
biology

Article

Isolation and Identification of Long Non-Coding RNAs in
Exosomes Derived from the Serum of Colorectal
Carcinoma Patients

Chin Tat Ng 1, Shamin Azwar 1 , Wai Kien Yip 1, Siti Yazmin Zahari Sham 1, Mohd Faisal Jabar 2,
Norren Haneezah Sahak 3, Norhafizah Mohtarrudin 1,* and Heng Fong Seow 1

����������
�������

Citation: Ng, C.T.; Azwar, S.; Yip,

W.K.; Zahari Sham, S.Y.; Faisal Jabar,

M.; Sahak, N.H.; Mohtarrudin, N.;

Seow, H.F. Isolation and Identification

of Long Non-Coding RNAs in

Exosomes Derived from the Serum of

Colorectal Carcinoma Patients.

Biology 2021, 10, 918. https://

doi.org/10.3390/biology10090918

Academic Editors: Angabin Matin

and Yun Zhang

Received: 9 July 2020

Accepted: 22 August 2020

Published: 15 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Pathology, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,
UPM Serdang 43400, Selangor, Malaysia; jackngchintat@gmail.com (C.T.N.);
shamin.azwar@gmail.com (S.A.); lab1@viascientia.com.my (W.K.Y.); sitiyazmin@upm.edu.my (S.Y.Z.S.);
shf@upm.edu.my (H.F.S.)

2 Department of Surgery, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,
UPM Serdang 43400, Selangor, Malaysia; faisal@upm.edu.my

3 Department of Pathology, Hospital Serdang, Jalan Puchong, Kajang 43000, Selangor, Malaysia;
hsdg@moh.gov.my

* Correspondence: norhafizahm@upm.edu.my

Simple Summary: Treatment regimens for patients with advanced disease are limited and the
mortality rate is high in these patients. A better understanding on pathogenesis and progression
of cancer is critical for the development of new treatment strategies. In colorectal cancer (CRC),
exosomes (secreted vesicles from cells) and long non-coding RNAs (lncRNAs) have been shown to
play significant roles in disease development and progression. Long non-coding RNAs (lncRNAs)
are present in the exosomes of serum and their profiles may potentially be useful as novel biomarkers
for CRC patients and may provide a new insight in the pathogenesis and progression of CRC. Here,
we compared the expression profiles of exosomal lncRNAs between non-cancer individuals and
patients with colorectal carcinoma. The relative expression level of LINC00152 was found to be
significantly lower in exosomes from sera of CRC patients as compared to non-cancer individuals
whereas lncRNA H19 was significantly up-regulated in advanced-stages (stage III and IV) of CRC
as compared to early-stages (stage I and II). Our data suggest that LINC00152 and H19 may play
important roles in pathogenesis and progression of CRC.

Abstract: Long non-coding RNAs (lncRNAs) are non-coding RNAs consisting of more than 200
nucleotides in length. LncRNAs present in exosomes may play a critical role in the cellular processes
involved in cancer pathogenesis and progression including proliferation, invasion, and migration of
tumor cells. This paper aims to identify the differential expression of exosomal lncRNAs derived
from the sera of non-cancer individuals and patients diagnosed with colorectal carcinoma. These
differentially-expressed exosomal serum lncRNAs may provide an insight into the pathogenesis and
progression of colorectal cancer (CRC). Serum exosomes and exosomes from SW480-7 cell culture
supernatants were isolated and viewed by transmission electron microscope (TEM). The particle size
distribution and protein markers of exosomes derived from SW480-7 were further analyzed using the
Zetasizer Nano S instrument and western blotting technique. TEM showed that exosomes derived
from serum and SW480-7 cells were round vesicles with sizes ranging from 50–200 nm. The exosomes
derived from SW480-7 had an average diameter of 274.6 nm and contained the exosomal protein,
ALIX/PDCD6IP. In our clinical studies, six lncRNAs, namely GAS5, H19, LINC00152, SNHG16,
RMRP, and ZFAS1 were detected in the exosomes from sera of 18 CRC patients. Among these six
lncRNAs, the expression level of LINC00152 was found to be significantly lower in CRC patients as
compared to non-cancer individuals (p = 0.04) while lncRNA H19 was significantly up-regulated in
advanced-stages (stage III and IV) of CRC (p = 0.04) as compared to early-stages (stage I and II). In
conclusion, the detection of lower LINC00152 in exosomes of sera from CRC patients versus non-
cancer individuals and H19 upregulation in advanced stages suggests that they may play important
roles in pathogenesis and progression of CRC.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide [1] that con-
tributes to a high mortality rate, despite decades of research and improvement in clinical
management [2]. In 2018, CRC has caused an estimated 880,792 deaths (9.2% of total cancer
death), and about 1.85 million new cases (10.2% of total new cases) in 185 countries [3].
Recent literature in the pathogenesis of CRC has mainly focused on the involvement of an
increasing number of non-coding ribonucleic acids (ncRNAs) via next-generation sequenc-
ing and transcriptome analysis [4,5]. These ncRNAs encompass a variety of subclasses that
include short regulatory ncRNAs such as miRNAs, siRNAs, and piRNAs, as well as the
long non-coding RNAs (lncRNAs).

