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Article

Introduction

Exosomes are nano-scale, cell-derived vesicles (30–100 nm 
in diameter) generated by the endosomal pathway and 
released through exocytosis of multivesicular bodies 
(MVBs) to the extracellular space and circulation (Vlassov 
et al. 2012; Mathivanan et al. 2010). Consequently, exo-
somes naturally contain components that take part in mem-
brane transport and fusion processes (i.e., flotillin) and 
MVB generation (i.e., Alix and TSG101). They also contain 
lipid-related proteins, phospholipases, heat shock proteins 
(HSP70, HSP90), integrins and tetraspanins (i.e., CD63, 
CD9 and CD81) (Simons and Raposo 2009; Mathivanan  
et al. 2010). Some of these components are frequently 

utilized as exosomal markers. Exosomes also encompass 
more specific proteins that reflect the cytosol content of 
their cellular origin as well as large amounts of mRNAs and 
microRNAs (Valadi et al. 2007; Mathivanan et al. 2012). 
Many types of cells have been demonstrated to secrete exo-
somes (Pant et al. 2012; Schageman et al. 2013) that func-
tion as regulators of coagulation and stimulation of the 
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Summary 
ExoQuick-TCTM (EQ), a chemical-based agent designed to precipitate exosomes, was calibrated for use on saliva collected 
from healthy individuals. The morphological and molecular features of the precipitations were compared with those obtained 
using the classical, physical-based method of ultracentrifugation (UC). Electron microscopy and immunoelectron microscopy 
with anti-CD63 showed vesicular nanoparticles surrounded by bi-layered membrane, compatible with exosomes in EQ, 
similar to that observed with UC. Atomic force microscopy highlighted larger, irregularly shaped/aggregated EQ nanoparticles 
that contrasted with the single, round-shaped UC nanoparticles. ELISA (performed on 0.5 ml of saliva) revealed a tendency 
for a higher expression of the specific exosomal markers (CD63, CD9, CD81) in EQ than in UC (p>0.05). ELISA for 
epithelial growth factor receptor, a non-exosomal-related marker, showed a significantly higher concentration in EQ than in 
UC (p=0.04). Western blotting of equal total-protein concentrations revealed bands of CD63, CD9 and CD81 in both types 
of preparations, although they were less pronounced in EQ compared with UC. This may be related to a higher fraction of 
non-exosomal proteins in EQ. In conclusion, EQ is suitable and efficient for precipitation of salivary exosomes from small 
volumes of saliva; however, EQ tends to be associated with considerably more biological impurities (non-exosomal-related 
proteins/microvesicles) as compared with UC. (J Histochem Cytochem 63:181–189, 2015)
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immune system. Recent studies have suggested that they 
play a major role in intercellular communication (Simons 
and Raposo 2009; Mathivanan et al. 2010). Upon uptake by 
neighboring and distant recipient cells, exosomes appar-
ently induce significant genotypic and phenotypic changes. 
This is of great relevance to tumor-derived exosomes, 
which can promote dramatic pre-cancerous events in the 
tumor microenvironment (Kharaziha et al. 2012). Therefore, 
exosomes have been emerging as potential diagnostic and 
therapeutic tools for several systemic diseases, particularly 
cancer (Lakhal and Wood 2011; Suntres et al. 2013).

Exosomes are found in abundance in different body flu-
ids, such as blood, urine, breast milk, cerebrospinal fluid 
and ascetic fluid (Vlassov et al. 2012), as well as in saliva 
(Ogawa et al. 2008; Michael et al. 2010; Palanisamy et al. 
2010; Lässer et al. 2011). Studies on the definitions of the 
nanostructural features of exosomes in saliva (Palanisamy 
et al. 2010; Sharma et al. 2010; Sharma et al. 2011), their 
transcriptomics (Palanisamy et al. 2010), and their pro-
teomics (Ogawa et al. 2011) are ongoing. Due to its easy 
accessibility, saliva has become a potential source for exo-
somal biomarkers for diagnostic and prognostic assess-
ments (Lau et al. 2013).

