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Abstract

Mixed-type gastric adenocarcinoma (by Lauren Classification) has poor clin-
ical outcomes with few targeted treatment options. The primary objective of
this study was to find the prognostic factors, accurate treatment approaches,
and effective postoperative adjuvant therapy strategies for patients with mixed-
type gastric adenocarcinoma (GA). A microRNA sequencing data set and the
corresponding clinical parameters of patients with gastric cancer were ob-
tained from The Cancer Genome Atlas. Differentially expressed microRNAs
(DEMs) of diffuse- and intestinal-type GA were, respectively, determined.
Kaplan-Meier and log-rank tests were subsequently carried out to evaluate the
prognostic relevance of each DEM. To study the common factors between
diffuse- and intestinal-type GA, a pathway enrichment analysis was performed
on the target genes of identified DEMs using the PANTHER database. After
data preprocessing, we analyzed a total of 230 samples from 210 patients with
GA. Eighty-six DEMs in diffuse-type GA samples and 59 DEMs in intestinal-
type GA samples were, respectively, identified (p 2.0). The Kaplan-Meier
survival method further screened out six prognosis-related DEMs for diffuse-
type GA and seven prognosis-related DEMs for intestinal-type GA (p < 0.05).
MiR-18a-5p was found to be the only common prognosis-related DEM be-
tween diffuse- and intestinal-type GA. The common signaling pathways fur-
ther revealed that target genes of miR-18a-5p are involved in mixed-type GA
progression. This study suggests that miR-18a-5p acts as a potential target for
treatment, and common signal pathways provide a rich basis to seek reliable
and effective molecular targets for the diagnosis, clinical treatment, and
postoperative adjuvant therapy strategy of mixed-type GA.
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1 | INTRODUCTION

Gastric cancer (GC) is important cancer worldwide
and is responsible for over 1,000,000 new cases in
2018 and an estimated 783,000 deaths, making it the
fifth most frequently diagnosed cancer and the third
leading cause of cancer death.' The outcomes are of-
ten poor with a less than 10% 5-year survival rate
globally.” Gastric adenocarcinoma (GA) forms the
majority (about 90%-95%) of GC and can be further
divided into diffuse- and intestinal-type GA according
to the Lauren classification.” The Lauren classifica-
tion is widely used in clinics around the world, and in
this classification system there may also be mixed-
type GA, made up of both diffuse- and intestinal-
type GA.’

Diffuse- and intestinal-type GA exhibit numerous
differences in etiology, pathology, and epidemiology."
The diffuse type occurs equally among men and women
and tends to develop at a younger age than the intestinal
type.”° This type of cancer usually affects the body of the
stomach and presents with a shorter duration and worse
prognosis compared with the intestinal type. Peritoneal
metastasis of diffuse GC, without easily recognized pre-
cursor lesions, is common.” By contrast, the intestinal-
type GA occurs more often in men than in women and
more often in older people. Tumor cells exhibit adhesion
and are arranged in tubular or glandular formations. This
type of GC is associated with lymphatic or vascular in-
vasion, affects the gastric antrum, and presents with a
longer course and better prognosis. Surgery is often used
to treat both diffuse- and intestinal-type GA. The type of
surgery depends mainly on the size and location of the
tumor. Gastrectomy is the most common surgery to treat
GC. Radiation therapy, chemotherapy, and targeted
therapy are effective supplemental treatments.” With
recent developments in molecular biology, an increasing
number of research projects have begun to investigate
methods to accurately predict the prognosis of GC, and to
develop more effective targeted therapy methods.’

MicroRNAs (miRNAs) are small noncoding RNA
molecules that regulate expression of different genes
by binding to mRNAs.'"'* An increasing number of
studies have found that miRNAs play an important
role in the occurrence and development of malignant
tumors, including the regulation of tumor cell pro-
liferation, differentiation, and apoptosis."”'* Many
previous studies have reported that miRNAs may be
used as diagnostic biomarkers in GC. Particular
miRNAs act as tumor suppressors or are oncogenic
and hence considered as biomarkers for early diag-
nosis and accurate prognosis of GC."”"'” Sandoval-
Bérquez et al.'® has demonstrated miR-335-5p is a
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potential suppressor of metastasis and invasion in GC.
Cao et al."” has revealed that mir-381 inhibits the
metastasis of Zhang et al.”’ has suggested a five-
miRNA signature (miR-20a, miR-106b, miR-135b,
miR-141, and miR-145) as a prognostic signature in
GC patients. Jiang et al.”' has demonstrated abnormal
expression of miR-421 in early stage GC as a diag-
nostic biomarker. Recent research had reported that
miR-18a-5p is highly expressed in renal cell
carcinoma,’” colon cancer,”’ esophageal cancer,”* and
liver cancer”” tissues. Further research suggested that
miR-18a-5p overexpression had a positive effect on
cell proliferation, migration, invasion, and inhibition
of apoptosis in these diseases.

