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Introduction

Abstract

Introduction: Exosomal microRNAs (miRNAs)
are emerging diagnostic biomarkers for different
types of cancers. We aim to detect gastric cancer
(GC)-specific miRNAs in serum exosomes with

RNA Isolation gPCR onco-miRNA panel
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patients, also 5 mL peripheral blood (following R
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12h fasting) were collected from the same
patients and healthy controls (HCs). QIAGEN
miRCURY LNA miRNA Focus PCR Panel applied to screen differentially expressed onco-miRNAs.
The candidate miRNAs with the highest fold changes proceeded for validation by qRT-PCR in
individuals.

Results: We identified that exosomal miR-10a-5p, miR-19b-3p, miR-215-5p, and miR-18a-5p
were significantly upregulated in GC patient’s exosomes in contrast to HCs exosomes, Roc curve
analysis indicated area under the ROC curve (AUC) of 0.801, 0.721, 0.780 and 0.736 respectively.
The Roc curve analysis for the combined signature of four exosomal miRNAs indicated AUC of
0.813. Also, Spearman's correlation coefficients indicated that the miRNA expression is highly
correlated between tumor and exosome.

Conclusion: Herein, we specifically identified four miRNAs in serum exosomes of GC patients for
a diagnostic purpose which are directly associated with tumoral miRNA expression profile.

in the clinic to detect GC; however, these biomarkers

Gastric cancer (GC) is the fourth frequent malignancy,
also GC is known as the second leading cause of cancer-
derived death worldwide.! Almost 90% of all diagnosed
gastric tumors are characterized as malignant, and
the remains are benign (10%). Approximately 95% of
diagnosed malignant tumors are adenocarcinoma, and
%5 are squamous cell carcinoma.*® Carcinoembryonic
antigens (CEA) and carbohydrate antigen 19-9 (CA19-9)
are blood-based biomarkers, which are broadly applied

do not meet the minimum sensitivity and specificity for
supporting the early diagnosis of GC.** Upper endoscopy
(gastroscopy), as an invasive approach, is still the main
criteria for the screening and diagnosis of GC.°

Surgical and endoscopic resections are the main
therapeutical strategies at the early stages of the
GC,8 However, for the advanced tumors, systemic
chemotherapies are applied which fails in more than
95% of the cases.*” The poor prognosis of GC, the
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5-year survival rate is 5-15%, is mainly due to advanced
tumors at the moment of the diagnosis.'®!' Therefore, the
development of novel diagnostic approaches is an urgent
demand in GC studies.

MicroRNAs (miRNAs) are endogenous non-coding-
RNAs with about 22 nucleotides in length, which post-
transcriptionally orchestrate the gene expression pattern.
miRNAs can completely block the expression of the target
mRNA(s) or transiently decrease the translation rate. It
is reported that these biomolecules can act as oncogenes
or tumor-suppressors in cancer.”? MiRNAs expression
patterns are the more accurate hallmark than mRNAs
pattern to detect the origin of the unknown tissues, even
for tumors." This pattern is tumor-specific and can be used
to distinguish between normal- and tumoral-tissues (also
in GC).’** However, miRNAs are stable in circulation, but
these molecules are persistently under the influence of the
different pathophysiological conditions and circulating
ribonucleases.”” The levels of the cell-free miRNAs may
be affected by sources other than the tumor cells such
as infections, circulating blood cells, hypoxia, diets, and
exercise; therefore, the levels of circulating miRNAs may
not represent a direct correlation to the cancer tissues.'®"”

Exosomes are spherical and/cup-shaped extracellular
nanovesicles that span 40-150 nm in diameter, these
vesicles have a bilayer lipid structure for the outer
membrane. A multitude of cells releases exosomes into the
different body fluids such as blood. Exosomes carry out
various biomolecules, including proteins, lipids, DNAs,
and RNAs in a multi-directional and conserved manner
through the cells which recommends them as possible
liquid biopsy-based biomarkers."'® Exosomes improve the
stability of the circulating miRNAs by protecting them
from ribonuclease activities.” Furthermore, exosomes
reflect not only the physio-pathological condition of the
originating cells but also confirm the upregulated systemic
circulation of the exosomes in most cancers.?

Herein, we screened the onco-miRNA expression
profile in GC tumors, tumor margin, and GC patient’s
serum-derived exosomes by QIAGEN miRCURY LNA
miRNA Focus PCR Panels and validated our findings in
GC patients and healthy controls (HCs) by qRT-PCR.

