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Background: In addition to exploiting its ribonuclease capacity, Ribonuclease T2

(RNASET2) has been reported to exert anti-angiogenic and anti-tumorigenic effects in

several tumors. However, the role of RNASET2 in gastric adenocarcinoma (GAC) remains

unclear. The purpose of this study was to explore the expression, location, and clinical

implications of RNASET2 in GAC.

Methods: Data of RNASET2 mRNA expression in GAC and normal gastric

mucosa tissues were extracted from three GSE series and 388 TCGA samples and

reanalyzed. Genome-wide CRISPR/Cas9 proliferation screening datasets were used to

investigate cell growth changes after RNASET2 knockout in 19 GAC cell lines. The

biological processes involved in RNASET2 were studied by the bioinformatics analysis.

Furthermore, the corresponding experiments including immunohistochemical staining,

clinicopathological features analysis, survival curve, microvessel density detection, cell

viability assay, and colony formation assay were performed to validate the expression

and function of RNASET2 in GAC.

Results: An abundance of RNASET2 was present in the fundus glands and pylorus

glands of the normal gastric mucosa. RNASET2mRNA and protein were down-regulated

in GAC compared with adjacent non-cancerous or normal gastric mucosa tissues.

The expression of RNASET2 mRNA and protein in early GAC was higher than that in

advanced GAC. 79/134 gene sets involved in the early GAC pathway were enriched in

the RNASET2 mRNA high expression group. Genome-wide shRNA and CRISPR/Cas9

proliferation screening showed that knockdown or knockout of RNASET2 could not

significantly promote GAC cell growth. AlamarBlue cell viability assay and colony

formation assay in AGS cells further validated these results. Clinicopathologic features

and survival analysis demonstrated that RNASET2 protein was significantly correlated

with tumor cell differentiation, Lauren’s classification, and TM4SF1 protein expression,

but not correlated with lymph nodal metastasis and patient’s prognosis. Microvessel

density detection indicated that no significant correlation was found between the

expression of RNASET2 protein and the angiogenesis of GAC.
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Conclusions: Down-regulation of RNASET2 in GAC was only the consequence of the

GAC, instead of the driver. The expression of RNASET2 could be regarded as a good

biomarker for identifying the early stage of GAC.

Keywords: RNASET2, early stage, gastric adenocarcinoma, bioinformatics analysis, biomarker

INTRODUCTION

Ribonucleases (RNases) are a large class of hydrolytic enzymes,
involving a series of cellular processes such as DNA synthesis,
RNA processing, and RNA degradation. These enzymes can
be divided into endoribonucleases and exoribonucleases. The
human ribonuclease T2 (RNASET2) gene, also known as
RNASE6PL, belongs to the endoribonucleases class (1). It
encodes a secreted glycoprotein (RNase T2) consisting of 256
amino acids and is a novel member of the Rh/T2/S-glycoprotein
family (2, 3). RNASET2 is highly conserved among several
species and plays various functions (4, 5). RNASET2, detected
in the spermatozoa of male mouse and human, had the ability
to inhibit the motility and progressive of sperm by coacting
with actin network (6). It was involved in brain development
and myelination through RNA metabolism or angiogenesis (7).
Furthermore, overexpression of RNASET2 inhibited melanocyte
outgrowth which might be related to the pathogenesis of vitiligo
(8, 9).

In addition to its ribonuclease capacity, RNASET2 has
been reported to exert anti-angiogenic and anti-tumorigenic
effects in several tumor cell lines, such as colon cancer, breast
cancer, and ovarian cancer (10, 11). Currently, RNASET2 was
well-studied in ovarian cancer. RNASET2 protein expression
was significantly decreased in a large proportion of ovarian
tumor cell lines. Up-regulation of RNASET2 expression induced
tumor cell senescence and inhibited the tumorigenicity of the
ovarian tumor in nude mice model (1). Conversely, loss of
function of RNASET2 promoted ovarian tumorigenesis (12).
RNASET2 was also a tumor antagonizing gene in the melanoma
model. It was reported that RNASET2 protein expression was
reduced in several melanoma cells (13). Furthermore, genome-
wide association analysis revealed a new locus of RNASET2
heterogeneity in genetic susceptibility associated with lung
cancer risk, implying RNASET2 may function as a lung cancer
suppressor gene (14). Besides the anti-tumorigenic activity,
RNASET2 suppressed tumor cell motility and aggressiveness
by binding cell actin and altering the cytoskeleton network
structure (15). Up-regulation of RNASET2 protein significantly
reduced the metastatic potential of ovarian cancer (11). Finally,
down-regulation of RNASET2 protein was associated with drug
resistance in ovarian cancer (16).

In physiological contexts, the top five RNASET2 mRNA-
rich organs in human body are spleen, colon, lymph node,
bone marrow, and stomach (17), which indicates that
RNASET2 may be involved in the key biological processes
of lymphohematopoietic organs and the gastrointestinal
tract. Several recent reports confirmed that RNASET2 plays
an important role in regulating the immune response by

manipulating macrophage recruitment and polarization (18).
In addition, the role of RNASET2 in colon cancer has also
been reported. Compared to control cells, mouse RNASET2-
expressing C51 colon cancer cells showed strong delayed tumor
growth (19). And human recombinant RNASET2 disrupted
angiogenesis and inhibited clonogenicity of colon cancer cells
(20, 21). Until now, the physiological and pathological roles
of RNASET2 in the stomach remain unclear. Accordingly,
we investigated the expression and function of RNASET2
protein and mRNA in the normal gastric mucosa and gastric
adenocarcinoma (GAC) tissues, as well as GAC cell lines, by
immunohistochemical staining, microvessel density detection,
cell viability assay, colony formation assay, and bioinformatics
analysis. The relationships between RNASET2 expression
and clinicopathological features, patient’s prognosis, GAC-
associated markers, as well as various biological processes, were
further analyzed.

MATERIALS AND METHODS

Tissue Sample and Data Collection
Eighty-two cases of endoscopic biopsy normal gastric mucosa
tissues (54 males and 28 females; age range, 36–65 years old;
average age 52.45 ± 8.00 years old) were collected from healthy
volunteers who visited the health check-up center for their
routine scheduled physical exams. One-hundred and sixty-eight
cases of GAC tissues (109 males and 59 females; age range, 23–
84 years old; average age 56.04 ± 10.23 years old; tumor size
range, 0.5–10 cm; average size 4.14 ± 2.39 cm, 15 early GAC
and 153 advanced GAC) were included in the second cohort. To
investigate the expression of RNASET2 protein in the primary
tumor, metastases, and paired adjacent non-cancerous gastric
mucosa tissues, another 27 cases of advanced GAC patients with
lymph nodal metastasis (17 males and 10 females; age range, 31–
78 years old; average age 60.48 ± 10.05 years old; tumor size
range, 0.5–8.0 cm; average size 3.99 ± 2.23 cm) were enrolled
in the third cohort. Samples in the second and third cohorts
were surgical resection tissues for GAC. In order to increase
the number of early GAC, 20 cases of TNM IA stage GAC
tissues (13 males and 7 females; age range, 50–69 years old;
average age 60.05± 5.54 years old) were randomly selected from
endoscopic submucosal dissection (ESD) specimens. Therefore,
A total of 35 cases of early GAC were involved in this study.
All tumor cases were identified by gastrointestinal surgery and
pathology department, and through cancer registries in the
Renmin Hospital of Wuhan University between January 2009
and December 2015. Histopathological diagnosis confirmed that
100% of the cases were GAC. After giving written consent,
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clinicopathological features including age, sex, size of the tumor,
depth of invasion, nodal metastasis, cell differentiation, Lauren’s
classification, and TNM stage were collected from medical
records of the hospital. In the present study, TNM stage was
confirmed according to the Union for International Cancer
Control (UICC) classification (8th edition) (22).