LncRNAs are transcripts of more than 200 nucleotides [6] in length with no or limited
protein-coding potential and have recently been found in significant amounts inside ex-
osomes. In the past, lncRNAs were described as “transcriptional noise” [7,8]. However,
recent studies have demonstrated that lncRNAs play important roles in central cellular
processes such as in epigenetic modulation, transcription, and translation. When com-
pared with protein-coding genes, lncRNAs are tissue-specific although expressed at low
levels [7,9]. In CRC, lncRNAs have been shown to play significant roles in carcinogenesis
via various cellular processes such as in cellular proliferation [10–12], apoptosis [13], mi-
gration [10,14], invasion, and metastasis [10]. Exosomes are extracellular vesicles ranging
between 20–120 nm in-size and carry a significant amount of nucleic acids that include
lncRNAs. These vesicles are secreted into the extracellular space by various cells including
cancer cells. Tumor-derived exosomes can trigger the angiogenic process and enhance
tumor metastasis. Exosomes can be used as a liquid biomarker for various cancer diagnoses
as they mirror the contents of the original parental tumor cells [15,16]. Current screening
tests are deemed inadequate and factors such as false positive or negative results, labori-
ous procedures, and expensive molecular testing remain as major obstacles for the early
detection of CRC. Hence, there is a dire need for the development of a diagnostic test for
cancer detection. Exosomes carrying biomarkers specific to the origin of cancer cells [15]
are present in serum and their profiles may potentially be useful as novel biomarkers for
CRC patients and may emerge as a new diagnostic approach as well as provide information
on the pathogenesis and progression of the disease.

Circulating exosomal markers in serum have yet to be developed for the detection of
CRC. Recently circulating miRNAs or exosomal miRNAs have been recognized as promis-
ing biomarkers for ovarian cancer [17], lung cancer [18], colon cancer [19–21], prostate
cancer [22], and breast cancer [23]. It is likely that circulating exosomes in body fluids
containing lncRNAs may present new, relatively non-invasive cancer biomarkers. The
results will enable the development of diagnostic and prognostic tests [5] for non-invasive
and early detection of CRC. Moreover, there is an increasing interest in the role of exosomal
lncRNAs in the pathogenesis and progression of CRC [24,25]. Hence, in our study, we aim
to detect the exosomal lncRNAs in sera from non-cancer individuals and patients with
colorectal carcinoma, examine the lncRNA expression profile and identify the differentially
expressed exosomal lncRNAs related to colorectal carcinoma. We hypothesized that there
are significant differences in the expression of exosomal lncRNAs between apparently
healthy individuals and patients with colorectal carcinoma.

2. Materials and Methods
2.1. Ethics Approval

Serum samples were collected from Hospital Serdang with the informed consent from
patients, and the study was approved by the Malaysian Ministry of Health Research Ethics



Biology 2021, 10, 918 3 of 14

Committee (NMRR-14-1927-23392). All experiments were conducted according to the
institutional ethical guidelines.

