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Objective(s): Pediatric acute lymphoblastic leukemia (pALL) is the most prevalent 
neoplasm in children. pALL diagnostic process is invasive, and children need to be 
anesthetized for bone marrow aspiration. Exosomes are nanoparticles that reflect 
the status of parental cells. Given the elevated levels of exosomes in the peripheral 
blood of pALL patients, they can be readily extracted from blood plasma. The 
aim of this study was to compare the reliability of two different techniques of 
exosome purification in order to select the best method for clinical use in pALL.
Methods: Exosomes were isolated from plasma samples using two methods: 
ultracentrifugation and the ExoQuick exosome isolation (EQ) kit. The performances 
of these methods were compared based on the nanoparticle tracking analysis 
(NTA), field emission electron microscopy (FESEM), and immunoblotting assays.
Results: NTA results showed that exosome fractions extracted by the EQ kit were 
more concentrated and homogeneous compared with the ultracentrifugation 
method. Electron microscopy depicted spherical morphology for the isolated 
exosomes in both methods; however, the appearance of exosomes enriched 
by the commercial kit was more intact. Following the immunoblotting assays 
investigating the exosomal biomarkers, densitometry analysis showed that 
the exosome populations related to the EQ kit had higher concentrations and 
extreme purity. 
Conclusions: The data demonstrated that the commercial kit exhibited superior 
efficacy in isolating concentrated, intact, and pure exosomes from small quantities 
of patients' plasma samples when compared to the standard ultracentrifugation 
method. According to those findings, the ExoQuick exosome segregation kit was 
preferred to be used in pALL diagnostic investigations. 
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INTRODUCTION
Pediatric acute lymphoblastic leukemia (pALL) 

is the most common cancer in children. Some 
of the currently used clinical tests are invasive 
and expensive or need specific equipment. The 
emergence of liquid biopsy research has catalyzed 
a surge in scholarly investigations dedicated 
to advancing noninvasive and highly sensitive 
methodologies for the diagnosis and treatment 
of patients. In the context of plasma-based 
studies, there is a mounting body of research that 
recognizes the importance of exosomes. Exosomes 

are nanoparticles secreted from all types of cells, 
especially malignant cells. They are introduced 
as specific indicator molecules mediating cell 
communication and important players in the 
horizontal transfer of genetic materials (1-3). 
Several studies have shown that exosomes isolated 
from the blood of pALL patients contain specific 
markers associated with leukemia cells, such as 
CD19, CD22, and CD58 (4-8) Others showed 
that exosomes derived from pALL cells carried 
specific microRNAs that could serve as diagnostic 
biomarkers for the disease(9-11).

Preanalytical procedures and technical 

http://creativecommons.org/licenses/by/4.0/.
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handling may affect plasma-based studies. 
Among them, exosome isolation techniques are 
particularly important because the assay results 
are considered fundamental data, and any error 
or misinterpretation in their application may 
considerably affect downstream analyses (12-15).

The specific objective of this study was 
to compare the performance of an exosome 
purification commercial reagent (ExoQuick, 
System biosciences) for exosome enrichment versus 
the traditional technique of ultracentrifugation. 
This comparison was performed according to the 
results of Nanoparticle Tracking Analyzer (NTA), 
Field Emission Scanning Electron Microscopy 
(FESEM) and Western blot assay.

MATERIALS AND METHODS
Obtaining Blood 

Obtaining blood was performed with full 
written informed parent’s consent and permitted by 
the Ethics Committee of the University of Isfahan 
(ethical code: IR.UI.REC.1398.010). Peripheral 
blood was collected from patients with acute 
lymphoblastic leukemia referred to the Sayed-ol-
Shohada Hospital (Isfahan, Iran). The inclusion 
criteria for patients were the diagnosis of pre-B-
ALL at ages 1 to 14 approved by flow cytometry and 
the presence of over 30% blast in the bone marrow 
fraction. The exclusion criteria were diagnosis of 
Burkit lymphoma, identification of Philadelphia 
chromosome translocation t(9:22) (q34;q11), and 
impossibility of one-year follow-up due to patient 
non-attendance. Age-matched healthy controls 
were selected as controls. 3 patients and 3 controls 
participated in this study at the ages of 3, 4, and 8 
years. After transferring samples to the laboratory, 
preanalytical procedures were correctly applied 
with caution to blood samples. Platelet-derived 
extracellular vesicles are released concomitantly 
with the coagulation cascade upon blood collection, 
potentially perturbing the veritable composition of 
exosomal cargo implicated in cancer pathogenesis. 
Therefore, exosomes were isolated from platelet-
free plasma (PFP) through twice the centrifugation 
of plasma samples at 2500 g for 15 min at RT. 
Related plasma fractions were separated and stored 
in a freezer at -70°C .

