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Identification of plasma RGS18 and PPBP mRNAs as potential
biomarkers for gastric cancer using transcriptome arrays
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Abstract. Coding and noncoding RNAs serve a crucial role in
tumorigenesis. Circulating RNAs have been recognized as a
novel category of biomarkers for a variety of physiological and
pathological conditions. To identify plasma RNA biomarkers
for gastric cancer (GC), a genome-wide transcriptome analysis
using GeneChip® Human Transcriptome Array, which contains
probe sets covering exons of ~67500 coding and noncoding
transcripts of annotated genes, was performed to screen for
the RNAs that exhibited differential expression in the plasma
samples of patients with GC and controls. The expression levels
of 6 candidate RNAs, including regulator of G-protein signaling
18 (RGS18), integral membrane protein 2B, pro-platelet basic
protein (PPBP), nucleosome assembly proteinl-like 1, n324674
and ENST00000442382 were assessed in the plasma samples
of 81 patients with GC and 77 healthy participants using
reverse transcription-quantitative polymerase chain reaction.
Furthermore, the expression levels of RGS18 and PPBP mRNAs
were indicated to be significantly differentially expressed
(P<0.0001) in an independent panel of plasma samples of 36
patients with GC compared with 34 healthy participants. The
potential association of RGS18 and PPBP mRNA expression
levels with clinicopathological features was subsequently
analyzed. Receiver operating characteristic analysis indicated
that the combination of these 2 mRNAs with an area under
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curve <0.812 was an improved indicator for gastric cancer
compared with respective individual levels. The results of the
present study indicate that RGS18 and PPBP mRNA expression
was significantly downregulated in the plasma of patients with
GC, and the combination of these 2 mRNAs may be a useful
diagnostic or prognostic marker for GC.

Introduction

Gastric cancer (GC) is the third leading cause of
cancer-associated mortality, particularly in East Asia, Eastern
Europe and South America (1-3) and the 5-year overall
survival rate remains <25% (4). Therefore, identification of
molecular biomarkers, which contribute to the early stratifica-
tion of patients with poor prognosis, would aid in selecting
the most effective and appropriate therapeutic strategy (3-5).
However, numerous GC-associated biomarkers, involving
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9,
carbohydrate antigen 72-4 (CA72-4) and carbohydrate antigens
125, frequently used for diagnosis, prognosis prediction and
monitoring of postoperative recurrence (6,7) are not sensitive or
specific for the detection of GC, particularly in early diagnosis.
Therefore, identification of novel biomarkers for GC diagnosis
have been a major focus of recent investigations (8-10).

A previous study indicated that the release of nucleic acids
into the blood was associated with apoptosis and necrosis
of cancer cells, including thyroid cancer, nasopharyngeal
carcinoma and lung cancer, in the tumor microenvironment.
In addition, the study reported that secretion has also been
indicated to be a potential source of cell-free nucleic acids (11).
Therefore, the detection of cell-free (cf) RNAs in plasma or
serum may serve as a ‘liquid biopsy’, which would be useful
for numerous diagnostic applications and would reduce the
requirement for tumor tissue biopsies (11,12). A variety of
extracellular RNAs have been detected and used as diagnostic
and prognostic indicators for early diagnosis and disease
outcomes (11-13). In contrast to miRNA, complete mRNA and
long non-coding RNA (IncRNA) molecules have been reported
to be limited in the plasma (14). Plasma mRNAs and IncRNAs
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exist mainly in the form of RNA fragments. Therefore, it
is difficult to screen potential plasma RNA markers using
traditional IncRNA or mRNA microarray with a single probe
mapped to one gene. GeneChip® Human Transcriptome Array
2.0 (HTA2.0) contains >6.0 million distinct probes, covering
coding and non-coding transcripts, and was designed with
~10 probes per exon, therefore ensuring that complete and
accurate expression data was obtained in the present study,
even for fragmented RNA molecules.

