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Patients with gastric cancer (GC) are usually first diagnosed at an advanced stage due to the absence of obvious symptoms at an
early GC (EGC) stage. Therefore, it is necessary to identify an effective screening method to detect precursor lesions of GC (PLGC)
and EGC to increase the 5-year survival rate of patients. Cell-free RNA, as a biomarker, has shown potential in early diagnosis,
personalised treatment, and prognosis of cancer. In this study, six RNAs (CEBPA-AS1, INHBA-AS1, AK001058, UCA1, PPBP,
and RGS18) were analysed via real-time quantitative polymerase chain reaction (RT-qPCR) using the plasma of patients with EGC
and PLGC to identify diagnostic biomarkers. The receiver operating characteristic (ROC) curve analysis was used to evaluate the
diagnostic accuracy. Among the six RNAs, four IncRNAs (CEBPA-AS1, INHBA-AS1, AK001058, and UCA1) were upregulated
and two mRNAs (PPBP and RGS18) were downregulated in the plasma of patients with PLGC and EGC. According to the findings
of the ROC analysis, the four-RNA combination of INHBA-ASI, AK001058, UCA1, and RGS18 had the highest area under the
curve (AUC) value for determining risk of GC in patients with PLGC and the six-RNA combination including CEBPA-ASI,
INHBA-AS1, AK001058, UCA1, PPBP, and RGS18 had the highest AUC value for determining the risk of GC in patients with
EGC. The results suggest the potential usefulness of noninvasive biomarkers for the molecular diagnosis of GC at earlier stages.

1. Introduction

Gastric cancer (GC) is the fifth most common malignant
tumour and the fourth leading cause of cancer-related death
globally. According to the World Health Organization’s
global cancer data, 1.09 million new cases and 770,000
deaths occurred due to GC in 2020 [1]. Due to the lack of
awareness of early screening for tumours, lack of obvious
symptoms in precancer and early cancer stages, and un-
availability of more advanced means of early tumour
screening, most patients get diagnosed after progressing to
advanced stage GC. A survey shows that the 5-year survival
rate of patients with early GC (EGC) is >90%, while that of
patients with advanced GC is only approximately 30% [2].

Therefore, attention must be paid to the timely detection and
treatment of EGC.

Although gastroscopy combined with tissue biopsy is the
“gold standard” method for tumour detection and diagnosis,
endoscopy is limited by the type of equipment and physician
techniques and the results vary [3]. Furthermore, because it
is not possible to distinguish the heterogeneity of a tumour
using tissue specimens, discrepancies often occur between
gastroscopic results and pathological diagnosis [4]. Several
noninvasive detection methods for GC are available, in-
cluding circulatory biomarkers. However, currently known
tumour antigens in serum, including carcinoembryonic
antigen (CEA), carbohydrate antigen 19-9 (CA19-9), CA72-
4, and pepsinogen [5,6], are of little use in GC diagnosis due
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to their low specificity and sensitivity [7]. Thus, identifying
additional biomarkers is urgently needed to improve the
diagnostic efficiency of EGC.

Recent studies have highlighted the potential use of
circulating cell-free RNA (cfRNA), such as mRNA,
microRNA (miRNA), and long noncoding RNA (IncRNA),
in the peripheral blood for cancer diagnosis, prognosis, and
monitoring of response to anticancer therapy [8]. Previous
studies indicated that cfRNA could originate from necrotic
or apoptotic tumour cells [9,10] or be actively released by
tumour cells in microvesicles [11]. cfRNAs obtained from
the plasma and serum as biomarkers for detecting and di-
agnosing EGC [12,13], such as IncRNA PCGEM1 and UCAL1
[14,15]; circRNA circ_0141633 and circ_0004771 [16,17];
miRNA miR-21 and miR-26a [18,19]; mRNA SLC6A3 and
LICAM [20,21]; and combinations of IncRNAs [22],
miRNAs [23], and mRNAs [24].

In the present study, we investigated the expression of
four IncRNAs and two mRNAs in the plasma of patients
with EGC and precursor lesions of GC (PLGC) using real-
time quantitative polymerase chain reaction (RT-qPCR).
Furthermore, the specificity and sensitivity of single and
combination RNAs were evaluated for the diagnosis of EGC
and PLGC. Our study indicated that the combination of
plasma IncRNA and mRNA expression might be a useful
biomarker for GC diagnosis.

2. Materials and Methods

2.1. Plasma Samples. Plasma samples from healthy partici-
pants (n=120) and patients diagnosed with PLGC (n=119),
EGC (n=143), colorectal cancer (CRC)/esophageal cancer (EC)
(n=42), or GC pre-/postoperatively (n=46) were provided by
the First Medical Center of the Chinese PLA General Hospital
(Beijing, China). None of the patients were administered ra-
diotherapy or chemotherapy treatment prior to the operation.
The basic information of the patients is listed in Table 1. All
plasma samples were immediately stored at —70°C. Written
informed consent was obtained from all patients. The Ethics
Commiittee of the First Medical Center of the Chinese PLA
General Hospital (Beijing, China) approved the use of samples
for the present study (52017-010-02).

