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Abstract
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Background: Currently, there are no circulating diagnostic biomarkers for gastric neuroendocrine neoplasms
(g-NENs). In previous studies, we found that miRNA-202-3p is overexpressed in the tumour tissue of type 1 g-NEN. We
speculated that miRNA-202-3p is also likely to be highly expressed in circulating blood.

Methods: A total of 27 patients with type 1 g-NEN and 27 age- and sex-matched control participants were enrolled
in this study. The miRNA-202-3p levels in serum obtained from the participants were measured by gRT-PCR. The
expression level of miRNA-202-3p in the samples was calculated by comparison with a standard curve.

Results: The clinical characteristics of the patients were similar to those of the patient samples in previous reports.
Expression of miRNA-202-3p was significantly higher in the patient group (3.84 x 107 copies/nl) than in the con-
trol group (0.635 x 107 copies/nl). The area under the ROC curve (AUC) was 0.878 (95% Cl: 0.788-0.968), and the
optimal cut-off point was approximately 1.12 x 107 copies/nl. The sensitivity and specificity were 88.9% and 77.8%,

Conclusion: This study suggests that miRNA-202-3p is potentially useful as a biomarker of type 1 g-NEN; further
investigation and verification should be performed in future research.
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Background

Gastric neuroendocrine neoplasms (g-NENs) are rare
malignancies that are mainly derived from enterochro-
maffin-like (ECL) cells [1]. According to the WHO clas-
sification, well-differentiated g-NENs derived from ECL
cells can be divided into types 1, 2 and 3 [2, 3]. Among
them, type 1 g-NEN is related to chronic atrophic gastri-
tis with hypergastrinemia and achlorhydria.
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Due to the lack of specific symptoms of NENS, circulat-
ing biomarkers can be of significant diagnostic value. At
present, serum chromogranin A (CgA) is the biomarker
that is most widely used to determine tumour burden and
to monitor response to treatment in patients with NENs.
Unfortunately, CgA has a relatively high false negative
rate and is poorly associated with disease severity [4].

MicroRNAs (miRNAs) are small, non-coding RNAs
that participate in posttranscriptional regulation either
by repressing mRNA translation or by promoting mRNA
degradation [5]. Dysregulated miRNAs have been linked
to various tumours and can play pro-oncogenic and anti-
oncogenic roles in different diseases [6, 7]. Circulating
miRNAs, which are present in cell-free body fluids such
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as urine, saliva, plasma and serum, have been gaining
attention as tumour biomarkers in recent years. The lev-
els of serum miRNAs have been shown in many studies
to differ in NEN patients and control participants. Some
miRNAs were reported to be upregulated (e.g., miRNA-
200a, miRNA-21-5p and miRNA-22-3p in small bowel
NENSs [8, 9]), while others were shown to be downregu-
lated (e.g., miR-150-5p in small bowel NENs [9] and
miR-886-3p in small cell lung cancer (SCLC) [10]). How-
ever, studies focusing on miRNAs in patients with type
1 g-NEN are rare. The only published article on this sub-
ject investigated miR-222 but did not discuss its poten-
tial diagnostic value based on area under the ROC curve
(AUCQ), sensitivity or specificity [11].

In previous studies [12], we found that miRNA-202-3p
is overexpressed in the tumour tissue of type 1 g-NEN.
Considering that type 1 g-NEN tumour tissue is rich in
blood supply [13], the aim of this study was to determine
whether miRNA-202-3p is highly expressed in the circu-
lating blood of patients with type 1 g-NEN.