Materials and Methods

Materials

In exosome characterization, uranyl acetate solution
(TAAB, England) was used for exosome staining. For the
western blotting, the protein lysis buffer (St. Louis, USA),
bicinchoninic acid (BCA)-assay (Cat No: DB9684-50ml,
DNAbiotech Co. Tehran, Iran), polyvinylidene fluoride
(PVDF) membranes (Millipore, Billerica, Massachusetts,
United States), antibodies from Santa Cruz Biotechnology
including anti- CD9 (sc-13118, Dallas, USA), anti-
CD81(sc-166029, Dallas, USA) and anti-CD63 (sc-5275,
Dallas, USA), anti-Calnexin (sc-23954, Dallas, USA) and
anti-Mouse IgG (Goat), HRP Conjugated (1: 10000; Santa

Cruz, sc-2005). For RNA isolation, TRIzol (RiboEx.LS,
Seoul, South Korea), isopropyl alcohol, and ethanol from
Merck, Germany. The miRCURY LNA RT Kit (Cat No./
ID: 339340, Hilden, Germany), miRCURY LNA miRNA
Focus PCR Panel (Cat. no. YAHS-102Y, Hilden, Germany),
cel-miR-39 Spike-in (Norgen Biotek, Thorold, Canada),
RevertAid Reverse Transcriptase (Thermo Scientific,
Kaunas, Lithuania), SYBR Green master mix (RealQ Plus
2x Master Mix Green, Ampliqon, Denmark) and primers
purchased from (Macrogen, Seoul, South Korea).

Sampling and specimen preparation

A pair of 43 primary adenocarcinoma GC tissue samples
(non-cardia and without adjuvant/chemotherapy) with
corresponding adjacent non-malignant counterparts
were obtained through tumor resection. Also, 5ml of
peripheral blood, following 12 hours fasting, was collected
from the same patients and 40 HCs at the first affiliated
Hospital of Tabriz University of Medical Sciences (Tabriz,
Iran). Patients with cardia tumors, adjuvant therapy,
radiotherapy and chemotherapy, and previous history of
malignancies were excluded from this study. Also, HCs
with a history of autoimmune diseases, chronic infections
and allergy, and a history of malignancies were excluded.
The demographic and clinical information of the GC
patients is represented in Table 1. Histopathological data
were collected from the patients’ medical records.

Sample preparation

The obtained tissue samples were immediately directed
into the liquid nitrogen tank, then homogenized in Trizol
and stored at -70°C until RNA extraction (maximum
a month). The 5 mL of peripheral blood was obtained
in serum clot-activator tubes and centrifuged at 500
g for 15 minutes at room temperature to isolate serum.
Subsequently, 1.5-2 mL aliquots of the serum were stored
in Eppendorf tubes and proceeded to the -70°C to store
for exosome isolation and further RNA extraction.

Exosome isolation

Exosomes were isolated from 1ml of serum by serial
ultracentrifugation. Briefly, 1 mL of the serum was
centrifuged at 500g for 30 minutes (4°C) to remove
cell debris, and 95% of the supernatant (to avoid debris
contamination) proceeded for ultracentrifugation at
30000 g for 2 hours (4°C) to remove contaminant
microvesicles and apoptotic bodies. Subsequently, 95%
of the supernatant was collected and filtered through
a membrane filter (0.22 pm) and redirected to the
ultracentrifugation at 110000 g (4°C) for 2 hours by
TLA 100.2 rotor (Beckman Coulter, USA) to isolate
the exosomes. The exosome pellets were washed by
1x PBS and proceeded to the final ultracentrifugation
step at 110000 g (4°C) to reduce the possible protein
contamination. The isolated exosomes were resuspended
in 1x PBS or distilled water (for dynamic light scattering

128 | Biolmpacts, 2022, 12(2), 127-138



Exosomal onco-miRNAs in gastric cancer

Table 1. Gastric cancer patients' demographic and clinical information

No. of patients
(%) tumor

No. of patients

Clinical pathological data e

Age

< 65 years 33 (76.74) 31(77.5)
>65 years 10 (23.25) 9(22.5)
Gender

Male 18 (41.86) 17 (42.5)
Female 25 (58.13) 23 (57.49)
Tumor size

<5cm 19 (44.18) 19 (47.5)
>5cm 24 (55.81) 21 (52.5)
Histological grade

Poor-differentiated 11 (25.58) 11 (27.5)
Moderately-differentiated 21 (48.83) 18 (45)
Well-differentiated 11 (25.58) 11 (27.5)
Lymph node metastasis

Positive 26 (60.46) 26 (65)
Negative 17 (39.53) 14 (35)
Distant metastasis

Positive 13 (30.23) 13 (32.5)
Negative 30 (69.76) 27 (67.5)
Pathological variants

Intestinal 36 (83.72) 33 (82.5)
Diffuse 7 (16.27) 7 (17.5)

[DLS] and transmission electron microscopy [TEM]) to
store at -70°C for the next step.”!