For survival analysis, 117 cases of GAC patients from the
second cohort, who received the same surgical resection without
preoperative radiotherapy or chemotherapy, were followed up.
The follow-up time was ended on April 17, 2017, and the
information of survival status was obtained from clinic records
and patient or family contacts. The duration of overall survival
was recorded as the time interval between the date of surgical
resection and the last known date alive or dead. This study
was approved by the ethics committees of Renmin Hospital of
Wuhan University.

Immunohistochemistry (IHC)
Formalin-fixed and paraffin-embedded sections (4µm) were
obtained for immunohistochemical staining according to the
standard protocol. Briefly, deparaffinized and rehydrated sections
were treated with 3% H2O2 and subjected to antigen retrieval
by citrate buffer (pH 6.0). Then, sections were blocked with
5% BSA for 20 minutes and incubated overnight (16–18 h)
with primary antibody (Anti-Ribonuclease T2 antibody, 1:100,
ab107313, anti-TM4SF1, 1:200, ab113504, and anti-S100A12,
1:250, ab37657, Abcam, Cambridge, MA, USA; anti-NF-κB
p65, 1:100, sc-109, Santa Cruz Biotechnology, Santa Cruz,
CA, USA; anti-ERK, 1:250, #4695, Cell Signaling Technology,
Beverly, MA, USA; Anti-CD34 [MAB-0034, QBEnd/10], anti-
Ki67 [MAB-0129, MIB-1], and anti-p53 [MAB-0142, DO-7],
Ready-to-use; Maixin Bio, Fujian, China) at 4◦C. Then they were
incubated with biotinylated linked antibodies and peroxidase-
labeled streptavidin (UltraSensitiveTM SP (Mouse/Rabbit) IHC
Kit-9710; Maixin Bio, Fujian, China) for 15min each at
room temperature. The reaction products were stained with
3,3

′
Diaminobenzidine (DAB) and slight counterstained with

hematoxylin. The sections with PBS, replacing the primary
antibody, and served as negative control.

Evaluation of Immunohistochemical
Staining
The immunohistochemical staining results of RNASET2,
TM4SF1, S100A12, ERK, NF-κB p65, p53, Ki67, and CD34 in all
sections were evaluated by two independent pathologists (ZZ and
JY) who were unaware of the diagnosis outcome. In the present
study, the RNASET2 protein was mainly located in the tumor
cytoplasm and presented in a different staining intensity, hence,
the expression level of RNASET2 protein was classified according
to a four-tier grading system (scores: 0 = absent, 1 = weak, 2 =

moderate, and 3 = strong staining intensity). In addition, cases
with the percentage of RNASET2 staining-positive cells <5%
were also considered as score 0. To analyze, RNASET2 protein
expression level was further divided into two groups: Negative
Group (score value = 0 or 1) and Positive Group (score value
= 2 or 3). Proteins of NF-κB p65 and ERK were observed in
the cell nucleus and cytoplasm. However, ERK and NF-κB p65,

located in the nucleus, represented the form of its activation.
Hence, the percentage of nucleus staining-positive cells of the
two proteins in the tumor tissues were analyzed as the IHC
score and were divided into two groups: Negative Group < 10%;
Positive Group≥ 10%. TM4SF1, S100A12, p53, and Ki67 protein
expression levels were evaluated as our previous studies (23, 24).
Relative microvessel density, defined as the mean number of
blood vessels presented in the same measured area of tissue, was
calculated using the “hot spots method.” In this study, we used
the antibody of CD34 to label the blood vessels and selected
three areas with the highest number of blood vessels under low
magnification (100×). Then the number of microvessels were
counted under a magnification of 400× in a selected area. The
arithmetic means of the three “hot spots” was calculated for
relative microvessel numbers.

Cell Culture and SiRNA Transfection
Human GAC cell line (AGS) was purchased from the Cell
Bank of the Shanghai Institute for Biological Science (Shanghai,
China) and cultured in F-12K (Hyclone, Thermo Fisher, USA)
medium supplemented with 10% fetal bovine serum (FBS;
Hyclone, Thermo Fisher, USA) and 1% penicillin/streptomycin
(Invitrogen, Carlsbad, CA, USA) at 37◦C in a humidified
atmosphere with 5% CO2. All cells used in the experiments were
in the exponential growth phase. RNASET2 siRNA and negative
control (NC) siRNAwere chemically synthesized (Thermo Fisher
Scientific, Massachusetts, USA). For each transfection, 30 pmol
per well (6-well-plates) of RNASET2 siRNA or NC siRNA was,
respectively, transfected into AGS cells using Lipofectamine R©

RNAiMAX Reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions.

Nucleic Acid Preparation and Reverse
Transcription-polymerase Chain Reaction
(RT-PCR)
Total RNA was harvested from AGS cells using PureLinkTM

RNA Mini kit (Life Technologies, Austin, TX, USA), and cDNA
was synthesized from 1 µg total RNA using iScriptTM cDNA
Synthesis kit (BIO-RAD, Hercules, CA, USA) according to
the manufacturer’s instructions. RNASET2 gene were amplified
using AmpliTaq Gold R© 360 Master Mix (Thermo Fisher
Scientific, Massachusetts, USA). The primer sequences were:
RNASET2 forward (5′-AATCCAGTGCCTTCCACCAAGC-3′)
and RNASET2 reverse (5′-CCATTTGCCAGCCAGACTTCCT-
3′). The thermal cycling profile for PCR was set up as follows:
pre-denaturation at 95◦C for 10min, 32 cycles of denaturation
for 30 s at 95◦C, annealing for 30 s at 58◦C, and extension for
15 s at 72◦C, followed by a final extension at 72◦C for 7min.
PCR products size of RNASET2 was 150 bp. 18S ribosomal RNA
(RN18S1) gene was served as internal control for normalization
of RT-PCR data.

In vitro Cell Proliferation Assay
For the cell viability assay, the AGS cells were trypsinized after
siRNA transfection of RNASET2 for 48 h, and then 2.5 × 103

cells per well were plated into 96-well-plates with each well
containing 100 µl medium. After cultured for additional 0.5, 2,
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and 3 days, the AGS cells were stained using an AlamarBlue HS
Cell Viability Reagent (Thermo Fisher Scientific, Massachusetts,
USA) according to the manufacturer’s instructions.

Colony Formation Assay
For the colony formation assay, the AGS cells were trypsinized
after siRNA transfection of RNASET2 for 48 h, and then 1 ×

103 cells were plated in 10 cm dishes and incubated at 37◦C
for 12 days. Colonies were dyed with crystal violet staining
solution. Cell colonies were then counted and analyzed using
OpenCFU software.

GEO and TCGA Datasets Analysis
Human GAC (cancer vs. normal) samples and clinical
information, as well as their corresponding RNASET2 mRNA
expression data, were obtained from Gene Expression Omnibus
(GEO) datasets (http://www.ncbi.nlm.nih.gov/gds/) and The
Cancer Genome Atlas (TCGA) datasets (https://cancergenome.
nih.gov/). GSE7307 was applied to calculate the relative
expression level of RNASET2 mRNA in different anatomic
zones of human normal stomach tissues. Two independent
datasets from GSE19826 (25) and GSE13911 (26) were used
to calculate the relative expression level of RNASET2 mRNA
in human GAC and corresponding normal gastric mucosa
tissues. For GSE7307, GSE19826, and GSE13911, the intensity of
probe 1556201_at was used to represent the RNASET2 mRNA
expression level. For Lauren’s classification analysis, 265 cases
of stomach adenocarcinoma samples [TCGA, Nature 2014
(27), including 173 cases of intestinal type, 65 cases of diffuse
type, 16 cases of mixed type, and 11 cases of unclassified type]
and their corresponding RNASET2 mRNA expression data
were extracted using cBioPortal online software (http://www.
cbioportal.org). For TNM classification and survival analysis,
UCSC Xena (https://xenabrowser.net/), a functional genomics
explorer, was utilized to download and normalize a total of
415 cases of primary stomach adenocarcinoma (388 cases with
overall survival, 366 cases with TNM classification) and their
corresponding RNASET2 mRNA expression data from several
TCGA datasets.