2.2. Serum Preparation and Storage

Whole blood was collected in blood collection tubes (BD Vacutainer® SSTTM). Tubes
were left at room temperature (15–25 ◦C) for at least 30 min, before being centrifuged at
1000× g for 15 min. The serum-containing upper phase was then transferred to a new tube,
filtered with a 0.22 µm polyethersulfone (PES) filter, and aliquoted into microcentrifuge
tubes for storage at −80 ◦C. All blood samples were taken from newly-diagnosed patients
via colonoscopy prior to surgery, and that these patients have not undergone any treatment
such as neoadjuvant chemotherapy or radiation.

2.3. Vesicle Isolation from Serum Sample

Exosomes were isolated using the ExoRNeasy Serum/Plasma Midi Kit (Qiagen GmBH,
Hilden, Germany) according to the manufacturer’s protocol. Briefly, Buffer XBP was added
into the serum sample in a 1:1 ratio. The mixture was then gently inverted five times before
left at room temperature for 5 min. It was then pipetted into an exoEasy spin column and
centrifuged at 500× g. The flow-through was discarded and the column was placed back
into the same collection tube. To wash the membrane, 3.5 mL Buffer XWP was added into
the spin column and centrifuged at 3000× g for 5 min. Flow-through was again discarded
and the column was placed to a fresh collection tube. For elution, 100 µL of Buffer XE
was added directly onto the membrane and centrifuged at 3000× g to collect the purified
exosomes.

2.4. Cell Culture and Vesicle Isolation from Culture Supernatants of SW480-7

An invasive subpopulation of colon cancer cell line SW480, namely, SW480-7 was
previously-established via seven sequential passages of cells through the Matrigel-coated
transwells [26]. SW480-7 was cultured in RPMI 1640 medium supplemented with 10%
FBS 100 U/mL penicillin, 100 µg/mL streptomycin, and 2 g/L sodium bicarbonate (Gibco,
Invitrogen Corp., Carlsbad, CA, USA). Once the cells grew to subconfluency (approximately
75%), the old medium was discarded and the flask was washed 2–3 times with Dulbecco’s
phosphate-buffered saline (D-PBS) solution. The SW480-7 cells were then cultured in
RPMI 1640 medium supplemented with exosome-depleted FBS (Gibco, Thermo Fisher
Scientific, Inc., Waltham, MA, USA), 100 U/mL penicillin, 100 µg/mL streptomycin, and
2 g/L sodium bicarbonate for 48 h. After 48 h, culture supernatants were transferred to
a 15 mL conical tube, centrifuged for 15 min at 3000× g and at 4 ◦C to remove cellular
fragments and cell debris. Cleared supernatants were then transferred to a new 50 mL
conical tube. Exosomes derived from SW480-7 were isolated using exoEasy Maxi Kit
(Qiagen, GmBH, Hilden, Germany) according to the manufacturer’s protocol. The eluate
containing exosomes was then transferred to 1.5 mL protein low binding tubes. Purified
exosomes were stored at −20 ◦C for short term storage, and at −80 ◦C for longer storage.

2.5. Exosomal Protein Determination

Lysate mixture was prepared by mixing 50 µL of exosomal eluate with an equal
volume of 2× radioimmunoprecipitation assays (RIPA) lysis buffer. Twenty-five µL of
the lysate mixture was used to quantify exosomal protein content via the Micro BCA
Protein assay kit (Cat. No. 23227, Thermo Fisher Scientific) according to the manufacturer’s
instructions with BSA as standard. Samples and standards were mixed with the working
reagent and incubated for 30 min at 37 ◦C. Absorbances readings were measured at 570 nm
wavelength.

2.6. Detection of ALIX/PDCD6IP in Exosomes

To extract proteins from SW480-7 cells, adherent cells in the petri dish were lysed with
100 µL of 1× SDS sample buffer (62.5 mM Tris-HCl (pH 6.8), 2% w/v SDS, 10% glycerol,
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100 mM DTT). These adherent cells in lysis buffer were scraped off from the culture dish
using a plastic cell scraper and homogenized by passing the suspension through a 27-
gauge needle with 1 mL sterile plastic syringe for several times. The homogenized cells
were transferred into a microcentrifuge tube and heated at 95–100 ◦C for 8 min, pulsed
centrifuged, and an equal volume of 2× sample buffer was added. Then, the tube was
shaken vigorously to homogenize the sample. The sample was boiled at 95 ◦C for 5 min
and immediately cooled at room temperature. The protein sample was then kept at −20 ◦C.