Exosome characterization

Size and morphology

DLS (Zetasizer Nano ZS, Malvern Panalytical) was
employed to measure the average size and size distribution
of isolated exosomes. Briefly, the isolated exosomes
were resuspended in distilled water and diluted (1:10)
to obtain better results. TEM was applied to visualize
the morphology and size of the exosomes. The isolated
exosomes were resuspended in 250 uL of distilled water,
and a small aliquot of them was fixed on a 300 mesh
copper grid under the ambient condition for 5 minutes.
For negative staining, exosome-grids were stained with
1.5% (wt/v) uranyl acetate solution (TAAB, England) for
2 minutes and coated by carbon film to avoid degradation
by electron beams. Grids were dried with a filter paper
to remove stain residue and stored overnight at room
temperature to visualize by LEO 906 Zeiss instrument
(Freiburg, Switzerland) with an accelerating voltage of 80
kV.

Western blotting

Western blotting was performed by lysing of exosome
pellet in 250 pL of 1x protein lysis buffer (St. Louis, USA)
and followed by thrice sonication for 5min with cool
vortex-mixing in between. The protein concentration

was measured by bicinchoninic acid (BCA)-assay (Cat
No: DB9684-50 mL, DNAbiotech Co. Tehran, I.R. Iran)
according to the manufacture's instruction. 20-30 pg of
extracted protein incubated with loading buffer containing
B-mercaptoethanol) at 70°C for 10 minutes to run on 12%
SDS-polyacrylamide gel (SDS-PAGE). A 5% skim milk
solution was applied to block the polyvinylidene fluoride
(PVDF) membranes (Millipore, Billerica, Massachusetts,
United States). The CD9, CD81, and CD63 protein
markers were detected by Santa Cruz Biotechnology
mouse monoclonal anti- CD9 (sc-13118, Dallas, USA),
anti-CD81(sc-166029, Dallas, USA), and anti-CD63 (sc-
5275, Dallas, U.S.A.) (1: 1000). Also, mouse monoclonal
anti-Calnexin (sc-23954, Dallas, USA) (1: 1000) was used
against Calnexin as the negative control for exosomes.?
This step was followed by incubation with anti-Mouse IgG
(Goat), HRP Conjugated (1: 10000; Santa Cruz, sc-2005)
antibody, and the protein bands detected by Chemi-Lumi
One Super (Product No. 02230, Kyoto, Japan).

RNA isolation

Total RNA isolated from tissues and exosomes by the
TRIzol method (RiboEx.LS, Seoul, South Korea). Briefly,
the samples were lysed by 750 uL of the RiboEx and 200
uL chloroform added and stored for 2 minutes at room
temperature. The samples were centrifuged at 12000 g for
20 minutes (4°C) and an aqueous phase was collected and
transferred to a new collection tube and incubated with 1
volume of isopropyl alcohol for about 90 minutes at -20.
Subsequently, the samples were centrifuged at 12000 g for
1 hour (4°C) to precipitate the total RNA. The RNA was
washed with 1 ml of 75% ethanol alcohol by centrifugation
at 12000 g for 20 minutes (4°C), and the RNA pellet
dissolved in 20 A DEPC-treated water (Cinnagen, Tehran,
Iran).

Reverse transcription and Human Cancer Focus Panel
(screening phase)

Six samples were used to make pooled samples for each of
the tumor, tumor margin, and serum-derived exosomes
groups. About 15 ng/uL of total RNA was used to make
a pool from each sample. The pooled RNA was reverse
transcribed by miRCURY LNA RT Kit (Cat No./ID:
339340, Hilden, Germany) on PeQlab thermocycler
(Fareham, United Kingdom) and quantitate PCR (qPCR)
ran on Human Cancer Focus, miRCURY LNA miRNA
Focus PCR Panel (Cat. no. YAHS-102Y, Hilden, Germany)
by Roche light cycler (LightCycler 96 Real-Time PCR
Cycler, Indianapolis, USA) to screen 86 cancerous miRNAs
expression profile in three distinct groups. UniSp6 spike-
in was used as a predefined references gene in the miRNA
Focus PCR Panel to evaluate the expression analysis by
a qPCR panel. UniSp6 was spiked in each sample at the
time of RNA extraction. Also, melting curve analysis
was performed at the end of the PCR cycles. The relative
expression levels of miRNAs among different groups were
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calculated by the 242 method by GenEx software version
6.0.

