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1 | INTRODUCTION

Gastric cancer (GC) is the fourth most frequent cancer and one
of the most leading causes of cancer-related mortality around the
world.? In 2018, approximately 1 000 000 new cases of GC and

Abstract

Background: Accumulating evidence has demonstrated that long non-coding RNAs
(IncRNAs) MIAT is significantly upregulated in many cancer types including gastric
cancer (GC). However, the potential clinical significance of serum exosomal MIAT in
GC is unknown.

Methods: In this study, a total of 109 GC patients, 48 gastric adenoma patients, and
50 healthy individuals were recruited. Serum exosomal MIAT levels were detected in
all participants using quantitative real-time reverse transcription-polymerase chain
reaction (QRT-PCR).

Results: The exosomes we extracted from the serum samples were positive for
TSG101, CDé63, and Flotillin-1, which were known exosome markers. Serum exoso-
mal MIAT levels were significantly higher in GC patients than in gastric adenoma pa-
tients and healthy controls. Interestingly, gastric adenoma patients with higher serum
exosomal MIAT expression were more prone to develop GC. In addition, serum ex-
osomal MIAT levels were significantly decreased in post-treatment blood samples
compared to pre-treatment samples, while markedly increased in the cases suffering
recurrence. Moreover, serum exosomal MIAT upregulation was significantly associ-
ated with worse clinical variables and shorter survival. Furthermore, serum exosomal
MIAT was identified as an independent prognostic factor for GC.

Conclusions: Collectively, serum exosomal IncRNA MIAT might serve as a promising

novel biomarker for monitoring the progression of GC.
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783 000 deaths were reported worldwide.? Unfortunately, most of
GC patients are diagnosed at the late stages, frequently with inva-
sion or metastasis. Despite considerable progress has been achieved
in the treatment of GC, survival for patients with unresectable ad-
vanced or recurrent GC is dismal.® Therefore, identification of novel
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biomarkers for early diagnosis and prognosis prediction of GC is ur-
gently required.

Long non-coding RNAs (IncRNAs) are a class of non-coding RNAs
longer than 200 nucleotides and lack protein-coding capacity.*
LncRNAs have been found to play important roles in a variety of bio-
logical processes such as chromatin remodeling, cell differentiation,
cell growth, and proliferation.>® Emerging evidence has demon-
strated that IncRNAs are closely involved in GC tumorigenesis and
progression. For instance, Yan et al revealed that IncRNA SNHGé6
was upregulated both in GC tissues and cell lines. Downregulation
of SNHG6 significantly suppressed the malignant behaviors of GC
cells, indicating SNHGé6 played an oncogenic role in GC.” The ex-
pression level of IncRNA OLC8 was markedly upregulated in GC
specimens and cell lines. In addition, suppression of IncRNA OLC8
inhibited the oncogenic activities of GC cells both in vitro and in
vivo.® The expression level of RP11-555H23.1 was significantly de-
creased in GC tissues, and its reduction was closely correlated with
tumor-node-metastasis (TNM) stage.9 Gao et al reported that In-
cRNA NBAT-1 was significantly downregulated in GC tissues, and
NBAT-1 overexpression markedly decreased the proliferative ca-
pacity of cancer cells, suggesting that NBAT-1 might act as a tumor
suppressor in Gc.1©0

Exosomes are membrane vesicles and can be found in serum,
plasma, urine, and other body fluids.** LncRNAs are found in circu-
lating exosomes and might be used as candidate biomarkers for the
detection and prognosis prediction of cancers.*? For instance, the
expression of serum exosomal INcRNA PCSK2-2:1 was significantly
reduced in patients with GC, and downregulation of serum exosomal
IncRNA PCSK2-2:1 was associated with adverse clinical parameters
of GC.B® Similarly, serum exosomal Inc-GNAQ-6:1 level was lower in
GC patients and exhibited good performance for discriminating GC
patients from healthy volunteers.**

Myocardial infarction associated transcript (MIAT) was first
identified as a IncRNA in 2006 and mapped to human chromosome
12q12.1.35 MIAT was upregulated both in GC tissues and cell lines.
In vitro and in vivo analyses revealed that MIAT downregulation
significantly suppressed the oncogenic activities of GC cells.?¢Y
However, the potential clinical value of circulating exosomal MIAT in
GC remained unclear. In this study, we first detected serum exoso-
mal MIAT levels in GC patients, and then, the correlations between
serum exosomal MIAT expression and the prognosis of GC were fur-

ther evaluated.