The most accepted method for isolation of exosomes in 
general and of salivary exosomes in particular is based on 
ultracentrifugation (UC) (Théry et al. 2006). Although this 
technique is believed to obtain minimally contaminated pel-
lets of exosomes, it demands a very complicated and pro-
longed process that utilizes specialized equipment. System 
Biosciences (www.systembio.com) has recently developed 
a proprietary reagent named ExoQuick (EQ) that is claimed 
to be an adequate methodology for the precipitation of exo-
somes when added to several types of biological fluids. EQ 
is currently being evaluated, and reports have already indi-
cated it efficiency in several experimental settings (Fabbri 
et al. 2012; Caradec et al. 2014; Quackenbush et al. 2014; 
Taylor et al. 2011); however, it has yet to be used for saliva. 
In this study, saliva collected from healthy individuals was 
submitted to exosome isolation using two different strate-
gies: using the chemical-based agent, EQ, and via the clas-
sical, physical-based method of UC. The morphological 
and molecular features of the isolated exosomes were 
compared.

Materials & Methods

The study was approved by the IRB of the Chaim Sheba 
Medical Center, Tel Hashomer, Israel and the subjects pro-
vided informed consent to participate.

Sample Collection

Whole saliva from ten healthy individuals (six females, four 
males) with a mean age of 56 ± 11 years (range, 40–68 
years) was collected into sterile tubes according to the 

widely used protocol for the collection of saliva (Davidovich 
et al. 2010). Subjects with any conditions/lesions that affect 
the oral cavity (i.e., infectious, autoimmune, pre-malignant 
and malignant) were excluded following a thorough exami-
nation by a specialist in oral medicine (AZH). The tubes 
were immediately centrifuged at 3000 × g for 20 min at 4C 
to remove cells and debris. The supernatant was pooled and 
kept at -70C until further use.

Exosome Isolation from Saliva

ExoQuick. The exosomal fraction from pooled saliva was 
isolated using ExoQuick-TC™ (EQ, System Biosciences 
Inc.; Mountain View, CA) according to the manufacturer’s 
recommendations, with some modifications aimed to adjust 
the kit for use with saliva. Saliva volumes of 5 ml, 2 ml, 1 
ml, 0.5 ml and 0.25 ml were admixed with the EQ precipita-
tion solution at 1:1, 1:2, and 1:5 ratios. We concluded that 
0.5 ml of saliva was the minimal sample volume required to 
receive an efficient and manageable pellet when a 2:1 
saliva-to-EQ volume ratio was used. Incubation periods 
ranging from 6 hr to 24 hr revealed that at least 12 hr at 4C 
was appropriate. At the end of the incubation time, the sam-
ples were centrifuged at 1500 × g for 30 min, the superna-
tant was removed, and the samples then underwent a second 
round of centrifugation at 1500 × g for 5 min. The pellet 
was processed for further analysis.

Ultracentrifugation. The pooled saliva was centrifuged at 
12,000 × g for 20 min to remove residual organelles and cell 
fragments. Following this, 0.5 ml supernatant was diluted 
1:1 with phosphate-buffered saline (PBS) and transferred to 
1.0 ml polycarbonate tubes for ultracentrifugation at 
120,000 × g for 3 hr at 4C (Beckman Coulter Optima TLX, 
TLA 120.2 rotor; Beckman Coulter; Brea, CA) (Palanisamy 
et al. 2010). The final pellet was resuspended in 100 µl PBS 
and then kept at -70C until further analysis.

Morphological Analysis

Transmission Electron Microscopy (TEM). The purified exo-
some pellet was fixed in 500 µl of 2.5% glutaraldehyde in 
5% sucrose and 0.1 M sodium cacodylate, pH 7.4, for 30 
min at room temperature. After rinsing three times with 
cacodylate buffer, 1% osmium tetroxide was added to the 
pellet for 90 min, and the sample was then washed with 
cacodylate buffer. Following dehydration, the pellets were 
fixed with epoxy resin and sliced into ultrathin sections that 
were placed on nickel grids and further stained with uranyl 
acetate and lead citrate, 15 min each. Finally, the sections 
were examined using TEM (JEOL TEM JEM 1200EX, 
Peabody, MA).

Immuno Electron Microscopy (immunoEM). Isolated exo-
somes were deposited on Formvar carbon-coated, glow-
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discharged grids (Van Deun et al. 2014). The grids were 
incubated in a blocking serum containing 1% bovine serum 
albumin (BSA) in PBS. Antibodies and gold conjugates 
were diluted in 1% BSA in PBS. The grids were exposed to 
the primary antibody against CD63 (1:50, BD Pharmingen; 
San Diego, CA) for 20 min, followed by gold-conjugated 
goat anti-mouse IgG (size, 10 nm; 1:25, BBI Solutions; 
Cardiff, UK) for 20 min at room temperature. The negative 
control was prepared by omitting the primary antibody. The 
grids were stained with neutral uranyl acetate and embed-
ded in methylcellulose/uranyl acetate and examined in a 
Tecnai Spirit TEM (FEI; Eindhoven, The Netherlands). 
Images were captured by Quemesa CCD camera (Olympus 
Soft Imaging Solutions GMBH; Munster, Germany).

