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Abstract 

Objective: To isolate exosomes from the serum of colon cancer patients and identify RNAs in the 
small vesicles. 
Methods: ExoQuick-TC™ Exosome Precipitation Solution was used for exosome isolation and the 
shapes of exosomes were observed under a transmission electron microscope. Mass spectrometry was 
used to identify the classification of miRNAs encapsulated in exosomes, and the expression levels of 
miRNA-21,-133a, and -181b in exosomes were detected by RT-PCR. 
Results: Exosomes isolated from serum of colon cancer patients were circular-or oval-shaped and vary 
in size with a diameter of 40-100 nm. Mass spectrometry shows that the main RNAs in exosomes are 
small RNAs; the levels of these small RNAs in exosomes are significantly higher compared with fresh 
serum. There is still a tiny amount of small RNAs in exosome-free serum, but the amounts are 
significantly lower than that in exosomes. No more RNAs were detected in the repeated freezing and 
thawing serum, but there were still some RNAs detectable in the exosomes extracted from these 
serums. MiRNA-21, -133a and -181b can be detected in exosomes, and the level of miRNA-21 is 
associated with early diagnosis of colon cancer. 
Conclusion: This study proves that commercial kits for exosome separation are more convenient and 
time-saving and that mass spectrometry is capable of identifying the miRNAs in exosomes. Compared 
with direct extraction of miRNAs from the serum, the method of isolating exosomes from the serum 
firstly and then extracting miRNAs from the exosomes can enhance the stability and integrity of their 
inner miRNAs. Also, we demonstrate that the exosomal miRNA-21 expression is associated with the 
early diagnosis of colon cancer. 
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Introduction 
Exosomes are adsorbed vesicles with a lipid 

bilayer and about 50-100 nm in diameter, 
1.13-1.19g/ml in density, and may precipitate at 
100,000 × g centrifugation [1], with a classic “cup” or 
“dish” morphology. Exosomes can be released from 
secretory multivesicular bodies when fused to plasma 
membranes, and can also be formed through the 
breakaway of intracellular endosomes from 
cytoplasmic membranes [2]. Exosomes were initially 
considered as garbage-bag-wrapped obsolete plasma 
membranes or molecular membrane fragments. 
However, with the discovery of B lymphocyte 

antigen-presenting exosomes in mid-1990s, they were 
found to be closely linked to the function of immune 
system [3]. Thereafter, the research of exosomes was 
focused on the immune response, especially the 
physiological interaction between immune system 
and tumor cells [4-9]. 

Exosomes derived from tumor cells are rich in 
proteins and nucleic acids from parental cells, and 
thus can be seen as a source of tumor antigens to 
induce anti-tumor immune response. However, they 
can also inhibit the immune system and form a 
suitable niche for tumor cell growth, promoting 
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tumor growth, metastasis, and drug resistance. 
Especially, tumor-derived exosomes contain 
tumor-specific microRNAs (miRNAs), making 
exosomes an ideal marker for tumor diagnosis. It was 
proposed that exosome-miRNAs can be used as 
diagnostic and prognostic markers for lung cancer 
[10], glioblastoma [11], esophageal squamous cell 
carcinoma [12], prostate cancer [13], breast cancer [14], 
kidney cancer [15], leukemia [16], colon cancer [17], 
ovarian cancer [18,19], pancreatic cancer [20] and 
other types of tumors. Similarly, signal pathways will 
change in the process of cell malignancy, while 
miRNAs released from exosomes are changed at the 
same time, indicating that alteration of signaling 
pathways in the cell malignant process are mediated 
by specific output of miRNAs [21]. Therefore, analysis 
of exosomes is mostly likely to assist us in 
determining the malignancy and development of a 
particular cancer [22, 23]. 