2 | MATERIALS AND METHODS
2.1 | Patients and serum collection

A total of 109 patients with GC, 48 patients with gastric adenoma,
and 50 healthy volunteers were enrolled in this study. Of all 109
GC cases, 81 were males and 28 were females. None of these cases
have received prior treatment before first-time blood sampling. The

pathological staging of GC was assessed according to the seventh

edition of the Union for International Cancer Control (UICC) tumor-
node-metastasis (TNM) staging system. The exclusion criteria for
GC were as follows: (a) with a secondary malignancy, (b) presence
of severe heart disease such as acute myocardial infarction, arrhyth-
mia, and heart failure, and (c) presence of systemic diseases such
as liver failure, multiple organ dysfunction syndrome, and chronic
kidney disease. The clinical characteristics of GC patients were sum-
marized in Table 1. No patient was lost to follow up. The follow-up
time of GC patients ranged from 2.3 to 60.0 months with average
of 44.1 + 20.3 months. A total of 5 mL venous blood was drawn
from each participant. The blood samples were then centrifuged at
3000 g for 10 minutes at room temperature, and the supernatant
was collected and stored at —~80°C. This study was approved by the
Ethics Committees of Affiliated Hospital of North Sichuan Medical
College. Written informed consents were collected from all partici-

pants or their relatives.

2.2 | Isolation of exosomes

Exosomes were isolated from the serum samples using the ExoQuick
Exosome Precipitation Solution (System Biosciences) according to
the manufacturer's instructions. Briefly, followed by thawing on ice,
the serum was centrifuged at 3000 g for 10 minutes and filtrated
with a 0.22 pm syringe filter (Millipore) to eliminate possible cell
debris. Then, the supernatant was mixed with 125 pL ExoQuick
reagent, and the mixture was incubated at 4°C for 30 minutes. The
exosomes were pelleted by centrifuging the mixture at 1500 g for
30 minutes. The pellets containing exosomes were resuspended in
phosphate-buffered saline (PBS) and stored at -80°C for further

experiments.

2.3 | Western blot

Protein samples (20 ug) were separated on 8%-12% sodium dodecyl
sulfate polyacrylamide gel and transferred onto polyvinylidene dif-
luoride (PVDF) membranes. Followed by blocking with 5% non-fat
milk in TBST for 1 hour at room temperature, the membranes were
probed with primary antibodies of CD63 (Abcam), TSG101 (Abcam),
and Flotillin-1(Abcam) in the cold room overnight. Followed by wash-
ing three times in TBST, the membranes were incubated with appro-
priated secondary antibodies for 1h at room temperature. The blots
were visualized by SuperSignal™ West Pico PLUS Chemiluminescent

Substrate (Thermo Fisher Scientific, Inc).

2.4 | Total RNA extraction and quantitative real-
time reverse transcription-polymerase chain reaction
(QRT-PCR)

Total RNA was isolated from serum samples using mirVana™ miRNA

Isolation Kit (Ambion). Reverse transcription was performed with
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TABLE 1 Relationship of serum
exosomal IncRNA MIAT expression and
clinical variables of GC

Variables

Gender
Male
Female
Age (y)
<60
260
Tumor size (cm)
<5
25
Invasive depth
T1/T2
T3/T4
Distant metastasis
Negative
Positive
Differentiation
Well/moderate

Poor

Lymphatic metastasis

Negative

Positive
TNM stage

171

/v

TagMan MicroRNA Reverse Transcription Kit (Applied Biosystems).
Amplification and detection of serum exosomal MIAT were per-
formed using SYBR® Premix Ex Tag™ Il (Takara) with the 7500
real-time RT-PCR system (Applied Biosystems). The gRT-PCR
was performed under the following reaction condition: 95°C
for 30 seconds, followed by 40 cycles of 95°C for 5 seconds and
60°C for 34 seconds. The relative serum exosomal MIAT expres-
sion was subsequently calculated using the 2742 method, and
cel-miR-39 was used as an external control. Primers were listed

as follows: MIAT forward: 5-GGACGTTCACAACCACACTG-3,
MIAT reverse: 5-TCCCACTTTGGCATTCTAGG-3"; cel-miR-39
forward: 5'-CAGAGTC-ACCGGGTGTAAAT-3', cel-miR-39

reverse:5'-CCAGTGCGTGTCGTGGAGTC-3".

