNAs are: miR-

9, miR-7, miR-128, miR-125 a-b, miR-23, miR-132, miR-137, and miR-139 [33]. There is also a long list 

of miRNAs that are brain-specific or highly expressed in the brain, including: miR-134, miR-135, let-7g, 

miR-101, miR-181a-b, miR-191, miR-124, miR-let-7c, let-7a, miR-29a, and miR-107 [33-34]. 

MicroRNA expression in the mouse brain has been profiled through microarray and sequencing analysis 

of the frontal cortex and the hippocampus region.  This analysis indicated that miR-let-7c is composed of 

21 to 27% of all miRNA content in the mouse brain, while miR-128 is composed of eight to 20% of all 

miRNA content in the mouse brain. Other miRNAs –let-7b (8%), let-7a (9%), miR-29a (8%), miR-124 

(8%), miR-709 (11%), and miR-26a – also comprise the majority of brain miRNAs [35].  

Overall, vast majority of miRNAs expresses in brain and these brain-enriched miRNAs are the key 

regulators of different biological functions in neurons, such as synaptic plasticity, neurogenesis, and 

neuronal differentiation.  

Secretion of miRNAs in circulatory biofluids 

Accumulating evidence indicates that miRNAs are secreted in extracellular spaces in 

microvesicle-encapsulated form or are released in vesicle-free form; miRNAs are then bound with 

proteins or other compounds [12,14,36] miRNAs move into extracellular circulatory bio-fluids in one of 

five different modes (Figure 2). 1) miRNAs are bound to high-density lipoprotein (HDL) particles in a 

non-vesicle form, 2) they form an interesting complex with Ago2 proteins, 3) they are placed in 

exosomes, 4) they are encapsulated in micro-vesicles (MVs), and 5) miRNAs accumulate in apoptotic 
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bodies. The main function of exosomes and MVs is to facilitate intra-cellular communication and 

transportation of various bioactive molecules (e.g., DNA, RNA, miRNA, and proteins). Arroyo et al. 

found that the majority of circulating miRNAs (90%) are found in MVs where they bind with Ago2 

proteins [37]. miRNAs that associate with Ago2 proteins become resistant to the nuclease-rich 

environment, due to the high stability of the Ago protein in biofluids [36].  Some instances, cells have 

exhibited miRNA transport mechanisms for particular miRNAs, such as miR-122.  miR-122 is found in 

liver-enriched cellular environments and has been exclusively detected in Ago2 protein complexes [37].  

HDL particles of the size 8-12 nm mainly constitute phosphatidylcholine and apolipoprotein A-I, 

both of which form a stable ternary structure comprised of extracellular plasma miRNAs through divalent 

cation bridging [12]. HDL particles transport only a minor fraction of endogenous miRNAs in circulating 

biofluids.  One such miRNA is miR-223, which, in atherosclerosis, is known to circulate in plasma 

comprised of HDL [38].   

Exosomes are cell-derived vesicles that are found in many and possibly all biological fluids, 

including blood, urine, and media of the cultured cells [39]. Exosomes are particles approximately 50-100 

nm in diameter.  They are natural biological nano-vesicles or multivasicular bodies that originate from 

endosomes and are secreted from cells through their fusion with plasma membrane [12]. Studies of 

miRNAs have focused on exosomes as diagnostic molecules for several reasons: 1) exosomes in 

pathogenic states mainly contain disease-specific or deregulated miRNAs; studies have been undertaken 

to remove non-exosomal miRNAs in healthy cells, 2) exosomes have the potential to cross the blood 

barrier through transcytosis; hence, they can easily pass through endothelial cellular layers and circulate 

in biofluids, which is important in neurodegenerative or brain-related disorders, and 3) in circulatory 

systems of persons with neurodegenerative or brain-related disorders, miRNAs are present in their 

protective cellular RNase form [40].  miRNAs released from exosomes from persons with such disorders 

may be the remnants of dead cells. Cheng et al. demonstrated that exosomes in biofluids, rather than cell-

free blood offer a protective and enriched source of miRNAs, which can be used for biomarker studies 

[40]. MVs are slightly larger vesicles (100-4000 µm) that are generated from cells via outward budding 

and blebbing of the plasma membrane. MVs are secreted by different cell types, such as neurons, muscle 

cells, inflammatory cells, and tumor cells [41].  However, platelets are the major source of MV secretion 

[41].  A well-studied miRNA is miR-150, which is from MVs and monocytes [42]. Among all MVs, 

apoptotic bodies are the largest that seep from the cell during apoptosis, and they carry miR-126 during 

this transportation [43-44].  miRNAs found in extracellular circulation are from macrovesicles and are 

resistant to cellular RNase [45].  During miRNA transport, the Ago2 protein forms part of the miRNA 
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protein complex found in the cytoplasm of persons with neurodegenerative diseases, including AD and 

provides more stability to miRNAs, which helps miRNAs bind to target sites.    

Although, so much research has been done to understand the mode of miRNA secretion, cell-cell 

transmission and circulation into biofluids, however precise mechanisms of miRNA origin and their 

localization are not completely understood. Further research still needed using biofluids, tissues and 

organs to unveil the link between miRNA origin and their secretion.  

miRNAs detection in various biofluids 

Besides the secretion of miRNAs in peripheral circulatory systems like blood and blood 

components (serum and plasma), interestingly miRNAs also been detected in common biofluids like: 

breast milk, saliva, bile, urine, stools, tears and colostrum [46-47]. Zhou et al, identified the four 

significant immune related miRNAs (miR-148a-3p, miR-30b-5p, miR-182-5p and miR-200a-3p) are 

abundantly expressed in the breast milk exosomes [48]. In the saliva of oral squamous cell carcinoma 

(OSCC) patients, miR-125a and miR-200a were found to be significantly down regulated and miR-27b is 

upregulated compared to control subjects [49-50]. ROC curve analyses revealed that miR-27b could be a 

valuable biomarker for distinguishing OSCC patients from control groups [50].  