Reverse transcription and qPCR of candidate miRNAs
(validation phase)

Differentially expressed miRNAs (according to the most
significant fold change in contrast to the margin group)
were selected for the validation phase. The sequences of
the miRNAs were obtained from https://www.mirbase.
org and used to design stem-loop reverse transcriptase
(RT)-PCR specific primers by sRNAPrimerDB.* The
primer sequences were evaluated by Oligo7 (version: 7.60)
(Table 2).

Also, cel-miR-39 Spike-in (Norgen Biotek, Thorold,
Canada) was used as a reference gene in all templates. 5
uL of synthetic cel-mir-39-3p was spiked into each sample
after the addition of denaturing solution for normalization
of the sample-to-sample variation. RevertAid Reverse
Transcriptase (Thermo Scientific, Kaunas, Lithuania) was
used for reverse transcription of the candidate miRNAs
according to the company instruction. All the experiments
were performed as duplicate, the qPCR program was as
the following: PCR initial heat activation on 95°C for 15
minutes, 70 cycles of denaturation on 95°C for 10 seconds,
and annealing/extension on 60°C for 1 minute (5 uL SYBR
Green master mix (RealQ Plus 2x Master Mix Green,
Ampliqon, Denmark), 2 uL cDNA, 0.5 pL primer pair mix
(5 pmol/uL each primer), and 3 pL H20).*

Statistics

All statistical analyses for miRNAs expression levels
through GC patients and NCs were performed using the
GenEx software (version 6), SPSS 18.0 software, MedCalc
Statistical Software version 16.4.3 (MedCalc Software bv,
Ostend, Belgium, 2016), and the graphs were generated
using GraphPad Prism 6.0 (GraphPad Software, San
Diego, CA, USA). MiRNAs expression levels through GC
tumors and exosomes by unpaired two-sample Mann-
Whitney U test. The association between miRNAs and the
clinical characteristics was assessed by the x* test. One-
way ANOVA with the Tukey-Kramer post-hoc test was
applied to test the differences in miRNAs expression levels
through different histological grades. Receiver operating
characteristic (ROC) curves, the area under the ROC
curve (AUC), negative predictive value (NPV), positive
predictive value (PPV), and likelihood ratios (LRs) used

to estimate the diagnostic value of the candidate miRNAs
for GC. Also, the Spearman correlation test was used to
calculate any correlation between the miRNA’ expression
levels. For all the tests P-value, less than 0.05 was assumed
as a statistically significant difference.

Results

Exosome characterization

DLS measurement for exosome indicated 100-200 nm
mean size distribution as illustrated in Fig. 1A. The
expected size for exosomes is about 30-150nm, the right-
skewed distribution in DLS results is due to artificial cup-
shaped morphology and hydrodynamic radius which are
reported previously by certain studies.”** TEM confirmed
cup-shaped structure for exosomes with a size of 30-150
nm. Also, the exosomes were positive for CD9, CD81, and
CD63 markers and negative for calnexin (Fig. 1).

Human Cancer Focus Panel

The result of the Human Cancer miRNA Focus PCR
Panel used for fold change analysis with the 244 method
by GenEx software (version 6), and UniSp6 used as a
reference gene for data normalization. The tumor margin
was assumed as a control group. The miRNA expression
heat map is illustrated as single-linkage clustering in Fig.
2. The data comprises two main categories: (a) miRNAs
which are upregulated in both exosome and tumor
samples in contrast to tumor margin, and (b) miRNAs
which are upregulated in exosome and downregulated
in tumor samples. Four miRNAs (MiR-10a-5p, miR-19b-
3p, miR-215-5p, and miR-18a-5p) indicated the highest
dysregulation in exosome and tumor samples, these
candidate miRNAs were proceeded to the validation
phase for evaluating the possibility to serve as GC-
specific diagnostic biomarkers. The selected miRNAs
were significantly upregulated in gastric tumors and the
patient’s exosomes. The accurate quantification of the
downregulated miRNA expression level is challenging.
In terms of measurement, upregulation of miRNAs is
preferred to downregulation due to ease of quantification
in contrast to non-pathological conditions.””