2.5 | Statistical analysis

Statistical analyses were performed with GraphPad Prism 5.0
(GraphPad Software, La Jolla, CA, USA) and MedCalc 9.0 (MedCalc
Software Inc). The difference of serum exosomal MIAT expression
levels in different groups was analyzed by Kruskal-Wallis test. The
chi-square test was performed to determine the associations be-
tween serum exosomal MIAT and the clinicopathological variables.

Receiver operating characteristic (ROC) curve and the area under the

WILEY-27

Total Low IncRNA MIAT High IncRNA MIAT P-value
81 43 38 .3507
28 12 16
56 30 26 .5041
53 25 28
50 29 21 1472
59 26 33
65 36 29 2112
44 19 25
93 50 43 .0962
16 5 11
64 38 26 .0264
45 17 28
35 26 9 .0006
74 29 45
44 34 10 <.0001
65 21 44

curve (AUC) were used to assess the diagnostic accuracy of serum
exosomal MIAT. Overall survival (OS) was defined as the time from
diagnosis until the date of death or last follow-up. Relapse-free sur-
vival (RFS) was defined as the time from diagnosis until the date of
relapse or death or last follow-up. OS and RFS rates were calculated
by the Kaplan-Meier method with the log-rank test. Multivariate Cox
regression analysis was used to assess the independent prognostic
factors for OS P value <.05 was considered statistically significant.

3 | RESULTS

3.1 | Serum exosomal MIAT was upregulated in GC

Our Western blot results demonstrated that the exosomes we ex-
tracted from the serum samples were positive for exosome markers
including TSG101, CDé63, and Flotillin-1. However, no or weak signal
was detected in the supernatant samples (Figure 1A). As shown in
Figure 1B, the expression level of serum exosomal MIAT was mark-
edly higher in GC patients than in gastric adenoma patients (P <.001)
and healthy controls (P < .001). In addition, serum exosomal MIAT
level was higher in patients with gastric adenoma than in healthy
volunteers (P = .011). Moreover, ROC curve analysis revealed that

serum exosomal MIAT well-discriminated GC patients from healthy
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FIGURE 1 Serum exosomal MIAT levels were upregulated in GC. A, Our Western blot results demonstrated that the exosomes we

extracted from the serum samples were positive for exosome markers including TSG101, CD63, and Flotillin-1. B, Serum exosomal MIAT
levels were significantly higher in GC patients than in gastric adenoma patients and healthy controls. C, ROC analysis showed that serum
exosomal MIAT well-identified GC patients from healthy controls and gastric adenoma patients. D, Gastric adenoma patients with higher

serum exosomal MIAT expression were more prone to progress into GC
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FIGURE 2 High serum exosomal MIAT was correlated with aggressive clinical variables. A, Increased serum exosomal MIAT levels were
found in GC patients with poorly differentiated tumor grade. B, The GC patients with positive lymph node metastasis had higher serum
exosomal MIAT levels. C, The GC patients at the advanced stage had higher serum exosomal MIAT levels

controls (AUC = 0.892) and GC patients from gastric adenoma pa-
tients (AUC = 0.787, Figure 1C).

All gastric adenoma patients were divided into two subgroups
using the median value of serum exosomal MIAT levels. As presented
in Figure 1D, gastric adenoma patients in the high serum exosomal
MIAT subgroup suffered a significantly higher risk to progress into
GC (10/24) than those in the low serum exosomal MIAT subgroup
(3/24).