Biliary miRNAs are also could be important indicator for certain malignancies; like expression of 

miR-9 and miR-145 was noted to be significantly elevated in cholangiocellular cancer and might serve as 

potential biomarkers for biliary malignancies [51]. While, urinary miRNAs could be most logical 

candidate for detection of certain kidney disease, urinary tract infections, prostate and bladder cancers 

[52-53]. In recent report, urinary miRNA (miR-21) is significantly downregulated in prostate cancer 

(PCa) patients compared to benign prostatic hyperplasia (BPH) patients [54]. As well, fecal miRNAs are 

also investigated as noninvasive potential biomarkers in colorectal cancer (CRC) and pancreatic cancer 

patients [55-56]. miR-21 and miR-106 level was found to be higher in the stool samples of CRC and 

adenoma patients compared to healthy individuals [55].  

miRNAs were also detected in certain other tissues and organ specific human biofluids like: 

amniotic fluid, bronchial lavage, cerebrospinal fluids, peritoneal fluids, pleural fluid and seminal fluid. 

Detection of miRNAs in these tissue specific fluids could be used to access the body’s physiopathological 

status [46].  

 

Circulatory miRNAs in common cancers 
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Studies to develop biomarkers for neurodegenerative diseases can draw on methodologies and 

technologies being successfully developed to identify biomarkers – especially biofluid biomarkers – for 

cancer. Cancer is the leading cause of fatality, with 8.2 million people dying each year from a form of 

cancer (http://www.who.int/cancer/en/) [57]. The most common cancers in men are lung, prostate, 

colorectal, stomach, and liver cancers, while in women, the most common are breast, colorectal, lung, 

uterine, cervix, and stomach cancers (http://www.who.int/cancer/en/). The most commonly used biofluid 

biomarkers for cancer detection are specific proteins circulating in human blood, such as the alpha 

fetoprotein for liver cancer; chromogranin A for neuroendocrine tumors, especially carcinoid tumors; 

nuclear matrix protein 22 for bladder cancer; and carbohydrate antigen 125 for ovarian cancer [58].  Most 

of these blood proteins among others, are usually detected by various calorimetric and fluorescence 

immunoassays [59]. More accurate techniques for cancer detection are biopsy, endoscopy and radio-

imaging tests such as PET-CT (positron emission computed tomography-computer tomography) and MRI 

(magnetic resonance imaging) [59]. Unfortunately, above mention diagnostic methods are not sufficient 

for cancer detection at early stages, also some of them quite expensive [59]. Hence a more accurate, non-

invasive early detection approach is needed for disease like cancer. miRNAs, are usually detected by such 

methods and technologies microarrays, RNA sequencing, Taqman probes and real-time qRT-PCR.  

However, these methods and technologies are capable of detecting miRNAs in diseased state at high 

levels, which usually corresponds to the detection of cancers at advanced stages of disease progression.   

The molecular interaction between miRNAs and their mRNAs, which can be targeted, is well 

understood.  However, the expression of miRNAs in all known human malignancies needs further 

investigation [60]. Further, methods and technologies to detect low levels of miRNAs and proteins in the 

biological sources, such as blood, saliva, plasma, and other bio-fluids, could led to the next-generation of 

biomarkers capable of detecting not only cancers but also other diseases, such as neurodegenerative 

diseases, at early stages of disease progression.   

Studies exploring the role of circulatory miRNAs as biomarkers in various cancers are 

significantly increasing [5,57-58,60]. In studies of lung cancer, the disease that has been identified as 

being responsible for the highest rate of cancer-related mortality in men and the second leading cause of 

cancer related-death in women world-wide [57,61], three types of miRNAs were found to be deregulated 

in circulatory biofluids (e.g., serum and plasma, and in blood cells): miR-17-5p, miR-20a-5p and miR-21-

5p [57]. Several other studies also found dysregulation of miR-21-5p and miR-24-3p in serum samples, 

and miR-21-5p, miR-210-3p, and miR-486-5p in plasma samples of non-small cell lung cancer  (NSCLC) 

patients [59,62]. Further, in plasma from these patients, the upregulation of miR-21-5p, miR-182-5p, and 
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miR-210-3p, and the downregulation of miR-126-3p and 486-5p provided good diagnostic power at 

different stages of cancer progression [60,62]. In men with prostate cancer, the concentration of miR-21-

5p, miR-141-3p, miR-100-5p, and miR-375 was higher in serum samples than in plasma samples, while 

the expression of miR-141-3p was higher in both serum and plasma samples [57]. In addition to their 

diagnostic value, the concentrations of plasma miRNAs – in particular, miR-20a-5b, miR-21-5b, and 

miR-145-5p – were useful in predicting recurrence of prostate cancer following localized treatment [63].    

The concentrations of miRNA in serum samples from women with breast cancer were also vary 

between patients and healthy controls.  In the serum samples from women with breast cancer, 

concentrations of the following miRNAs were downregulated: miR-133a, miR-139-5p, miR-143, miR-

145 and miR-365 [64]. The concentrations of the following miRNAs from serum and plasma samples 

from women with breast cancer were upregulated: miR-24, miR-15a, miR-18a, miR-107, miR-425, miR-

186, miR-425, miR-454, miR-140-3p, let-7b, miR-483-5p, miR-155, miR-126, miR-146b-5p, miR-320, 

miR-191 and miR-342-3p [64-66].  Further, the upregulation of miR-21-5p, miR-29a-3p, miR-195-5p, 

miR-373-3p, and let-7a-3p in serum from women with breast cancer correlated well with tumors at 

advanced stages of disease progression, high levels of vascular invasion, and high indices of cell 

proliferation [57,67-68].  

In hepatocellular carcinoma (HCC) patients, liver-specific miR-122-5p showed consistent 

deregulation in serum and plasma samples [69-71]. Differential expression of miR-122-5p in serum 

distinguished HCC patients from healthy controls, with a sensitivity of 81.6% and a specificity of 83.3%. 

Moreover, a down-regulation of miR-122-5p in post-operative patients confirmed a positive correlation 

with HCC development [69,71].  