Candidate miRNAs expression in tumor and exosome

The candidate miRNAs were evaluated by q-RT PCR
in two groups including (i) tumor with paired cancer-
adjacent non-tumorous tissues (ii) GC patient’s serum

Table 2. Sequences of the Stem-loop reverse transcriptase-PCR and quantitative real-time PCR primers for candidate miRNAs

miRNA Reverse transcriptase-specific-primer (5'-3') Forward-primer (5'-3') Reverse-primer (5'-3')
miR-18a-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTATCT AACACGCTAAGGTGCATCTAGT

miR-19b-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAGTT AACAAGTGTGCAAATCCATGC

miR-10a-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACAAA  AACACGCTACCCTGTAGATCC GTCGTATCCAGTGCAGGGT
miR-215-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGTCTGT AGCCAGCGATGACCTATGAAT

cel-mir-39-3p  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAAGCT

AACAGTGTCACCGGGTGTAAA

130 | Biolmpacts, 2022, 12(2), 127-138
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Fig. 1. The identification of serum exosomes. (A) DLS result for size distribution of serum exosomes indicates that the distribution is around 100 nm. (B) TEM
for morphology and size of serum exosomes. TEM confirms cup-shape for exosomes and indicates 100 nm diameter for these vesicles. (C) Specific protein
markers for exosomes. Serum exosomes were positive for CD9, CD81, CD63 and negative for Calnexin. Also, exosome supernatant applied as negative

control (C-) and cell lysate applied as positive control (C+).

exosomes with HCs serum exosomes. The 244 method
was used for data analyzing and cel-mir-39-3p was used
as a reference gene for data normalization. We explored
the expression levels of the four candidate miRNAs in the
GC patient’s tumor and tumor-adjacent tissues (n = 43) by
qRT-PCR. We found that miR-10a-5p, miR-19b-3p, miR-
215-5p and miR-18a-5p were significantly upregulated
in tumors in contrast to tumor-adjacent tissues (Fig. 3).
Although we determined the expression levels of these
miRNAs in the GC patient’s serum exosomes in contrast
to HCs serum exosomes (n = 40). The results confirmed
the miR-10a-5p (P<0.001), miR-19b-3p (P<0.001),
miR-215-5p (P<0.001) and miR-18a-5p (P<0.005)
upregulation in contrast to HCs exosomes (Fig. 4).

Diagnostic value of the candidate miRNAs in tumor and
exosomes
Generation of ROC curves and the AUC of the four
candidate miRNAs was performed to explore the
diagnostic value of these molecules in discriminating the
gastric tumor from non-cancerous adjacent tissue, which
is indicated in Fig. 5 and Fig. 6 for tumoral and exosomal
miRNAs, respectively. Also, the overall diagnostic values
for tumoral and exosomal miRNAs, including positive
likelihood ratio (+LR), negative likelihood ratio (-LR),
PPVs, NPVs, and accuracy of the test are calculated and
represented in Table 3. Our results showed relatively high
sensitivity and specificity for tumoral MiR-10a-5p, miR-
19b-3p, miR-215-5p and miR-18a-5p for diagnosis of GC.
The combined signature of the four tumoral miRNAs
indicated higher diagnostic values for discriminating
the gastric tumor from adjacent noncancerous tissue in
contrast to individual miRNAs, as indicated in Table 3.
The AUC for exosomal miRNAs is calculated and

indicated in Fig. 6. Also, the overall diagnostic values
for exosomal miRNAs are represented in Table 3. The
exosomal miRNAs indicate lower diagnostic values for GC
in contrast to tumoral miRNAs. However, the combined
signature of the exosomal miRNAs indicates acceptable
diagnostic values for GC in contrast to individual
exosomal miRNAs.

Correlation through tumoral and exosomal miRNA
expression

The correlation between tumoral and exosomal miR-
10a-5p, miR-19b-3p, miR-215-5p, and miR-18a-5p in the
samples of the same patients was analyzed by Spearman's
correlation coefficients test. Our findings indicated a
statistically significant correlation through these miRNAs
in tumor and exosome, as represented in Fig. 7. The highest
correlation is calculated for mir-10a-5p with an R-squared
of 0.563, and the lowest correlation is calculated for mir-
215-5p with R?0f 0.191 as indicated in Table 4.