Exosome isolation 
Ultracentrifugation (Uc method) 

After diluting 4 ml of PFP in equal volume with 

phosphate-buffered saline, centrifugation was done  
at 12000 g for 45 min at 4°C. Ultracentrifugation 
procedures were performed according to Thery et 
al. (2006) utilizing an ultracentrifuge (Beckman 
Coulter, Brea, CA) (18). Furthermore, a filtration 
method was incorporated in a sequential manner 
to increase the purity of the separated exosomes. 
The supernatant collected from the first stage and 
the exosome pellets were both filtered through 0.22 
µm filters (Millipore, Burlington, MA). In the final 
step, exosomes were aliquoted in 200-ul fractions 
and preserved for next use at -80 °C. 

EQ Kit
Exosome isolation commercial reagent 

(ExoQuick TM Kit (System Biosciences, Palo Alto, 
CA) (Catalog number: EXOQ5A-1)) was selected 
for exosome purification from 500 µl  PFP samples. 
Exosome purification was performed according 
to the instructions  of the manufacturer with some 
modifications. Samples were centrifuged at 3000 g for 
15 min. The Supernatant was transferred to a sterile 
tube and then purified using 0.22 um syringe filter. 63 
µl ExoQuick solution was added to purified plasma. 
Samples were inverted gently and then incubated 
upright (without agitation) at 4°C overnight. At the end 
of the incubation time, the mixture was centrifuged 
again at 1500 g for 30 and 5 min, respectively, at 
room temperature to pellet the exosomes. the pellet 
was then solubilized in 200 μl of phosphate buffered 
saline. Furthermore, the process of filtration utilizing 
a 0.22 um syringe filter was applied to plasma samples 
to isolate exosome fractions while minimizing the 
presence of contaminating vesicles. Exosome solution 
was divided into 200 µl aliquots in phosphate buffered 
saline.  

NTA 
Size distribution, concentration, density, and 

Brownian motions of purified exosomes were 
disclosed using the Nanosight NS300 nanoparticle 
counter (Malvern Panalytical, Malvern, UK). 
Particles were monitored by the camera in liquid 
condition. A particle counter device was provided 
with the laser module. The ratio of dilution was 
identical for all samples. A total of five video 
captures (60 seconds) were performed for all 
samples in a 1 ml volume. The camera level was 
regulated at 16. The identical setting and detection 
threshold were selected. NTA software version 3.4 
was employed for row data analysis.
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FESEM 
Field emission electron microscopy was 

employed to analyze droplets of exosome solutions 
in order to validate the size and morphology of the 
exosomes. Sample preparation was performed on 
diluted exosomes in 1 ml of phosphate buffered 
saline. The sample preparation procedure was 
executed in accordance with the manufacturer’s 
protocol. (Brno, Czech Republic). Briefly, the 
copper holder was shielded with glue and 
aluminum foil. A droplet of diluted exosomes was 
located on the copper holder, then dried using a 
vacuum machine. Gold sputtering was performed 
on the dried sample, followed by taking images. 

Immunoblotting 
Primary antibodies, including HSP70 (as a 

peripheral membrane protein, 1:200) and CD9 (as 
a transmembrane protein,1:200), were selected in 
order to validate the number of exosomes. Goat 
anti-rabbit (1:5000) was selected as secondary 
antibody (from Cell signaling, Danvers, MA). 
RIPA lysis buffer was used for the extracting of 
proteins, and BCA Protein Assay Kit (Thermo 
Fisher Scientific, Waltham, MA (Catalog number: 
23227) was employed in order to assess protein 
concentration. 6 µg exosomal protein was used 
for immunoblotting. The extracted proteins were 
separated on 4–20% gradient gels (Biorad). The 
PVDF membrane and Wet/Tank blotting system 

were employed during the blotting process. After 
membrane blocking and antibody incubation, 
protein bands were visualized using Enhanced 
Chemiluminescence (ECL) solutions (Immobilon, 
Temecula, CA). Image Lab Software 6.0.1 was 
utilized for bands quantification.