It has been proved that exosome-secreted 
miRNAs have numerous biofunctions. The transport 
of miRNAs can be mediated by exosomes and this 
transport mode may be the mechanism of genetic 
exchange between cells [24]. Human EB virus 
(EBV)-derived miRNAs can be transported through 
exosomes and regulate the target genes in the 
recipient virus [25]. Moreover, it is demonstrated that 
in the supernatant of colon cancer cell lines, miRNAs 
can be protected by encapsulation in exosomes [26]. It 
is also indicated that the stability and integrity of 
miRNAs can be enhanced after encapsulation in 
exosome, and can produce proteins to resist digestion 
of RNA enzyme and other environmental damages 
[27,28]. Therefore, high-throughput analysis of signals 
from tumor-derived exosomes in different forms and 
stages may contain a huge amount of information that 
can be used for early diagnosis and tumor 
stage-specific interventions. The stability, cell type 
specificity and easy access from body fluids make 
exosomes potential valuable factors for cancer 
diagnosis and targeted treatment. 

In this study, we use an ExoQuick-TC™ 
Exosome Precipitation Solution kit for exosome 
extraction, and further analyze the shape and size of 
exosomes as well as specific miRNAs in them. We 
expect to provide an experimental basis for research 
about the associations of colon-cancer-derived 
exosomes with cancer diagnosis, staging, and drug 
efficacy and drug resistance. 

Materials and methods 
Serum, reagents and equipment 

Twenty colon cancer patients (13 males, 7 
females) confirmed by histology or cytology were 
randomly chosen from patients hospitalized in 

Department of Oncology, Beijing Friendship Hospital, 
Capital Medical University between 2013-1-1 and 
2015-5-1, together with 20 serum from healthy 
medical examination control subjects. The study 
complied with the Declaration of Helsinki. All 
subjects gave written informed consent. 

A ExoQuick-TC™ Exosome Precipitation 
Solution kit (System Biosciences Corporation, USA), a 
total serum RNAs (including miRNAs) extraction 
miRNeasy Serum/Plasma kit (QIAGEN Company, 
Germany), as well as a miRNA reverse transcription 
TagMan MicroRNA Reverse Transcription kit and 
Real-Time Quantitative Polymerase Chain Reaction 
(RT-qPCR) kits (Life Technologies Corporation, USA) 
were used here. 

Other instruments included an ultrafleXtreme 
MALDI-TOF/TOF mass spectrometer(Bruker 
Daltonics, Germany), a H7650 transmission electron 
microscope (HITACHI Company, Japan); a PCR 
instrument (Applied Biosystems Gene Co., Ltd., USS), 
an UV gel image analysis system (Bio-rad Company, 
America),a water bath (Shanghai Jing Hong 
Experimental Equipment Co., China), an electronic 
balance (Sartorius Company, Japan), high-low-speed 
desktop centrifuge and rotor (Heraeus Company, 
Germany), palm centrifuges (Jiangsu Haimen 
QiLinbeier Instruments Company, China), a 
RNA/DNA analyzer (Pharmacia Company, USA), 
and a pH gauge (Sartorius Corporation, Japan). 

Isolation of serum 
From each subject, whole blood (2ml) was 

exsanguinated and placed in a refrigerator at 4ºC for 1 
hour, followed by centrifugation at 3000 rpm for 10 
min by a low-speed centrifuge. The supernatant was 
serum, which was placed in a refrigerator at -80 ºC 
after separation. 

Extraction of exosomes 
ExoQuick-TCTM Exosome Precipitation Solution 

kit was used for exosome extraction following the 
instructions: Collect serum 250μl and centrifuge at 
3000 × g for 15 min to remove cells and cell debris. 
Transfer supernatant to a sterile vessel and add 63μl 
ExoQuick Exosome Precipitation Solution to it. Then 
refrigerate overnight. The next day centrifuge 
ExoQuick/serum mixture at 1500 × g for 30 min. After 
centrifugation, the exosomes may appear as a beige or 
white pellet at the bottom of the vessel. Aspirate 
supernatant. Spin down residual ExoQuick solution 
by centrifugation at 1500 × g for 5 min. Remove all 
traces of fluid by aspiration, taking great care not to 
disturb the precipitated exosomes in pellet. 
Resuspend exosome pellet in 1/10 to 1/100 of original 
volume using sterile Phosphate Buffered Saline (PBS) 
and aliquot in cryogenic vials and store at -80°C until 
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ready for use. 