Association of the expression levels of candidate miRNAs
with clinic-pathological characteristics of GC patients

The association of the candidate miRNAs expression
levels with demographic data of the GC patients were
evaluated. There was no significant association among
the age, gender, pathological variation and histological
with candidate miRNAs expression level. The miR-10a-
5p in tumor and serum exosome indicated significant
association with tumor size (P, =0.007,P = =
0.036 ) , lymph node metastasis (P, =0.028,P
=0.031) and distant metastasis (P, =0.025,P_
=0.028). Also, miR-19b-3p in tumor and serum exosome
indicated significant association with tumor size (P =

0.029,p_  .=0.031),lymph node metastasis (P

tumor
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=0.022) and distant metastasis (P. =0.027, P

tumor serum exosome

= 0.032). The miR-215-5p in tumor and serum exosome
indicated significant association with tumor size (P =

umor

0.026,P - .=0038),lymph node metastasis (P
=0.019,P_ .=0.028)and distant metastasis (P
=0.034, P = 0.023). The miR-18a-5p in tumor

and serum exosome indicated significant association with
tumor size (P =0.016) , lymph node metastasis (P, _
=0.014,pP .= 0.031)and distant metastasis (P

0.017,P_ = 0-032). The whole association analysis
for exploring the value of the exosomal and tissue derived
miRNAs are indicated in Table 5 with mean fold changes

and P value.

Discussion
Early diagnosis can increase the survival rates of cancer
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than 0.05 was assumed as statistically significant difference.
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Fig. 4. Exosomal miRNAs expression level. (A) Serum exosomal (Ser-Exo)
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(D) Ser-Exo mir-215-5p. A p-value less than 0.05 was assumed as
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patients through timely treatment. Currently, GC
diagnosis is mainly based on invasive and non-invasive
approaches which do not meet the minimum sensitivity
and specificity for supporting the early detection of gastric
tumors in many cases.*® Therefore, most of the patients
are diagnosed with advanced tumors and suffer poor
prognosis due to metastasis.'®!! Signature of miRNAs can
utilize to detect the origin of the unknown tissues, also
tumor tissues, but the instability of the cell-free miRNAs
is the main obstacle for accurate detection approaches."
The main problem seems to be the lack of concordance
for miRNA signatures reported from over 154 studies by
different research groups that leads to a lack of a single
diagnostic signature.'® Also, the other problem is the lack of
correlation between expression levels of cell-free miRNAs
and tumoral tissues.'” Recent studies have confirmed the
secretion of exosomes by tumor cells into the body fluids,
exosomes can mirror the origin cell functional status and
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analysis for the four combined serum exosomal miRNA signature.

exosomal miRNAs are considerable sources for biomarker
studies."" Tumor cells are able to release a greater amount
of exosomes into the circulation in contrast to normal
cells which is due to improved access to the vascular
system, and potentially increasing the signal-to-noise
ratio of cancer biomarkers that can be applied for the early
detection and screening of cancer.”® Hence, this study was
conducted to study gastric tumor-specific dysregulated
miRNAs in serum exosomes to evaluate the possibility of
clinical application of these markers in diagnosis.

In this study, we applied QIAGEN miRCURY LNA

miRNA Focus PCR Panels to explore the differential
expression profiling of miRNAs in 6 gastric tumors, 6
non-cancerous adjacent tissue and 6 GC patient’s serum
exosome as pooled samples for the screening phase and
proceeded with validation of candidate miRNAs by qRT-
PCR. The candidate miRNAs from the screening phase
(miRNAs with the highest fold change) were evaluated
between different groups including gastric tumors with
tumor-adjacent non-cancerous tissue and GC patient’s
serum exosomes with HCs serum exosomes. The serum
was collected following 12h fasting from the GC patients
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Table 3. Diagnostic evaluation of the tumoral and exosomal miRNAs in gastric cancer (GC) patients