Proteins were loaded for SDS-polyacrylamide (SDS-PAGE) gel electrophoresis using
the Mini-PROTEAN® Tetra Cell electrophoresis system (Bio-Rad Laboratories, Hercules,
CA, USA), electrophoresed at 120 V for 1 h and the resolved proteins were transferred
to 0.45 µM PVDF membranes (Pierce, Thermo-Scientific, Waltham, MA, USA) for 2 h at
100 V. The membranes were washed with TBS/T for 5 min and subsequently blocked
with blocking buffer (5% BSA in 0.1% Tween-20 TBS) for 1 h. Next, the membrane was
incubated with the primary antibody, ALIX/PDCD6IP (dilution: 1:2000: Cat. No. 92880,
Cell Signaling) with gentle agitation overnight at 4 ◦C. After 24 h, the membranes were
then washed three times (5 min each) with 0.1% Tween-20 TBS, followed by incubation
with anti-mouse antibody conjugated with horseradish peroxidase (1:2000) for 1 h at room
temperature with gentle agitation. The membranes were washed two times (5 min each)
with 0.1% Tween-20 TBS and one time with TBS before the detection of protein bands.
Visualization of protein bands was conducted by adding 150 µL of chemiluminescent sub-
strate (SuperSignal® West Femto Maximum Sensitivity Substrate; Thermo Fisher Scientific,
Rockford, IL, USA) solution to the membranes for 5 min. After 5 min, the membrane
covered with a transparent plastic and protein bands were visualized with the Fluorchem
5500 imaging system (Alpha Innotech Corporation, San Leandro, CA, USA).

2.7. Size Distribution Analysis

The size of exosomes derived from SW480-7 cell culture supernatants was determined
by photon correlation spectroscopy technique using the Zetasizer Nano S instrument
(Malvern Instrument, Malvern, UK). Twenty µL of exosomes (143 µg/mL) derived from
SW480-7 were diluted in 1 mL of ddH2O. The particle size and size distribution were
measured as cumulant (z-average) size and polydispersity index (PDI).

2.8. Determination of Exosome Morphology by Transmission Electron Microscopy (TEM)

The morphology of exosomes isolated from serum and SW480-7 cell culture super-
natants were evaluated by TEM. Exosomal samples were stored at −80 ◦C and thawed at
room temperature. After thawing, a drop (10 µL) of the exosomes was placed on a sheet of
parafilm. A carbon-coated copper grid (200 mesh and coated by formvar carbon film) was
covered by a drop of exosomes for 5 min. The excess liquid was absorbed by a clean filter
paper. The grid was incubated with a drop of 1% uranyl acetate at room temperature for
3–5 min. The excess uranyl acetate was absorbed by filter paper. Then, the copper grid was
washed twice with pre-filtered sterile distilled water and incubated at room temperature.
The samples were kept overnight in a 1.5 mL tube and then viewed with a Hitachi 7100
transmission electron microscope.

2.9. RNA Extraction

Total RNA was extracted from isolated exosomes with ExoRNeasy Serum/Plasma
Midi Kit (Qiagen GmBH, Hilden, Germany) according to manufacturer instructions. The
purity and quantity of RNA were detected by using the Nanodrop 1000 spectrophotometer
(Thermo Fisher Scientific, Inc., Wilmington, DE, USA).

2.10. Reverse Transcription (RT)

RT of lncRNA was conducted with RT2 PreAMP cDNA Synthesis Kit (Qiagen GmBH,
Hilden, Germany) and Ovation Pico WTA System V2 following the manufacturer’s protocol.
The extracted RNA (4 µL) was treated with 1 µL of Buffer GE from the RT2 PreAMP
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cDNA Synthesis Kit. Half the volume of standard cDNA synthesis reagents was used.
Preamplification of cDNA target templates was then conducted using RT2 PreAMP cDNA
Synthesis Kit according to the manufacturer’s protocol.