Morphological analysis of exosomes 
After separation, exosomes were fixed in a 0.01 

M phosphate buffer solution (PBS, containing 4% 
paraformaldehyde, PH 7.4) at 4ºC overnight. On the 
next day, after being washed with PBS, the exosomes 
were fixed in 1% OsO4 for 30 min. After being rinsed 
with distilled water, the exosome precipitate was 
dehydrated in concentration gradient alcohol, stained 
by 1% uranyl acetate for 30 min, and then embedded 
in TaAb 812. After polymerization at 60 ºC overnight, 
the precipitate was sliced, and the ultrathin sections 
were observed under a transmission electron 
microscope. 

Extraction of RNA in exosomes 
Use the miRNeasy Serum/Plasma Kit for 

exosome-RNA extraction. Add 1ml QIAzolLysis 
Reagent to 200ul exosome. Mix by vortexing or 
pipetting up and down. Place the tube containing the 
lysate on the benchtop at room temperature (15-25°C) 
for 5 min. Add 200ul chloroform to the starting 
sample to the tube containing the lysate and cap it 
securely. Vortex or shake vigorously for 15 s. Place the 
tube containing the lysate on the benchtop at room 
temperature (15-25°C) for 2-3 min. Centrifuge for 15 
min at 12,000 × g at 4°C. Transfer the upper aqueous 
phase to a new collection tube. Avoid transfer of any 
interphase material. 900ul 100% ethanol and mix 
thoroughly by pipetting up and down several times. 
Pipet up to 700μl of the sample, including any 
precipitate that may have formed, into an RNeasy 
MinElute spin column in a 2 ml collection tube. Close 
the lid gently and centrifuge at ≥8000 × g (≥10,000 
rpm) for 15 s at room temperature (15-25°C). Discard 
the flow-through. Repeat previous step using the 
remainder of the sample. Discard the flow through. 
Add 700μl Buffer RWT to the RNeasy MinElute spin 
column. Close the lid gently and centrifuge for 15 s at 
≥8000 × g (≥10,000 rpm) to wash the column. Discard 
the flow-through. Pipet 500μl Buffer RPE onto the 
RNeasy MinElute spin column. Close the lid gently 
and centrifuge for 15 s at ≥8000 × g (≥10,000 rpm) to 
wash the column. Discard the flow-through. Pipet 
500μl of 80% ethanol onto the RNeasy MinElute spin 
column. Close the lid gently and centrifuge for 2 min 
at ≥8000 × g (≥10,000 rpm) to wash the spin column 
membrane. Discard the collection tube with the 
flow-through. Place the RNeasy MinElute spin 
column into a new 2 ml collection tube. Open the lid 
of the spin column, and centrifuge at full speed for 5 
min to dry the membrane. Discard the collection tube 
with the flow-through. Place the RNeasy MinElute 
spin column in a new 1.5 ml collection tube. Add 14μl 
RNase-free water directly to the center of the spin 

column membrane. Close the lid gently, and 
centrifuge for 1 min at full speed to elute the RNA. 

Molecular weight and species of total RNAs 
identification in exosomes 

Using a mass spectrometer, we drawn 1ulof 
3-Hydroxy picolinicacid (3-HPA) as substrate spot on 
the panel of the target sample, which dried naturally. 
Then 1μlof a sample solution was spotted as the 
substrate, which dried naturally. After that, using a 
Smart beamTM laser, we employed a Ground steel 
sample target to obtain a spectrum of molecular 
weight and species of the total RNAs. 

Detection of miR-21, miR-131a and miR-181b 
in exosomes by RT-PCR 

First, apply exosome-miRNAs as template, using 
TagMan MicroRNA Reverse Transcription Kit to 
reverse miRNA to cDNA. The systems are as follows: 
dNTP mix 0.15ml, Multiscribe RT enzyme (50U/ul) 
1.0ul, 10×RT Buffer 1.5ul, RNase Inhibitor (20U/ul) 
0.19ul, Unclease free water 4.16ul. Polymerase Chain 
Reaction(PCR) conditions were: 16 °C 30 min, 42 °C 30 
min, 85 °C 5min to reverse miRNA to cDNA. Then 
apply cDNA as template, and the total systems are: 
TaqMan Universal Master Mix II 10.0ul, TaqMan 
Assay 1.0ul, cDNA+RNase-free water 9.0ul. 
Quantitative PCR conditions were: pre-denaturation 
at 95 °C, 10 min followed by 95°C 15 s, 60°C 60 s, 
totally 40 cycles to detect the expression of 
miR-21,131a and 181b in serum and exosomes of 
colon cancer patient. Amplification products stored at 
-80 °C. Use small nuclear RNA U6 (U6 snRNA) as 
internal reference, applying the formula: F = 2-△△t to 
calculate the fold-change in the expression of the 
above miRNAs. △Ct= CtmiRNA-CtU6, △△Ct=△Ct colon 