Tumor miR-10a-5p miR-18a-5p miR-19b-3p miR-215-5p Combined signature
AUC 0.824 0.718 0.764 0.785 0.865
(0.780-0.868) (0.630-0.806) (0.670-0.858) (0.722-0.848) (0.788-0.824)
Sensitivit 85.00% 76.32% 84.38% 83.78% 82.89%
¥ (70.16%-94.29%) (59.76%-88.56%) (67.21%-94.72%) (67.99%-93.81%) (75.95%-88.51%)
Specificit 80.43% 69.39% 70.37% 75.51% 75.26%
P ¥ (66.09%-90.64%) (54.58%-81.75%) (56.39%-82.02%) (61.13%-86.66%) (68.57%-81.16%)
4.34 2.49 3.42 3.35
+LR (2.38-7.92) (1.58-3.94) 2.85(1.84-4.41) (2.05-5.71) (2.59-4.33)
0.19 0.34 0.21 0.23
LR (0.09-0.40) (0.19-0.62) 0.22(0.10-0.51) (0.10-0.45) (0.16-0.33)
PPV 79.07% 65.91% 62.79% 72.09% 72.41%
(67.46%-87.32%) (55.03%-75.33%) (52.15%-72.32%) (60.76%-81.17%) (67.02%-77.22%)
NPV 86.05% 79.07% 88.37% 86.05% 84.88%
(74.42%-92.89%) (67.46%-87.32%) (76.93%-94.54%) (74.45%-92.88%) (79.68%-88.94%)
Accurac 82.56% 72.41% 75.58% 79.07% 78.61%
¥ (72.87%-89.90%) (61.79%-81.46%) (65.13%-84.20%) (68.95%-87.10%) (73.91%-82.82%)
Exosome Exo-miR-10a-5p Exo-miR-18a-5p Exo-miR-19b-3p Exo-miR-215-5p Combined signature
AUC 0.801 0.721 0.780 0.736 0.813
(0.747-0.855) (0.609-0.833) (0.709-0.851) (0.634-0.838) (0.722-0.812)
Sensitivit 76.32% 71.79% 74.29% 68.42% 73.38%
¥ (59.76%-88.56%) (55.13%-85.00%) (56.74%-87.51%) (51.35%-82.50%) (65.66%-80.17%)
Specificit 73.81% 70.73% 68.89% 66.67% 71.69%
P ¥ (57.96%-86.14%) (54.46%-83.87%) (53.35%-81.83%) (50.45%-80.43%) (64.18%-78.40%)
+LR 291 2.45 2.39 2.05 2.59
(1.70-4.99) (1.47-4.11) (1.48-3.85) (1.27-3.31) (2.00-3.36)
R 0.32 0.40 0.37 0.47 0.37
(0.18-0.58) (0.23-0.68) (0.21-0.68) (0.28-0.79) (0.28-0.49)
PPV 72.50% 70.00% 65.00% 65.00% 70.62%
(60.63%-81.86%) (58.23%-79.61%) (53.56%-74.94%) (53.49%-74.99%) (64.96%-75.72%)
NPV 77.50% 72.50% 77.50% 70.00% 74.38%
(65.44%-86.24%) (60.62%-81.87%) (65.48%-86.21%) (58.24%-79.61%) (68.71%-79.33%)
75.00% 71.25% 70.39% 67.50% 72.50%
Accuracy

(64.06%-84.01%)

(60.05%-80.82%)

(61.11%-79.25%)

(56.11%-77.55%)

(67.26%-77.32%)

AUC is the area under the ROC curve, +LR is positive likelihood ratio, -LR is negative likelihood ratio, PPV is positive predictive value, and NPV is negative
predictive values. The 95% confidence interval (95%Cl) was calculated for all statistical analyses.

and HCs. We found that miR-10a-5p, miR-19b-3p, miR-
215-5p and miR-18a-5p were significantly upregulated
in serum exosomes. We proposed a model including four
miRNAs (miR-10a-5p, miR-19b-3p, miR-215-5p, and
miR-18a-5p) in serum exosome which can use to diagnose
the GC with an AUCs of 0.813.

MiR-10a-5p can modulate the progression of the cell
cycle, cell proliferation, metastasis and apoptosis in the
benefit of cancerization in the gastric cells.” In vitro studies
indicated that miR-10a-5p is upregulated in exosomes of
five GC cell lines (MKN45, SGC7901, NCI-N87, and AGS)
in contrast to normal gastric cell line (GES-1).*° Also, it
is reported that miR-10a-5p can suppress the expression
of the MAPKS8IP1 which is the main mechanism for
metastasis of GC.*! Also, miR-10a can promote migration
and invasion in a gastric cell line (BGC823), the proposed
mechanism for this phenomenon is targeting of RPL23.*
These data support the direct role of miR-10a-5p in gastric
tumors which confirms the specify of the serum exosomal
miR-10a-5p as a diagnostic marker for GC. MiR-19b-3p