3.2 | High serum exosomal MIAT was correlated
with aggressive clinical variables

Then, the associations between serum exosomal MIAT levels and
clinical variables were further investigated, and the median value of
serum exosomal MIAT levels was used to classify all GC patients into
high serum exosomal MIAT expression group (n = 54) and low serum

exosomal MIAT expression group (n = 55). The results demonstrated
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that high serum exosomal MIAT was strongly associated with dif-
ferentiation (P = .0264), lymphatic metastasis (P = .0006), and TNM
stage (P < .0001). However, there were no significant associations
of serum exosomal MIAT expression with gender (P = .3507), age
(P = .5041), tumor size (P = .1472), invasive depth (P = .2112), and
distant metastasis (P = .0962) (Table 1). In addition, GC patients with
poorly differentiated tumor grade (P = .001), or with lymph node
metastasis (P < .001), or at the advanced stages (P < .001) had sig-
nificantly higher serum exosomal MIAT levels than those with well/
moderate differentiated tumor grade, or without lymph node metas-
tasis, or at the early stages (Figure 2A-2C).

3.3 | Changes in serum exosomal MIAT level
before and after treatment

The serum exosomal MIAT levels in paired blood samples from all
109 GC patients were compared before and 1 month after treat-
ment. As showed in Figure 3A, serum exosomal MIAT levels were
significantly decreased in the post-treatment samples (P < .001). A
total of 57 cases relapsed during the follow-up. Interestingly, serum
exosomal MIAT levels were also markedly downregulated in these
relapsed cases one month after treatment. However, the levels of
serum exosomal MIAT were significantly increased at the timepoint
of relapse. (P < .001, Figure 3B). As presented in Figure 3C, GC

z

P<0.001

At diagnosis

©  One month after treatment

Relative serum exosomal MIAT
e

All GC cases

WILEY->7

patients in the high serum exosomal MIAT subgroup had a higher
recurrence rate (36/54) than those in the low serum exosomal MIAT
subgroup (21/55).

3.4 | GC patients with higher serum exosomal MIAT
suffered shorter OS and RFS

The survival analysis showed that the GC patients in high serum exo-
somal MIAT expression group had shorter OS than those in low-high
serum exosomal MIAT expression group (P = .022, Figure 4A). Similarly,
GC patients with higher serum exosomal MIAT levels suffered worse
RFS compared to those with lower serum exosomal MIAT levels
(P =.002, Figure 4B).

3.5 | Serum exosomal MIAT was an independent
prognostic factor for GC

The multivariate analysis showed that serum exosomal MIAT ex-
pression (HR = 3.46, 95% Cl = 1.46-5.69, P = .007), differentiation
(HR = 2.73, 95%CI| = 1.25-4.47, P = .014), lymphatic metastasis
(HR = 3.12, 95%Cl = 1.37-5.18, P = .011), and TNM stage (HR = 4.07,
95%Cl = 1.62-6.72, P = .002) were independent prognostic factors
for GC (Table 2).

(B)
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< 107 P<0.001
= P<0.001 O One month after treatment
= <0.
g 8 o Atrelapse time
o
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== Non-relapse cases (n=34)

Low serum exosomal MIAT group

FIGURE 3 Changesin serum exosomal MIAT level before and after treatment. A, Serum exosomal INcRNA MIAT levels were significantly
decreased one month after treatment. B, For patients with recurrence, serum exosomal MIAT levels were significantly decreased one month
after treatment, while markedly increased when experiencing relapse. C, GC patients with higher serum exosomal IncRNA MIAT expression

had higher risk of recurrence
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FIGURE 4 The association between
serum exosomal MIAT level and survival
of GC. A, GC patients in the high

serum exosomal MIAT group suffered
significantly shorter OS than those in the
low serum exosomal MIAT group. B, GC
patients in the high serum exosomal MIAT
group had worse RFS than those in the
low serum exosomal MIAT group

—i— Low serum exosomal MIAT group
=i— High serum exosomal MIAT group
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4 | DISCUSSION

