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Choice of samples in extracellular microRNA research: Which 

fraction is better- exosomal or nonexosomal? 

 

 

 

 

 

 

 

 

 

 

microRNAs AND EXTRACELLULAR microRNAs 

microRNAs (miRNAs) are endogenously initiated 

noncoding RNA species of 18-24 nucleotide that post-

transcriptionally regulate the expression of target mRNAs 

either via mRNA destabilization or transcriptional 

repression [1]. It is estimated that miRNAs cover 1-5% of 

the animal genome and bioinformatic studies predicted 

that almost 60% mammalian genes can be targeted by 

one or more miRNAs [2], thus they play a central role in 

cellular proliferation, migration, differentiation, survival, 

and cell fate. Since their discovery in the early 1990s [3], 

miRNAs have been broadly studied in different organism 

ranging from single- to multi-cellular organisms and 

found to be involved in important cellular pathways. 

According to the miRbase 21, more than 28000 miRNAs 

have been reported in all organisms that could potentially 

influence the expression of genes and associated with 

pathophysiological conditions [4]. 

While the majority of the miRNAs are detected 

intracellularly, a handful of miRNAs are found in various 

body fluids and commonly known as circulating miRNA 

or circulatory miRNA or extracellular miRNAs 

(ECmiRNAs). The first report of ECmiRNAs in biofluid 

was made by Chim and his colleagues [5] where they 

observed that placental miRNAs are readily detectable in 

maternal blood plasma. At the same time, another report 

claimed the existence of tumor-associated ECmiRNAs in 

the serum sample of the patients with diffused B-cell 

lymphoma [6]. The discovery of ECmiRNAs in blood 

serum/plasma opened a new era of miRNA research and 

a series of studies have consistently reported that the 

presence of ECmiRNAs in other biofluids including 

plasma [7], follicular fluid [8,9], amniotic fluid, and 

almost every other biofluids [10]. However, the total 

miRNA concentration, number of detected miRNAs, and 

level of detection vary significantly among different fluid 

types [10]. In addition, the expression profile of 

ECmiRNAs in certain biofluids in relation to different 
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pathophysiological conditions indicates that ECmiRNAs 

could be selectively released from healthy cells [11–13] 

and has a great potential to serve as biomarkers to assess 

the pathological conditions. 

 

CHARACTERISTICS OF ECmiRNAs 

ECmiRNAs have distinct characteristics which are 

completely absent in cellular miRNAs. For instance, the 

introduction of cellular or synthetic miRNAs in plasma or 

any other fluid results in rapid degradation (within few 

minutes) and the addition of denaturing solution protect 

exogenous miRNAs from degradation by inactivating 

RNase activity in plasma [14]. In contrast, ECmiRNAs 

can stay for a long time in circulation or other biofluids 

without degradation and exhibit a higher level of 

resistance against the activity of high endogenous RNase 

indicating that ECmiRNAs avoid RNase activity by 

wrapping themselves with some protective manner [15]. 

While cellular miRNAs are susceptible to the unusual 

conditions like low or high pH, boiling, and prolonged 

storage time, ECmiRNAs showed remarkable stability 

under such conditions. In addition, ECmiRNAs are 

detectable in qRT-PCR after multiple freeze-thaw cycles 

(even up to 10 cycles) whereas cellular miRNAs start 

their signals after few freeze-thaw cycles [14,16]. In 

addition, Mitchell and his colleagues reported that a 24 h 

incubation of ECmiRNAs derived from serum at room 

temperature could not affect the specific expression 

patterns in qPCR [17]. In addition, Chen and colleagues 

reported that ECmiRNAs isolated from serum showed 

resistance against the treatment of RNase A, compared to 

other endogenous RNAs [15]. Majority of the serum 

derived ECmiRNAs are considerably expressed after 

being subjected to 3 h or overnight RNase treatment, on 

the other hand, large RNA species including 18s/28s 

rRNA, β-actin, GAPDH, and U6 degraded and showed 

no expression [15]. 

Although the release mechanism and remarkable stability 

of ECmiRNAs in bio-fluids are poorly understood, 

several hypotheses have been proposed to explain the 

mechanism. Nucleoprotein bound existence of RNAs is 

one of the earliest theory where the DNA fraction of the 

complex binds with RNA to form a DNA-RNA 

heterodimer [18]. Unexpectedly, a couple of years later, it 

has been reported that the protection and existence of 

RNA molecules in plasma or serum probably due to the 

binding with lipoprotein complex or lipid molecules, not 

with the DNA fraction of nucleoprotein [19].  

 

MODE OF RELEASE OF ECmiRNAs 

The mechanism of remarkable stability of ECmiRNAs in 

biofluids provoked us to speculate that these miRNAs are 

encapsulated by some manners to avoid degradation. 