Therefore, in the present study, the Human Transcriptome
Array 2.0 was used to screen candidate RNAs that were
differentially expressed between plasma samples from
healthy participants and patients with GC. The differentially
expressed RNA molecules were validated in a training set and
assessed in the plasma samples of 81 patients with GC and 77
healthy participants using reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). The optimal candidate
RNA biomarkers were isolated in a test set of 36 patients with
GC and 34 healthy participants and the association between
expression levels and patient clinicopathological data was
determined to assess the diagnostic value of these biomarkers
in patients with GC. The results of the present study demon-
strated that certain RNAs, including G-protein signaling 18
(RGS18) and pro-platelet basic protein (PPBP), may be signifi-
cantly downregulated in the plasmas of patients with GC.
RGSI18 has been reported to have a combined and cell-specific
role in regulating the function of cancer cells, along with the
progression of various types of cancer (15). PPBP has been
reported to stimulate various cellular processes, including
regulating the growth and metastasis of cholangiocarci-
noma (16). The findings of the present study indicate that a
combination of RGS18 and PPBP mRNAs may be used as a
diagnostic or prognostic marker of GC.

Materials and methods

Tissue and blood samples. Peripheral blood samples were
collected from 81 patients with GC and 77 healthy partici-
pants (Table I) at the Chinese People's Liberation Army
General Hospital (Beijing, China) and 36 patients with GC
and 34 healthy participants (Table II) at the China-Japan
Union Hospital of Jilin University (Changchun, China). GC
tissues and paired para-tumorous tissues were collected from
26 patients (Table III), who underwent surgery for GC at the
Chinese PLA General Hospital (Beijing, China). None of the
patients were administered radiotherapy or chemotherapy
treatment prior to the operation. All tissue specimens and
blood samples were immediately frozen in liquid nitrogen
and stored at -80°C. All samples were staged in accordance
with the Tumor-Node-Metastasis (TNM) classification and
the criteria of the Union for International Cancer Control
(UICC) and the tumor grade was assessed in accordance to the
UICC criteria (17,18). Written informed consent was obtained
from all patients. The Ethics Committee of the Chinese PLA
General Hospital (Beijing, China) and the China-Japan Union
Hospital of Jilin University (Changchun, China) approved the
use of samples for the present study.

Microarray analysis. Cell-free RNA was extracted from
the mixed plasma samples of patients with GC and healthy
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Table I. Basic characteristics of enrolled individuals in the
training set.

Control GC
group (n=77) group (n=81)

Clinical parameter Number of cases Number of cases

Age (years)

<60 37 (48.1%) 42 (51.9%)

>60 40 (51.9%) 39 (48.1%)
Mean age 61 60
Age range 36-84 36-84
Sex

Male 49 (63.6%) 64 (79.0%)

Female 28 (36.4%) 17 (21.0%)
Differentiated®

PDAC® 56

MDAC 20

WDAC 5
Invasion depth

Tl 10

T2 19

T3 7

T4 37

Uncategorized 8
Regional lymph nodes

NO 25

N1 17

N2 11

N3 11

Uncategorized 17
Distant metastasis

Yes 10

No 63

Uncategorized 8
TNM staging®

I 19

II-1v 52
Size (cm?)

=4 42

<4 24

Uncategorized 15

“World Health Organization classification of tumors of the digestive
system (17)."Mucinous carcinoma and poorly differentiated adenocarci-
noma were classified into a group due to the analogously poor prognosis.
“American Joint Committee on Cancer staging system (18). GC, gastric
cancer; TNM, Tumor-Node-Metastasis; PDAC, poorly-differentiated
adenocarcinoma; MDAC, moderately-differentiated adenocarcinoma;
WDAC, well-differentiated adenocarcinoma.

participants (n=20, individual blood samples) using the
miRNeasy Serum/Plasma kit (Qiagen GmbH, Hilden,
Germany), according to the manufacturer's protocol, and
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Table II. Basic characteristics of enrolled individuals in testing
set.

Control GC
group (n=34) group (n=36)

Clinical parameter Number of cases  Number of cases

Age (years)

<60 19 (55.9%) 11 (30.6%)

>60 15 (44.1%) 25 (69.4%)
Mean age 59 58
Age range 36-78 36-83
Sex

Male 16 (47.1%) 20 (55.6%)

Female 18 (52.9) 16 (44 .4%)
Differentiated®

PDAC® 6

MDAC 12

WDAC 1
Invasion depth

T1-T2 2

T3-T4 7
Regional lymph nodes

NO 3

NI-N3 6
Distant metastasis

Yes 1

No 8
TNM staging®

I 2

I-1v 7
Size (cm®)

=4 16

<4 4

*World Health Organization classification of tumors of the digestive
system (17).®Mucinous carcinoma and poorly differentiated adenocarci-
noma were classified into a group due to the analogously poor prognosis.
“American Joint Committee on Cancer staging system (18). GC, gastric
cancer; TNM, Tumor-Node-Metastasis; PDAC, poorly-differentiated
adenocarcinoma; MDAC, moderately-differentiated adenocarcinoma;
WDAC, well-differentiated adenocarcinoma.