2.11. Detection of lncRNA in Exosomes by RT-PCR

LncRNAs in exosomes were detected using RT2 lncRNA PCR Array, Human Cancer
Pathway Finder (Cat. No. 330721 LAHS-002Z, Qiagen). After reverse transcription, real-
time quantitative polymerase chain reaction (qPCR) was conducted using a real-time
thermocycler (Eppendorf, Wesseling-Berzdorf, Germany) with the cycling condition as
shown in Table 1.

Table 1. PCR cycling condition.

Cycles Duration Temperature

1 10 min 95 ◦C
40 15 s 95 ◦C

1 min 60 ◦C

2.12. Statistical Analysis

Data analysis was performed at Qiagen’s GeneGlobe Data Analysis Center, a web
resource for real-time PCR analysis using the ∆∆Cq method. The student’s t-test was
used to compare the normalized lncRNA expression levels and two-sided p < 0.05 was
considered to be statistically significant.

3. Results
3.1. Characterization of Exosomes Derived from Serum Sample and SW480-7 Cell Line

The morphology of exosomes was characterized by TEM analysis. The exosomes
derived from serum (Figure 1A,B) and SW480-7 (Figure 1C) were round-shaped in ap-
pearance. TEM analysis results showed that the size of the exosomes is less than 200 nm
in diameter (Figure A–C). The size distribution of exosomes derived from cell culture
supernatants of SW480-7 was determined by Zetasizer analysis. The average diameter of
exosome-like vesicles isolated for SW480-7 was 274.6 nm (ranging from 105.7–955.4 nm) as
shown in Figure 1E. To confirm that the exosome isolated contained proteins associated
with exosomes, western blot analysis was performed. Two amounts of exosomes, 3 µg,
and 6 µg were used in this experiment. As shown in Figure 1D, a band of approximately
100 kDa which is the expected size for ALIX/PDCD6IP was detected in exosomes derived
from SW480-7 cells and whole cell lysate from SW480-7 (All western blot images captured
at 1 to 5 min exposure time are available in Figure S1a–e). Due to the minuscule amount
of serum-derived exosomes, Zetasizer and western blot analysis was not performed on
exosomes from sera of CRC patients, but on exosomes isolated from SW480-7 cells instead.

3.2. Clinical and Pathological Characteristics

The clinical and pathological data of 18 CRC patients are detailed in Table 2. The
patient population is composed of 9 males and 9 females. Ten patients were above 60 years
old while 8 others were of below 60 years of age. According to TNM staging classification,
there was one from stage I. Stages II, III both consisted of 7 samples, while stage IV consisted
of 3 samples.
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Figure 1. Characterization of exosomes. (A,B) Morphology of serum exosomes by transmission 
electron microscopy (TEM). (C) Morphology of exosomes derived from SW480-7. (D) Western blot 
analysis of exosomal protein PDCD6IP/ALIX derived from SW480-7. (E) The particle size distribution 
of exosomes derived from SW480-7 cell line. 

3.3. Detection of Exosomal lncRNAs Expression in CRC Patients and Non-Cancer Individuals 

The expression levels of lncRNAs GAS5, H19, LINC00152, RMRP, SNHG16, and ZFAS1 were 
detected in serum-derived exosomes of CRC patients and non-cancer individuals via RT-qPCR (All 
lncRNAs expression level are available in Table S2). Table 3 and Figure 2 summarizes the data 
representing the level of lncRNA expression normalized to that of a reference gene, B2M. The 
student’s t-test was used to compare the expression of six lncRNAs between non-cancer individuals 
and CRC patients. Differences were considered to be statistically significant at p < 0.05. There was no 
significant difference in the expression of GAS5, H19, RMRP, SNHG16, and ZFAS1 between CRC 
patients and non-cancer individuals. However, the results show that LINC00152 was significantly 
down-regulated in serum-derived exosomes of CRC patients when compared to the non-cancer 
individuals (p < 0.05). 
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analysis of exosomal protein PDCD6IP/ALIX derived from SW480-7. (E) The particle size distribution
of exosomes derived from SW480-7 cell line.

Table 2. Clinical and pathological characteristics of colorectal cancer (CRC) patients included in the
present study.