Analysis of Genome-wide RNA Interference
(RNAi) Proliferation Screening Data
The Gene Dependency Scores of 713 cancer cell lines using
DEMETER2 model were obtained from the DepMap database
(https://depmap.org/portal/) and filtered to include only those
547 cell lines of 26 cancer types in which RNAi-RNASET2 was
detected. There were 21 gastric cancer cell lines (X2313287,
AGS, ECC10, FU97, GSS, GSU, HGC27, HUG1N, IM95,
KATOIII, KE39, MKN1, MKN45, MKN7, NCCSTCK140,
NCIN87, NUGC3, SNU216, SNU5, SNU601, SNU719) and
34 ovarian cancer cell lines in this dataset. In DEMETER2
method, the Gene Dependency Scores were calculated from
RNAi screening data and normalized using a uniform scaling
and offset [applied to all cell lines (28, 29)]. The lower the score,
the more likely the gene is an oncogene. In contrast, the higher
the score, the more likely the gene is a tumor suppressor gene.
To compare the distribution of the Gene Dependency Scores in

21 gastric cancer cell lines (test group), 34 ovarian cancer cell
lines (positive control group of tumor suppressor gene), and all
547 cancer cell lines (negative control group of tumor suppressor
gene), a non-parametric Wilcox rank-sum test was performed
between them. A threshold of p< 0.05 was considered significant
for all analyses.

Analysis of Genome-wide CRISPR/Cas9
Proliferation Screening Data in GAC Cell
Lines
One lakh seventy thousand six hundred and thirty-four genes
knockout data for 563 cell lines of 27 primary diseases
were obtained from the DepMap database (https://depmap.org/
portal/) [CRISPR(Avana) Public 19Q2] and filtered to include
only 19 GAC cell lines (X2313287, SH10TC, GSS, KE97, SNU719,
SNU216, HGC27, NCIN87, SNU1, LMSU, MKN74, NUGC3,
GSU, KE39, HS746T, FU97, SNU601, GCIY, AGS) in which
RNASET2 knockout data was detected. In this database, CERES
dependency score, based on data from a cell depletion assay, was
used to represent the changes of cell growth after interest genes
were knocked out. A score of 0 indicates a gene is not essential
for cell growth; correspondingly−1 is comparable to the median
of all pan-essential genes. The lower the score, the more likely the
gene is an oncogene. The higher the score, the more likely the
gene is a tumor suppressor gene.

Gene Set Enrichment Analysis (GSEA)
Two hundred and sixty-five cases of stomach adenocarcinoma
samples and clinical information (TCGA, Nature 2014) (27),
as well as their corresponding whole genome expression
profiles, were downloaded using cBioPortal software (http://
www.cbioportal.org). These patients were divided into two
groups according to their RNASET2 mRNA expression level
[top 50%, n = 132: high expression group (H) vs. bottom 50%,
n = 133: low expression group (L)]. JAVA program for GSEA
(http://www.broadinstitute.org/gsea) was carried out to assess the
effects of the low expression level of RNASET2mRNA on various
biological states. The curated gene sets database (c2.all.v6.1)
and GO gene sets database (c5.all.v6.1) from the molecular
signatures database (MsigDB) were used for enrichment analysis.
One-thousand random sample permutations were carried out,
and the significance threshold set at the nominal p-value
(NOM p) < 0.01.

Statistical Analysis
All statistical analyses were performed by SPSS 15.0 statistical
software (SPSS, Inc., Chicago, IL, USA). The difference of
RNASET2 protein positive expression rate in the various group
of human tissues was analyzed by Chi-Square and Fisher’s
exact tests. The possible relationship between RNASET2 protein
expression and the clinical pathological features was analyzed
by Chi-Square and Fisher’s exact tests. The correlation between
RNASET2 protein and TM4SF1, S100A12, NF-κB p65, ERK,
Ki67, p53 protein expression was analyzed by Spearman rank
correlation analysis. Student’s two-tailed t-test and paired t-
test were used to compare data of RNASET2 mRNA between
two groups. One-way ANOVA was used to compare data of
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FIGURE 1 | Expression and localization of RNASET2 in different anatomic zones of the stomach. (A) The dataset from GSE7307 showed the relative expression level

of RNASET2 mRNA in fundus gland, pyloric gland, and cardiac gland of the normal gastric mucosa tissues. (B) Positive rate of RNASET2 protein in fundus gland,

pyloric gland, and cardiac gland of normal gastric mucosa tissues (p < 0.01, Chi-Square and Fisher’s exact tests). (C–E) Immunohistochemical staining of RNASET2

protein in fundus gland (C), pyloric gland (D), and cardiac gland (E) of the normal gastric mucosa; DAB staining (brown); nuclear counterstaining (hematoxylin); original

magnification, ×100. (F) Representative tissue specimens of RNASET2 protein expression in most of the chief cells and part of the parietal cells; Dotted line areas

represent the parietal cells; DAB staining (brown); nuclear counterstaining (hematoxylin); original magnification, ×400.

RNASET2 mRNA among three groups or more. For survival
analysis, the survival curves were calculated by the Kaplan–Meier
method, and the log-rank test was used to compare them. A
p-value of <0.05 was set to be the significance level.

RESULTS

The Diversity of RNASET2 Expression in
Different Anatomic Zones of Stomach
To investigate the expression and localization of RNASET2
in the normal gastric mucosa, an independent microarray
dataset (GSE7307) containing three cases of cardiac gland
tissues, four cases of fundus gland tissues, and four cases of
pylorus gland tissues were firstly analyzed. The results showed
that the expression of RNASET2 mRNA increased 2.002-fold
in fundus glands (35.26 ± 4.209) or 1.899-fold in pylorus
glands (33.44 ± 4.837) than that in cardiac glands (17.61 ±

4.826; Figure 1A). Likewise, to verify whether the RNASET2
protein is also abundant in the fundic glands, we observed
the immunohistochemical staining results in the 82 cases of
normal gastric mucosa tissues. The positive rate of RNASET2
protein expression was higher in fundus glands (87.88%, 58/66)
and pylorus glands (62.50%, 5/8) than those of cardiac glands
(25%, 2/8). The difference between cardiac glands and fundus
glands was statistically significant (p < 0.01; Figure 1B). The
positive signals of RNASET2 protein were brown in color and

located in cytoplasm of the gastric mucosa epithelial cells.
RNASET2 protein wasmainly located in the zone of fundus, body
(Figure 1C), and part of antral and pylorus mucosa (Figure 1D),
while positive staining was hard to find in gastric cardiac mucosa
(Figure 1E). In antral and pylorus mucosa, RNASET2 protein
was mainly expressed in the inherent glands composed of fundus
glands (upper right of Figure 1D), rather than in the superficial
cervical mucus cells (bottom left of Figure 1D). In the fundus
gland, high expression of RNASET2 protein was mainly observed
in most of the chief cells and part of the parietal cells (Figure 1F).

RNASET2 Expression Was
Down-Regulated in GAC
To investigate the distinction of RNASET2 between normal
gastric mucosa and GAC tissues, two independent microarray
datasets containing GSE13911 and GSE19826 were firstly
analyzed. The results demonstrated that a significantly decreased
expression of RNASET2 mRNA in GAC tissues compared with
normal or adjacent non-cancerous gastric mucosa tissues (p
< 0.001, Figures 2A,B). Thus, the expression of RNASET2
protein was further detected in 168 GAC tissues, and then
compared with that in 82 normal gastric mucosa tissues collected
previously. We found that RNASET2 protein positive rate
was also significantly decreased in GAC (33.93%, 57/168) in
comparison to normal gastric mucosa tissues (79.27%, 65/82;
p < 0.001; Figure 2C). Representative immunohistochemical
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FIGURE 2 | Differential expression of RNASET2 between GAC and adjacent non-cancerous or normal gastric mucosa tissues. (A) The dataset from GSE13911

showed the relative expression level of RNASET2 mRNA was decreased 2.29-fold in GAC tissues than that in normal gastric tissues (p < 0.001, Student’s two-tailed

t-test). (B) 12 paired GAC and adjacent non-cancerous gastric mucosa tissues from GSE19826 showed the relative expression level of RNASET2 mRNA was lower in

GAC tissues than that in adjacent non-cancerous gastric tissues (p = 0.0016, Paired t-test, two-tailed). (C) Positive rate of RNASET2 protein in normal gastric

mucosa and GAC tissues (p < 0.001, Chi-Square test). (D) Representative tissue specimens of RNASET2 protein expression in GAC and undamaged gastric mucosa

glands; Red arrowhead represent undamaged gastric mucosa glands; DAB staining (brown); nuclear counterstaining (hematoxylin); original magnification, ×100.