treated with RNase-Free DNase set (Qiagen GmbH), according
to the manufacturer's protocol. The sample preparation and
microarray hybridization were performed by Shanghai Bohao
Biotechnology Co., Ltd. (Shanghai, China). Total RNA was
amplified, labelled and purified using an Affymetrix WT
PLUS reagent kit (Affymetrix; Thermo Fisher Scientific Inc.,
Waltham, MA, USA) to obtain labelled cDNA. Samples were
hybridized to a GeneChip® Human Transcriptome Array
2.0 (Affymetrix; Thermo Fisher Scientific Inc.), according
to the manufacturer's protocol. Arrays were scanned using
the GeneChip® Scanner 3000 (Affymetrix; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
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Command Console software 4.10 (Affymetrix; Thermo Fisher
Scientific Inc.) was used with default settings to control the
scanner and summarize probe cell intensity data. Raw data
were then normalized using Expression Console software 4.10
(Affymetrix; Thermo Fisher Scientific, Inc.).

Total RNA preparation and RT-gPCR. Total RNA was extracted
from tissue samples using TRIzol reagent (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany), according to the manu-
facturer's protocol. Plasma cfRNA was extracted from 200 pl
plasma using the RNeasy Serum/Plasma kit (Qiagen GmbH),
according to the manufacturer's protocols. cDNA was synthe-
sized and amplified using ImProm-II™ reverse transcriptase
(Promega Corporation, Madison, WI, USA), according to the
manufacturer's protocol. The primer sequences are indicated
in Table IV. qPCR was subsequently performed using the
SYBR gPCR mix (Takara Biotechnology Co., Ltd., Tokyo,
Japan) with an Mx 3000p instrument (Agilent Technologies
Inc., Santa Clara, CA, USA), according to the manufacturer's
protocols. Amplification of the cDNA was confirmed using
melting curve analysis. cDNA was reverse transcribed from
20 pl plasma cfRNA and the following thermocycling condi-
tions were used for the qPCR: Initial denaturation at 95°C
for 5 min; 45 cycles of denaturation at 95°C for 10 sec and
annealing and extending at 60°C for 20 sec. The relative
expression level of each RNA was quantified using the 2-44%
method (19) with the 18S rRNA gene as the endogenous
control for data normalization, since its expression level does
not significantly differ in the plasma samples of patients with
GC and healthy participants (20,21).

Statistical analyses. Statistical analyses were performed using
GraphPad Prism 5.0 (GraphPad Software Inc., La Jolla, CA,
USA) and SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Student's
t-tests were used to evaluate differences in the RNA expres-
sion levels of tissue and plasma samples from patients with GC
and healthy controls. The specificity, sensitivity and area under
the curve (AUC) of each RNA sample was determined using
receiver operating characteristic (ROC) curve analysis. Using
the binary outcome of patients with GC or healthy control
samples as dependent variables, a logistic regression model
was established using the stepwise model selection method.
All statistical tests were 2-tailed and P<0.05 was considered to
indicate a statistically significant difference.

Results

Plasma RNA screening and data analysis. To investigate
whether aberrantly expressed RNAs are present in the plasma
of patients with GC, 2 pools of plasma specimens were
generated from the GC group (n=16) and the control group
(n=16). Circulating RNAs in the 2 plasma pools were analyzed
using microarray [GeneChip® Human Transcriptome Array
2.0 (Affymetrix; Thermo Fisher Scientific Inc.)]. Numerous
significantly differentially expressed RNAs between the
2 pools were detected, including 716 RNAs with a fold-change
>2. Among these, 577 RNAs were upregulated and 139 RNAs
were downregulated in patients with GC compared with the
control group. There were 333 RNAs with a fold-change =3,
including 272 RNAs that were upregulated and 61 RNAs that
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Table III. The clinical parameters of patients with GC and GC tumors.