In plasma from colorectal cancer patients, high levels of 221-3p can distinguished patients from 

controls, with a sensitivity of 86% and a specificity of 41% [72]. Further, the upregulation of 221-3p is 

correlated with expression of the tumor protein p53 in cancer tissues [72]. Several other studies confirmed 

that high levels of miR-15a, miR-103, miR-148a, miR-320a, miR-451, miR-596, miR-378, and miR-29a/c 

successfully predicted the recurrence of early-stage colorectal cancer [60,73-74].  

Overall, miRNAs are well studied in cancer field, and these miRNAs are currently being 

considered to use as biomarkers in cancers but till now no miRNA candidate have approval for clinical 

use. Further research needed to confirm precise miRNA candidates as diagnostic biomarkers.  

Circulatory miRNAs in neurodegenerative diseases 
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The most common neurodegenerative diseases include AD, mild cognitive impairment (MCI), 

Parkinson’s disease (PD), amyotrophic lateral sclerosis (ALS), and Huntington’s disease (HD) [75]. 

Besides AD, very few studies have demonstrated the potential role of miRNAs as biomarkers that can be 

accessed relatively non-invasively through a blood draw.  miRNA profiling in whole blood samples from 

PD patients showed a downregulation of miR-1, miR-22p, and miR-29a in the PD patients compared to 

controls, and differential expression of miRNAs as signatures for miR-16-2-3p, miR-26a-2-3p, and miR-

30a differentiated patients who were treated for PD and patients who were not treated for PD [76]. 

Further, miRNA analysis of plasma samples indicated an upregulation of miR-181c, miR-331-5p, miR-

193a-5p, miR-196b, miR-454, miR-125a-3p, and miR-137 in PD patients [77]. In a 2014 study, 

suppression of miR-19b, miR-29a, and miR-29c was found in the serum samples of PD patients [78].  

A study of the SOD1-G93A mouse, an ALS mouse model, indicated the up-regulation of miR-206 

in skeletal muscles and plasma through microarray analysis [79]. Serum samples from ALS patients, 

analyzed through microarray analysis, also showed an upregulation of miR-206 [79]. A recent study by 

Takahashi et al. used microarray analysis and validation by qRT-PCR to determine miRNAs in the 

plasma samples from two cohorts of ALS patients: (1) 16 ALS patients and 10 healthy controls; and (2) 

48 ALS patients, 47 healthy controls, and 30 ALS controls [80].  The Takahashi study revealed an 

upregulation of miR-4649-5p and a downregulation of hsa-miR-4299 in ALS patients compared to 

healthy controls.  

miRNAs are a promising biomarker to monitor AD pathogenesis particularly in its pre 

symptomatic state and initial phase. As shown in Table 1, very few studies using microarray and real-time 

qRT-PCR methods to assess miRNAs have been conducted on human bio-fluids samples, such as serum, 

plasma, CSF, and exosomes. Those studies that have used biofluids derived methods to assess circulatory 

miRNAs in on serum and plasma samples from patients with dementia due to MCI and AD dementia, and 

healthy controls.  

Most of the reports we discussed here mentioned about normal/negative controls or healthy 

controls or non-demented controls. All controls were neurologically healthy, as confirmed by medical 

history, laboratory examinations, general examinations and Mini-Mental State examinations (MMSE). 

Subjects with some significant diseases like, type 2 diabetes mellitus, coronary heart disease, hemorrhagic 

stroke, Ischemic stroke, cancer, glaucoma and infectious diseases were excluded from the study.  

Overall, these studies suggest that circulatory miRNAs are potential biomarkers for ALS and other 

neurodegenerative diseases. Though, only limited reports are available in case of neurodegenerative 
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disease therefore more research needs to be granted in this field. This article reviewed the details about 

the possibilities of circulatory miRNAs as biomarker in AD.   

Circulatory miRNAs in Alzheimer’s disease  

(i) Whole blood as sources of circulatory miRNAs 

Whole blood is the most reliable specimen for the assessment of human disease, and blood draws 

are minimally invasive. A recent study evaluating whole blood samples re-analyzed a publically available 

small RNA-Seq data set for peripheral biomarker, derived from blood samples taken from AD patients (n 

= 48) and normal control subjects (n = 22) [81].  It also analyzed whole blood for miRNA expression, 

using single-end sequencing on Hiseq 2000 (Illumina). The main aim of the Satoh study was to establish a 

web-based miRNA data analysis pipeline that combines results from studies of circulatory miRNAs in 

blood [81]. The Satoh study found differential expression of 27 miRNAs in AD (n=48) patients and 

normal control subjects (n=22).  They found the expression of 13 miRNAs upregulated in the AD patients 

compared to the controls (Table-1): miR-26b-3p, miR-28–3p, miR-30c-5p, miR-30d-5p, miR-148b-5p, 

miR-151a-3p, miR-186–5p, miR-425–5p, miR-550a-5p, miR-1468, miR-4781–3p, miR-5001–3p, and 

miR-6513–3p. And they found the expression of 14 miRNAs downregulated: let-7a-5p, let-7e-5p, let-7f-

5p, let-7g-5p, miR-15a-5p, miR-17–3p, miR-29b-3p, miR-98–5p, miR-144–5p, miR-148a-3p, miR-502–

3p, miR-660–5p, miR-1294, and miR-3200–3p. ROC curve analysis revealed significant discrimination 

potential in all 27 miRNAs. However accuracy of best 10 miRNAs is mentioned in Table-2a.  Further, the 

potential role of these miRNAs as a biomarker for neurodegenerative diseases needs to be determined 

after research analyzing miRNAs on large populations of patients with neurodegenerative diseases and 

control subjects.     

(ii) Expression of miR-34a and miR-181b in blood mononuclear cells 

An early study by Schipper et al., analyzed miRNAs in blood samples from AD patients (n = 16) 

and negative controls (n = 16), using expression profiling of RNA in blood mononuclear cells (BMCs) 

[82]. This study found an upregulation of miR-34a and miR-181b through microarray and real-time PCR 

analysis. This study did not establish miRNAs as a biomarker for AD because BMCs are not a good 

source of cell free miRNAs however, the Schipper et al. study is useful in establishing that miRNA 

expression is involved in BMCs from blood samples of AD and that miRNA may be a possible target for 

determining the presence of AD in patients.   

