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Abstract
Background This study aimed to explore the effect of serum miR-101-3p combined with pepsinogen (PG)
on early diagnosis of gastric cancer (GC).

Methods The peripheral blood was isolated from patients with atrophic gastritis (AG), GC and healthy
individuals respectively. RT-qPCR was used to detect the expression of miR-101-3p.
Electrochemiluminescence (ECL) was used to reveal the carcinoembryonic antigen (CEA) expression
level. Moreover, the expression of PGI and PGII was detected by ELISA. Furthermore, the area under the
receiver operating characteristic (ROC) curve (AUC) was used to analyze the diagnostic e�cacy of miR-
101-3p and PG in early GC patients, AG patients and healthy individuals.

Results There were signi�cant differences in the expression levels of miR-101-3p, PGI and PGI/II ratio
among groups (all P < 0.05). Serum miR-101-3p expression was correlated with process of invasion (P =
0.03). The miR-101-3p + PGI/II and miR-101-3p + PGI + PGI/PGII have higher diagnostic value (AUC) in
AG (all P < 0.05). Meanwhile, miR-101-3p + PGI, miR-101-3p + PGI/II and miR-101-3p + PGI + PGI/II have
higher AUC in GC (all P < 0.05). Moreover, miR-101-3p + PGI + PGI/II signi�cantly (P < 0.05) improved the
value of each indicator in individual diagnosis (sensitivity: 80.23, speci�city: 77.05)

Conclusions The miR-101-3p might take part in the progression of GC via in�uencing cell invasion.
Furthermore, miR-101-3p + PG might be used as a novel marker for clinical diagnosis of GC.

Background
Gastric cancer (GC), also known as stomach cancer, is the fourth most common malignant tumor and
remains the second leading cause of cancer-related death worldwide 1,2. Worldwide, GC newly occurred in
950,000 people and caused 723,000 deaths in one year 3. Early GC, whereby disease is limited to mucosa
and submucosa, confers a survival rate of greater than 90% in 5 years 4. Most patients with early GC
present with symptoms indistinguishable from benign peptic ulcer disease 5. Screening for this group of
patients improves detection rate of early GC and therefore its prognosis 6. Although several screening
approaches have been proposed, including indirect atrophy detection by measuring pepsinogen (PG) in
the circulation, none of them have so far been implemented, and more study data is required to justify
any implementation 7.

The diagnosis value evaluation of serological parameters including serum PGI, PGII and PGI/II ratio for
the screening atrophic gastritis (AG) and GC is bene�cial for the clinical diagnosis of early GC 8. A
previous study based on Electrochemiluminescence (ECL) indicates there is a signi�cant changes of
serum PGI and PGII levels in patients with both AG and GC 9. Actually, the variation in molecular level
contribute to the distinguish of AG and GC 10. Many microRNAs (miRNAs) are expressed aberrantly and
correlate with tumorigenesis, progression, and prognosis of various hematological and solid tumors such
as GC 11. The diagnostic value and mechanism of action of miRNA miR–101–3p has been proved in
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various cancers such as hepatocellular carcinoma 12 and bladder cancer 13. A previous study shows that
miR–101–3p can suppress the cell proliferation and migration in GC by regulation with certain target
gene 14. Interestingly, the combined role of serum miRNAs and PG expression has been proved in the
development of precancerous disease 15. The association of polymorphisms in miRNAs that target PG
with the risk and prognosis of GC has also been revealed in previous study 16. Although the association
between serum indicators such as miR–101–3p and GC has been motioned in previous studies, until
now, non-invasive methods for screening AG and GC are still lacking.

In this study, the peripheral blood was isolated from patients with AG, GC and healthy individuals
respectively. The expression of serum miR–101–3p, PGI, PGII, PGI/II ratio, as well as carcinoembryonic
antigen (CEA) were analyzed among AG, GC and healthy individuals by using quantitative reverse
transcription polymerase chain reaction (qRT-PCR), ECL and enzyme-linked immunosorbent assay
(ELISA). We hoped to explore the detail molecular mechanism of miR–101–3p + PG in the early
diagnosis of GC.

Methods

Patients and grouping
From January 2018 to November 2018, a total of 197 biopsy tissues were obtained from participants
undergoing gastroscopy in the Department of Digestion of our hospital. Among them, there were 50
cases in the normal control group (healthy individual without other tumors), 61 cases in the AG group and
86 cases in the early GC group. There was no history of special medication in the week before admission
(such as proton pump inhibitor and H2 receptor antagonist). All participants voluntarily signed the
informed notice. The current study obtained the approval (No: 2019136) of Ethics Committee of the
hospital (ethic vote 38/42).