Clinico-Pathologic Parameters Number of Patients (n = 18)

Sex
Male 9

Female 9
Age (years)

<60 8
≥60 10

Tumor stage
I 1
II 7
III 7
IV 3

Tumor location
Colon 6

Sigmoid 5
Rectosigmoid 2

Rectum 5
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3.3. Detection of Exosomal lncRNAs Expression in CRC Patients and Non-Cancer Individuals

The expression levels of lncRNAs GAS5, H19, LINC00152, RMRP, SNHG16, and ZFAS1
were detected in serum-derived exosomes of CRC patients and non-cancer individuals via
RT-qPCR (All lncRNAs expression level are available in Table S2). Table 3 and Figure 2
summarizes the data representing the level of lncRNA expression normalized to that of a
reference gene, B2M. The student’s t-test was used to compare the expression of six lncRNAs
between non-cancer individuals and CRC patients. Differences were considered to be
statistically significant at p < 0.05. There was no significant difference in the expression of
GAS5, H19, RMRP, SNHG16, and ZFAS1 between CRC patients and non-cancer individuals.
However, the results show that LINC00152 was significantly down-regulated in serum-
derived exosomes of CRC patients when compared to the non-cancer individuals (p < 0.05).
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cancer individuals and CRC patients, * indicates p < 0.05. Samples with Ct value above the cut-off
value of 30 were considered as negative expression. Samples that could not be amplified were plotted
as red triangles.

3.4. Detection of Exosomal lncRNAs Expression in Early and Advanced Stages of CRC Patients

The expression level of lncRNAs GAS5, H19, LINC00152, RMRP, SNHG16, and
ZFAS1 were detected in exosomes from serum of early-stages and advanced stages of CRC
patients by RT-qPCR (All lncRNAs expression level are available in Table S1). Table 4 and
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Figure 3 summarizes the data representing the level of lncRNA expression normalized
to a reference gene, B2M. The student’s t-test was used to compare the expression of six
lncRNAs between early-stages and advanced stages of CRC patients. Differences were
considered to be statistically significant at p < 0.05. There was no significant difference
in the expression level of GAS5, LINC00152, RMRP, SNHG16, and ZFAS1 between early-
stages and advanced-stages of CRC patients. However, the result showed that H19 was
significantly up-regulated in exosomes from the serum of advanced-stages of CRC patients
compared with the early-stages (p < 0.05).

Table 3. The fold-change for lncRNAs GAS5, H19, LINC00152, RMRP, SNHG16, and ZFAS1 expres-
sion level in non-cancer individuals and CRC patients.

Target Genes
lncRNA Expression Level

Non-Cancer (n = 21) CRC (n = 18) p-Value Fold-Change

GAS5 0.0708 0.2125 0.103 −3.00
H19 0.0255 0.0658 0.921 −2.58

LINC00152 0.0369 0.1190 0.040 * −3.23
RMRP 0.0030 0.0070 0.246 −2.33

SNHG16 0.0015 0.0121 0.085 −8.06
ZFAS1 0.0230 0.0230 0.094 −5.12

n, number of samples. * indicates p < 0.05.
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Figure 3. Comparison of lncRNAs expression level (2(−∆Ct)) in serum exosomes from early (I and
II) and advanced (III and IV) stages of CRC patients. The levels of lncRNA expression have been
normalized to the reference gene, B2M. Student’s t-test was used to compare the expression of six long
non-coding RNAs between early-stages and advanced stages of CRC patients, * indicates p < 0.05.
Samples that could not be amplified were plotted as red triangles.
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Table 4. The fold change for lncRNAs GAS5, H19, LINC00152, RMRP, SNHG16, and ZFAS1 expres-
sion level in exosomes of early-stages (stage I & II) and advanced stages (stage III & IV) of CRC
patients.

Target Genes
lncRNAs Expression Level

Early Stages (n = 8) Advanced Stages (n = 10) p-Value Fold Change

GAS5 0.0762 0.0646 0.942 1.18
H19 0.0957 0.0048 0.046 * 19.59

LINC00152 0.0256 0.0582 0.694 −2.27
RMRP 0.0025 0.0036 0.225 −1.44

SNHG16 0.0012 0.0019 0.899 1.62
ZFAS1 0.0171 0.0334 0.855 −1.95

n, number of samples. * indicates p < 0.05.