cancer exosome-miRNA-△Ct normal human exosoem-miRNA, in which F 
represents the expression fold-change of target 
miRNAs in exosomes of colon cancer patients 
compared to in exosomes of normal controls. For 
normal controls, △△Ct=0, F=1. 

Statistical analysis 
SPSS 19.0 statistical software was applied on the 

experimental data analysis. We select Wilcoxon rank 
sum test for two independent and paired samples to 
take the test, and select Mann-Whitney U test for 
variable analysis. P<0.05 was considered as 
statistically significant difference. 

Results 
Morphology of exosomes 

Different from the exosome extraction methods 
reported before [29-31], here we used commercial kits 
(this method has been rarely applied before) for 
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exosome extraction. After extraction, 
colon-cancer-derived exosomes were diluted for 
observation under a transmission electron 
microscope. The results show exosomes are round- or 
oval-shaped and vary in size with a diameter about 
40-100 nm (Figure 1). Results show that the 
kit-isolated exosomes are fully consistent with the 
morphology and sizes reported before, which prove 
that the commercial kits for exosome separation are 
reliable, time-saving and more convenient with 
higher purity and higher yield.  

Results of RNAs identification in exosomes 
Mass spectrometry shows three peaks of RNAs 

in exosomes, with a molecular weight of 7000-8000, 
15000-18000, 37000-38000 Daltons, respectively. Since 
the weight of single nucleotide is 300 Daltons, it is 
calculated that the RNA lengths in exosomes are 
about 23, 50 and 128 bases. Those RNAs all are small 
RNAs, according to species of RNAs, from which it is 
inferred that they are single-stranded miRNAs, 
self-folding formed complementary false double 
chain of miRNAs, and the subunit 5s of mRNA, 
containing no or little 18s or 28s subunit (Figure 2A). 
Clearly, the peak and thus the content of 
small-molecule RNAs in exosomes are significantly 
higher compared with those in fresh serum, 
suggesting exosomes can package and enrich small 
-molecule RNAs in them, making it a higher content 
and more detectable (Figure 2B). There are still a little 
of small-molecule RNAs in no-exosome serum, but 
significantly lower than the content of RNAs in 
exosomes (Figure 2C). No RNA was detected in 
repeated freezing and thawing serum, but in the 
repeated freezing and thawing exosomes extracted 
from serum, there are still certain levels of RNAs 

(Figure 2D). 
In this study, we prove that the exosomes mainly 

contain small-molecular RNAs by using mass 
spectrometry. Different from other methods that 
directly extract miRNAs from the serum, we first 
isolated exosomes from the serum and then extracted 
miRNAs from the exosomes. This method has higher 
yield and higher purity, which prove that exosomes 
can enhance the stability and integrity of their inner 
miRNAs and prevent them from being destroyed by 
RNA enzymes and other environmental factors and 
are favorable for further research. 

The expression of miR-21, -131a and -181b in 
exosomes derived from serum of patients with 
colorectal cancer 

The expression levels of targeted miRNAs are 
represented as median and interquartile range [(P, P)]. 
Results show that the relative expressions of miR-21, 
-133a and -181b in the exosomes from serum of colon 
cancer patients are 3.974 (0.897, 5.145), 1.312(0.732, 
1.469) and 1.486 (0.890, 1.692), respectively. The 
expression of miR-21 is significantly higher compared 
with exosomes from normal healthy serum (P=0.007) 
(Figure 3). 

Among the six newly-diagnosed and untreated 
patients from all 20 cases, the relative expression of 
miR-21in exosomes is 5.398 (0.986, 5.857), which is 
significantly higher with a relative expression fold 
change>5 times (P<0.001). 

Here we prove for the first time that in the serum 
exosomes isolated from colon cancer patients, the 
miRNA-21 expression is associated with early 
diagnosis of colon cancer. 