(E) Positive rate of RNASET2 protein in intestinal type GAC and diffuse type GAC tissues (p < 0.001, Chi-Square test). (F) TCGA stomach adenocarcinoma dataset

(Nature 2014) showed the relative expression level of RNASET2 mRNA was decreased 1.30-fold in diffuse type GAC tissues than that in intestinal type GAC

(p = 0.0048, Student’s two-tailed t-test).

staining specimen of GAC and undamaged gastric mucosa glands
was presented in Figure 2D. According to Lauren’s criteria, GAC
was classified into intestinal type, diffuse type, and mixed type.
We found that the down-regulation of RNASET2 protein in GAC
was more often present in diffuse type GAC (15.86%, 13/82) than
that in intestinal type GAC (50%, 35/70; p < 0.001; Figure 2E).
TCGA stomach adenocarcinoma data (Nature 2014, 173 cases
of intestinal type and 65 cases of diffuse type) also confirmed
that the expression levels of RNASET2 mRNA were lower in
diffuse type GAC than that in intestinal type GAC (p = 0.0048;
Figure 2F).

RNASET2 Was a Biomarker for Identifying
Early GAC
Next, we downloaded the entire TCGA Stomach
Adenocarcinoma (TCGA, Nature 2014) dataset, including the
mRNA expression value of 29,505 genes, and performed a GSEA
to analyze the potential relationship between RNASET2 mRNA
expression and curated gene sets (C2) in the MSigDB. The results
indicated that most of (79/134) gene sets involved in early GAC
(VECCHI_GASTRIC_CANCER_ADVANCED_VS_EARLY
_DN) pathway were enriched in RNASET2 mRNA high
expression group (Figure 3A). Enrichment score curve was
presented in Figure 3B (Normalized enrichment score = 2.035,
Nominal p= 0.002). Furthermore, 366 cases of GAC from TCGA

Stomach Cancer database proved that the RNASET2 mRNA
expression level was lower in advanced GAC (TNM IB, II, III,
IV) than that in early GAC (TNM IA) (p = 0.001; Figure 3C).
Thus, we further detected the expression difference of RNASET2
protein between early GAC and advanced GAC in 168 surgical
resection specimens (15 TNM IA cases and 153 advanced
cases) and 20 ESD specimens (TNM IA). Representative
immunohistochemical staining specimens of the early GAC
and advanced GAC was presented in Supplemental Figure 1.
The statistical results demonstrated that the positive rate of
RNASET2 protein expression was lower in advanced GAC
(31.37%, 48/153) than that in early GAC (57.14%, 20/35; p =

0.004; Figure 3D). However, in the early GAC, no significant
difference was observed between intra-mucosal GAC and
submucous GAC (p > 0.05; Figure 3E). In the advanced GAC,
there was also no significant difference among TNM IB, II, III,
IV stage GAC (p > 0.05; Figure 3F).

Association of RNASET2 Expression With
the GAC Clinicopathologic Features and
Patients’ Survival
As illustrated in the Table 1, the clinicopathologic feature
analysis results demonstrated that the expression of RNASET2
protein was significantly positively correlated with tumor cell
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FIGURE 3 | Expression of RNASET2 in early and advanced GAC tissues. (A) Heat map of GSEA showed that a large number of gene sets (79/134) involved in early

GAC were enriched in high RNASET2 mRNA expression group; The largest values were displayed as the reddest and the smallest values were displayed as the

bluest. (B) Enrichment plot of “VECCHI_GASTRIC_CANCER_ADVANCED_VS_EARLY_DN” showed that the normalized enrichment score was 2.035. (C) TCGA

datasets showed the relative expression level of RNASET2 mRNA in TNM IA, IB, II, III, and IV stage (*p = 0.0014, TNM IA vs. TNM IB, II, III, or IV, ANOVA). (D) Positive

rate of RNASET2 protein in early GAC and advanced GAC tissues (p = 0.004, Chi-Square test). (E) Positive rate of RNASET2 protein in intra-mucosal early GAC and

submucous early GAC (p > 0.05, Chi-Square test). (F) Positive rate of RNASET2 protein in TNM IB, II, III, and IV stage advanced GAC (p > 0.05, Chi-Square test).

differentiation (p < 0.001). However, there was no significant
correlation of RNASET2 protein expression with the other
clinicopathologic characters, such as patient age, gender, size of
the tumor, depth of invasion, and lymph nodal metastasis (p >

0.05). In addition, we randomly selected 27 cases of advanced
GAC patients with lymph nodal metastasis from another cohort,
and then detected RNASET2 protein expression between the
primary tumor and lymph nodal metastatic tumor in GAC.
The result showed that the positive rate of RNASET2 protein
expression was the same in these two groups. The positive rate
of RNASET2 protein expression in the primary GAC (22.22%,
6/27) or lymph nodal metastasis of GAC (22.22%, 6/27) was
significantly lower than that in the adjacent non-cancerous
gastric mucosa tissues (66.67%, 18/27; p < 0.01; Figures 4A,B).

To further explore the correlation between RNASET2 and the
prognosis of GAC patients, we utilized TCGA Stomach Cancer
database to perform survival analysis. The results revealed that
RNASET2 mRNA expression was not correlated with GAC
patients’ survival (p = 0.422; Figure 4C). As a control, the
correlation between TNM stage and GAC patients’ survival was
also analyzed in TCGA GAC samples (p < 0.001; Figure 4D).
Next, the overall survival information for 117 GAC patients

in our samples was obtained by a post-operative follow-up
(Figures 4E,F). To determine the representativeness of this GAC
cohort, the well-established prognostic factors such as TNM
stage for the survival of the patients were firstly tested. Kaplan–
Meier analysis and log-rank test showed that the decreased
patients’ survival was significantly correlated with later TNM
stage (p < 0.001; Figure 4F). And then, an assessment of
patients’ survival showed no significant difference between
RNASET2 protein positive group and negative group (p= 0.924;
Figure 4E). Furthermore, the correlation between RNASET2
protein expression and the prognosis of advanced GAC patients
or different types (diffuse type or intestinal type) of GAC patients
was also evaluated. However, no statistical significance was
observed (Supplemental Figure 2).

RNASET2 Was a Cancer Passenger Gene
in the GAC
Our above clinical sample studies only demonstrated a
correlation between RNASET2 and GAC. However, it is still
unclear whether the change of RNASET2 expression is the
cause (driver gene: oncogene or tumor suppressor gene) or the
consequence (passenger gene) of GAC occurrence. Therefore,
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TABLE 1 | Correlation between RNASET2 protein expression and

clinicopathologic features of GAC.