Materials and methods

Materials

A cohort of 27 patients who had been diagnosed with
type 1 g-NEN and hospitalized at the Department of Inte-
grative Oncology of the China-Japan Friendship Hospital
between January 2018 and January 2019 and 27 age- and
sex-matched control participants were enrolled in this
study. The inclusion criteria for type 1 g-NEN patients
were based on the 2016 NCCN guidelines [14]. Briefly,
they were as follows: (1) a clear pathological diagnosis of
a well-differentiated g-NEN and (2) presence of all of the
following clinical characteristics of type 1 g-NEN: hyper-
gastrinemia, achlorhydria, and chronic atrophic gastritis.
A 2-ml blood sample was obtained from each patient and
from each control participant. The samples were centri-
fuged (5000 rpm for 15 min at 4 °C), and the serum was
extracted, transferred to RNase-free tubes, and stored
at—80 °C for the following experiments. To investigate
the characteristics of the patients in more detail, gastros-
copy and pathology were performed after the collection
of blood samples. Specifically, if a polyp was found by
gastroscopy, biopsy and pathological examination were
performed. However, since patients were included in
the study during their follow-up, some patients had no
tumours in the stomachs (which had been removed dur-
ing the previous treatment). In this situation, two pieces
of mucosa were taken from the stomach body for patho-
logical examination.

Total RNA extraction
Total RNA was extracted from the serum samples using
the miRNeasy Serum/Plasma Kit (Qiagen, Germany).
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Each 200-pl serum sample was thoroughly mixed with
1 ml QIAzol, and the mixture was incubated for 5 min
at room temperature. Then, 200 ul of chloroform was
added, the sample was vigorously shaken by hand for
15 s, and the mixture was centrifuged at 12,000 rpm for
15 min at 4 °C. The supernatant was transferred to a
new tube, and 1.5 volumes of 100% ethanol were added
to the tube. After mixing, the samples were transferred
to an RNeasy MinElute spin column and centrifuged at
8000 rpm for 15 s at 4 °C. The RNeasy MinElute spin col-
umn was washed sequentially with Buffer RWT, Buffer
RPE and 75% ethanol. The sample was then centrifuged
at maximum speed for 5 min at 4 °C. Finally, the RNA
pellet was dissolved in 14 pl DEPC-treated water. RNA
quality was measured using the NanoDrop One (Thermo
Fisher Scientific, USA).

cDNA synthesis

Reverse transcription was performed using the TagMan®
Advanced miRNA c¢DNA Synthesis Kit. All procedures
were performed according to the TagMan® Advanced
miRNA Assays User Guide. First, the miRNA molecules
were polyadenylated by poly(A) polymerase. Second,
the adaptor ligation reaction was performed. Third, the
miRNA molecules were reverse-transcribed into cDNA
using oligo-dT primers and reverse transcriptase (RT).
Finally, 5 uL of the RT reaction product was used to per-
form the miR-Amp reaction.

Quantitative real-time PCR

When the RT reactions had been completed, quantita-
tive real-time PCR (qRT-PCR) was performed using the
TagMan® Advanced miRNA Assay Kit (Thermo Fisher
Scientific, USA). A 1:10 dilution of the cDNA template
was prepared. For a 20-pL reaction, 10 pL of TagMan®
Fast Advanced Master Mix (2X), 1 pL of TagMan®
Advanced miRNA Assay (20X), 4 uL of RNase-free water
and 5 pL of the diluted cDNA template were combined.
PCRs were conducted in a Quant Studio 5 (Thermo
Fisher Scientific, USA). The reactions were incubated in
a 96-well plate at 95 °C for 20 s, followed by 40 cycles of
95 °C for 1 s and 60 °C for 20 s. RT-PCR was performed
in triplicate, and the average values after discarding any
outliers (>2 standard deviations) were used in the subse-
quent analyses.

Standard curve method

The standard curve method was used to obtain abso-
lute values in PCR. MiRNA-202-3p (5-AGAGGTATA
GGGCATGGGAA-3') was synthesized (Gene Pharma,
Shanghai) and a known concentration of this miRNA was
serially diluted fourfold to generate standard solutions
at 6 different concentrations. The concentration and the
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number of molecules of the six gradient standards were
calculated as shown in the following table:

Standard Concentration Molecules (copies/nl)
(pmol/L)

ST 500 600,000,000

S2 125 150,000,000

S3 31.25 37,500,000

S4 7.81 9,375,000

S5 1.95 2,343,750

S6 0.49 585,937.5

The six gradient standards were reverse-transcribed at
the same time as the samples, and PCR was performed
in the same 96-well plate. Finally, the number of mol-
ecules in each sample was calculated by comparing the
ACt value with the standard curve. According to the
dilution procedure, the conversion formula for the final
unit was as follows: copy number=absolute quantita-
tive PCR x (total RNA concentration/5)/2; the units were
copies/nl.