Interestingly, exosome-mediated release, existence, and 

transport of miRNAs and mRNAs in cultured cells have 

reported shortly before the discovery of ECmiRNAs [20] 

which strongly suggests the hypothesis of the release of 

ECmiRNAs through extracellular vesicles. The 

membranes of extracellular vesicles are impermeable to 

RNase and this can keep the encapsulated miRNAs safe 

from degradation in the presence of high RNase activity 

in serum/plasma. Therefore, vesicles encapsulated release 

and existence of miRNAs in extracellular environment 

explained elegantly the remarkable stability of 

ECmiRNAs [21]. Later, Hunter and his colleagues 

reported that purified human peripheral blood 

microvesicles contain miRNAs [22] which further 

reinforce the theory of microvesicles encapsulated 

miRNAs in the extracellular environment. 

Extracellular vesicles are a combination of a 

heterogeneous population of exosomes and 

microparticles (shedding vesicles). Exosomes are 

homologous small vesicles (50-90 nm) [23], whereas 

microparticles/microvesicles (MVs) are lipid vesicles that 

are <1 μm in diameter and are secreted into extracellular 

environment by different types of cells and platelets [24]. 

While exosomes are generated via endocytic recycling 

pathway (inward budding), MVs are produced from 

plasma membrane via outward budding and fission. Thus, 

the membrane composition of MVs is much similar to the 

plasma membrane of their parent cells. Hence the 

membrane composition of MVs is predominantly 

depended on the cell of origin [25]. In the following years, 

several studies reported the existence of miRNAs in 

various biofluid in association with either exosomes 

[12,23] or microvesicles [26,27]. 

In 2011, the vesicle-enwrapped release and existence of 

miRNAs were hugely challenged when independent two 

groups claimed that a large fraction of ECmiRNAs exists 

in the cell culture media [14] and in human plasma [28] 

that are outside of shedding vesicles and exosomes. In 

addition, authors claimed that only 10% of ECmiRNAs 

are released in plasma through vesicles and potentially 90% 

of them are associated with protein complexes [28]. 

Furthermore, when size-exclusion chromatography was 

used to complete separation of vesicles from protein 

complex, it showed that most of the ECmiRNAs are 

ribonucleoprotein complex associated and only a few 

miRNAs are predominantly associated with 

microvesicles [28]. It is important to note that all mature 

miRNAs become associated with the AGO protein 

families during their intracellular synthesis process [2]. 

Therefore, it is logical to think that ECmiRNAs could 

exist with AGO protein, particularly AGO2 protein, in 
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the extracellular environment. In addition, it has been 

known for a long time that AGO2 proteins are 

remarkably stable in nuclease- and protein-rich 

environment which also explained the stability of protein 

complex associated ECmiRNAs [14]. Later, Gallo and 

colleagues reported that several miRNAs including miR-

16 and miR-92a were detected in the pellet of 

ultracentrifuges serum samples while they are barely 

detected in the supernatant [29]. It was unexpected 

because Arroyo and colleagues reported that miR-16 and 

miR-92a were predominantly associated with 

nucleoprotein [28]. The difference in the results of two 

groups may be due to the differences in the sample 

processing, isolation, and data normalization method.  

In the following years of ECmiRNA discovery, 

accumulated studies have reported that ECmiRNAs are 

packaged into apoptotic bodies [30], high-density 

lipoprotein (HDL) particles [31], microvesicles [22], 

exosomes [23], and AGO2 proteins [28]. A pictorial 

representation of release and existence of extracellular 

miRNAs in biofluids are presented in Figure 1. The 

inclusion of apoptotic body associated miRNAs in 

ECmiRNA category is questionable due to its size 

(comparable with the size of cellular debris and platelets). 

In addition, in the commonly used protocol for 

ECmiRNA isolation, during the sample processing step, 

apoptotic bodies are removed with cell debris in the 

initial ultracentrifugation step. Thus, this fraction of 

ECmiRNAs is overlooked and understudied.  

 

CHOICE OF SAMPLES FOR ECmiRNA 
RESEARCH 

Soon after the discovery of ECmiRNAs, they received an 

utmost research priority due to their potential as a 

noninvasive biomarker and to understand the disease 

pathogenesis. Therefore, much of the efforts in profiling 

ECmiRNAs in various biofluid is involved in 

investigating the expression patterns of ECmiRNAs and 

correlates them with different physiological status and 

disease progression. Despite the widespread interests in 

developing biomarkers based on ECmiRNAs, 

heterogeneity among the results in different studies have 

been observed and hence the use of ECmiRNAs as 

reliable and reproducible biomarker remain in infancy [4]. 