(iii) Serum as a source of circulatory miRNAs for AD estimation 
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Serum is the most suitable circulatory biofluid for identifying miRNAs as potential biomarkers for 

AD and it is an appropriate source for cell free miRNAs. In fact, most studies of miRNAs as a biomarker 

for AD were conducted, using serum samples (Table 1).  In one study, serum samples from seven AD 

patients were compared to serum samples from seven negative controls.  QRT-PCR analysis revealed five 

miRNAs that were downregulated: miR-137, miR-181c, miR-9, miR-19a, and miR-29b [83].  This study 

also found miR-181b to be downregulated in the serum from AD patients but was upregulated in BMCs 

from the patients [82]. In another study, using miRNA PCR array analysis, Galimberti et al. investigated 

84 of the most abundantly expressed miRNAs in serum samples from a cohort consisting of seven AD 

patients and six non-inflammatory neurological disease control subjects (NINDCs) [84]. They found four 

miRNAs to be significantly downregulated:  miR-125b, miR-23a, and miR-26b.  These results were 

compared to results of serum samples from a larger cohort of subjects:  15 patients with AD, 12 NINDCs, 

8 inflammatory neurological disease controls (INDCs), and 10 patients with frontotemporal dementia 

(FTD).  A significant downregulation of three miRNAs (miR-125b, miR-23a and miR-26b) was found 

only in the AD patients (table 1). Additional expression analysis of these three miRNAs in CSF from the 

AD and NINDC patients showed low levels of miR-125b and miR-26b in the AD patients, but not in the 

NINDC patients. Interestingly, miR-26b negatively correlated with tau and Ptau levels in the AD patients. 

ROC curve analysis showed a significant area under curve (AUC) value of 0.77 for miR-26b while the 

AUC value of miR-125b was 0.82 (Table-2b). These data suggest that miR-26b and miR-125b may be a 

diagnostic biomarker capable of distinguishing AD from NINDC subjects [84]. This study used small 

cohorts of subjects (NC: 18, AAD: 22, FTD:10 and INDCs: 8) (Table 1) for each subject group in 

Galimberti et al. [84]. The numbers of subjects need to increase substantially to determine whether the 

findings can be replicated in larger cohorts.   

In a study determining miRNAs in serum samples from AD patients and health control subjects, 

miR-125b was found be more downregulated in AD patients compared to serum samples from healthy 

controls [85].  Serum from the AD patients had more significant AUC value (0.85, p=<0.0001), indicating 

a higher diagnostic potential for miR-125b [85]. In this same study, qRT-PCR analysis revealed miR-

181c to be down-regulated in AD patients, and miR-9, upregulated. The AUC value of miR-181c and 

miR-9 was found to be significant at 0.74 and 0.62, respectively, indicating the potential importance miR-

181c and miR-9 as biomarkers for AD.   

Using high-throughput sequencing, Tan et al. conducted a genome-wide expression profiling of 

miRNAs in sera from 50 patients with AD and from 50 negative controls [86]. Candidate miRNA 

molecules were identified and examined against miRbase database Release 19, which detected 90 
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different miRNAs that were significantly modulated in “probable” AD patients. miR-36 was identified as 

a novel miRNA, not previously identified on miRbase-19. Fourteen miRNAs were found differentially 

expressed (±2-fold) in the sera from the AD patients and the negative controls. Among the 14 miRNAs, 4 

were upregulated in the sera from the AD patients but not in the negative controls: miR-3158-3p, miR-

27a-3p, miR-26b-3p, and miR-151b; and 10 were downregulated: miR-36, miR-98-5p, miR-885-5p, miR-

485-5p, miR-483-3p, miR-342-3p, miR-30e-5p, miR-191-5p, let-7g-5p, and let-7d-5p. Validation of the 

14 miRNAs using qRT-PCR on serum samples from 158 AD subjects and 155 negative controls revealed 

a downregulation of only six miRNAs in sera from “probable” AD patients: miR-483-3p, miR-342-3p, 

miR-98-5p, miR-191-5p, miR-885-5p, and let-7d-5p (Table. 1). The remaining 8 miRNAs did not 

significantly vary in the AD patients and negative controls [86]. ROC curve analysis of these eight 

miRNAs indicated that miR-342-3p had the highest diagnostic accuracy with an AUC value of 0.84 and a 

cut-off value of 0.93 (Table 2b). Further studies aiming to characterize miRNAs in biofluids need to focus 

on much larger numbers of subjects than has been the case in previous research designs.  

  In studying the use of serum as a biofluid for the analysis of circulatory miRNAs, Dong et al., 

examined miRNA in the sera from AD patients, individuals with MCI and vascular dementia (VD), and 

non-demented controls [87].  Using Solexa sequencing and RT-qPCR analysis, Dong et al. identified four 

miRNAs that were down-regulated in the AD patients but not in any other subject group: miR-31, miR-

93, miR-143, and miR-146a. The AUC values were significant and distinguished AD patients from 

controls in both sets of experimental approaches (Table 2b). However, these miRNAs levels did not 

distinguish MCI and VD patients from controls because only miR-93 and miR-146a were significantly 

elevated in MCI individuals compared to control subjects while, miR-143 was down-regulated, and miR-

31 showed no change. In case of VD patients, miR-31, miR-93, and miR-146a were significantly up-

regulated however miR-143 was downregulated [87]. Hence, difference in these miRNAs expression 

could be able to discriminate AD cases from control subjects, but not suitable to separate MCI and VD 

cases.  