4. Discussion

In the present study, exosomes from serum and cell culture supernatants were isolated
using the membrane affinity spin column method. Serum samples were filtered with a
0.22 µm PES filter to eliminate larger size vesicles before the isolation of exosomes. TEM
shows that the size of the exosomes from serum and cell culture supernatant of SW480-7
is in the expected range and no cell debris or apoptotic bodies are found. This result is
consistent with a previous study showing eluate from the spin column method has less
granular background staining as compared with the ultracentrifugal isolation method [27].
Size distribution and western blot analysis of the exosomes derived from SW480-7 revealed
the exosomes were within the expected size and harbored the presence of an exosomal
protein marker, respectively.

Recently, the role of exosomes in cancer progression has gained great interest [28]. The
role of exosomal lncRNAs in the early event of pre-metastatic niche formation has also
become the focus of many researchers [29,30]. Exosomes secreted from tumor cells contain
biomolecules such as protein, RNA (coding mRNA or non-coding RNA), DNA, and glycans.
These biomolecules play important roles in the remodeling of the extracellular matrix,
stimulating pro-tumorigenic processes, inducing immune suppression, and promoting
cancer cell migration, and invasion [28,29,31]. Exosomal non-coding RNAs involved in
pre-metastatic niche formation include exosomal miR-25-3p that promote angiogenesis via
increased the permeability of vascular endothelial cells [31]. Although the role of exosomal
microRNAs in pre-metastatic niche formation has been reported, however, a similar role
by exosomal lncRNAs in CRC is still poorly understood.

In the current study, we investigated the differentially expressed exosomal lncRNAs
from non-cancer individuals and patients with colorectal carcinoma. The expression level
of exosomal lncRNAs from serum samples was detected using an RT2 lncRNA PCR Array.
The cut-off Ct value was set at 30. Six genes from the array panel were considered as
positive when their Ct values were lower than the cut-off value. These six lncRNAs found
were GAS5, H19, RMRP, SNHG16, LINC00152, and ZFAS1and they were detected in more
than 60% from CRC patients and non-cancer individuals. Surprisingly, in this current
study, we found that oncogenic lncRNAs such as CCAT1, CCAT2, CRNDE, FTX, HOTAIR,
HOTTIP, HULC, MALAT1, PCAT1, PVT1, and UCA1 were either not detected or were
detected at a very low rate in both non-cancer individuals and CRC patients. In CRC,
circulating exosomal lncRNAs such as CRNDE-h and BCAR4 from serum samples have
been previously reported [24,32]. Other oncogenic and tumor suppressor lncRNAs such
as TUS7 S and MEG3 were also not detected. It has been reported that the concentration,
purity, and size of exosomes and types of exosomal RNAs are different due to the difference
in the isolation technique used [33]. This could be the reason why the lncRNAs detected in
previous studies are not detected in this study.

LINC00152 has been reported to function as a competitive endogenous RNA (ceRNA)
by sponging tumor suppressor miRNAs such as miR-193a-3p [34], miR-632, and miR-185-
3p [35] to promote proliferation and metastasis of CRC. Our study revealed that LINC00152
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was significantly lower in the exosomes of serum from CRC patients (−3.23-fold, p = 0.04)
as compared to that of non-cancer individuals. To the best of our knowledge, this is the
first finding showing a lower level of LINC00152 in exosomes derived from serum of CRC
patients. This result is consistent with a previous finding showing an abnormally low level
in CRC tissues and cells [34]. In that same study, the low level of LINC00152 was found
more frequently in CRC patients with advanced tumors (stage III and IV) which is also
consistent with our current study [36].