The contributing factors in the variation in results can be 

both preanalytical and analytical. Preanalytical factors are 

starting material, methods of collection, processing, RNA 

Figure 1: Biogenesis and extracellular release of miRNAs. Mature miRNAs bind with protein complex (primarily AGO2) either 

to form RISC complex or released in the extracellular environment. They can also be loaded to exosomes and released. Similarly, 

EC miRNAs can be encapsulated via microvesicles or bind with HDL and released from cells to the extracellular environment. 
This figure is adapted from [4]. 
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extraction, and expression analysis. The source and 

composition of these biofluids are quite different; 

therefore, the processing and isolation methods need to 

be changed/adopted according to the origin of biofluids. 

Thus, to avoid the variation in the results of ECmiRNA 

research, a standardized protocol should be followed 

from sample collection to data analysis [4].  

One of the major points to be considered in ECmiRNA 

research is the choice of sample or starting materials. For 

instance, when ECmiRNAs are quantified from 

circulation, a critical decision should be made that is 

which fraction will be the starting material- whole blood 

or sera or plasma? Essentially, we must discard whole 

blood from the list as it contains cellular fractions (white 

and red blood cells) [32]. The basic difference between 

serum and plasma is the absence or presence of clotting 

factors, respectively. Both plasma and serum are used for 

ECmiRNA research. If plasma is the starting choice, 

ethylenediaminetetraacetic acid (EDTA) is the better 

choice over heparin as it is known as PCR inhibitor. 

Although many studies investigated plasma and serum 

side-by-side and found no or little difference in 

ECmiRNA quantification [15], consistently higher 

concentrations were found in serum samples [33]. 

Similarly, cellular contribution in other biofluids should 

be discarded before subjected to ECmiRNA expression 

analysis. This could be achieved by using a centrifugation 

step at 25,000 × g for 30 min [12]. In addition to cellular 

fraction, the centrifugation step removes the cellular 

debris, apoptotic bubbles, and fractions of large 

macroparticles.  

Now, in the cell-free centrifuged biofluid, ECmiRNAs 

can be existed by two means such as exosomal and 

nonexosomal (includes microvesicles, AGO2 protein, and 

HDL).When AGO2 protein-coupled ECmiRNAs are kept 

for several weeks in cell lysates without protease 

inhibitors, it showed no degradation. This clearly 

suggests that the protein complex associated ECmiRNAs 

may simply derive from the passive release of cytosolic 

components during cell death [14]. HDL and LDL can 

carry a pure population of ECmiRNA in biofluids [31] 

and their functional relevance has been demonstrated in 

themodel organism [34] and human [35]. However, it is 

not entirely clear that HDL coupled ECmiRNAs are 

selectively and actively released from the donor cells and 

spontaneously taken up by the recipient cells. Therefore, 

it is clear that nonexosomal ECmiRNAs are the result of 

nonspecific and passive release from the cells and may 

not be the better choice for the biomarker study.  

Exosome formation and release is a tightly coordinated 

and complex process which is orchestrated by enzymatic 

activation and energy in the form of adenosine 

triphosphate (ATP) [36], and the expression patterns of 

exosomal ECmiRNAs(Exo-miRs)obtained from culture 

media and various bio-fluids derived from bio-fluids are 

different from their cell of origin suggesting there might 

be an active selection mechanism for exosome release 

and their contents. In contrast to nonexosomal 

ECmiRNAs, exosomal ECmiRNAs (Exo-miRs) are 

released from viable cells and can be taken up by the 

recipient cells and modulate the expression of genes [12] 

and trigger functional effects [20,37], however, the 

sorting and secretion of Exo-miRs are not fully 

understood. Pegtel and colleagues demonstrated the 

potential of Exo-miRs to facilitate viral infection [37] 

while Sohel and colleagues showed the gene expression 

modulation capacity of follicular fluid derived Exo-miRs 

in the recipient cells [12]. Many other studies have 

further indicated that miRNAs can be transported to the 

recipient cells via exosomes and could facilitate the cell-

to-cell communication in vitro [20,38] and in vivo [39]. 

Exo-miRs are particularly important in cancer biomarker 

development. The main reason behind this is- cancer cells, 

in a given microenvironment, constitutively secrete 

exosomes to mediate cell-cell communication with same 

neighboring cells (autocrine manner), with different 

neighboring cells (paracrine manner), and with distant 

cells (endocrine manner) [40]. Therefore, much of the 

efforts were made in developing cancer biomarkers using 

Exo-miRs whereas nonexosomal ECmiRNAs were 

overlooked. 

ECmiRNAs are the new celebrity of miRNA research 

where Exo-miRs dominating the field. The specific 

expression pattern of Exo-miRs in various biofluids is 

distinctly associated with various pathophysiological 

conditions. Thus, Exo-miRs have the great potential in 

biomarker development and perhaps, in future, Exo-miRs 

will be routinely used for therapeutic purpose. Indeed, 

among all ECmiRNAs, Exo-miRs are released from 

viable cells and have the ability to modulate the 

biological function in recipient cells, thus, the exosomal 

fraction of biofluid is always beena better choice over 

nonexosomal fraction for biomarker development and/or 

therapeutic study.  
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