 

 
Figure 1. Morphology of exosomes 
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Figure 2. RNAs expression in serum and exosomes derived from colon cancer patients. A: Mass spectrometry show the peaks of RNAs in exosomes are small 
RNAs. B: The content of small-molecule RNAs in exosomes is significantly higher than in fresh serum (The figure above shows the peak of small RNAs in fresh serum 
of colon cancer patients; the figure below shows the peak of small RNAs in exosomes derived from the same serum). C: There are still a little of small-molecule RNAs 
in no-exosome serum, but significantly lower than the content of RNAs in exosomes (The figure above shows the content of small RNAs in exosomes; the figure 
below shows the content of small RNAs in exosome-free serum). D: No RNA was detected in repeated freezing and thawing serum, but in the exosomes extracted 
from repeated freezing and thawing serum, there are still certain levels of RNAs. (The figure above shows the content of small RNAs in repeated freezing and thawing 
serum; the figure below shows the content of small RNAs in exosome extracted from repeated freezing and thawing serum.) 

 

 
Figure 3. Box plots of miR-21, miR-131a and miR-181b expression in each group 
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Discussion 
Exosomes were found in early 1980s, but were 

initially regarded as garbage-bag-wrapped 
abandoned plasma membranes or membrane 
molecular fragments, so they did not attract the 
attention of researchers. However, recent studies 
show that exosomes are closely associated with the 
function of the immune system [3]. In the 2010s, 
scientists discovered that miRNA and mRNA can be 
loaded as "goods” in exosomes [24], which indicate 
the possession of bioactivity. Since then, research of 
exosomes gradually attracts researchers. The present 
study is focused on the miRNA isolation from 
colon-cancer-derived exosomes, aiming to lay a 
foundation for further application in clinic. 

At present, the commonly-used methods of 
exosome isolation include ultracentrifugation, sucrose 
density gradient combined with ultracentrifugation 
ultrafiltration, magnetic activated cell sorting 
(MACS), and a variety of commercial kits. However, 
no perfect method can ensure the yield, purity and 
bioactivity of exosomes at the same time. 
Ultracentrifugation is the most commonly-used one, 
which is based on different centrifugal speeds and 
layer-by-layer centrifugation, and ultimately gains 
exosomes smaller than 100 nm in diameter. This 
method guarantees the production of exosomes, 
which, however, are inevitably mixed with vesicles of 
other bodies and thus reduce the purity of extraction. 
The sucrose density gradient centrifugation aims to 
add a sample to the density gradient sucrose for 
centrifugal sedimentation or sedimentation 
equilibrium, and under a certain centrifugal force, 
assigns exosomes to a specific gradient centrifugation 
location. Although exosomes obtained by this method 
are purer, the preparatory work is very complicated 
and time-consuming. MACS aims to pre-coat 
exosomes specific antibodies in magnetic beads, 
incubate them with exosomes together, then wash and 
re-suspend after ultracentrifugation. This method has 
high specificity, easy-to-operate, and guarantees the 
complete form of exosomes, but the beads antibody 
may affect the bioactivity of exosomes and the 
stability of subsequent experiments. In the present 
study, we use an ExoQuickExosome Precipitation 
Solution kit for exosome extraction. The principle of 
this kit is that there are many holes which have 
consistent diameter as exosomes and will crosslink 
and wrap exosomes, and filter out exosomes like a 
sieve. This method is simple, easy, and the whole 
centrifugal process only takes 45 min. Besides the very 
high yield and purity of exosomes, this method does 
not affect the bioactivity of exosomes and the 
subsequent experiment. These characteristics all 

prove that this method is appropriate for exosome 
extraction.  