However, research on miRNA in mixed-type GA
had not been reported yet. In addition, many previous
GA studies did not have an accurate distinction be-
tween —3p and —5p in miRNA analysis.”® Here, ma-
ture miRNA names were translated to the latest
miRBase version according to MIMAT-ID (accession),
and this study analyzed abnormal miRNA expression
and screened for DEMs associated with survival in
diffuse- and intestinal-type GA, respectively. The
common DEM suggested that miR-18a-5p (MIMAT-
ID: MIMATO0000072) overexpression is associated
with poor prognoses of patients with mixed-type GA.
Furthermore, the common signaling pathways re-
vealed that the target genes of miR-18a-5p are in-
volved in mixed-type GA progression. These results
may provide novel accurate treatment approaches and
effective postoperative adjuvant therapy strategies for
patients with mixed-type GA.

2 | MATERIALS AND METHODS

2.1 | TCGA-STAD data set preprocessing
The raw sequencing data and clinical parameters were
downloaded from The Cancer Genome Atlas (TCGA) data-
base (https://portal.gdc.cancer.gov/, TCGA-STAD project)
and handled by R (https://cran.r-project.org/, v3.5.1) pro-
gram. Studies have shown that diffuse-type GA has sig-
nificantly worse overall survival (OS) than intestinal-type
GA.”” Therefore, diffuse-type GA data and intestinal-type GA
data were separated according to Lauren classification and
then respectively analyzed. The inclusion criteria as follows:
(1) the samples have complete miRNA sequencing data,
clinical information, and prognostic parameters; (2) prog-
nosis follow-up time is more than 1 week; (3) excluding
patients with outlier survival times (Figure 1); (4) no patient
with cancer metastasis or other cancers; (5) no duplicate
patients and samples.


https://portal.gdc.cancer.gov/
https://cran.r-project.org/
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FIGURE 1 Box plots of survival time for gastric
adenocarcinoma patients

2.2 | Screening for differentially
expressed miRNAs (DEMs) associated
with survival

The miRNA expression profiles were normalized by log,
transformed, and the sequencing expression between GA
and adjacent normal tissues were then compared with
identify DEGs by limma (v3.42.0) package in R. Differentially
expressed miRNAs with log,/FClI>2.0 and p<0.05 were
considered to be significant. The R program was used to
merge data on the expression of DEMs and the corre-
sponding clinical survival time. For each DEM, patients were
effectively divided into high- and low-expression groups
using the median expression value. Subsequently, specific
DEMs associated with survival prognosis were determined
by log-rank test (p < 0.05).

2.3 | Target gene prediction and
signaling pathway enrichment analysis

The target genes of prognostic DEMs were predicted using
miRTarBase (http://mirtarbase.mbc.nctu.edu.tw, v7.0). miR-
TarBase™ is a more comprehensively annotated, experi-
mentally validated miRNA-target interactions database in
the field of miRNA-related research. It has analyzed related
articles from pubmed, integrated TargetScan,” and
miRanda™ for target gene prediction, and provides a more
updated collection by comparing with other similar, pre-
viously developed databases. Signaling pathway enrich-
ment analyses were performed for target genes using
PANTHER (Protein ANalysis THrough Evolutionary Re-
lationships, Annotation v14.1) on Gene Ontology (http://
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geneontology.org/). Fisher's exact test type and Bonferroni
correction (p < 0.05) for multiple testing were used, and
the p-value < 0.05 and Fold Enrichment > 2 were set as
the cut-off criteria. The common signaling pathways be-
tween diffuse- and intestinal-type GA were then obtained.
Eventually, the R program including the ggplot2 (v3.2.1)
package was used to convert the analysis results into vi-
sual images.

2.4 | Statistical analysis

All data processing and analyses in this study were handled
using the R platform (v3.5.1, https://cran.r-project.org/).
DEMs were screened using the limma package, which
downloads from Bioconductor (http://bioconductor.org/).
Survivors were defined as censored data and any cause of
death was defined as an event. Kaplan-Meier survival curves
were drawn by using the survival (v3.1-7) package and the
log-rank test was applied to compare the distribution be-
tween patient subsets. Univariate analyses between clinical
features and OS were compared using the log-rank test.
Hazard ratio (HR) and 95% confidence interval (CI) were
calculated from the Univariate Cox proportional hazards
regression model. All p values were bilateral and p <0.05
was considered statistically significant.