GC is one of leading cause of cancer-related deaths worldwide and
monitoring the progression of GC effectively is useful for reducing
morbidity and mortality. To the best of our knowledge, this is the
first report to analyze prognostic significance of serum exosomal
MIAT in GC. The results showed that the exosomes we extracted
from the serum samples were positive for exosome markers. Serum
exosomal MIAT expression was significantly higher in GC patients.
In addition, serum exosomal MIAT well-differentiated GC cases from
gastric adenoma patients and healthy controls. Interestingly, gastric
adenoma patients with higher serum exosomal MIAT expression
were more prone to progress into GC. Moreover, serum exosomal
MIAT levels were significantly decreased in post-treatment blood
samples compared to pre-treatment samples. Furthermore, serum
exosomal MIAT upregulation was correlated with worse clinical vari-
ables and shorter OS/RFS. Finally, serum exosomal MIAT was iden-
tified as an independent prognostic factor for OS in GC patients.
These data suggest that serum exosomal INcRNA MIAT might serve
as a promising diagnostic and prognostic biomarker for GC.

MIAT has also been widely reported to play a tumor-promoting
role in many other cancer types. For instance, MIAT was signifi-
cantly higher in breast cancer (BC) cell lines and high-grade tumors.
Reduced MIAT expression dramatically attenuated cancer cell pro-
liferation, inhibited epithelial-mesenchymal transition (EMT) and

TABLE 2 Multivariate Cox regression analysis for the
relationship between serum exosomal IncRNA MIAT and OS of GC
patients

Variables Hazard Ratio 95% Cl P-value

Differentiation

Poor vs Well/ 2.73 1.25-4.47 .014
moderate
Lymphatic metastasis
Positive vs Negative 3.12 1.37-5.18 .011
TNM stage
/v vs 1/11 4.07 1.62-6.72 .002

Serum exosomal IncRNA MIAT

High vs Low 3.46 1.46-5.69 .007

T 1
40 60

Months

stimulated apoptosis.t®? Upregulation of MIAT was found both in
colorectal cancer tissues and cell lines. Knockdown of MIAT mark-
edly suppressed the tumorigenesis through the miR-132/Derlin-1
axis.?’ MIAT was significantly elevated in non-small cell lung cancer
(NSCLC) compared to adjacent normal tissues. MIAT upregulation
was strongly correlated with aggressive clinical variables and worse
survival. MIAT inhibition dramatically suppressed the malignant be-
haviors of NSCLC cells and vice versa.?*?% MIAT was overexpressed
in melanoma tissue samples, and enforced MIAT expression signifi-
cantly promoted the oncogenic activities of cancer cells through the
PI3K/AKT signaling pathway.?* In hepatocellular carcinoma (HCC),
MIAT was highly expressed in HCC tissues than normal tissues.
MIAT overexpression or miR-214 inhibition markedly stimulated
HCC cell proliferation and invasion in vivo.? In osteosarcoma, MIAT
occurred more frequently in cancerous tissues, and MIAT suppres-
sion significantly inhibited cancer cell proliferation.?® Similarly, MIAT
upregulation was observed in both papillary thyroid cancer (PTC)
tissues and cell lines, and its overexpression was closely associated
with advanced tumor stage and lymph node metastasis. Reduced
MIAT expression remarkably restrained proliferation and invasion in
vitro and inhibited tumor growth in vivo.?”-?® Wang et al showed that
MIAT was significantly increased in acute myeloid leukemia (AML)
patients and cell lines. MIAT upregulation was correlated with unfa-
vorable clinical outcome of AML.?’

One limitation of our study was that the sample size was rela-
tively small, and large cohort studies are needed to confirm the di-
agnostic and prognostic efficacy of serum exosomal IncRNA MIAT
for GC. In addition, whether combination of the serum exosomal
IncRNA MIAT and currently known tumor biomarkers for GC con-
tribute to predicting survival and recurrence as well as monitoring
therapeutic responses warrants further exploration. Moreover, the
role of exosomal INncRNA MIAT in tumorigenesis of GC needs further

investigation.

5 | CONCUSSION
Taken together, our study has demonstrated that serum exoso-
mal IncRNA MIAT levels are abnormally upregulated in GC. High

serum exosomal IncRNA MIAT level is associated with aggressive
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clinical parameters and worse prognosis. Therefore, serum exoso-

mal IncRNA MIAT might serve as a promising novel biomarker for

monitoring the progression of GC.
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