(iv)  Serum exosomal miRNAs  

Analysis of exosomal miRNAs from serum samples of AD patients, MCI individuals and healthy 

controls is thought to be a feasible approach to determining biomarkers for AD because the cargo in 

exosomes may offer an enriched population of miRNAs that is free from endogenous RNA contaminants 

e.g. ribosomal RNA [40]. Hence, exosomes may consider a house of disease-specific miRNA signature 

that provides the good diagnostic tools.  In a study by Cheng et al., serum exosomes, miRNAs were 

processed for sequencing analysis in order to understand differentially expressed miRNAs in AD. Initial 
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screening of a cohort comprised of serum exosomal miRNAs and findings from this study revealed a 

significant up-regulation of 14 miRNAs that may function as biomarkers: miR-361-5p, miR-30e-5p, miR-

93-5p, miR-15a-5p, miR-143-3p, miR-335-5p, miR-106b-5p, miR-101-3p, miR-425-5p, miR-106a-5p, 

miR-18b-5p, miR-3065-5p, miR-20a-5p, and miR-582-5p; and a downregulation of three miRNAs: miR-

1306-5p, miR-342-3p, and miR-15b-3p [40]. Those results were validated by qRT-PCR analysis; 

however, validation lacked ROC curve analysis of deregulated miRNAs for diagnostic accuracy and even 

MCI individual population is very less. Thus far, exosomal miRNA profiles may yield AD-specific 

miRNAs.  

As discussed above, multiple serum/exosomes miRNAs have been identified and these miRNA 

may be useful in determining circulatory biomarkers for AD. Further, research is needed with large 

numbers of samples with different stages of disease progression.  

(v) Plasma as a source of circulatory miRNAs  

Another important sources of circulatory miRNAs is blood plasma, which makes up about 55 

percent of the overall content of human blood. The main function of plasma is to assist in the transport of 

nutrients, hormones, and proteins to different parts of the body. Kumar et al. analyzed miRNAs in the 

plasma from AD and MCI patients and healthy control subjects [88]. Using nCounter miRNA assay 

(Nanostring Technology), they found six miRNAs (miR-323b-5p, miR-545-3p, miR-563, miR-600, miR-

1274a, and miR-1975) upregulated in one cohort of AD patients, and seven miRNAs (let-7d-5p, let-7g-

5p, miR-15b-5p, miR-142-3p, miR-191-5p, miR-301a-3p, and miR-545-3p) downregulated in AD and 

MCI patients compared to healthy controls (Table 1). Further, validation studies, using qRT-PCR, again 

confirmed the downregulation of these miRNA expressions in the AD patients compared to the healthy 

controls. However, studies using qRT-PCR analysis of miRNAs showed none of the miRNAs is 

upregulated [88]. ROC curve analysis revealed that miR-142-3p and miR-301a-3p exhibited the best 

miRNA signatures, with 100% specificity. But miR-142-3p has the higher sensitivity (0.65) than miR-

301a-3p (0.25) (Table-2c). A combination of signatures from different miRNAs indicated a significant 

accuracy (miR-545-3p and miR-15b (AUC=0.96, sensitivity=0.9 and specificity=0.94). However, the 

AUC values of sensitivity and specificity that best characterized individual miRNAs was miR-191-5p, 

miR-15b-5p, and let-7d-5p, suggesting that these three miRNAs may have the greatest diagnostic 

accuracy [88]. Furthermore, to diagnose AD early in its pathogenesis an early next step would be needed 

to analyze the longitudinal plasma samples from a large cohort having the MCI.  

(vi) Circulatory miRNAs in plasma exosomes 
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Like serum exosomes, plasma exosomes carry miRNAs associated with AD. A recent study by 

Lugli et al. used Illumina deep sequencing to determine differential expressions of miRNAs in plasma 

from patients with AD and healthy control subjects [89]. They found a total of 20 miRNAs 

downregulated; four miRNAs (miR-548at-5p, miR-138-5p, miR-5001-3p, and miR-659-5p) upregulated; 

and seven miRNAs (miR-185-5p, miR-342-3p, miR-141-3p, miR-342-5p, miR-23b-3p, miR-338-3p, and 

miR-3613-3p) significantly downregulated in AD patients compared to controls (Table-1). Among all of 

these miRNAs, miR-342-3p is arguably one of the most noteworthy because it is a brain-enriched 

miRNA, and its reduced expression was determined to be at a significant level (p=0.007), which was 

confirmed by a t-test [89].  

(vii) Circulating miRNAs in cerebrospinal fluid and extracellular fluid  

Cerebral spinal fluid (CSF) is a clear biofluid that is secreted by the choroid plexus and circulates 

into brain ventricles.  CSF plays an important role in the inter-cerebral transportation of miRNAs (Cheng 

et al., 2014a) [40].  In studies that involve analysis of CSF, CSF is collected from the brain via lumber 

puncture [40].  In studies assessing CSF in neurological and neurodegenerative disorders, CSF has been 

found to be a source of circulating miRNAs. Microarray analyses in studies of CSF and extracellular fluid 

(ECF) samples from patients with AD and from healthy controls indicate a significant over-expression of 

miR-9, miR-125b, miR-146a, and miR-155 in the biofluids from AD patients (Table 1). However, these 

studies investigated miRNAs from only six patients with AD and six control subjects. Further, the 

diagnostic accuracy of this research has not been determined. Until biofluids from much larger groups of 

subjects are analyzed and until diagnostic accuracy is evaluated, miRNAs as possible biomarkers cannot 

be determined [90].  

A recent study of CSF samples from a larger group of subjects (AD subjects [n=22] and healthy 

controls [n=28]) [7] was conducted. Four ml CSF was collected via lumbar puncture of subjects in a 

sitting position.  The samples were processed for miRNA isolation. A total of 1178 miRNAs were 

profiled by Open Array qRT-PCR, according to miRbase version 14 (www.mirbase.org/).  Analysis 

showed an upregulation of seven miRNAs in AD patients (miR-146a, miR-100, miR-505, miR-4467, 

miR-766, miR-3622b-3p, and miR-296) and a downregulation of eight miRNAs in AD patients (miR-449, 

miR-1274a, miR-4674, miR-335, miR-375, miR-708, miR-219, and miR-103) (Table 1). Diagnostic 

accuracy of these miRNAs was measured by ROC curve analysis. miR-146a, miR-375, miR-103, and 

miR-100 showed significant AUC values (0.97, 0.99, 0.87, and 0.72, respectively) [7]. In the Denk et al. 

study, the up- and down-regulation of particular miRNAs support miRNAs in CSF as potential 

biomarkers for distinguishing patients with AD from heterogeneous controls [7].  Studies of miRNA in 
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biofluids such as CSF from much larger cohorts of subjects are needed in order to evaluate whether 

miRNAs might serve as biomarkers for distinguishing patients with AD from heterogeneous controls.   