Statistical analysis
Error bars were calculated according to the 

mean ± standard error of the mean (SEM). P < 0.05 
was taken as the significant difference.The data 
were the results of two independent experiments 
in triplicate. For comparison between groups, 
unpaired t or Mann-Whitney tests were used. 
GraphPad Prism 9.3.1 software was used for 
data analysis. Image J software was exploited for 
the quantification of data from immunoblotting 
pictures.

RESULTS
After performing isolation protocols related 

to the EQ and Uc method, 1ml of diluted samples 
from patient and control groups were injected to 
NTA device. Identical settings were subjected for all 
samples, then histogram plots were obtained. Plots 
indicated sharp and identical peaks for samples 
attained from the commercial kit, whereas those 
related to the traditional method show several 
peaks with the presence of large vesicles. Moreover, 
the size range of particles in the EQ method was 

Fig. 1. Comparison between the exosome sample concentrations attained from ExoQuick kits and the Uc traditional method. A) 
Histogram plots illustrating NTA results indicated more concentrated samples purified from the commercial method in comparison 
with the ultracentrifugation method. B) Quantitative representation verified a significant difference between the exosomal yields 

achieved from the two different methods mentioned . Values are mean ± SEM in triplicates, ⃰  ⃰  P value <0.005.
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under 200 nm, corresponding to the actual size of 
exosomes (Figure 1A). Bar graph represents more 
particles extracted by EQ method from 1ml plasma 
sample compared with the Uc method (Figure 1B).

Nano sight technology evaluates fluid samples 
(exosomes) in natural biological condition. 
The representative video captures conclusively 
demonstrated that particles exhibiting interactions 
consistent with Brownian motion were identified 
as exosomes rather than protein aggregates or 
larger vesicles. It is known that heavy particles 

that move slowly are not exosomes. According 
to the results, no heavy particles were observed 
in samples obtained from the EQ kit. In essence, 
as indicated by the plots obtained through NTA 
analysis, there was an absence of particles detected 
outside the size and density range associated with 
extracellular vesicles, thus indicating no potential 
cellular contamination (19, 20). The number of 
particles that could be detected in a camera frame 
was higher for the exosome samples captured from 
the EQ kit compared with the Uc method (Figures 

Fig. 2. Comparison between the ExoQuick kits and ultracentrifugation regarding the appearance and Brownian motions of exosomes. 
(A) live video captures from exosome fractions enriched by ExoQuick and the UC method. (B) The bar graph showed that the use of 
a commercial kit for exosomal enrichment was significantly more beneficial. Values are mean ± SEM in triplicates, ⃰  ⃰  P value <0.005.

Fig. 3. Dot-plot representation of exosome samples isolated from two different methods. The dot plot showed the density of particles 
coincided with the density of exosomes. Furthermore, the population of particles was more homogeneous while using ExoQuick kit.
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2A, 2B). The population of particles distinguished 
by the Uc method was heterogeneous compared 
with the homogenous group of exosomes purified 
by the EQ kit. (Figure 3).

Field emission electron microscopy 
demonstrated  an acceptable size range of exosomes 
(<200 nm) extracted from both methods. FESEM 
confirmed the results obtained from NTA regarding 
the homogeneity of exosomes extracted from EQ kit 
compared with the Uc method. Furthermore, the 
spherical shape of exosomes was more evident for 
those attained from the commercial kit (Figure 4).

Densitometry data (Figure 5B) for Western 
blots (Figure 5A) was generated to compare 
protein abundance between samples achieved 
from the commercial and traditional methods. 
Results demonstrated that the expression levels 
of the exosomal markers, Hsp70 and CD9, were 
significantly higher for samples collected from the 
EQ kit compared with those acquired from the 
Uc method. CD9 is a member of tetraspanins; the 

transmembrane proteins located at the exosomal 
bilayer membranes (21). Hsp70 belongs to the 
luminal family of proteins located inside the 
exosomes (22).

DISCUSSION 
Exosomes have been recently attracted much 

attention in the biological sciences, and a number 
of techniques have been advised for extracting 
exosomes from plasma or cultured media. Before 
performing any functional analyses followed by 
extraction, it is critical to assure that the purified 
particles are pure exosomes with no contaminating 
materials. Selection of the right technique for 
exosome extraction depends on the downstream 
analysis and the question of research. For instance, 
in the profiling studies the purity of exosomes is 
of great interest. In the biomarker studies, on the 
contrary, this is the number of exosomes which is 
favored. In drug delivery applications, the structure 
of the exosomes and their intact shape is essential. 