Atomic Force Microscopy (AFM)

Pellets yielded by both isolation methods were disassem-
bled by gentle pipetting and the suspension diluted 1:50 in 
deionized water and adsorbed to freshly cleaved mica sheets 
(Bruker; Camarillo, CA) for 2 min and dried under a gentle 
stream of nitrogen. Samples were analyzed by 
NanoWizardIII AFM (JPK; Berlin, Germany) in tapping 
mode using silicon probes (Mikro Mash NSC15/AL BS). 
Topographic height and phase images were recorded at 
512×512 pixels at a scan rate of 1 Hz. Image processing was 
performed with JPK Data Processing software.

Molecular Analysis

ELISA. The three exosomal markers chosen in the present 
study belong to the tetraspanin web, and are known to act as 
regulators of molecular pathways in physiological and can-
cerous conditions (Hemler 2003; Chernousov et al. 2013). 
Kits were used for the detection of the exosomal protein 
markers CD63, CD9 and CD81 using ExoELISA-63, ExoE-
LISA-9, ExoELISA-81, respectively (all from System Bio-
sciences Inc.). Exosomal pellets were processed according to 
the manufacturer’s instructions. First, 200 µl of exosome-
binding buffer (System Biosciences Inc.) was added to both 
types of pellets followed by a gentle vortex for 15 sec to pro-
duce a homogenous solution. The EQ pellets were further 
incubated at 37C for 20 min, centrifuged at 1500 × g for 5 
min to remove residual precipitation solution, and the super-
natant transferred to a new tube. The UC pellets were only 
incubated at room temperature for 10 min. Following this, 50 
µl of each type of preparation for each marker was transferred 
to pre-coated wells of the microtiter plate. The plate was 
incubated overnight at 37C. After washes with working buf-
fer (System Biosciences Inc.), 50 µl of anti-CD63, anti-CD9 
and anti-CD81 (1:100) were added to the wells, and incu-
bated for 1 hr at 37C. The plate was again washed and then 
incubated with 50 µl of horseradish peroxidase (HRP) 
enzyme-linked secondary antibody (goat anti-rabbit, 1:5000) 

for 1 hr at room temperature. Colorimetric substrate (extra-
sensitive tetramethylbenzidine) and stop solution provided in 
the kit were added to end the reaction. Protein amount was 
determined by reading the optical density on a VersaMax 
microplate reader (Molecular Devices; Sunnyvale, CA) at 
450 nm. Exosomal protein amount was plotted against the 
standard curve created with the kit. Intra- and inter-test vari-
abilities were calculated on duplicates of the same prepara-
tion on at least three different plates and were allowed to 
reach a maximum of 30% and 25%, respectively (Logozzi  
et al. 2009). The results are expressed as the mean ± SD for 
each concentration (pg/ml) of the three investigated proteins 
for each method of exosome isolation.

In addition, an ELISA kit for the detection of epithelial 
growth factor receptor (EGFR, human EGFR/ErbB1 ELISA 
Kit cat# RAB0160, Sigma-Aldrich) was used to demon-
strate that the isolated salivary exosomes had originated 
from human epithelial tissues and not from oral cavity 
microflora (Yarden 2001; Singh and Coffey 2014). 
Experiments were carried out on 0.5 ml of whole saliva 
taken from the same pool used for the exosomal markers. 
Exosomal pellets were processed according to the manufac-
turer’s instructions. Samples were run five times in 
duplicates.

Western Blotting (WB)

Preliminary studies using exosomal pellets derived from a 
constant volume of 0.5 ml of saliva yielded bands only for 
those produced by EQ (data not shown, WB protocol is 
detailed below). Using Bradford assay, we converted our 
results to equivalent protein concentrations rather than a 
constant volume of saliva. Because we found a 2–3-fold 
higher protein concentration in EQ compared with UC pel-
lets, a saliva volume ratio of 1:3 was used for the pellets 
submitted for WB analysis.