3 | RESULTS
3.1 | Preprocessing workflow
presentation

The raw miRNA expression data set and clinical information
of patients with GA were obtained from the TCGA database
website. The mature miRNA names were translated to the
latest miRBase version according to MIMAT-ID (accession).
Data preprocessing was performed for removing incomplete
data and noise data (Figure 2). Eventually, a total of 60
patients with diffuse-type GA samples (including 60 cancer
tissues and 8 matched normal tissues) and 150 patients with
intestinal-type GA samples (including 150 cancer tissues and
12 matched normal tissues) were enrolled in this study.
Clinical characteristics include age at diagnosis, gender, H
pylori infection, tumor status, lymph node status, Stage, and
microsatellite status were calculated by the R program
(Table 1). Furthermore, the association between clinical
characteristics and OS was evaluated by Univariate Cox re-
gression analysis (Table 2). The results showed that micro-
satellite status was significantly associated with OS
(p=.0175) in diffuse-type GA and tumor status was sig-
nificantly associated with OS (p=.0032) in intestinal-
type GA.
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FIGURE 2 Raw data preprocessing and
classification
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2) Tumor samples (n=60)
3) Normal samples (n=8)

Intestinal-type GC
1) Clinical information (n=150)
2) Tumor samples (n=150)
3) Normal samples (n=12)

TABLE 1 Clinical characteristics of gastric cancer patients

Diffuse type Intestinal type
Age at diagnosis
<median 31 78
>median 29 72
Gender
Female/male 22/38 47/103
H. pylori infection
No/Yes 27/5 90/9
NA 28 51
Tumor status
T1/T2/T3/T4 0/16/24/20 9/30/73/38
Lymph node status
NO/N1/N2/N3 62/45/29/35 40/33/42/31
NX+NA 1 4
Stage
I/11/II1/IV 5/21/31/1 19/40/81/8
NA 2 2
Microsatellite status
Mss 43 101
Msi-L/Msi-H 7/10 21/28

Note: Median age at diagnosis: Diffuse type is 61, Intestinal type is 68.

Abbreviation: NA, not available.

3.2 | Prognosis-related differentially
expressed miRNAs and target genes

We used the R program to compare gene expression levels in
tumor and normal tissues and identified DEMs in diffuse-
and intestinal-type GA samples. respectively (Figure 3A,B).
Fighty-six miRNAs in diffuse-type GA samples and 59
miRNAs in intestinal-type GA samples were identified as
DEMs (p <0.05 and log,FC>2). The volcano plots of these
DEMS in diffuse- and intestinal-type GA samples were vi-
sualized by the “plot” package in R. To identify the miRNAs
that would be potentially associated with overall survival of
diffuse- and intestinal-type patients, we evaluated the asso-
ciation between miRNAs expression and patients’ survival
using Kaplan-Meier curve and log-rank test. Six DEMs
(miR-18a-5p, miR-194-3p, miR-222-3p, miR-92a-1-5p, miR-
671-5p, miR-19a-3p) in the diffuse-type GA data set and se-
ven DEMs (miR-18a-5p, miR-141-3p, miR-552-5p, miR-188-
5p, miR-21-5p, miR-181b-3p, miR-500a-3p) in the intestinal-
type GA data set were identified as prognosis-related DEMs
(log-rank p < 0.05). All of these prognosis-related DEMs are
upregulated miRNAs and miR-18a-5p is the only common
miRNA between diffuse- and intestinal type GA
(Figure 3C,D). The results showed that patients in the miR-
18a-5p high-expression group have significantly worse OS
than patients in the miR-18a-5p low-expression group. Thus,
miR-18a-5p overexpression is associated with a poor prog-
nosis in both diffuse- and intestinal-type GA patients.
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TABLE 2 Univariate Cox regression

analysis in diffuse- and intestinal-type

HR (95% CI) p value HR (95% CI) p value GA patients
Age (>median vs.< median) 1.22 (0.63-2.34)  0.5602 1.17 (0.77-1.78)  0.4568
Gender (Female vs. Male) 1.08 (0.56-2.09) 0.8202 0.77 (0.49-1.2)  0.2494
Tumour status (T3+T4 1.08 (0.51-2.26) 0.8442  0.51 (0.32-0.8)  0.0032
vs. T14T2)
Lymph Node status (N1-2 vs. NO)  0.54 (0.25-1.18) 0.1223  0.83 (0.53-1.32) 0.4394
Clinical Stage (II + IVvs. I+ 1I) 0.71 (0.36-1.41)  0.3268 0.67 (0.44-1.02) 0.0592
Microsatellite Status (Mss vs. 2.41 (1.17-4.99) 0.0175 1.02 (0.66-1.59) 0.9195

Msi-1&h)

Note: Significant data are emphasized in bold.