As reported, miRNA-21 expression is associated 
with the diagnosis, staging, evolution and prognosis 
of tumors, and the expression detection may help to 
observe clinical curative effect and to judge 
reoccurrence and prognosis of tumors [32,33]. 
Moreover, miRNAs are ubiquitous in various body 
fluids, including serum, plasma, tears, milk, saliva, 
and pleural and peritoneal effusions. Thus, miRNAs 
can be sampled from various sources. However, 
miRNAs are usually unstable in plasma and serum, 
and are susceptible to degradation after repeated 
freeze-thaw, long-time placement at room 
temperature, or under harsh conditions (e.g. strong 
acid, strong base, DNA enzymes or RNA enzymes). 
These limitations inhibit the yield and purity of 
miRNA extraction. Nevertheless, high-quality serum 
miRNA extraction is the first step that decides 
whether serum miRNA is effective for diagnosis, and 
also directly decides the accuracy of diagnosis results. 
There are many methods for extraction of serum 
miRNAs [34, 35], including commercial kits, 
phenol-chloroform, and Trizol extraction. Most 
studies state that commercial kits are very effective 
and outperform the phenol-chloroform method and 
the Trizol method in terms of simple steps, no 
addition of reagent or centrifugation, time-saving and 
labor-saving, higher efficiency and higher yield. Thus, 
commercial kits are currently the most 
commonly-used method for miRNA extraction. 
However, commercial kits are more expensive at a 
cost of 10 dollars per reaction. Thus, the keys are how 
to reduce miRNA degradation as much as possible, 
improve the miRNA yield from each reaction, and to 
effectively eliminate impurities such as proteins. 
Thus, in this study, different from previous studies for 
direct miRNA extraction from serum, we introduced a 
new concept and substance – exosomes in our paper. 
Exosomes are able to enrich and encapsulated the 
miRNAs in the serum, so the exosomes are rich in 
miRNAs. Moreover, like "protective membranes", 
exosomes protect the miRNAs from being destroyed 
by RNA enzymes or environmental factors, and 
thereby stabilize miRNAs. In this study, we first 
extracted the exosomes that could enrich miRNA in 
the serum. Then a commercial kit was used to extract 
and isolate miRNA from the exosomes. These steps 
ensure the yield and stability of miRNA and firmly 
underlie the subsequent experiments. Then we further 
validated through mass spectromery and proved that 
the RNAs in the exosomes are mainly miRNAs, which 
is consistent with the study by Valadi [24]. The 
miRNAs in the exosomes are significantly richer than 
fresh serum. The serum without exosomes still 
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contains a certain amount of miRNA, but the content 
is significantly lower than that in the exosomes. The 
serum after repeated freeze-thaw was not found with 
any miRNA, but the exosomes thereby isolated were 
still identified with a certain level of miRNAs. 
Afterwards, we used reverse transcriptase- 
polymerase chain reaction (RT-PCR) to detect three 
types of miRNAs in the exosomes. At present, the 
methods for miRNA detection include Northern Blot, 
microarray chip, in-situ hybridization, RT-PCR, 
rolling circle amplification, and the use of conjugated 
polymers. Though microarray analysis is able to 
analyze the miRNA expression profile, there are many 
novel chips and improved techniques, but the 
sensitivity and specificity of microarray analysis 
should be further improved. Various probe marking 
techniques, amplification methods and detection 
methods should be further integrated and improved. 
Analysis of in-situ miRNA hybridization shows that 
though the use of LNA probe improves the analytical 
sensitivity and reliability, the efficiency and 
sensitivity of hybridization remain to be improved. 
The sensitivity of new methods such as ISH should be 
further enhanced together with in-situ amplification 
techniques. Though the existing miRNA amplification 
methods have pros and cons, RT-PCR is the most 
widely-used amplification method, and there are 
many types of commercial kits. Here we used RT-PCR 
into miRNAs detection. Compared with other 
methods, RT-PCR is superior in terms of no marking, 
simple operations, low costs, and high sensitivity. 
RT-PCR is able to get results within short time, detect 
the expressions of multiple miRNAs, and even require 
less RNAs. Here RT-PCR was successfully used to 
identify the expressions of miR-21, -133a and -181b in 
the serum exosomes of colon cancer patients. We also 
prove that miR-21 is significantly higher expressed in 
exosomes derived from colon cancer patients, 
especially in patients at the first diagnosis or before 
any treatment. The miR-21 expression is about 5 folds 
than normal people. This difference is significantly 
larger than the direct miR-21 extraction from the 
serum and facilitates early diagnosis. 

Our study is also limited by the relatively small 
number of cases of colon cancer patients; however, 
our study showed that Exosomes can enhance the 
stability and integrity of miRNAs and prevent 
miRNAs from RNA enzyme digestion and other 
environmental damage which may be applied to 
clinical drug development. 
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