Western blotting procedures were performed according 
to the manufacturer’s instructions. Purified exosomal pel-
lets (EQ and UC) were treated with 1×RIPA buffer and pro-
tease inhibitors (Sigma-Aldrich). Protein concentrations 
were determined using a Bradford microassay (Bio-Rad 
Laboratories, Hercules, CA). Samples were combined with 
4× Laemmli loading buffer, comprising 2-mercaptoethanol 
(AMRESCO, Solon, OH) and heated at 95C for 5 min. 
Approximately 60 µg total protein were separated by SDS-
PAGE at constant 90 V at room temperature for 1.5 hr using 
12% gels. Separated proteins were then blotted onto nitro-
cellulose membranes (Whatman, Sigma-Aldrich) at con-
stant 260 mA for 1 hr. Membranes were stained with 
Ponceau dye (AppliChem, Darmstadt, Germany) prior to 
blotting to verify equal loading of proteins. Membranes 
were blocked with 5% non-fat dry milk (Santa Cruz 
Biotechnology) diluted in 1× Tris-buffered saline (TBS) 
with Tween (SctTek Laboratories, Logan, UT) for 1 hr, then 
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incubated with primary antibodies diluted 1:1000 (Cat# 
EXOAB-CD63A-1, EXOAB-CD9A-1, and EXOAB-
CD81A-1; System Biosciences Inc.) at 4C overnight. After 
washing, the membranes were then incubated with HRP-
labeled goat anti-rabbit IgG (1:20,000, System Biosciences 
Inc.) at room temperature for 1 hr. Finally, membranes were 
visualized using the enhanced chemiluminescence (ECL) 
detection system (GE Healthcare Buckinghamshire, UK). 
Equal protein loading was confirmed with β-actin (1:500, 
Clone AC-15; Sigma-Aldrich) performed on the same 
membranes after stripping.

Statistical Analysis

The results are presented as the mean ± SD. Significance 
was calculated using a Student’s t-test or using ANOVA 
with Bonferroni correction. Analyses were performed using 
SPSS software (IBM; Chicago, IL). For all comparisons, a 
value of p<0.05 was considered to indicate a significant 
difference.

Results

Exosomal Pellets

In general, the EQ methodology was simple to learn and 
easy to perform and did not necessitate any special equip-
ment; in contrast, the classical UC method required appro-
priate facilities. Pellets obtained by EQ were large, readily 
discernable, and able to be detached easily from the tube 
walls (Fig. 1A). Although the same volume of saliva was 
used for the UC method, the pellets derived using this 
method were remarkably smaller and were tightly adhered 
to the tube wall, thus requiring meticulous preparations for 
further use (Fig. 1B); this became a matter of concern when 
the UC pellets were processed for further analysis.

Morphological Characteristics of Salivary 
Exosomes

EM and immunoEM. Both the EQ and UC pellets similarly 
revealed nanoparticles that were ultrastructurally consistent 
with exosomes. This included round-shaped vesicles sur-
rounded by bi-layered membranes with diameters ranging 
between 30 nm to 120 nm (Fig. 2A, 2B).

The immunoEM micrographs of exosomes stained with 
10-nm gold-conjugated anti-CD63 antibody showed aggre-
gate formation and the presence of larger exosomes in EQ 
preparations (Fig. 2C–2E) as compared with those in UC 
preparations (Fig. 2F–2H). The negative control showed no 
labels in the exosomes (data not shown).

AFM. AFM used in a tapping mode enabled us to clearly 
demonstrate differences in the features of the pelleted 
nanoparticles isolated by each method. The most prominent 
finding was the heterogeneous organization of the pelleted 
nanoparticles isolated by EQ precipitation, in terms of the 
wide variation in shape and size of the nanoparticles dem-
onstrated in both 2-dimensional (2D) and 3D topographic 
AFM images (Fig. 3A, 3B). This pattern can be attributed to 
the presence of large particles (>100 nm) and/or the forma-
tion of aggregates. In contrast, the UC preparation demon-
strated separated nanoparticles. Although some variation in 
size was observed, they shared a fairly homogeneous circu-
lar morphology (Fig. 3C, 3D).