Clinicopathological

features

All cases RNASET2 protein expression

Negative Positive (%) p-valuea

Age at diagnosis (years) 0.559

≤56 76 52 24 (31.58%)

>56 92 59 33 (35.87%)

Gender 0.491

Male 109 70 39 (35.78%)

Female 59 41 18 (30.51%)

Size (diameter), cmb 0.182

<4 cm 105 70 35 (33.33%)

≥4 cm 52 38 14 (26.92%)

Depth of invasion 0.312

T1a 11 5 6 (54.54%)

T1b 11 6 5 (45.45%)

T2 33 21 12 (36.36%)

T3/T4 113 79 34 (30.09%)

Nodal metastasis 0.109

N0 57 33 24 (42.11%)

N1/N2/N3 111 78 33 (29.73%)

Differentiation <0.001

Well/Moderately 65 31 34 (52.31%)

Poorly/Undifferentiated 103 80 23 (22.33%)

aChi-square test.
b11 cases were not included due to the discrepancy of tumor size.

gene knockdown data from a previously published genome-wide
RNAi screening database for 547 cancer cell lines were analyzed
(30). According to DEMETER2 method in this database,
the gene dependency scores were calculated from the RNAi
screening data. The lower the gene dependency score, the greater
probability that the gene is an oncogene. In contrast, the higher
the gene dependency score, the greater probability that the gene
is a tumor suppressor gene. RNASET2 was reported to be a tumor
suppressor gene in ovarian cancer (12). Therefore, ovarian cancer
was set as positive control for tumor suppressor gene. Then, we
compared the differences of gene dependency scores of the three
groups such as ovarian cancer cell lines group (n= 34), all cancer
cell lines group (n= 547), and GAC cell lines group (n= 21). The
Wilcox rank-sum test results showed that the gene dependency
scores in GAC group were significantly lower than that in ovarian
cancer group and all cancer cell lines group (Figure 5A). It means
that RNASET2might not be served as a tumor suppressor gene in
GAC. Meanwhile, the gene dependency scores of GAC (median:
−0.113) were >-0.5, excluding RNASET2 is an oncogene.

Secondly, genes knockout data for 563 cell lines from another
published genome-wide CRISPR/Cas9 proliferation screening
database (https://depmap.org/portal) were analyzed. In this
database, a lower CERES dependency score indicates a higher
likelihood that the gene is essential for cell growth in a given
cell line. Similar to DEMETER2 method, the lower the CERES
dependency score, the greater probability that the gene is an

oncogene. The CERES dependency score of RNASET2 gene data
in 19 GAC cell lines were extracted. The results showed that
the CERES dependency scores of 19 GAC cell lines were all >-
1. The lowest score was −0.449, which came from 2,313,287
GAC cell line (Figure 5B). This result indicated RNASET2 was
not an oncogene (essential gene for cell growth) in 19 GAC cell
lines. Finally, to further determine whether RNASET2 is a tumor
suppressor gene or a passenger gene, we selected the AGS cell
line, which had a highest score (CERES = 0.077) in 19 GAC
cell lines, to perform a serials of validation experiments. Reverse
transcription PCR result confirmed that RNASET2 expression in
AGS cell was significantly inhibited by chemically synthetic small
interfering RNA (siRNA) (Figure 5C). AlamarBlue cell viability
assay and colony formation assay demonstrated that the growth
of AGS cells were not significantly enhanced after the expression
of RNASET2 decreased (p > 0.05; Figures 5D,E). GSEA results
also showed that RNASET2 of GAC was not involved in tumor
cell viability related biological processes, such as “epithelial cell
proliferation,” “regulation of autophagy,” “epithelial cell apoptotic
process,” and “cellular senescence” (NOM p > 0.01; Figure 5F).
Therefore, we speculated that RNASET2 is a passenger gene
in GAC.

RNASET2 didn’t Exert an Anti-angiogenic
Effect in GAC
We used the antibody of CD34 to label the microvessel in
82 cases of GAC and analyzed the relationship between the
expression of RNASET2 protein and angiogenesis of GAC. The
results indicated that there was no significant correlation between
RNASET2 protein expression and microvessel density (p> 0.05).
The microvessel density of RNASET2 protein score of 0, 1, 2, and
3 were 116.24± 66.92, 138.9± 68.57, 122.14± 64.79, and 103.33
± 95.85, respectively (Figure 6).

Correlation Between RNASET2 Protein and
GAC-associated Markers
Finally, the relationships between GAC-related proteins reported
in our previous studies and RNASET2 in current study were
further analyzed. As illustrated in Table 2, positive correlation
was observed between RNASET2 and TM4SF1 protein (p <

0.001). In addition, the relationship between RNASET2 protein
and other GAC-associated markers, such as S100A12, ERK, NF-
κB p65, p53, and Ki67 were further explored. However, there was
no correlation between RNASET2 protein expression and these
proteins (p > 0.05; Table 2).

DISCUSSION

Stomach cancer is the fourth most common cancer worldwide.
Over 90% of the cancers that occur in the stomach are GAC
(31). In this study, RNASET2mRNA and protein expression were
down-regulated in GAC tissues, suggesting that lower expression
of RNASET2 was associated with gastric carcinogenesis. In order
to exclude the possible bias caused by sample selection, two
groups of GAC patients from different cohorts were enrolled
in this study. The first group was unpaired samples which
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FIGURE 4 | The relationship between the expression of RNASET2 and lymph nodal metastasis or patient’s prognosis. (A) Representative tissue specimens of

RNASET2 protein expression in primary GAC (left) and lymph nodal metastasis of GAC (right); DAB staining (brown); nuclear counterstaining (hematoxylin); original

magnification, ×100. (B) Positive rate of RNASET2 protein in the primary GAC, lymph nodal metastasis of GAC, and adjacent non-cancerous gastric mucosa tissues

(p < 0.01, Chi-Square test). (C) TCGA datasets showed the relationship of RNASET2 mRNA expression to overall survival (p = 0.422): Low expression group, n =

191; High expression group, n = 197. (D) TCGA datasets showed the relationship of TNM stage to overall survival (p < 0.001): TNM I, n = 49; TNM II, n = 119; TNM

III, n = 163; TNM IV, n = 36; Log-rank test. (E) Relationship of RNASET2 protein expression to overall survival (p = 0.924): IHC score = 0 or 1 were considered to

RNASET2 protein negative expression, n = 85, IHC score = 2 or 3 were considered to RNASET2 protein positive expression, n = 32. (F) Relationship of TNM stage

to overall survival (p < 0.001): TNM I, n = 28; TNM II, n = 29; TNM III, n = 58; TNM IV, n = 2.

included GAC tissues and normal gastric mucosa tissues. The
second group was paired samples which included GAC tissues
and adjacent non-cancerous gastric mucosa tissues. The results
showed that the expression of RNASET2 in both normal gastric
mucosa and adjacent non-cancerous gastric mucosa tissues were
higher than that in GAC tissues. Besides, the down-regulation
of RNASET2 mRNA and protein was more common in diffuse
type than that in intestinal type GAC, which indicated that the
low expression of RNASET2 was more closely related with the
tumorigenesis of diffuse type GAC.

GAC is highly curable when diagnosed and treated in the
early stage (32). Therefore, it is vital to identify novel biomarkers
in early GAC. In the present study, the early GAC (TNM
stage IA) is histologically defined as GAC confined to the
lamina propria, muscularies mucosae, or submucosa, without
the presence of lymph node metastasis and distant metastasis
(33). Others GAC (TNM IB, II, III, IV) are placed into advanced
GAC. We observed that the expression of RNASET2 mRNA
and protein were higher in early GAC than that in advanced
GAC. GSEA analysis showed that RNASET2 was involved in
the signal pathway of early GAC. These results confirmed that
RNASET2 could be regarded as a good biomarker to identify the
early stage of GAC. On the contrary, no significant correlation
was detected between RNASET2 protein expression and several
clinicopathologic characters of advanced GAC, such as depth of
invasion, lymph nodal metastasis, and TNM stage (TNM IB, II,

III, IV). Furthermore, we also found that the positive rate of
RNASET2 protein expression was the same between the primary
tumors and lymph nodalmetastatic tumors in GAC. These results
indicated that RNASET2 might not be a good biomarker to
estimate the prognosis of GAC patients. Kaplan–Meier analysis
confirmed this inference that there was no significant correlation
between RNASET2 expression and patient’s prognosis.