Sample Sex Age (years) Differentiated* TNM staging® Depth of invasion LN metastasis
1 Male 58 MDAC* 1B T3 N2
2 Male 74 PDAC 11 T3 NO
3 Female 79 PDAC I T3 N2
4 Female 76 PDAC 1B T3 N2
5 Male 73 MDAC v T3 N3
6 Male 87 MDAC 1A Tl NO
7 Female 71 MDAC v T4 N2
8 Male 73 MDAC 11 T2 N1
9 Male 57 PDAC 1B T2 NO

10 Female 34 PDAC IA Tl NO

11 Male 75 PDAC 1B T3 N2

12 Male 54 MDAC 1B T2 NO

13 Female 70 PDAC v T3 N3

14 Male 62 MDAC 11 T2 NI

15 Female 67 MDAC v T4 N2

16 Male 26 MDAC A T3 N1

17 Female 45 MDAC 1B T3 N2

18 Male 59 PDAC v T3 N3*

19 Male 50 MDAC I T2 N1

20 Male 52 MDAC v T4* N3®

21 Female 42 MDAC 1T T3 NO

22 Female 67 MDAC 1B T3 N2

23 Female 41 PDAC v T4* N3®

24 Male 53 MDAC 1B T3 N2

25 Male 46 PDAC v T4 N3®

26 Female 34 PDAC 1B T2 NO

Mean age, 59 years; age range, 26-87 years. “‘World Health Organization classification of tumors of the digestive system (17). "The American
Joint Committee on Cancer staging system (18). “Mucinous carcinoma and poorly differentiated adenocarcinoma were classified into a group
due to the analogously poor prognosis. TNM, Tumor-Node-Metastasis; LN, lymph node; PDAC, poorly-differentiated adenocarcinoma;
MDAC, moderately-differentiated adenocarcinoma; WDAC, well-differentiated adenocarcinoma.

were downregulated in patients with GC compared with the
control group (Fig. 1). Based on the expression levels of probe
set regions and integrated transcripts, 19 RNA molecules were
selected for verification in the 2 plasma pools using RT-qPCR.
It was indicated that the expression levels of 2 non-coding
RNAs (n324674 and ENST00000442382) were significantly
elevated, while a total of 4 mRNAs, regulator of G-protein
signaling 18 (RGS18), integral membrane protein 2B (ITM2B),
pro-platelet basic protein (PPBP) and nucleosome assembly
proteinl-like 1 (NAPI1L1), were reduced in the plasma of
patients with GC (Figs. 2 and 4). Therefore, the expression
levels of these 6 RNAs were further verified in the large-scale
training sample of patients with GC.

Large-scale validation in plasma samples. In the large-scale
training sample of patients with GC (n=81) and healthy
participants (n=77), the expression level of n324674 (P
=0.0069) was indicated to be increased in the plasma of
patients with GC compared with that of healthy participants.
However, the expression level of RGS18 (P<0.0001), ITM2B
(P=0.0078), PPBP (P<0.0001) and NAPIL1 (P=0.0237) were
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7 8 9 10 11 12

12 3 4 5 6

Fold-change Genes Upregulated Downregulated
2 716 577 139
3 333 272 61

Figure 1. Scatter plot analysis of the transcriptome array. NC, negative
control; GC, gastric cancer.
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Table I'V. Sequences of primers used in the present study.

Gene Forward (5'-3") Reverse (5'-3")

RGS18 TGGACTAGAGGCTTTTAC ATTTGTTGAGGTCCCTTG
ITM2B TATTCAGAAACGTGAAGC CTTGACTGTTCAAGAAC
PPBP TGAGACAGAATGAAACAC AGGTGATGAATCTGCTG
NAPIL1 TGGCCAGCATCTGAGAAC CACGATGAACCTATTCTG
n324674 TGGATCACCTGAGGTCAG GGGTTCAAGCAATTCTCC
ENST00000442382 TTCAGCATGGCTGGGAAG CTCTGTCCTGCTGCCTTG
18S rRNA GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG

RGS18, regulator of G protein signaling 18; ITM2B, integral membrane protein 2B; PPBP, pro-platelet basic protein; NAPIL1, nucleosome
assembly protein 1 like 1.
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Figure 2. Large-scale training plasma samples of patients with GC (n=81) and healthy participants (n=77) of candidate RNAs. (A) Scatter plots of plasma levels
of regulator of G-protein signaling 18. (B) Scatter plots of plasma levels of integral membrane protein 2B. (C) Scatter plots of plasma levels of pro-platelet basic
protein. (D) Scatter plots of plasma levels of nucleosome assembly proteinl-like 1. (E) Scatter plots of plasma levels of n324674. (F) Scatter plots of plasma
levels of ENST00000442382. Expression levels of RNAs (2444 scale y-axis) were normalized to that of the 18S rRNA gene. RGS18, regulator of G-protein
signaling 18; ITM2B, integral membrane protein 2B; PPBP, pro-platelet basic protein; NAP1L1, nucleosome assembly proteinl-like 1.
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Figure 3. Receiver operating characteristic curve analysis of plasma RNAs: RGS18, ITM2B, PPBP, NAPILI and n324674. RGS18, regulator of G-protein
signaling 18; ITM2B, integral membrane protein 2B; PPBP, pro-platelet basic protein; NAPIL1, nucleosome assembly proteinl-like 1; CI, confidence interval,