Molecular Characteristics of Salivary Exosomes

ELISA. Using a 0.5 ml volume of saliva, proteins corre-
sponding to CD63, CD9 and CD81 were identified in 
samples from both methods of exosome isolation (Fig. 4). 
In EQ preparations, a trend of a higher mean concentra-
tion was observed in all three exosomal markers 

Figure 1. Exosomal pellets. (A) 
Pellet obtained using the ExoQuick-
TCTM (EQ) method from 0.5 ml of 
saliva is shown at the bottom of a 
15 ml tube. (B) Pellet obtained using 
the ultracentrifugation (UC) method 
from 0.5 ml of saliva is shown in a 
close-up view of the bottom of a 1-ml 
ultracentrifugation tube. It was in 
the form of a very thin, barely visible 
grayish film (in between the arrows). 
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compared to UC, but it did not reach statistical signifi-
cance (p>0.05).

EGFR was detected in all of the examined pellets, as 
determined using ELISA, which ensured a human epithe-
lium source of the pellets. EGFR protein had a signifi-
cantly higher mean concentration in samples obtained 

using the EQ method as compared with that using UC 
(548.4 ± 20.5 pg/ml versus 412.3 ± 79 pg/ml, respectively, 
p=0.004).

WB. Loading ~60 µg of total protein per well derived by 
both methods was found to be adequate to show the 

Figure 2. Characterization of salivary exosomes isolated by two methods. Electron micrographs of exosomes isolated from saliva by 
ExoQuick-TCTM (EQ) (A) and the classical ultracentrifugation (UC) method (B) demonstrating small vesicles of different sizes (ranging 
between 30–120 nm) with lipid bilayer membranes. Electron micrographs stained with 10-nm gold-conjugated anti-CD63 antibody and 
uranyl acetate counterstaining in EQ (C–E) and UC (F–H) preparations. Aggregate formation was a feature of the EQ preparations. With 
the UC method, exosomes were usually isolated as individual structures. (G) Note that the gold-stain method distinguished between 
a positively stained exosome (~50 nm) and a large (~250 nm), non-stained vesicular structure that was incompatible with an exosome.
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expression of the three exosomal markers. The patterns of 
expression of these markers in terms of band distribution 
have been previously described by others (Radford et al. 
1996; Tominaga et al. 2014). As depicted in Figure 5, 
there was a fairly similar expression for CD63, CD9 and 
CD81 for both isolation methods; however the bands in 
the EQ sample were less intense than the corresponding 
UC sample bands. The predicted molecular weight of 
CD63 is 25 kDa and, accordingly, both samples had a 
prominent band at around 25 kDa. Glycosylation of CD63 
impairs antibody binding leading to more non-specific 
binding of a 35-kDa low-glycosylated form that is present 
in both EQ and UC samples, as well as a 53-kDa 

higher-glycosylated form that is visible mainly in the UC 
samples together with additional smears (Schröder et al. 
2009; Tominaga et al. 2014). The antibody against CD9 
found a 28 kDa band for CD9 protein in both samples, but 
the intensity was again higher in the UC sample. In the 
UC sample, the antibody against CD81 identified a thick 
single band in the area of the expected 26 kDa. In the EQ 
sample, two separate thin and weak bands were seen at 
the 26 kDa and 24 kDa areas. Additional higher molecular 
weight bands, representing non-specific bindings or 
aggregate formations of CD81 with other tetraspanins, 
were detected in both samples, as previously shown by 
Radford et al. (1996).

Figure 3. Topography of salivary exosomes from healthy individuals observed under tapping mode atomic force microscopy (AFM). 
Exosomes on a mica surface precipitated by ExoQuick-TCTM (EQ) revealed heterogeneity in size and shape in both 2-dimensional (2D) 
(A) and 3D (B) images. In contrast, 2D (C) and 3D (D) images of the ultracentrifugation (UC) pellets showed individual, regular, fairly 
rounded structures.
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Discussion

The demonstration of exosomes existing in human saliva 
(Ogawa et al. 2008; Gonzalez-Begne et al. 2009) has stirred 
considerable interest in examining their characteristics, with 
researchers relying upon UC as the basic methodology for 
isolation (Michael et al. 2010; Palanisamy et al. 2010; Lässer 
et al. 2011). The current study is the first to isolate human 
saliva-derived exosomes using a chemical-based agent (EQ, 
ExoQuick-TC™). We found that the morphological and 
molecular features of the nanoparticles precipitated by EQ 
were similar to those isolated by UC, and therefore they 
were consistent with exosomes. In spite of our finding that 
both methods can be used for isolation of salivary exosomes, 
there were some differences in the exosomes produced by 
each method that have to be taken into consideration.