In addition to its ability to degrade RNA, RNASET2 has been
reported to have anti-angiogenic and anti-tumorigenic effects
in some tumors. In order to elucidate the role of RNASET2
in GAC, we performed the cell viability and microvessel
density studies, as well as bioinformatics analysis. Genome-wide
RNAi proliferation screening and genome-wide CRISPR/Cas9
proliferation screening are beneficial to identify which genes
are essential for cell survival and growth. The difference
between the two methods is that the expression of RNASET2
in the former is knocked down by shRNA at the level of
messenger RNA, while the expression of RNASET2 in the
latter is knocked out by CRISPR/Cas9 at the level of DNA.
The DepMap database and DEMETER2 model provided a
simple and effective method for defining and predicting genes
that are essential for cell viability (29). In genome-wide RNAi
proliferation screening dataset, we set RNASET2 dependency
score of ovarian cancer cell lines as a positive control due to
RNASET2was a known tumor suppressor gene in ovarian cancer.
In genome-wide CRISPR/Cas9 proliferation screening dataset,
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FIGURE 5 | The relationship between RNASET2 and the cell growth of GAC. (A) The distribution of RNASET2 dependency scores (DEMETER2) in gastric cancer cell

lines, ovarian cancer cell lines, and all cancer cell lines group. Red line was the median of the RNASET2 Dependency Scores in the group. *the gene dependency

scores in ovarian cancer were significantly higher than that in gastric cancer and all cancer cell line groups (p < 0.05). (B) The CERES dependency score of RNASET2

in 19 GAC cell lines. Red bar was the CERES dependency score of RNASET2 in AGS. A score of 0 indicates a gene is not essential for cell growth; correspondingly

−1 is comparable to the median of all pan-essential genes. (C) RNASET2 mRNA expression were detected by the reverse transcription PCR after transient (48 h)

siRNA transfection of RNASET2 or negative control (NC). (D) Cell viability was detected by AlamarBlue assay after transient (12, 48, and 72 h) siRNA transfection of

RNASET2 or NC, p > 0.05, n = 3. (E) Clonogenicity of AGS cells was detected by colony formation assay after siRNA transfection of RNASET2 or NC for 12 days, p

> 0.05, n = 3. (F) GSEA enrichment plots showed that the expression change of RNASET2 mRNA was not enriched in gene sets of “epithelial cell proliferation,”

“regulation of autophagy,” “epithelial cell apoptotic process,” and “cellular senescence” (NOM p > 0.01).

we chose AGS cell line for further validation because AGS
had the highest CERES dependence score. If RNASET2 is not
a tumor suppressor gene in AGS, then RNASET2 is also not

a tumor suppressor gene in other 18 GAC cell lines. Further
cell viability assay and colony formation assay demonstrated
that RNASET2 was indeed not a tumor suppressor gene in
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FIGURE 6 | The expression of RNASET2 and CD34 proteins in GAC tissues. (A–D) Immunohistochemical staining of RNASET2 and CD34 proteins in representative

tissue specimens. (A) RNASET2 Score = 3, (B) Score = 2, (C) Score = 1, and (D) Score = 0. The microvessels were labeled by the antibody of CD34. DAB staining

(brown); nuclear counterstaining (hematoxylin); original magnification, ×400. (E) The relative density of microvessels were counted in the different scores of RNASET2

protein expression (p = 0.619, ANOVA).

AGS. All these results indicated that the reduction in RNASET2
expression was the consequence of GAC instead of the cause.
GSEA analysis showed that RNASET2 expression was not
associated with tumor cell viability related biological processes,
also suggesting that RNASET2 was a cancer passenger gene
in GAC, rather than a driver gene. Next, to verify whether
RNASET2 could play an anti-angiogenic role in GAC, we
used the antibody of CD34 to label the microvessel in the
GAC tissues. Unfortunately, there was no significant correlation
between RNASET2 protein expression and microvessel density,
suggesting that RNASET2 also could not exert angiogenesis
effects in the GAC.

Human normal gastric mucosa consists of cardiac glands,
fundus glands, and pyloric glands. The cardiac glands secreting
mucus are found in the cardia of the stomach. The fundus glands
secreting hydrochloric acid and pepsinogen are located in the
fundus and body of the stomach. The pyloric glands secreting
gastrin and mucus are present in the antrum and pylorus of the
stomach (34). Among them, the fundus glands and part of the
pylorus glands (inherent glands) constitute the main functional
unit of the stomach. In the present study, high expression of
RNASET2 protein was mainly found in the zone of fundus,
body, and part of antral and pylorus mucosa, indicating that the
normal gastric mucosa can produce a large number of RNASET2.
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TABLE 2 | Correlation between the expression of RNASET2 and other

GAC-related proteins.

Proteins All casesb RNASET2 protein expression

Negative Positive (%) r-valuea p-valuea

TM4SF1 0.472 0.000

Positive 12 4 8 (66.67%)

Negative 72 63 9 (12.50%)

S100A12 0.194 0.083

Positive 61 29 32 (52.46%)

Negative 20 14 6 (30.00%)

NF-κB p65 −0.069 0.548

Positive 13 8 5 (38.46%)

Negative 65 34 31 (47.69%)

ERK 0.029 0.799

Positive 60 31 29 (48.33%)

Negative 20 11 9 (45.00%)

Ki67 0.103 0.364

Positive 65 33 32 (49.23%)

Negative 14 9 5 (35.71%)

P53 0.038 0.743

Positive 35 17 18 (51.43%)

Negative 42 22 20 (47.62%)

aSpearman rank correlation test.
bProtein expression levels were detected in 84 GAC tissues (some cases were absent).

RNASET2 is a member of a family of transfer-type endonucleases
that cleave RNA substrates without strict base preference at acidic
pH value (5). Thus, a gastric acidic environment is suitable
for RNASET2 to exert its endonucleases function to cleave
RNA substrates. Combining cell viability assay, colony formation
assay, microvessel density, and bioinformatics analysis, it is
reasonable to speculate that RNASET2 only plays the role of its
ribonuclease capacity in GAC, rather than anti-angiogenic and
anti-tumorigenic effects. The change of RNASET2 expression is a
consequence of GAC, rather than a cause.

Transmembrane-4-L-six-family member-1 (TM4SF1) is
a small plasma membrane glycoprotein that regulates cell
proliferation and motility (35). S100A12 belongs to the S100
family of calcium-binding protein (36). Our previous studies
reported that both TM4SF1 and S100A12 proteins were tumor
suppressor genes in GAC (23, 24). In this study, we found a
positive correlation between the expression of RNASET2 and
TM4SF1 protein. However, no significant correlations between
RNASET2 and S100A12 protein was observed. Future studies
will determine whether the down-regulation of RNASET2 affects
the expression of TM4SF1. In addition, it is well-documented
that p53 is a crucial tumor suppressor in GAC (37). NF-κB p65 is
a kind of transcription factor participating in the occurrence and
progression of GAC (38). ERK belongs to the MAPK signaling
pathways, which is essential for GAC cell proliferation and
migration (39). Ki67 protein is present in the G1 phase, S phase,
G2 phase, and M phase of the cell cycle, which is closely related
to cell proliferation (40). Accordingly, the correlations between

RNASET2 protein with p53, NF-κB p65, ERK, and Ki67 were
also explored. However, no significant correlations between
RNASET2 protein and these proteins were found.

CONCLUSION

In summary, we first found that RNASET2 was abundant in the
fundus glands and pylorus glands of the normal gastric mucosa.
Then, the down-regulation of RNASET2 mRNA and protein
were observed in GAC tissues. However, we considered that the
decrease of RNASET2 expression was only the consequence of
GAC, instead of the driver. The expression of RNASET2 in GAC
was not related to angiogenesis, lymph nodal metastasis, and
patients’ prognosis. Furthermore, most of gene sets involved in
the early GAC pathway were enriched in the RNASET2 mRNA
high expression group. The expression of RNASET2 in early GAC
was higher than that in advanced GAC. Thus, we thought that
RNASET2 could be regarded as a good biomarker for identifying
the early GAC.
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protein in the early GAC. The tumor is confined to the lamina propria mucosa.

(B) Negative expression of RNASET2 protein in the advanced GAC. Tumor cells

invade the muscularis of gastric wall. DAB staining (brown); nuclear

counterstaining (hematoxylin); original magnification, ×40.

Supplemental Figure 2 | The relationship between the expression of RNASET2

and the prognosis of advanced GAC patients or different types of GAC patients.