upregulation in serum exosomes of the GC patients is
reported previously.'** There is doubt about the oncogenic
or tumor-suppressive role of the miR-19b-3p in GC.**
MiR-215 is reported to be downregulated in a number
of the cancers, however, this molecule is preferentially
overexpressed in GC, also miR-215 can promote the
development of GC by targeting the RUNX1.* MiR-215-
5p is able to establish cancerization in gastric cells.?” There
are a few studies about the role of the exosomal miR-215-
5p in GC, we indicated that miR-215-5p is over-expressed
in serum exosome of the GC patients. MiR-18a is reported
to be over-expressed in gastric tumors in contrast to
normal tissues,* also plasma levels of miR-18a are higher
in GC patients comparing to plasma of HCs.” MiR-18a
can modify the expression of P53 in GC by suppressing
IRF2 and therefore can modulate the apoptosis in GC.*
However, there is no study until now about the role of the
exosomal miR-18a-5p in the diagnosis of the GC. Our
results indicated that miR-18a-5p is upregulated in serum
exosomes. GC patient’s serum exosomal miRNA indicates
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Fig. 7. Correlation analysis of exosomal and tumoral miRNAs. A p-value less than 0.05 was assumed as statistically significant difference.

promising power for GC diagnosis.

The expression pattern of the identified miRNAs in
serum exosomes was in concordance with tumoral miRNA
expression profile and indicated a direct association with
gastric tumors expression profile. The candidate miRNAs
association with clinicopathological features of the
patients were analyzed. The results indicated a significant
association with tumor size, lymph node metastasis and
distance metastasis. however, there was no significant
association with age, gender, histological grade and
pathological variants.

Exosomes exhibit significant potential for application
as biomarkers in cancer studies but there are certain
limitations for their application. Exosome isolation is
one of the most challenging issues, also most scientists
utilize ultracentrifugation as a common method for
exosome isolation but there are certain limitations
including co-isolation of non-exosomal impurities and
low reproducibility of this method.* It has been reported
that variety in the exosome isolation method could change
the final miRNA profile of these vesicles. Therefore,
the application of an appropriate method for exosome
isolation from body fluids is still the most critical aspect.”
Furthermore, it is reported that 21% to 99% of vesicle-
free miRNAs (depending on the individual miRNA) can
precipitate during exosome isolation by precipitation-
based extracellular vesicle isolation methods.*” Therefore,

the main hurdle for application of exosomes and their
compartment in the clinic and early diagnosis of the
cancers is lack of robust and reproducible technique
besides the presence of contaminants such as similarly
sized micro-vesicles of different origins, proteins and
cell-free RNAs.*' Also, it is not clear that what amount
of the exosomes can support the extrapolation for early
detection and screening of the different malignancies.*

To enable exosome-based miRNA biomarkers to be
beneficial in the clinical diagnosis, the reproducibility and
performance must be evidently examined. Application
of the universally accepted standard sets can efficiently
improve the reproducibility of the various laboratories
result. Furthermore, clinical validation with relatively
large sample sizes and a sufficient quantity of specimens is
an obligatory approach to produce reliable results among
the different researchers.” We believe that there is a great
demand for further studies on the exosomal miRNAs as
emerging biomarkers for establishing an accurate isolation
method with a high reproducibility outcome.

Conclusion

In this study, we could identify the upregulated onco-
miRNAs in gastric tumors in contrast to non-cancerous
tumor-adjacent tissue. We found that these miRNAs also
were upregulated in serum-derived exosomes which
introduce them as possible non-invasive biomarkers

Table 4. Correlation between the tumoral and serum-exosomal miRNAs in gastric cancer patients

Tissue Exosome Correlation Coefficient P value
Tumoral mir-10a-5p Exosomal mir-10a-5p 0.563 <0.001
Tumoral mir-18a-5p Exosomal mir-18a-5p 0.454 <0.001
Tumoral mir-19b-5p Exosomal mir-19b-5p 0.412 <0.001
Tumoral mir-215-5p Exosomal mir-215-5p 0.191 0.036
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Research Highlights

What is the current knowledge?
V Exosomes are emerging nano-vesicles with a significant
role in cancer development and metastasis

What is new here?

v Exosomal miRNAs are capable molecules for developing
non-invasive approaches for the early diagnosis of gastric
cancer. Application of the serum-derived exosomes can
reduce the time for early diagnosis with high accuracy in
contrast to current blood-based biomarkers.

for early diagnosis of gastric cancer by liquid sampling,
however, lots of studies are needed for clinical application.
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