Statistics

Each experimental data point was obtained from three
technical replicates. Continuous data are represented as
median quartile, and classification data are represented
as the percentage of use cases. The rank sum test and
the chi-square test were used to compare differences
between groups. Receiver operating characteristic (ROC)
curves and AUCs were determined to assess the diagnos-
tic ability of miRNA-202-3p in type 1 g-NEN, and the
cut-off value was calculated using the Jordan index. SPSS
20.0 software (SPSS, Chicago, IL) was used to perform
the statistical analyses, and p <0.05 was considered statis-
tically significant. The graphs were plotted by GraphPad
Prism V.5 software.

Results

Clinicopathological characteristics of the study population
The baseline characteristics of the type 1 g-NEN patients
and the control participants in this study are listed in
Tables 1, 2 and 3. Of the 27 patients, 6 were male (22.2%)
and 21 were female (77.8%), and the average age at diag-
nosis was 56 years (52 for men, 63 for women; age range,

Table 1 Clinical characteristics of type 1 g-NEN patients and
control participants

Variable Patient group Control group p
(n=27) (n=27)

Male/female (n/n) 6/21 6/21 -

Age (years) 56 (52,63) 52(50,57) 0.191
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Table 2 Patient condition at the time of diagnosis
Variable Patient group Rate (%) X+SE
(n=27)
Tumour grading -
G1 26 96.3 -
G2 1 3.7 -
CgA (ng/ml) 215.19453.63
>100 10 556 (n=18) -
<100 8 444 (n=18) -
Unknown 9 - -
Gastrin (pg/ml) 796.48 £99.47
>100 27 100 -
<100 0 0 -

Table 3 Endoscopic manifestations and pathological results for

27 patients
Variable Patient group Rate
(n=27) (%)
Tumour site
Gastric fundus and/or body 22 81.5
Gastric antrum 0 0
No polyps 5 18.5
Tumour number
Single tumour 4 14.8
Multiple tumours 18 66.7
No polyps 5 18.5
Maximum tumour diameter (cm)
<1 19 70.3
1-2 3 1.1
>2 0 0
No polyps 5 18.5
Depth of tumour invasion
Mucosal layer 20 74.1
Submucosal layer 2 74
No polyps 5 18.5
Tumour morphology
Polyp or protuberance 22 81.5
No polyps 5 18.5
Pathological results
Chronic inflammation 6 222
Hyperplasia 11 40.7
Dysplasia 2 74
Tumour 8 296
OLGIM stage
Stage 0 18 66.7
Stage | 6 222
Stage Il 3 1.1
Stage Il 0 0
Stage IV 0 0
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27-78). Of the 27 control participants, 6 were male
(22.2%) and 21 were female (77.8%), and the average
age was 52 years (50 for men, 57 for women; age range,
45-67). There were no significant differences between
the ages of the type 1 g-NEN patients and those of the
control participants.

Regarding the patients’ condition at the time of diag-
nosis (Table 2), the pathological grades were tumour
G1 (96.3%, 26/27) and G2 (3.7%, 1/27), all patients had
a serum gastrin levels higher than the reference range
(100 pg/ml), 55.6% (10/18) of the patients had serum
CgA levels higher than the reference range (100 ng/ml).