Abbreviations: CI, confidence interval; GA, gastric adenocarcinoma; HR, hazard ratio.

3.3 | Signaling pathway enrichment
analysis and visualization

Next, enrichment analyses were, respectively, performed
on two target gene sets. Between diffuse- and intestinal-
type GA, the PANTHER pathways were significantly
enriched in seven common pathways (Table 3): P00038
(JAK/STAT signaling pathway), P00033 (Insulin/insulin-
like growth factor [IGF] pathway-protein kinase B sig-
naling cascade), PO0005 (Angiogenesis), P00052 (TGF-
beta signaling pathway), P06664 (Gonadotropin-releasing
hormone receptor pathway), P06959 (CCKR signaling
map), and P00006 (Apoptosis signaling pathway). The
signaling pathway enrichment analysis suggested that
the target genes of miR-18a-5p may be involved in these
pathways related to mixed-type GA. These underlying
molecular mechanisms provide a basis and strategy for
novel targeted therapy. Subsequently, the R program
including the ggplot2 package was used to convert the
enriched analysis data into visual images (Figure 4).

4 | DISCUSSION

A large number of miRNAs have been identified as reg-
ulators for a wide range of biological functions in human
cancers. In this study, we identified the DEMs of diffuse-
and intestinal-type GA, respectively, and further ana-
lyzed the prognosis of patients, and eventually revealed
that miR-18a-5p is the only common DEM associated
with the prognosis. According to the Lauren classifica-
tion, this study demonstrates that miR-18a-5p plays an
important role in the development and prognosis of
mixed-type GA. To further investigate the possible bio-
logical functions of miR-18a-5p in GC, path enrichment
analysis was carried out using target genes of prognosis-

related DEMs, and there were seven common pathways
in the results. These pathways reveal the effects of miR-
18a-5p upregulation on the development of mixed-
type GC.

Previous studies have revealed the role of angiogenesis
(P00005) and angiogenic factors in GC* as well anti-
angiogenic treatments of GC.”**’ Angiogenesis is a critical
process for tumor growth and progression, therefore, the
development of angiogenesis inhibitors with efficient ther-
apeutic has been a central focus for researchers. The new
angiogenesis inhibitor, Ramucirumab, has been approved to
be used in advanced gastric or gastro-oesophageal after an
international, randomized, multicentre, placebo-controlled,
Phase 3 trial.”* The JAK/STAT (P00038) cascade is a prin-
cipal signal transduction pathway in cytokine and growth
factor signaling, regulating cell proliferation, differentiation,
migration, and survival. Constitutive activation of JAK/STAT
signaling is well-established in cancers. Aberrant JAK/STAT
signaling also is crucial to the development of GC, in parti-
cular, aberrant STAT3 expression has been implicated in GA
patients.””*’ Huang et al. found that oxymatrine exhibits the
effects via regulation of JAK/STAT signaling pathway and
exhibits antitumor activity in GC.”® The therapeutic potential
of targeted inhibition of JAK/STAT in GC deserves further
investigation. Transforming growth factor 3 signal (P00052)
has been reported to promote GC metastasis’” "' and high
stromal expression plays a role as a novel marker of poor
prognosis in GC.** He et al.”’ found that sauchinone sig-
nificantly inhibited transforming growth factor-f1-induced
migration and invasion in GC cells. However, only pre-
liminary research has been conducted on the CCKR sig-
naling map (P06959)," " Insulin/IGF pathway-protein
kinase B signaling cascade (P00033),”” "’ Apoptosis signal-
ing pathway (P00006),”””" and gonadotropin-releasing hor-
mone receptor pathway (P06664).”*°* With the development
of molecular biology and the progress of GA research, we
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FIGURE 3 Volcano plot of differentially expressed miRNAs (DEMs) for diffuse-type (A) and intestinal-type (B) gastric adenocarcinoma.
The red dot represents upregulated miRNA, and green dot represents downregulated miRNA (p < 0.05 and [log2FC| > 2). Kaplan-Meier
curves for diffuse-type (C) and intestinal-type (D) gastric adenocarcinoma patients. The patients were stratified into a high (red line)
expression group and a low (green dash) expression group based on the median

believe that the potential value of these pathways for treat-
ment of GC will be found.