Morphologically, TEM generally showed exosomes that 
appeared as round-shaped structures ranging between 30–
120 nm in diameter in precipitates from both methods. 
ImmunoEM staining with anti-CD63 confirmed the exo-
somal nature of the nanoparticles. In regard to AFM, while 
the images of EQ exosomal pellets showed a wide variabil-
ity in the size and shape of the nanoparticles, including the 
formation of clusters and the presence of considerably large 
particles (> 120 nm), exosomes in the UC pellets could 
clearly be observed as separated single and uniformly 
round-shaped structures (<120 nm). These results were in 
line with previous AFM studies performed on salivary exo-
somes (Palanisamy et al. 2010; Sharma et al. 2011).

Molecular characterization of specific exosomal markers 
(e.g., CD63, CD9 and CD81) by ELISA showed that both 
methods had the capability to precipitate exosomes from a 
given small volume of saliva (0.5 ml). However, the expres-
sion of the exosomal markers tended to be higher in the EQ 

samples compared to UC; albeit significance was not 
attained. This can be explained, in part, by the observation 
that the chemical-based technique of EQ tends to precipi-
tate larger exosomes (Burns et al. 2014; Caradec et al. 2014) 
compared to the physical-based method of UC. Furthermore, 
it can be assumed that, when using UC, the larger exosomes 
are eliminated with a net outcome of decreasing the concen-
tration of the exosomal markers within the resulting pellet. 
These assumptions were supported by our AFM findings. In 
addition to larger exosomes, we suggest that EQ also co-
precipitated soluble proteins and various types of microves-
icles, as had been reported by others as well (Burns et al. 

Figure 4. Exosomal marker identification, as analyzed by ELISA. 
Equal volumes of 0.5 ml of whole saliva showed a trend toward 
higher concentrations in the expression of exosomal markers in 
pellets obtained using ExoQuick-TCTM (EQ) method as compared 
with that obtained using ultracentrifugation (UC).

Figure 5. Identification of exosomal markers by western blotting. 
Sixty µg of total protein derived from salivary exosomal pellet 
lysates isolated using ExoQuick-TCTM (EQ) or ultracentrifugation 
(UC) were separated by 12% SDS-PAGE (under reducing 
conditions), electro-transferred and incubated with antibodies 
against exosomal markers (CD63, CD9, CD81, 1:1000 each) 
and β-actin (1:500). The molecular weight standards (kDa) are 
marked on the left. The three markers were identified (arrows) 
in the exosomal pellets isolated by both methods. UC bands of 
the isolated proteins had consistently more intense and specific 
signals as compared to the EQ bands.
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2014; Quackenbush et al. 2014; Van Deun et al. 2014; 
Zubiri et al. 2014). This was shown in the present study by a 
higher concentration of EGFR protein (a non-exosomal 
marker of epithelial cell membrane origin) in the EQ prepa-
rations as compared to the UC preparations. Moreover, the 
total-protein content per pellet in EQ was about three-fold 
higher than that attained using UC. Similarly, in a recent 
study in which EQ was used for the precipitation of exo-
somes from media of trophoblast cells, the total protein con-
tent in the EQ pellets was 10-fold higher than that in the UC 
pellets (Salomon et al. 2013). By performing WB analysis 
against CD63, CD9 and CD81 on pre-equilibrated samples 
for the amount of total protein content, we showed less pro-
nounced bands in EQ preparations compared to UC for all 
examined markers. Thus, this further supports the sugges-
tion that non-exosomal proteins constituted a higher propor-
tion in the EQ preparations than in UC. Similar results were 
recently shown in the study of Van Deun et al. (2014), which 
compared EQ and UC among other methods for exosome 
isolation from media of a human breast cancer cell line.

In conclusion, we found that the EQ methodology was 
adequate and efficient for the isolation of salivary exosomes, 
similar to UC. However, there were some important differ-
ences in the methodology and the final exosomal product. 
The main advantage of EQ lies in its technical simplicity, and 
the possibility to use small volumes of bio-fluids with result-
ing efficient and manageable pellets. Presumably, EQ pellets 
contain larger exosomes as well as a higher content of bio-
logical impurities (e.g., membranous debris and microvesi-
cles other than exosomes) in comparison to that achieved 
with UC. The classical UC method had the major benefit of 
isolating a more purified exosomal pellet that enables single 
nanoparticle examination, but its main weakness lies in its 
demanding procedural requirements and considerably 
smaller-sized pellets with assumedly reduced exosomal 
molecular contents. The advantages and limitations of each 
method should, therefore, be taken into consideration, and 
chosen according to the research aims and requirements.
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