Critical analysis and discussion of circulatory miRNA studies 

In this review, we discussed 12 studies in which 1268 participants were tested for the expression 

of circulating miRNAs in different biofluids from AD patients, persons with MCI, persons with VD, and 

healthy controls. A total of 100 miRNAs were identified and validated in different subject groups.  Of the 

100 miRNAs, 54 miRNA were upregulated and 46 were down-regulated in the AD patients and the 

persons with MCI. The researchers of most of these studies explained away the down-regulation of unique 

miRNA signatures even in similar type of cohort and same biological sources.  Due to inconsistency in 

miRNA profiling data in different studies, it is as yet cannot be determined whether circulatory miRNAs 

in biofluids can function as biomarkers for neurological diseases, such as AD. Most of the studies used 

whole blood or a blood component (e.g., serum, plasma) as the primary sources of samples studied for 

circulatory miRNAs and non-blood source is CSF/ECF.  

The studies discussed in this article found six miRNAs with similar signatures showed some 

uniformity miR-9, miR-125b, miR-146a, miR-181c, let-7g-5p, and miR-191-5p. miR-9 and miR-125b are 

brain-enriched miRNAs, and miR-181c, let-7g-5p, and miR-191-5p are abundantly expressed in the brain 

[33-34]. miR-9, miR-125b, and 146a were inversely expressed in CSF and serum/plasma samples from 

AD patients (Figure 3). Expression of miR-125b and 146a increased in the CSF and ECF serum samples 

from the AD patients while serum samples expression was downregulated [84-85,87,90].  Similarly, the 

up-regulation of miR-9 expression was common in CSF, ECF, and serum samples from AD patients.  

However, Geekiyanage et al. has reported a down regulation of miR-9 in all serum samples [83]. This 

inconsistent expression of miR-9 in different biofluids from different subject cohorts indicates the 

complexity of miRNA biogenesis, miRNA secretion, and variation in miRNA expression profiles. As yet, 

there is no unanimously identified miRNA that gives promise of being an effective biomarker for 

neurodegenerative diseases.  

 Few studies provided information about AUC values, sensitivity, and specificity. A low 

expression of let-7g-5p corresponded to significant AUC values in both blood and plasma samples from 

AD patients [81,88] (Table 2a). However, plasma samples of AD patients yielded the most accurate and 

specific ROC curve data for miR-15b-5p (AUC value, 0.96; sensitivity, 0.88; and specificity, 0.96) [88]. 

miR-191-5p, downregulated in plasma and serum samples from AD patients, showed a significant AUC 

value in the plasma (0.95) and serum (0.73) samples [86,88]. The AUC values of miR-125 (0.82), miR-9 
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(0.62), miR-146a (0.70) and miR-181c (0.74) suggest their diagnostic potential as biomarkers for AD 

patients.  However, their down-regulation was restricted to serum samples [84-87]. In addition to their 

diagnostic accuracy, these miRNAs also perform important cellular functions in the brain. For example, 

miR-9 and miR-181c are involved in neurogenesis and microglial-mediated neuronal injuries (Figure 3) 

[91-92]. miR-146a is an important regulator of immunological and inflammatory responses in humans 

[93], and the major biological functions of miR-125b, miR-191-5p, and let-7g-5p are to regulate cell 

differentiation, proliferation, and metastasis [94-96].  

The each report presented in Table 1 showed some unique miRNAs expression pattern in AD 

patients, however some studies showed overlapping in miRNA signatures. One reason for this kind of 

miRNA expression complexity may be due to epigenetic and environmental factors that are highly 

variable among different human populations [97]. Beside, genotypic and phenotypic variation form 

individual to individual, other extraneous effects like life style, age, gender, body mass index and status of 

AD related alleles (ApoE and BACE) may also influence miRNA expression [97-98]. Hence, AD patients 

with different genetic variants and gene expression variability may show some aberration in miRNAs 

expression profile.  

  Other reason for differential miRNAs expression form study-to-study may be different 

methodological approaches that was followed by the authors. Difference in miRNA extraction protocols 

also leads to some discrepancies in miRNAs expression level from study-to-study. Most of the reports 

discussed in this review are large scale miRNA profiling studies which resulting from the three principal 

techniques i.e. sequencing, microarray and qRT-PCR. Most of the sequencing data showed the differential 

expression of unique miRNAs in AD cases compared to controls while microarray and qRT-PCR 

considered some common miRNAs in two or more studies. Further, normalization of miRNA data is ever 

challenging task in different sources with different detection techniques. Till date, numerous strategies is 

proposed for normalization for miRNA profiling methods, however, currently none of them is generally 

accepted [99]. Hence, heterogeneity in miRNAs normalization strategies could introduce some degree of 

variation in miRNAs expression in different studies.  

Besides the diagnostic potential of circulatory miRNAs in AD and other various other disease, 

they also characterized as important candidate molecules in forensic bioanalytical procedures due to their 

tiny size and much more stability and specificity [100-101]. Important body fluids in forensic settings are 

blood, saliva, semen, vaginal secretion and menstrual blood, where different miRNAs are expressed 

differently eg. miR-451 and miR-16 in blood, miR-658 and miR-205 in saliva, miR-135b and miR-10b in 

semen, miR-124a and miR-372 in vaginal secretion and miR-451 and miR-412 in menstrual blood [100]. 
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Wang et al, also employed seven candidate miRNAs that could be used as forensically relevant body fluid 

markers like miR-486 and miR-16 for venous blood, miR-214 for menstrual blood, miR-888 and miR-

891a for semen, miR-138-2 for saliva and miR-124a for vaginal secretions, however only three biofluid-

specific miRNAs (miR-486, miR-888, and miR-214) showed the potential as new markers for body fluid 

identification [102].  