For endoscopic features this time (Table 3), the main
manifestations were polyps or protuberances of the fun-
dus and/or body of the stomach (81.5%, 22/27); 66.7%
(18/27) of the patients had multiple lesions, and 70.3%
(19/27) had tumour less than 1 c¢cm in diameter. The
endoscopic ultrasound investigation results showed that
the lesions were mainly located in the mucosa (74.1%,
20/27), and the pathological results indicated chronic
inflammation (22.2%, 6/27), hyperplasia (40.7%, 11/27),
dysplasia (7.4%, 2/27) and tumour (29.6%, 8/27). OLGIM
(operative link for gastric intestinal metaplasia assess-
ment) stages 0, I, and II, but not III or IV, were repre-
sented among the patients.

MiRNA-202-3p levels in the sera of control participants

and patients with type 1 g-NEN

We quantified the expression of miRNA-202-3p in the
serum of 27 control participants and 27 patients with
type 1 g-NEN. The expression levels of miRNA-202-3p in
serum are listed in Table 4. As shown in Fig. 1, expression
of miRNA-202-3p was significantly higher (p<0.001)
in the patient group (3.84x 10’ copies/nl (range
1.36 x 10’—14 x 107 copies/nl)) than in the control group
(0.635x 10" copies/nl (range 0.297 x 10'-1.09 x 10’
copies/nl)).

Diagnostic specificity and sensitivity of miRNA-202-3p

in type 1 g-NEN

To further explore the suitability of using miRNA-202-3p
as a potential diagnostic biomarker for type 1 g-NEN,
we performed ROC curve analysis. The results indicated
that miR-202-3p showed moderate power to differentiate
type 1 g-NEN patients from control participants (Fig. 2).

Table 4 miRNA-202-3p levels in the sera of control participants
and in patients with type 1 g-NEN

miRNA-202-3p Patient group Control group p
(copies/nl) (copies/nl)

Mean 9.22 % 10’ 0.867 x 107 0.000

Median 384 %10 0.635 x 10’
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Fig. 1 Expression of miRNA in serum from type 1 g-NEN patients
and control participants. Patients type 1 g-NEN patients; CON control
participants

The AUC was 0.878 (Fig. 2). The 95% confidence interval
for miRNA-202-3p was 0.788 ~0.968, the optimal cut-off
point was approximately 1.12 x 107 copies/nl, and the
sensitivity and specificity were 88.9% and 77.8%, respec-
tively, as shown in Table 5.

ROC curve: ROC of miR-202-3p
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Fig. 2 Receiver operating characteristic curves for the diagnostic
accuracy of miRNA-202-3p
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Table 5 Characteristics of miRNA-202-3p expression in type
1 g-NEN patients based on the optimal cut-off point

miRNA- Cut-off point Sensitivity Specificity Youden
202-3p (copies/nl) index

1.12% 107 0.889 0.778 0.667
Discussion

Type 1 g-NEN has long been considered a rare dis-
ease, and few studies have been performed. However,
in recent years, the incidence of all NENs has increased
sharply due to increased diagnostic testing. The annual
age-adjusted incidence of all NENs was 1.09 per 100,000
persons in 1973, and it had increased to 6.98 per 100,000
persons by 2012 [15]. The proportion of g-NENs among
all NENs in the United States, Austria and Mainland
China was 6% [16], 23% [17], and 29.6% [18], respectively.
Type 1 g-NEN is the most common type of g-NEN and
accounts for approximately 35.7% of g-NENs [2].

Type 1 g-NEN arises in patients who have autoimmune
atrophic gastritis, which causes atrophy and reduces
the number of acid-secreting gastric parietal cells. This
leads to achlorhydria and corresponding symptoms such
as bloating, indigestion, and constipation [19]. Never-
theless, most patients with type 1 g-NEN lack typical
symptoms, and a large number of them have no obvious
clinical symptoms [20—22]. For this reason, type 1 g-NEN
is often accidentally discovered during gastroscopy. Gas-
troscopic examinations are invasive and have not been
widely popularized. Therefore, there is an urgent need to
develop novel non-invasive tests for type 1 g-NEN.