(A) TCGA datasets showed the relationship of RNASET2 mRNA expression to

overall survival of advanced gastric adenocarcinoma (p = 0.535): Low expression

group, n = 185; High expression group, n = 188. (B) TCGA datasets showed the

relationship of RNASET2 mRNA expression to overall survival of intestinal-type

gastric adenocarcinoma (p = 0.174): Low expression group, n = 79; High

expression group, n = 89. (C) TCGA datasets showed the relationship of

RNASET2 mRNA expression to overall survival of diffuse-type gastric

adenocarcinoma (p = 0.839): Low expression group, n = 41; High expression

group, n = 34. (D) Relationship of RNASET2 protein expression to overall survival

of advanced gastric adenocarcinoma (p = 0.711): RNASET2 protein negative

group, n = 80, RNASET2 protein positive group, n = 27. (E) Relationship of

RNASET2 protein expression to overall survival of intestinal-type gastric

adenocarcinoma (p = 0.172): RNASET2 protein negative group, n = 25,

RNASET2 protein positive group, n = 21. (F) Relationship of RNASET2 protein

expression to overall survival of diffuse-type gastric adenocarcinoma (p = 0.552):

RNASET2 protein negative group, n = 55, RNASET2 protein positive group, n = 6.

REFERENCES

1. Acquati F, Morelli C, Cinquetti R, Bianchi MG, Porrini D, Varesco L, et al.

Cloning and characterization of a senescence inducing and class II tumor

suppressor gene in ovarian carcinoma at chromosome region 6q27.Oncogene.

(2001) 20:980–8. doi: 10.1038/sj.onc.1204178

2. Campomenosi P, Salis S, Lindqvist C, Mariani D, Nordstrom T, Acquati

F, et al. Characterization of RNASET2, the first human member of the

Rh/T2/S family of glycoproteins. Arch Biochem Biophys. (2006) 449:17–

26. doi: 10.1016/j.abb.2006.02.022

3. Liu Y, Emilion G, Mungall AJ, Dunham I, Beck S, Le Meuth-Metzinger VG,

et al. Physical and transcript map of the region between D6S264 and D6S149

on chromosome 6q27, the minimal region of allele loss in sporadic epithelial

ovarian cancer. Oncogene. (2002) 21:387–99. doi: 10.1038/sj.onc.1205067

4. Lualdi M, Pedrini E, Rea K, Monti L, Scaldaferri D, Gariboldi M,

et al. Pleiotropic modes of action in tumor cells of RNASET2, an

evolutionary highly conserved extracellular RNase. Oncotarget. (2015)

6:7851–65. doi: 10.18632/oncotarget.3490

5. Luhtala N, Parker R. T2 Family ribonucleases: ancient enzymes with diverse

roles. Trends Biochem Sci. (2010) 35:253–9. doi: 10.1016/j.tibs.2010.02.002

6. Liu Y, Chen G, Lu L, Sun H, Guo Q, Xue K, et al. RNASET2

in human spermatozoa and seminal plasma: a novel relevant

indicator for asthenozoospermia. Andrology. (2013) 1:75–

84. doi: 10.1111/j.2047-2927.2012.00022.x

7. Henneke M, Diekmann S, Ohlenbusch A, Kaiser J, Engelbrecht V,

Kohlschutter A, et al. RNASET2-deficient cystic leukoencephalopathy

resembles congenital cytomegalovirus brain infection. Nat Genet. (2009)

41:773–5. doi: 10.1038/ng.398

8. Wang Q, Wang X, Le Y, Jiang M, Wu J, Tao L, et al. Rnaset2 inhibits

melanocyte outgrowth possibly through interacting with shootin1. J Dermatol

Sci. (2015) 80:25–32. doi: 10.1016/j.jdermsci.2015.07.004

9. Wang Q, Wang X, Xiang L. Role and Mechanism of RNASET2 in the

Pathogenesis of Vitiligo. J Investig Dermatol Symp Proc. (2015) 17:48–

50. doi: 10.1038/jidsymp.2015.24

10. Nesiel-Nuttman L, Doron S, Schwartz B, Shoseyov O. Human

RNASET2 derivatives as potential anti-angiogenic agents: actin binding

sequence identification and characterization. Oncoscience. (2015)

2:31–43. doi: 10.18632/oncoscience.100

11. Acquati F, Possati L, Ferrante L, Campomenosi P, Talevi S, Bardelli S, et al.

Tumor and metastasis suppression by the human RNASET2 gene. Int J Oncol.

(2005) 26:1159–68. doi: 10.3892/ijo.26.5.1159

12. Acquati F, Lualdi M, Bertilaccio S, Monti L, Turconi G, Fabbri M, et al. Loss

of function of Ribonuclease T2, an ancient and phylogenetically conserved

RNase, plays a crucial role in ovarian tumorigenesis. Proc Natl Acad Sci U S A.

(2013) 110:8140–5. doi: 10.1073/pnas.1222079110

13. Monti L, Rodolfo M, Lo Russo G, Noonan D, Acquati F, Taramelli R.

RNASET2 as a tumor antagonizing gene in a melanoma cancer model. Oncol

Res. (2008) 17:69–74. doi: 10.3727/096504008784523658

14. McKay JD, Hung RJ, Han Y, Zong X, Carreras-Torres R, Christiani DC, et al.

Large-scale association analysis identifies new lung cancer susceptibility loci

and heterogeneity in genetic susceptibility across histological subtypes. Nat

Genet. (2017) 49:1126–32. doi: 10.1038/ng.3892

15. de Leeuw M, Gonzalez A, Lanir A, Roiz L, Smirnoff P, Schwartz B, et al.

The 1.8 A crystal structure of ACTIBIND suggests a mode of action for

T2 ribonucleases as antitumorigenic agents. J Med Chem. (2012) 55:1013–

20. doi: 10.1021/jm1015507

16. Yin F, Liu L, Liu X, Li G, Zheng L, Li D, et al. Downregulation of tumor

suppressor gene ribonuclease T2 and gametogenetin binding protein 2 is

associated with drug resistance in ovarian cancer. Oncol Rep. (2014) 32:362–

72. doi: 10.3892/or.2014.3175

17. Fagerberg L, Hallstrom BM, Oksvold P, Kampf C, Djureinovic D, Odeberg

J, et al. Analysis of the human tissue-specific expression by genome-wide

integration of transcriptomics and antibody-based proteomics. Mol Cell

Proteomics. (2014) 13:397–406. doi: 10.1074/mcp.M113.035600

18. Acquati F, Mortara L, De Vito A, Baci D, Albini A, Cippitelli M,

et al. Innate immune response regulation by the human RNASET2 tumor

suppressor gene. Front Immunol. (2019) 10:2587. doi: 10.3389/fimmu.2019.

02587

19. De Vito A, Orecchia P, Balza E, Reverberi D, Scaldaferri D, Taramelli R, et al.

Overexpression of murine Rnaset2 in a colon syngeneic mouse carcinoma

model leads to rebalance of intra-tumor M1/M2 macrophage ratio, activation

of T cells, delayed tumor growth, and rejection. Cancers (Basel). (2020)

12:717. doi: 10.3390/cancers12030717

20. Roiz L, Smirnoff P, Lewin I, Shoseyov O, Schwartz B. Human

recombinant RNASET2: A potential anti-cancer drug. Oncoscience. (2016)

3:71–84. doi: 10.18632/oncoscience.295

21. Smirnoff P, Roiz L, Angelkovitch B, Schwartz B, Shoseyov O. A recombinant

human RNASET2 glycoprotein with antitumorigenic and antiangiogenic

characteristics: expression, purification, and characterization. Cancer. (2006)

107:2760–9. doi: 10.1002/cncr.22327

22. Marano L, D’Ignazio A, Cammillini F, Angotti R, Messina M, Marrelli D,

et al. Comparison between 7th and 8th edition of AJCC TNM staging system

for gastric cancer: old problems and new perspectives. Transl Gastroenterol

Hepatol. (2019) 4:22. doi: 10.21037/tgh.2019.03.09

23. Peng XC, Zeng Z, Huang YN, Deng YC, Fu GH. Clinical significance of

TM4SF1 as a tumor suppressor gene in gastric cancer. Cancer Med. (2018)

7:2592–600. doi: 10.1002/cam4.1494

24. Li D, Zeng Z, Yu T, Qin J, Wu J, Song JC, et al. Expression and clinical

implication of S100A12 in gastric carcinoma. Tumour Biol. (2016) 37:6551–

9. doi: 10.1007/s13277-015-4460-5

25. Wang Q,Wen YG, Li DP, Xia J, Zhou CZ, Yan DW, et al. Upregulated INHBA

expression is associated with poor survival in gastric cancer. Med Oncol.