H19 is a lncRNA that has a dual role as it can act both as an oncogene or tumor
suppressor [37]. Functional investigations showed that knockdown of H19 resulted in
inhibition of proliferation, migration, and invasiveness of CRC cells. H19 was reported
to be up-regulated in cancerous tissues [38] and overexpression of H19 was related to
distant metastasis and poor prognosis in patients with CRC [39]. In the current study,
higher expression of H19 was found in the exosomes of sera from the advanced-stages
of CRC patients as compared to the early stages of CRC patients. These results suggest
that exosomal H19 acting as an oncogene has a role in disease progression as it is highly
secreted in the advanced-stages of CRC patients as compared to early-stage CRC. Future
studies using CRISPR/Cas-9 technology can be carried out to further understand the
mechanism underlying the role of H19 in the progression of CRC disease. In the current
study, tumor suppressor lncRNA GAS5 was detected in exosomes derived from serum of
CRC patients and non-cancer individuals. It was down-regulated (3-fold) in CRC patients
as compared with non-cancer individuals. The results are in concordance with previous
reports [40,41]. Functional studies revealed that lncRNA GAS5 acts as a tumor suppressor
by inhibiting CRC cell proliferation, migration, and invasion [5,42]. In addition, low levels
of GAS5 expression had a shorter survival time compared to those with high levels [5] and
correlated with advanced TNM stages and larger tumor size [41]. Thus, our finding on the
lower levels of lncRNA GAS5 in exosomes from sera of CRC patients is consistent with the
tumor-suppressive function of lncRNA GAS5.

ZFAS1 has been reported to have an oncogenic role in various types of cancer, for
example, bladder cancer [43], breast cancer [44,45], HCC [46], and CRC [47–49]. To date,
there are no reports on the expression level of ZFAS1 in circulating exosomes derived from
CRC. In the current study, the expression level in exosomes from sera of CRC patients
is lower than non-cancer individuals (−5.12-fold, p = 0.09) and there is no difference in
expression level between early and advanced-stage CRC (−1.45-fold, p = 0.69). In a study,
the upregulation of ZFAS1 was reported to be correlated with lymphatic invasion and the
promotion of invasion and metastasis in CRC [49]. This is the first report that revealed
the expression level of ZFAS1 in exosomes derived from CRC patients. Future studies
on the dynamics of ZFAS1 expression in the biogenesis of exosomes is worthy of further
investigation.

In the year 2016, Christensen et al. demonstrated that the expression level of snoRNA
host gene 16 (SNHG16) is high in all stages of CRC tissues and functional studies revealed
that SNHG16 regulated cell viability and migration via the Wnt pathway in CRC [50].
Silencing of SNHG16 induced apoptosis and impaired cell migration consistent with its
oncogenic role. Our results revealed that SNHG16 was down-regulated in exosomes from
sera of CRC patients but there is no difference between early- and advanced-stage CRC. The
reduced level of SNHG16 in exosomes from sera of CRC patients is in opposite trend to the
reports with tissue samples. This opposite trend has also been shown by Barbagallo et al.,
who reported that lncRNA UCA1 was up-regulated in CRC tissues and down-regulated in
serum exosomes [51]. However, it is unclear why the level of SNHG16 is lower in exosomes
of sera from cancer patients versus non-cancer individuals. Further studies need to be
carried out. LncRNA-RMRP has been shown to act as an oncogene in lung cancer [52].
To date, there are no clinical and in vitro studies on RMRP in CRC. The expression of this
lncRNA was detected in all samples in the present study. However, there is no significant
difference between CRC and non-cancer individuals. Similarly, there is no difference when
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comparing early- and advanced-stage CRC. Future studies need to be carried out with
CRC tissues to determine the role of RMRP.

5. Conclusions

In conclusion, our study has shown that lncRNA, H19 was up-regulated in serum-
derived exosomes from advanced-stage CRC, while exosomal LINC00152 was down-
regulated in CRC as compared with non-cancer individuals. However, it should be
noted that the expression level of exosomal H19 in 6 of the advanced-stage cases is low.
LINC00152 was down-regulated in serum-derived exosomes from CRC patients, but, sur-
prisingly 14 samples from non-cancer individuals also showed a low expression level
similar to those from CRC patients. The mechanism underlying these differences is worthy
of further investigation. This is the first report to show that H19 is differentially expressed
in serum exosomes from early-stage versus advanced-stage CRC. Additionally, this is the
first report on differentially expressed LINC00152 in exosomes from sera of CRC versus
non-cancer patients. The roles of these exosomal lncRNAs in pathogenesis and progression
of CRC needs further investigation.
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The p values are calculated based on a Student’s t-test of the replicate 2(−∆Ct) values for each gene in
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