Conclusions and Future Directions               

In this review, most studies are restricted to particular class of miRNAs, however promising thing 

in commonly expressed miRNAs (miR-9, miR-125b, miR-191-5p, mir-181c and let-7g-5p) is their brain 

specific or brain enriched nature [33-34]. When we are looking for the biomarker for AD, it is thought 

that brain-specific or brain enriched miRNAs will be the best candidate for this perspective. Whenever, 

the deformities occur in the brain at molecular level, an abnormal expression of miRNAs is to be expected 

in associated body fluids such as blood, CSF/ECF, urine and saliva. Hence, a detail research is needed to 

focus on brain-specific miRNAs and their implications in AD pathogenesis. Furthermore, most of the 

current miRNA biomarker research studies focused on AD but ignoring presymptomatic AD cases. 

However, fewer reports are related to AD associated mixed pathologies like vascular dementia, 

frontotemporal dementia, amnestic MCI/probable early AD and probable AD. As discussed in this 

review, expression of miRNAs also vary in mixed pathologies compared to control groups but it is not 

consistent with AD progression. Therefore, more detailed studies on miRNAs expression in AD and AD-

type dementia are needed to understand miRNAs in different stages of disease progression. In the end, a 

more uniform methodological process is urgently needed to screen peripheral biofluids in order to identify 

and establish circulatory miRNAs as peripherals biomarkers. 

The studies and their findings presented in this article focused on particular miRNAs thought to be 

potential biomarkers for AD. More comprehensive research is needed to determine whether circulatory 

mRNAs can function as biomarkers of AD.   
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Figure Legends 

Figure 1. miRNA synthesis pathway. miRNA generation pathways include both nucleus and 

cytoplasmic steps. To generate miRNAs, primary-miRNAs are transcribed from miRNA encoding genes 

using RNA polymerase II or III. The pri-miRNAs were digested by microprocessor complexes to the hair 

pin-loop precursor-miRNA. Pre-miRNA is transported to the cytoplasm by the exportin five transporter 

and processed into a miRNA duplex structure using Dicer and TAR RNA-binding proteins (TRBP). 

miRNA duplex is separated by helicase into one guide strand, comprised of a mature miRNA-5p or a 

mature miRNA-3p miRNA and one passenger strand. A passenger strand is degraded while the guide 

strand forms an RISC complex with Ago2 proteins and targets the 3’UTR of mRNA. The resulting 

miRNAs modulates gene activity. 

 

Figure 2. Secretion of miRNAS from a cell to extracellular spaces and circulatory biofluids. Stem-

loop pre-miRNA and mature miRNAs are secreted from the either in micro particle free form bound with 

proteins or in encapsulated macrovesicles. There are five main modes by which miRNAs are secreted into 

extracellular spaces and circulatory biofluids: (1) Non-vesicle bound with high density lipoproteins, (2) 

Non-vesicle bound with Ago2 proteins, (3) Encapsulated within exosomes, (4) packaged in macrovesicles 

and (5) Secretion within apoptotic bodies.  

 

Figure 3.  Expression patterns of selected miRNAs in biofluids from AD patients. Serum, plasma and 

CSF are considered primary biofluids as sources for constant expression of circulatory miRNAs: miR-9, 

miR-125b, miR-146a, miR-181c, miR-191-5p and let-7 g-5p. Respective biological functions of these 

candidate miRNAs are also shown.   
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Table 1. Summary of Circulatory micro RNA studies in Alzheimer’s disease 

 

 
NC: Negative control; AD: Alzheimer’s disease; MCI: Mild cognitive impairment; FTD: Frontotemporal dementia; INDCs, inflammatory 

neurological disease controls; M: Male; F: Female; NA: not available. 
 

 

Sources 

 

Study groups  

Sex ratio 

(Male vs  

Female) 

miRNA detection 

methods 

Up-regulated  miRNAs Down-regulated miRNAs References 

Blood NC=22 

AD=48 

M=11, F=11 

M=23, F=25 

Small RNA 

sequencing 
dataset 

miR-26b-3p, miR-28–3p, miR-

30c-5p, miR-30d-5p, miR-148b-
5p, miR-151a-3p, miR-186–5p, 

miR-425–5p, miR-550a-5p, 

miR-1468, miR-4781–3p, miR-
5001–3p, and miR-6513–3p 

let-7a-5p, let-7e-5p, let-7f-

5p, let-7g-5p, miR-15a-5p, 
miR-17–3p, miR-29b-3p, 

miR-98–5p, miR-144–5p, 

miR-148a-3p, miR-502–
3p, miR-660–5p, miR-

1294, and miR-3200–3p 

Satoh et al., 

2015 [81] 

PBMC NC=16 
AD=16 

NA Microarray miR-34a, miR-181b - Schipper et 
al., 2007 

[82] 

Serum NC=7 

MCI/EAD=7 
AD=7 

M=4, F=3 

M=1, F=5 
M=2, F=5 

QRT-PCR - miR-137, miR-181c, miR-

9, miR-29a, miR-29b 

Geekiyanage 

et al., 2012 
[83] 

Serum/CSF NC=18 

AD=22 

FTD=10 
INDCs=8 

M=13, F=5 

M=8, F=14 

M=2, F=8 
M=2, F=8 

miRNA PCR array 

& 

TaqMan QRT PCR 
assay 

- miR-125b, miR-23a, miR-

26b 

Galimberti 

et al., 2014 

[84] 

Serum NC=155 
AD=105 

M=75, F=80 
M=57, F=48 

QRT-PCR miR-9 miR-125b, miR-181c Tan et al., 
2014 [85] 

Serum Cohort 1 

NC= 50 
AD=50 

Cohort 2 

NC=155 
AD=158 

M=25, F=25 

M=25, F=25 
 

 

M=70, F=85 
M=78, F=80 

Discovery 

Sequencing 
 

Validation 

QRT-PCR 

miR-3158-3p, miR-27a-3p, 

miR-26b-3p, miR-151b 

miR-36, miR-98-5p, miR-

885-5p, miR-485-5p, miR-
483-3p, miR-342-3p, miR-

30e-5p, miR-191-5p, let-

7g-5p, let-7d-5p 

Tan et al., 

2014 [86] 