(2012) 29:77–83. doi: 10.1007/s12032-010-9766-y

26. D’Errico M, de Rinaldis E, Blasi MF, Viti V, Falchetti M, Calcagnile

A, et al. Genome-wide expression profile of sporadic gastric

cancers with microsatellite instability. Eur J Cancer. (2009)

45:461–9. doi: 10.1016/j.ejca.2008.10.032

27. Cancer Genome Atlas Research Network. Comprehensive molecular

characterization of gastric adenocarcinoma. Nature. (2014)

513:202–9. doi: 10.1038/nature13480

28. Hart T, Chandrashekhar M, Aregger M, Steinhart Z, Brown

KR, MacLeod G, et al. High-resolution CRISPR screens reveal

fitness genes and genotype-specific cancer liabilities. Cell. (2015)

163:1515–26. doi: 10.1016/j.cell.2015.11.015

Frontiers in Oncology | www.frontiersin.org 13 May 2020 | Volume 10 | Article 836

https://doi.org/10.1038/sj.onc.1204178
https://doi.org/10.1016/j.abb.2006.02.022
https://doi.org/10.1038/sj.onc.1205067
https://doi.org/10.18632/oncotarget.3490
https://doi.org/10.1016/j.tibs.2010.02.002
https://doi.org/10.1111/j.2047-2927.2012.00022.x
https://doi.org/10.1038/ng.398
https://doi.org/10.1016/j.jdermsci.2015.07.004
https://doi.org/10.1038/jidsymp.2015.24
https://doi.org/10.18632/oncoscience.100
https://doi.org/10.3892/ijo.26.5.1159
https://doi.org/10.1073/pnas.1222079110
https://doi.org/10.3727/096504008784523658
https://doi.org/10.1038/ng.3892
https://doi.org/10.1021/jm1015507
https://doi.org/10.3892/or.2014.3175
https://doi.org/10.1074/mcp.M113.035600
https://doi.org/10.3389/fimmu.2019.02587
https://doi.org/10.3390/cancers12030717
https://doi.org/10.18632/oncoscience.295
https://doi.org/10.1002/cncr.22327
https://doi.org/10.21037/tgh.2019.03.09
https://doi.org/10.1002/cam4.1494
https://doi.org/10.1007/s13277-015-4460-5
https://doi.org/10.1007/s12032-010-9766-y
https://doi.org/10.1016/j.ejca.2008.10.032
https://doi.org/10.1038/nature13480
https://doi.org/10.1016/j.cell.2015.11.015
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zeng et al. Expression of RNASET2 in GAC

29. Hart T, Brown KR, Sircoulomb F, Rottapel R, Moffat J. Measuring error

rates in genomic perturbation screens: gold standards for human functional

genomics.Mol Syst Biol. (2014) 10:733. doi: 10.15252/msb.20145216

30. Tsherniak A, Vazquez F, Montgomery PG, Weir BA, Kryukov G, Cowley

GS, et al. Defining a cancer dependency map. Cell. (2017) 170:564–

76.e16. doi: 10.1016/j.cell.2017.06.010

31. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer

statistics, 2012. CA Cancer J Clin. (2015) 65:87–108. doi: 10.3322/caac.21262

32. VecchiM, Nuciforo P, Romagnoli S, Confalonieri S, Pellegrini C, Serio G, et al.

Gene expression analysis of early and advanced gastric cancers. Oncogene.

(2007) 26:4284–94. doi: 10.1038/sj.onc.1210208

33. Barreto SG, Windsor JA. Redefining early gastric cancer. Surg Endosc. (2016)

30:24–37. doi: 10.1007/s00464-015-4184-z

34. Birgele EL. [Morphological basis of gastric acid-forming function normally

and in pathology]. Fiziol Zh SSSR Im I M Sechenova. (1982) 68:673–81.

35. Marken JS, Schieven GL, Hellstrom I, Hellstrom KE, Aruffo A. Cloning and

expression of the tumor-associated antigen L6. Proc Natl Acad Sci U S A.

(1992) 89:3503–7. doi: 10.1073/pnas.89.8.3503

36. ChenH, Xu C, Jin Q, Liu Z. S100 protein family in human cancer.Am J Cancer

Res. (2014) 4:89–115.

37. Till JE, Yoon C, Kim BJ, Roby K, Addai P, Jonokuchi E, et al.

Oncogenic KRAS and p53 loss drive gastric tumorigenesis in mice that

can be attenuated by E-cadherin expression. Cancer Res. (2017) 77:5349–

59. doi: 10.1158/0008-5472.CAN-17-0061

38. Huang T, Kang W, Zhang B, Wu F, Dong Y, Tong JH, et al.

miR-508-3p concordantly silences NFKB1 and RELA to inactivate

canonical NF-κB signaling in gastric carcinogenesis. Mol Cancer. (2016)

15:9. doi: 10.1186/s12943-016-0493-7

39. Pei YF, Zhang YJ, Lei Y, Wu WD, Ma TH, Liu XQ. Hypermethylation

of the CHRDL1 promoter induces proliferation and metastasis by

activating Akt and Erk in gastric cancer. Oncotarget. (2017) 8:23155–

66. doi: 10.18632/oncotarget.19303

40. Min KW, Kim DH, Son BK, Kim DH, Kim EK, Seo J, et al. A high Ki67/BCL2

index could predict lower disease-free and overall survival in intestinal-

type gastric cancer. Eur Surg Res. (2017) 58:158–68. doi: 10.1159/000

448945

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Zeng, Zhang, Li, Li, Yuan, Gu and Xiong. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 14 May 2020 | Volume 10 | Article 836

https://doi.org/10.15252/msb.20145216
https://doi.org/10.1016/j.cell.2017.06.010
https://doi.org/10.3322/caac.21262
https://doi.org/10.1038/sj.onc.1210208
https://doi.org/10.1007/s00464-015-4184-z
https://doi.org/10.1073/pnas.89.8.3503
https://doi.org/10.1158/0008-5472.CAN-17-0061
https://doi.org/10.1186/s12943-016-0493-7
https://doi.org/10.18632/oncotarget.19303
https://doi.org/10.1159/000448945
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Expression, Location, Clinical Implication, and Bioinformatics Analysis of RNASET2 in Gastric Adenocarcinoma
	Introduction
	Materials and Methods
	Tissue Sample and Data Collection
	Immunohistochemistry (IHC)
	Evaluation of Immunohistochemical Staining
	Cell Culture and SiRNA Transfection
	Nucleic Acid Preparation and Reverse Transcription-polymerase Chain Reaction (RT-PCR)
	In vitro Cell Proliferation Assay
	Colony Formation Assay
	GEO and TCGA Datasets Analysis
	Analysis of Genome-wide RNA Interference (RNAi) Proliferation Screening Data
	Analysis of Genome-wide CRISPR/Cas9 Proliferation Screening Data in GAC Cell Lines
	Gene Set Enrichment Analysis (GSEA)
	Statistical Analysis

	Results
	The Diversity of RNASET2 Expression in Different Anatomic Zones of Stomach
	RNASET2 Expression Was Down-Regulated in GAC
	RNASET2 Was a Biomarker for Identifying Early GAC
	Association of RNASET2 Expression With the GAC Clinicopathologic Features and Patients' Survival
	RNASET2 Was a Cancer Passenger Gene in the GAC
	RNASET2 didn't Exert an Anti-angiogenic Effect in GAC
	Correlation Between RNASET2 Protein and GAC-associated Markers

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