At present, most patients with GC who are initially
treated are already in the advanced stage, and there are very
few studies on mixed-type GC, which leads to the current
treatment plan based on resection and chemoradiotherapy,
but the prognosis is poor. Many patients undergo surgery.
After recurrence and metastasis, there is an urgent need for
effective and precise treatment options, as well as treatment
strategies to prolong prognosis. This study provides a new
program and basis for treatment and prognosis strategies

from the abnormal expression of miRNA and the enrich-
ment analysis of target genes. It is not only effective for
mixed-type GC but also for diffuse- and intestinal-type GA.
The emergence of novel targeted drugs and progress in tu-
mor molecular biology research will provide new opportu-
nities for the comprehensive treatment of GC. Therefore,
new research and developments will make it possible to
improve the treatment of GC. Achieving a more accurate,
effective, personalized treatment plan and postoperative ad-
juvant therapy strategy is critical for bringing the greatest
clinical benefit to patients.
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TABLE 3 Common signaling pathways between diffuse- and intestinal-type GA in the PANTHER Pathway System
Diffuse Intestinal
Gene Fold Gene Fold
ID Description ratio enrichment p value ratio enrichment p value Count
P00038 JAK/STAT signaling pathway 3/17 33.08 2.41E-02 6/17 30.88 2.61E-05 1
P00033 Insulin/IGF pathway-protein 4/41 18.29 1.47E-02 5/41 10.67 2.57E—-02 1
kinase B signaling cascade
P00052 TGF-beta signaling pathway 6/97 11.60 2.85E—-03 11/97 9.92 6.23E—06 4
P00006 Apoptosis signaling pathway 7/118 11.12 7.24E—04 11/118 8.16 3.90E-05 2
P06664 Gonadotropin-releasing 11/230 8.97 1.01E-05 22/230 8.37 2.06E-11 4
hormone receptor pathway
P06959 CCKR signaling map 8/174 8.62 8.99E—04 14/174 7.04 4.97E—-06 3
P00005 Angiogenesis 7/173 7.59 7.71E-03 11/173 5.56 1.29E-03 2
Note: Count: number of matches between target genes of miR-18a-5p and reference genes of the corresponding signaling pathway.
Abbreviation: GA, gastric adenocarcinoma.
Hypoxia response via HIF activation (P00030)
FAS signaling pathway (P00020)
Toll receptor signaling pathway (P00054) Class
Interferon—gamma signaling pathway (P00035) - )
® Diffuse
p38 MAPK pathway (P05918) -
A |ntestial
»n p53 pathway (P00059)
>
g p53 pathway feedback loops 2 (P04398) -
e P_value
® Oxidative stress response (P00046)
Q 0.025
e EGF receptor signaling pathway (P00018) 4
1 0.020
I Ras Pathway (P04393)4
= 0.015
Z FGF signaling pathway (P00021)
< 0.010
PDGF signaling pathway (P00047)
0.005

Insulin/IGF pathway—protein kinase B signaling cascade (P00033) A
TGF-beta signaling pathway (P00052) 4
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@ »
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FIGURE 4 Enrichment analysis performed on DEGs using the PANTHER pathway system. DEGs, differentially expressed genes;
PANTHER, Protein ANalysis THrough Evolutionary Relationships

As TCGA only entered clinical data and sequencing
data of diffuse- and intestinal-type GA types, this article
analyzed two types of GC and indirectly inferred the
prognosis of mixed-type GA and the influence of miRNA.

To improve on these deficiencies, we plan to collect
mixed-type GA tumor samples and clinical prognosis
information in the future, and then we can verify our
results on more adequate mixed-type GA data. It is now
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necessary to conduct more studies on the molecular
mechanism of miR-18a-5p in GC and further test in ac-
tual clinical applications and explore more accurate
treatment options.

In conclusion, the results of this study reveal the
impact of miR-18a-5p on the development and prognosis
of mixed-type GA. The target genes of miR-18a-5p (such
as PTEN and BCL2) and the seven common pathways
(JAK/STAT signaling pathway, Insulin/IGF pathway-
protein kinase B signaling cascade, etc.) further provide
the relevant mechanism of mixed-type GA carcinogen-
esis and development. Therefore, this study provides a
rich basis to seek reliable and effective molecular targets
and biomarkers for the diagnosis, clinical treatment, and
postoperative adjuvant therapy strategy of mixed-type
GA. Further research is now needed to confirm these
results for future application in clinical practice.
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