Serum Cohort 1 

NC=48 
AD=48 

Cohort 2 

NC=75 

AD=79 

NC 

M=65, F=58 
AD 

M=72, F=55 

 

Discovery 

Solexa Sequencing 
Validation 

RT-qPCR assay 

- miR-31, miR-93, miR-143, 

miR-146a 
 

 

Dong et al., 

2015 [87] 

Serum 

exosomes 

Cohort 1 

HC=23  
MCI=3 

AD=23 

Cohort 2 
HC=36  

MCI=8 

AD=16 

 

M=13,F=10 
M=2, F=1 

M=9, F=13 

 
M=14, F=21 

M=4, F=4 

M=5, F=10 

Discovery 

Sequencing 
 

 

Validation 
QRT-PCR 

miR-361-5p, miR-30e-5p, 

miR-93-5p, miR-15a-5p, 
miR-143-3p, miR-335-5p, 

miR-106b-5p, miR-101-3p, 

miR-425-5p, miR-106a-5p, 
miR-18b-5p, miR-3065-5p, 

miR-20a-5p, miR-582-5p 

 

miR-1306-5p, miR-342-

3p, 
miR-15b-3p 

Cheng L et 

al., 2014 
[40] 

Plasma Cohort 1 
HC=20 

MCI=9 
AD=11 

Cohort 2 

NC=17 
AD=20 

 
M=10, F=8 

M=3, F=6 
M=6, F=5 

 

M=9, F=8 
M=10, F=10 

Discovery 
nCounter miRNA 

assay 
(Nanostring) 

Validation 

TaqMan 
QRT-PCR 

miR-323b-5p, miR-545-3p, 
miR-563, miR-600, miR-1274a, 

miR-1975 
 

 

let-7d-5p, let-7g-5p,miR-
15b-5p, miR-142-3p, miR-

191-5p, miR-301a-3p, 
miR-545-3p, 

 

 

Kumar et al., 
2013 [88] 

Plasma 

exosomes 

NC=35 

AD=35 

M=18, F=17 

M=15, F=20 

Illumina deep 

Sequencing 

miR-548at-5p, miR-138-5p, 

miR-5001-3p, miR-659-5p 

miR-185-5p, miR-342-3p, 

miR-141-3p, miR-342-5p, 

miR-23b-3p, miR-338-3p, 
miR-3613-3p   

Lugli et al., 

2015 [89] 

CSF, ECF NC=6 

AD=6 

NA Microarray miR-9, miR-125b, miR-146a, 

miR-155 

- Alexandrov 

et al., 2012 
[90] 

 

CSF NC=28 

AD=22 

M=14, F=14 

M=9, F=13 

Open Array 

QRT-PCR 

miR-146a, miR-100, miR-505, 

miR-4467, miR-766, miR-
3622b-3p, miR-296 

miR-449, miR-1274a, 

miR-4674, miR-335, miR-
375, miR-708, miR-219, 

miR-103 

Denk et al., 

2015 [7] 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 33 

 
 

Table 2. Diagnostic potential of circulatory miRNAs in AD vs NC 

 
(a) Whole blood samples 

 

 

 

 

 

 

 

 
 

(b) Serum samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) Plasma samples 

miRNAs Status AUC Sensitivity References 

miR-1468 up 0.884 <0.0001  

 

Satoh et al., 

2015 [81] 

miR-4781-3p up 0.832 <0.0001 

miR-26b-3p up 0.809 <0.0001 

miR-28-3p up 0.789 0.0001 

miR-151a-3p up 0.770 0.0003 

miR-144-5p Down 0.799 <0.0001 

miR-148-3p Down 0.752 0.0007 

Let-7g-5p Down 0.727 0.0024 

miR-660-5p Down 0.720 0.0033 

miR-15a-5p Down 0.715 0.0040 

miRNAs AUC p-value 95% Confidence Interval References 

miR-125 0.82 0.005 0.65-0.98 Galimberti et 

al., 2014 [84] miR-26b 0.77 0.019 0.59-0.95 

miR-9 0.62 0.004 0.53-0.71 Tan et al., 

2014 [85] miR-125b 0.85 <0.0001 0.80-0.90 

miR-181c 0.74 <0.0001 0.67-0.81 

miR-985p 0.66 <0.0001 0.59-0.72  

 

Tan et al., 

2014
 
[86] 

miR-885-5p 0.62 0.0003 0.56-0.68 

miR-483-3p 0.63 0.0001 0.57-0.69 

miR-191-5p 0.73 <0.0001 0.67-0.79 

Let-7d-5p 0.67 <0.0001 0.57-0.70 

miR-342-3p 0.84 <0.0001 0.79-0.89 

miR-31 0.72 - 0.64-0.80 Dong et al., 

2015[87] miR-93 0.69 - 0.61-0.78 

miR-143 0.70 - 0.62-0.79 

miR-146a 0.70 - 0.63-0.79 

miRNAs AUC Sensitivity Specificity References 
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Highlights 

 

 

1. Micro RNAs play a key role in cellular processes, including development, cell proliferation, replicative 

senescence and aging. 

 

2. Circulatory micro RNAs are promising peripheral biomarkers for human diseases, such as cancer, 

cardiovascular diseases, Alzheimer’s, Parkinson’s and Huntington’s.  

 

3. Circulatory micro RNAs can be found in bodily fluids, including blood products serum/ plasma, 

cerebrospinal fluids, extracellular fluids, saliva and urine. 

 

4. Micro RNAs are strong indicators of disease progression and pathogenesis of Alzheimer’s disease.  

miR-15b-5p 0.96 0.88 0.96  

 

Kumar et 

al., 2013 

[88] 

miR-142.3p 0.96 0.65 1 

miR-191-5p 0.95 0.95 0.76 

Let-7g-5p 0.93 0.95 0.53 

Let-7d-5p 0.92 0.75 0.88 

miR-545-3p 0.74 0.2 0.88 

miR-301a-3p 0.67 0.25 1 