Fig. 4. Field emission scanning electron microscopy (FESEM) of exosome samples. Validation of the size and shape of exosomes. The 
isolated exosomal fraction using the commercial method was more concentrated. Moreover, more intact particles could be observed 

while using the commercial kit.

Fig. 5. Immunoblotting assay for validating the amount of exosomal marker proteins. Hsp70 and CD9 antibodies were assessed. 
Quantitive bar graphs indicated that exosomal enrichment was more intense while using the commercial method. ⃰  ⃰  ⃰ P value <0.001,  

⃰  ⃰  ⃰  ⃰   P value <0.0001.
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In other words, size, concentration, integrity 
and miRNA/protein content are the criteria of 
exosomes, attributed to the method applied for 
their purification (13, 14, 16, 23-25)

Over the course of previous decades, the Uc 
method has been widely recognized as the gold 
standard technique for the isolation of exosomes. 
This method has been widely exploited for the 
purification of exosomes from the culture media. 
There are controversies regarding the reliability 
of the Uc method for the extraction of exosomes 
from plasma or serum samples. Plasma is a highly 
viscous biological fluid and needs to be diluted 
several times before ultracentrifugation. Moreover, 
it contains high concentration of proteins which 
should be removed from plasma during or prior 
to exosome isolation. This procedure extends the 
duration of ultracentrifugation causing damage 
to the exosomes structure (26, 27). Exosome 
contamination with proteins or apoptotic bodies, 
which may happen through the Uc method, may 
cause exosomes aggregation, affecting downstream 
results. An additional challenge arises from the 
requirement for high-speed centrifuges in the Uc 
technique, a specialized equipment that may not be 
readily accessible in numerous laboratory settings 
according to its high price (28-32). In contrast, the 
EQ kit circumvents this limitation by employing 
standard centrifuges that are readily available in 
virtually every laboratory setting. The present 
study showed that Uc is a time-consuming method 
with a low-yield capacity for exosome enrichment 
compared to the EQ method.  On the other hand, 
the faster Brownian motion achieved by the 
EQ kit implied that there was no aggregation of 
particles or contamination with proteins using this 
method (33). Results from NTA dot plot analysis 
and field emission scanning electron microscopy 
demonstrated that the extracted exosomes by the 
EQ kit were more homogeneous and completely 
intact compared with the Uc method. Moreover, 
the specificity of the EQ method for the isolation 
of exosomes was much greater than that of the 
traditional method (P<0.001 and P<0.0001). At 
last but not least, the amount of plasma samples 
required for the commercial kit was much less than 
that needed for the Uc method (500 µl vs 4 ml). 
In other words, the EQ kits are applicable for the 
tiny precious amounts of archived samples in the 
exosome-related investigations and may generate 
more and better enrichment of exosomes in 

these studies. Furthermore, unlike EQ kits which 
can accommodate a high number of samples, 
the operational capacity of the Uc method is 
constrained by the limited number of tubes that 
can be processed in each high-speed centrifuge 
run. This restriction poses challenges for scalability 
when dealing with a large number of samples. The 
groundbreaking element of this study, in contrast 
to other comparative investigations centered on 
varying exosome isolation methodologies(34) , lies 
in the utilization of platelet-free plasma as the sample 
source rather than whole plasma. Platelet-derived 
extracellular vesicles are released concomitantly 
with the coagulation cascade upon blood collection, 
potentially perturbing the veritable composition of 
exosomal cargo implicated in cancer pathogenesis. 
Additionally, the reproducibility of this approach 
was demonstrated across six distinct patient and 
control samples, while in similar studies only one 
plasma sample has been used.

CONCLUSION 
Utilization of exosomes has been emerged 

recently as a powerful platform in medical 
applications for various types of cancer. 
Preanalytical procedures for exosome isolation 
are particularly of great importance, since any 
error or misinterpretation in their application 
may considerably affect downstream results. The 
present study was set out to determine whether 
ultracentrifugation, the gold standard technique 
known for exosome enrichment, could be 
substituted with a commercial method in order 
to be used for clinical studies in pediatric acute 
lymphoblastic leukemia (pALL). Results showed 
that even though the exosomal fractions enriched 
by both methods are free from contaminating 
aggregations, the commercial kit provides more 
concentrated, homogenous amounts of exosomes 
from 1/8th volume of patient samples in 1/3rd of 
the time required for the Uc method. Our findings 
align with those of Coughlan et al, despite the use 
of different assays to compare the two selected 
methods (35).  The insights gained from our data 
may be of assistance to facilitate exosome sampling 
in pALL.
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