The results of this study showed that serum miRNA-
202-3p levels were significantly elevated in type 1 g-NEN
patients compared to control participants (p<0.001).
The AUC was 0.878 (95% CI: 0.788 ~0.968), indicating
that serum miRNA-202-3p level may be a potential bio-
marker for type 1 g-NEN. Analysis of the results showed
that the gastroscopic findings for the patients in this
study were consistent with the typical manifestation of
type 1 g-NEN. Most patients had multiple tumours less
than 1 cm in size, and the pathology grade was G1 or G2.
However, serum miRNA-202-3p levels in patients with
different pathologies and different gastroscopic findings,
including polyp size, number of polyps and OLGIM state,
had no significant stratified diagnostic value. This may be
due to the limited number of samples.

MiRNA-202 is located at 10q26 (position 135,061,015
-135,061,124 on chromosome 10), and its mature single-
stranded miRNA sequence is 5-UUCCUAUGCAUA
UACUUCUUUG-3' [23]. Although miRNA-202 belongs
to the let-7 family, a well-known cancer-suppressing fam-
ily, in recent years some studies have reported that it has
carcinogenic potential in certain types of tumours such
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as endometrial cell proliferation, multiple myeloma,
prostate cancer, breast cancer and intestinal gastric carci-
noma [24-28]. In our previous studies, miRNA-202 was
also found to be upregulated in type 1 g-NEN [12].
Circulating miRNAs can be detected in serum and in
other body fluids and are used as biomarkers of many
kinds of tumours [28-31]. The stability of miRNAs in
clinical serum samples raises important and intriguing
questions regarding the mechanism by which miRNAs
are protected from endogenous RNase activity. One
hypothesis is that some miRNAs are packaged inside
exosomes that are secreted from cells. MiRNA-202-3p,
which is highly expressed in type 1 g-NEN tumour
tissue, may enter the blood through exosomes in this
manner. In addition, because type 1 g-NEN is an endo-
crine tumour, its tumour tissue has a typical endocrine
organ-like structure with a dense vascular network and
abundant blood flow [13]. It can be speculated that
this is one of the causes of elevated serum miRNA-
202-3p levels in patients with type 1 g-NEN. Other
possible explanations include protection via asso-
ciation with other molecules (RNA-protein complex
such as AGO2) or modifications of the miRNAs that
make them resistant to RNase activity [32]. Additional
studies that explore these hypotheses are needed.
Technological advancements have made it possible to
quantify miRNAs with accuracies comparable to those
for more traditional RNAs [33]. In this study, absolute
(standard curve) quantification of RT-PCR products
was used to measure the expression of miRNA-202-3p
in serum. This method provides a good basis for fur-
ther transition of miRNA-202-3p assessment into clini-
cal testing in the future. However, the current research
has some limitations. The most important limitation
is that although serum miRNA-202-3p levels showed
potential diagnostic value for type 1 g-NEN, the power
of this miRNA as a diagnostic biomarker is moderate.
Application of miRNA-202-3p in the clinic may require
the integration of additional miRNAs to achieve higher
diagnostic value, and this remains to be studied fur-
ther. It should be noted that in some of the patients
in our study, gastric tumours were present during the
blood tests, whereas other patients had only neuroen-
docrine cell hyperplasia because the tumours had been
removed. Therefore, further studies are needed to dis-
tinguish whether miRNA-202-3p is a biomarker of neu-
roendocrine cell hyperplasia or a specific biomarker
of neuroendocrine tumours. In addition, the results of
our experiments should be validated in a larger cohort
to eliminate any errors that may have arisen due to
the small cohort size. Future work could investigate
additional potentially diagnostic miRNAs that could
be used to develop a joint detection method such as
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Netest, an NEN detection algorithm featuring 51 genes
[34].

Conclusion

In conclusion, our results demonstrate increased serum
miRNA-202-3p levels in patients with type 1 g-NEN, which
has potential diagnostic value, with acceptable sensitivity
and specificity. The results suggest that miRNA-202-3p has
potential value as a biomarker of type 1 g-NEN and that it
may provide a novel non-invasive strategy for diagnosing
this disease.
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