The peripheral blood (10ml) from all participants was transferred to the heparin sodium tube (BD
Vacutainer, Franklin Lakes, NJ) and centrifuged immediately (1500 rpm, 30 minutes, 3000 rpm, 5 minutes
and 4500 rpm for lasting 5 minutes). Then plasma was stored at –80℃ until further treatment. The
result of miR–101–3p, PGI, PGI/II, and CEA detection was shown in Table 1, while the correlation between
miR–101–3p expression and GC baseline data was showed in Table 2. The results showed that serum
miR–101–3p expression was associated with depth of invasion (P = 0.0299), but not with age, gender,
and differentiation (P > 0.05).

RT-q PCR assay
Total RNA from 400 μl plasma sample of each group was extracted using mirVana PARIS kit (Ambion,
Austin, TX), while the concentration and purity of extracted RNA detected by UV spectrophotometer (Bio-
Rad, Hercules, CA, USA) and protein electrophoresis, followed by reverse-transcribed by the RT Kit
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(Vazyme, Nanjing, China) in accordance with manufacturers’ instructions. The qRT-PCR was performed
on LightCycler (Roche Diagnostics, Basel, Switzerland). By detecting miR–101–3p (F: 5’-
TGGGCTACAGTACTGTGATA–3’; R: 5’- TGCGTGTCGTGGAGTC –3’), the U6 (F: 5’-
CATTGCACTTGTCTCGGTCT –3’; R: 5’- GGTCCGAGGTATTCGCACT –3’) was used as reference. All
primers were synthesized by Sangon Biotechnology (Shanghai) Co., Ltd. The reaction conditions were as
follows: 94°C for 10 min, 40 cycles at 94 °C for 45 s, 60 °C for 45 s, 72 °C for 45 s. Fluorescence signals
were collected at the end points of each cycle extension, followed by the ampli�cation curve
investigation. Relative expression of candidate genes were calculated by 2-∆∆CT method 17.

ECL investigation
The expression of CEA was detected by Roche Cobas E601 electrochemiluminescent instrument. Brie�y,
the immunosensor was incubated in different concentrations of PAB at 37°C for 50 min. Then, the
electrodes were scanned from 0 to –1.7 V in 0.1 M PBS (pH 7.4) containing 0.1 M K2S2O8 and 0.1 M KCl,
followed by the measurement of ECL signals associated with the PAB concentrations (Scan rate: 100 mV
s–1) All operations were performed based on ECL kit provided by Roche (Switzerland) according to the
instructions. The detection threshold of CEA was 6.5ng/mL.

ELISA assay

The expression levels of PGI and PGII were determined by the H.pylori ELISA Kit (Shanghai Huitai Medical
Technology Company China). Optical density (OD) value at 450 nm were measured with the microplate
reader. The standard curves of OD value and concentration were drawn, and the concentration of the
sample was calculated according to the standard curve.

Statistical analysis
Data were analyzed using SPSS (version: 18.0, Chicago, IL, USA) and represented as the mean ± standard
deviation (SD). The receiver operating characteristics (ROC) curve was used to calculate the optimal
threshold value for each variable in the diagnosis of GC or AC, followed by the revealing the area under
the curve (AUC), diagnostic threshold value, diagnosis sensitivity and speci�city. The results were
visualized by Graphpad prism 7.0.

Results

The expression levels of serum miR–101–3p, PGI, PGI/II
and CEA
The ROC curves were used to evaluate the expression levels of miR–101–3p, PGI, PGI/PGII, and CEA
between normal (n = 50) vs. GA (n = 61) (Figure 1A), normal + GA (n = 111) vs. GC (n = 86) (Figure 1B), as
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well as GA (n = 61) vs. GC (n = 86) (Figure 1C). These results showed that despite of PGI and PGI/II
(sensitivity: 41.62%), miR–101–3p and CEA had certain diagnostic value in GC. Meanwhile, the
diagnostic value of each index was limited between GC and AG. Moreover, the sensitivity of PGI and
PGI/II was only 51.16 and 52.33% respectively, and the sensitivity and speci�city of miR–101–3p and
CEA were less than 80%. The detail information of each index between groups was listed in Table 3.

The diagnostic value of miR–101–3p combined with PG in
the of AG and GC
To further investigate the diagnostic value of these enrolled serum marker, an integrated ROC curve
analysis based on the combined ratio of miR–101–3p, PG1 as well as PGI/PGII was performed on AG
(Fig. 2A) and GC (Fig. 2B). The results showed that miR–101–3p + PGI/II and miR–101–3p + PGI + PGI/II
have higher diagnostic value (AUC) in AG (all P < 0.05). Despite of the lower diagnostic speci�city of PGI
+ PGI/II (speci�city: 64.86), the other three combinations have higher diagnostic value in GC (all P < 0.05).
It is worth noting that miR–101–3p + PGI + PGI/II was limited in diagnostic sensitivity (77.91%) among
groups. In the diagnosis of AG and GC, PGI + PGI/II, miR–101–3p + PGI and miR–101–3p + PGI/II were
mainly restricted to diagnostic sensitivity (all sensitivity < 60%). Moreover, miR–101–3p + PGI + PGI/II
signi�cantly (P < 0.05) improved the value of each indicator in individual diagnosis (sensitivity: 80.23,
speci�city: 77.05) (Figure 2C). The detail information of each index between groups was listed in Table 4.