AUC, area under the curve.
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Figure 4. Validation of RNAs in plasma samples of the testing set (n=70). (A) Scatter plot of plasma levels of RGS18 expression in patients with gastric cancer
(n=36) and healthy participants (n=34). (B) Scatter plot of plasma levels of PPBP expression in patients with gastric cancer (n=36) and healthy participants
(n=34). Expression levels of RNAs (2444 scale y-axis) are normalized to that of 18S rRNA. (C) Receiver operating characteristic curve analysis of plasma
RNAs: RGS18 and PPBP. RGS18, regulator of G-protein signaling 18; PPBP, pro-platelet basic protein; CI, confidence interval; AUC, area under the curve.

reduced in the plasma of patients with GC (Fig. 2). To eval-
uate whether plasma levels of the 5 candidate RNAs could be
used as diagnostic markers for GC, ROC curve analyses were
performed. It was indicated that the plasma levels of RGSI8,
ITM2B, PPBP, NAPI1LI1 and n324674 discriminated patients
with GC from healthy participants, with AUCs of the ROC
curves of 0.735 [95% confidence interval (CI), 0.657-0.814],
0.635 (95% CI, 0.548-0.723), 0.721 (95% CI, 0.641-0.801),
0.629 (95% CI,0.541-0.718) and 0.639 (95% CI, 0.550-0.727),
respectively (Fig. 3).

RGSI18 and PPBP, the most significantly differentially
expressed RNAs, were subsequently selected for further
validation in an independent testing set of patients with GC
(n=36) and healthy participants (n=34) (Table II). The results
confirmed that the expression levels of RGS18 (P<0.0001) and
PPBP (P=0.0012) were reduced in the plasma samples from
patients with GC compared with those from healthy partici-
pants (Fig. 4). In addition, the AUC value of the 2-mRNA panel
was 0.812, higher than that of the individual mRNAs. The
association between various clinicopathological features (age,
sex, tumor size, histological differentiation, invasion depth,
regional lymph nodes, distant metastasis and TNM stage) and
expression levels of RGS18 and PPBP in GC plasma samples

10 4

Relative PPBP expression
o

Male with GC Female with GC

-10

Sex

Figure 5. Relative PPBP expression in gastric cancer plasma samples and its
clinical significance. PPBP expression was significantly decreased in female
patients with GC compared with male patients with GC. "P<0.05. PPBP,
pro-platelet basic protein

(n=117), including the training (n=81) and testing sets (n=36),
was subsequently investigated. It was indicated that PPBP
expression was reduced in female patients with GC compared
with male patients with GC (P=0.0328; Fig. 5).



ONCOLOGY LETTERS 17: 247-255, 2019

253

_ P=0.3932 _ P=0.9092

= 0 P=0.0705 c 201 o 104
S e o =2
2% @ 15+ @2
52 L3 3§
5Ee.w- o510 %0
53 53 5 S5
oo 5o ]
g 159 S o v 2 820
= - —— we

-20 -5 @ 504

Tumor Normal

Tumor MNormal Tumor

Figure 6. Relative expression levels of NAP1L1, n324674 and ENST00000442382 in 26 gastric cancer and paired normal gastric tissue samples. No significant
differences between normal and tumor tissues were observed according to paired t-tests. NAP1L1, nucleosome assembly proteinl-like.

Detection of RNA expression in GC tissues. The levels of the 6
candidate RNAs in 26 GC tissue samples and paired adjacent
histologically normal tissues were assessed. RGS18, ITM2B
and PPBP expression could not be detected using RT-qPCR in
GC tissues, whereas the expression of NAP1L1, n324674 and
ENSTO00000442382 was detected. However, their expression
patterns in the tissues were different from those in plasma
samples. NAP1L1 was downregulated in 9 tumor tissues
compared with levels in normal tissues, while n324674 was
upregulated in 11 tissues and ENST00000442382 was upregu-
lated in 12 tissues (Fig. 6). According to these results, it was
speculated that these plasma RNAs may not derive directly
from gastric carcinoma tissues.