Discussion
It is known to us that miRNA dysregulation promotes cell-cycle progression, confers resistance to
apoptosis, and enhances invasiveness and metastasis 18. As the translational regulators of tumor
suppressor or oncogenes, miRNAs are proved to be associated with GC and premalignant gastric
conditions including AG 19. The expressions of miRNAs are correlated with local tumor growth and are
signi�cant independent prognosticators of patient survival 20. A previous study shows that miR–148b
was down-regulated in GC and can be used as tumor suppressor via inhibiting cell proliferation 21. The
down-regulation of miR–218 has the potential to increase carcinogenesis, and it may be correlated with
the high transcriptional activity of nuclear factor kappa B 22. Deng et al. showed that the low-expression
of miR–195/378 block the tumor cell growth via taking part in the process of epigenetic regulation 23. As
a member of miRNAs, the miR–101–3p is down-regulated in cell proliferation and migration of
hepatocellular carcinoma cells 24. A previous study indicates that miR–101–3p could act as a target of
SNHG1 in non-small cell lung cancer and the inhibition of non-small cell lung cancer progression induced
by SNHG1 knockdown required the activity of miR–101–3p 25. Actually, the clinical value of miR–101–
3p in the progression of cancer is re�ected in the inhibition of cell invasion 26. Ma et al. showed that the
bladder cancer cell invasion could be inhibited via the induction of miR–101–3p 27. Liu et al. indicated
that the ectopic expression of miR–101–3p signi�cantly repressed the invasion and induced potent
apoptosis in Adenoid cystic carcinoma cell lines 28. In this study, the serum miR–101–3p was down-
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regulated in both AG patients and GC patients. Meanwhile, the correlation analysis between miR–101–3p
expression and clinicopathological data of GC patients showed that there was a closed relationship
between serum miR–101–3p expression and invasion. Thus, we speculated that miR–101–3p might
participate in the gastric deterioration process, and contribute to the cell invasion in GC.

The serum PG, a predictor for cancer, is commonly used for the clinical diagnosis of GC 29. Changes in
serum PG level can re�ect histological condition of gastric mucosa, which has a high diagnostic value for
AG and GC 30. A previous study shows that serum indicators including PGI and PGII can be effective and
e�cient in reducing GC mortality with the help of endoscopic surveillance 31. Actually, the combining of
serum PG and other indicators is successfully used for the prediction of GC development 32. A recent
diagnostic test PGI and combination with tumor marker CEA in 32 patients suspected with GC shows that
PGI + CEA can be used for diagnosis of GC from non-GC individual with sensitivity of 94.1% and
speci�city of 80% 33. Niu et al. indicates that there was a high diagnostic value of miR–92a combined
with PG in GC development 34. Liu et al. showed that the serum miRNAs including let–7c and let–7i take
part in the process of GC via the combination with PG 35. In the current study, the AUC analysis showed
that miR–101–3p + PG was differentially expressed among AG, GC and normal individuals. Moreover, the
sensitivity and speci�city analysis showed that there was a high sensitivity (80.23) and speci�city (77.05)
of miR–101–3p + PG in the diagnosis of early GC. Thus, we speculated that miR–101–3p combined with
PG might be used as a potential marker for early diagnosis of GC.

Conclusions
In conclusion, miR–101–3p might participate in the gastric deterioration process, and contribute to the
cell invasion in GC. Moreover, miR–101–3p combined with PG might be used as a potential marker for
early diagnosis of GC.
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Figures

Figure 1

ROC curve of serum mi-101-3p, Pepsinogen I, P Pepsinogen I/Pepsinogen II and carcinoembryonic
antigen in patients with atrophic gastritis and gastric cancer. A, the ROC for each index between normal
and AG. B, the ROC for each index between normal and GC. C, the ROC for each index between AG and
GC. ROC curve analysis on each set of data was performed based on GraphPad Prism 7.0. P < 0.05 was
considered as statistically signi�cant.
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Figure 2

The value of serum miR-101-3p combined with Pepsinogen in the diagnosis of patients with atrophic
gastritis and gastric cancer. A, The ROC curve for miR-101-3p combined with PG in normal vs. AG. B, the
ROC curve for miR-101-3p combined with PG in normal vs. GC. C, the ROC curve for miR-101-3p combined
with PG in AG vs. GC. ROC curve analysis on each set of data was performed based on GraphPad Prism
7.0. P < 0.05 was considered as statistically signi�cant.
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