Discussion

GC is the third leading cause of cancer-associated mortality
worldwide (1-3). GC tumor development and progression
is a multi-step processes, involving numerous genetic and
epigenetic alterations. However, only a few oncogenes and
tumor suppressor genes have been previously identified as
being involved in gastric carcinogenesis (22-25). Previous
research has reported the use of biomarkers for early detection
and prediction of chemotherapeutic sensitivity and prognosis
in patients with various types of cancer (11). Among the
various approaches reported in previous research, blood-based
testing has been indicated as the ideal method for identifying
biomarkers in cancer, due to its simplicity and minimal
invasiveness (26). However, conventional plasma biomarkers,
including CEA and CA72-4, lack sufficient sensitivity and
specificity (6,7). Similar to other molecules, cfRNA has been
stably detected in plasma or serum samples (27-29). Previous
studies have indicated that plasma mRNAs and IncRNAs may
be protected by exosome encapsulation and complex forma-
tion with proteins, similar to plasma microRNAs (27,30,31).
Genome-wide screening approaches have provided opportuni-
ties to develop novel diagnostic or prognostic markers and to
identify novel therapeutic targets (32).

In the present study, the Human Transcriptome Array was
used to identify RNAs that are differentially expressed in
plasma samples from patients with GC and healthy partici-
pants. The results indicated that the expression levels of RGSI18,
ITM2B, PPBP and NAPIL1 were significantly decreased
in GC plasma samples compared with healthy participant
plasma samples, whereas those of n324674 were significantly
increased, confirming the differential expression of the

aforementioned RNAs in 81 patients with GC and 77 healthy
participants. The association between the plasma levels of these
2 RNAs in 117 patients with GC (training and testing sets) and
various clinicopathological factors was analyzed. The results
indicated that the differential expression of PPBP between
patients with GC and healthy participants was more significant
in females, as females with GC exhibited decreased expression
levels of PPBP compared with male patients with GC. In terms
of the utility of these RNAs as biomarkers, it was indicated that
plasma levels of RGS18 and PPBP discriminated patients with
GC from healthy participants with a combined AUC of 0.812.

Among the 6 candidate RNAs, n324674 and
ENST00000442382 were IncRNAs. Numerous IncRNAs
have been reported to be associated with disease, particularly
cancerous diseases (33). IncRNAs, including H19, imprinted
maternally expressed transcript (non-protein coding) (H19),
hepatocellular carcinoma upregulated IncRNA, colon cancer
associated transcript 1 and run-related transcription factor 1,
have been reported to serve functional roles in GC (23,34,35).
H19 has also been reported to circulate in the plasmas of
patients with GC (24). Therefore, n324674 may be a novel
IncRNA associated with GC.

The remaining RNAs are mRNAs. PPBP has been
reported to stimulate various cellular processes, including
DNA synthesis, mitosis, glycolysis and intracellular cyclic
adenosine monophosphate accumulation (16). NAPIL1 partic-
ipates in DNA replication and may serve a role in modulating
chromatin formation and regulating proliferation (36). The
underlying mechanisms of PPBP and NAPIL1 in GC require
further investigation. RGS proteins have been reported to
interact with and negatively regulate G protein activation, and
the RGS gene has been indicated to regulate platelet aggrega-
tion, haemostasis and thrombosis (37). The ITM2B gene has
been reported to be a target of BCL6 repression in lymphomas
and neurodegenerative diseases and ITM2B protein generated
by alternative splicing has been reported to induce apoptosis in
hematopoietic cell lines (38).

Previous studies have demonstrated that the levels of
particular RNAs in body fluids were inconsistent with their
corresponding levels in tissues (39). It has been reported that
one reason for this is that cfRNAs may be transferred to body
fluids by exosomes (40,41). Previous studies have reported that
certain RNAs can be enriched in exosomes and selectively
released from healthy and malignant cells (42). In the present
study, RGS18, ITM2B and PPBP could not be detected in GC
tissues by RT-qPCR and the expression patterns of NAPILI,
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n324674 and ENST00000442382 in GC tissues were not
consistent with those in plasma samples. This unexpected
result suggests that these RNAs in plasma may derive from
other tissues and not GC tissues.

In conclusion, the results of the present study demon-
strate that certain RNAs, including RGS18 and PPBP, were
significantly downregulated in the plasma of patients with GC
compared with healthy controls. These findings imply that a
combination of these 2 mRNAs could be used as a diagnostic
or prognostic marker for GC.
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