2.2. Examination of Tumour Markers. The expression levels
of tumour markers CEA, alpha fetoprotein (AFP), and
CA19-9 in plasma of patients were measured using the
electrochemiluminescence immunoassay on the Roche
Cobas 8000e602 analyser (Roche Diagnostics, Mannheim,
Germany). The recommended normal reference range
values for diagnostic purposes were 0-5.0 ng/ml for CEA,
0-20ng/ml for AFP, and 0.1-37 U/ml for CA19-9. The
examination was performed at the clinical laboratory of the
First Medical Center of Chinese PLA General Hospital
following standard procedures.

2.3. Plasma RNA Preparation and RT-qPCR. Plasma cfRNA
was extracted from 200uL of plasma samples using the
miRNeasy Serum/Plasma kit (Qiagen, Valencia, CA)
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according to the manufacturer’s instructions. Total RNA was
reverse-transcribed using ImProm-II"™ Reverse Tran-
scriptase (Promega, Madison, WI) according to the man-
ufacturer’s instructions. All RNA and cDNA products were
stored at —70°C. RT-qPCR was performed with the TB
Green® Premix Ex Taq'™ (Takara, Shiga, Japan) using the
Mx3000p instrument (Agilent Technologies, Santa Clara,
CA) according to the manufacturer’s instructions. The RNA
information and primer sequences are listed in Tables S1 and
S2. The expression level of each RNA was quantified using
the ACt method with the 18S rRNA gene as the endogenous
control for data normalisation (Table S3), since its expres-
sion level did not significantly differ between the plasma
samples of patients with GC and healthy controls [25].

2.4. Statistical Analyses. The statistical analyses were per-
formed using GraphPad Prism 5.0 and IBM SPSS Statistics
for Windows, version 19.0 (IBM Corp., Armonk, NY).
Student’s t-test was used for the analysis of data with normal
distribution and homogeneity of variance between the two
groups, whereas Mann-Whitney U test was used for data
with skewed distribution with homogeneity of variance. All
statistical tests were two-tailed, and P <0.05 indicated sta-
tistical significance. The specificity, sensitivity, and area
under the curve (AUC) of each RNA were determined using
receiver operating characteristic (ROC) curve analysis. In
addition, the expression level of RNA was analysed using
logistic regression analysis to determine the diagnostic value
of multiple RNA combinations. The nomogram was for-
mulated using the R 3.5.1 software (The R Foundation for
Statistical Computing, Vienna, Austria) with the rms sta-
tistical package.

3. Results

3.1. Positive Rates of Traditional Markers for PLGC and EGC.
To test whether the traditional tumour markers could be
used for the prediction of risk of GC in EGC and PLGC, we
examined the levels of CEA, AFP, and CA19-9 in plasma of
patients with EGC (including 129 patients) and PLGC
(including 10 patients with gastricism and 101 patients with
LGD or HGD) (Tables S4). We found lower positive rates for
single and combined tumour markers in patients with PLGC
than patients with EGC (Table 2). The positive rates of these
tumour markers in both groups were lower than previously
reported positive rates of tumour markers in GC patients
with CEA (21.8%), AFP (5.0%), CA19-9 (24.4%), and their
combinations (47.1%, including CA125) [26], which indi-
cated that the traditional markers are unsuitable for the
prediction of the risk of GC in patients with EGC and PLGC.

3.2. Analysis of the Expression Level of the Six RNAs in Plasma
of Patients with PLGC. Based on our previous studies using
microarray analysis [22,24], we validated the expression
levels of the six RNAs in plasma samples of 119 patients with
PLGC and 120 healthy participants using RT-qPCR. Of these
six RNAs, CEBPA-AS1, INHBA-AS1, AK001058, and UCA1
were significantly higher and PPBP and RGS18 were
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TaBLE 1: Basic information of patients.
Characteristics Data
Age (yr) 34-86
>60 65 (54.6%)
<=60 54 (45.4%)
Sex
Male 90 (75.6%)
PLGC (n=119) Female 29 (24.4%)
Category
Gastritis 10 (8.4%)
HGD 56 (47.1%)
LGD 53 (44.5%)
Age (yr) 35-80
>60 84 (58.7%)
<=60 59 (41.3%)
Sex
Male 108 (75.5%)
EGC (n=143) Female 35 (24.5%)
Differentiation
High 64 (44.7%)
Medium 46 (32.2%)
Low 33 (23.1%)
Age (yr) 45-71
>60 28 (66.7%)
<=60 14 (33.3%)
Sex
Male 30 (71.4%)
CRC and EC (n=42) Female 12 (28.6%)
Differentiation
CRC high 5 (45.5%)
CRC low 6 (54.5%)
EC high 23 (74.2%)
EC low 8 (25.8%)
Age (yr) 39-80
>60 20 (43.5%)
GC with operation (1 =46) <S_ei0 26 (56.5%)
Male 33 (71.7%)
Female 13 (28.3%)

PLGC, precursor lesions of gastric cancer; EGC, early gastric cancer; CRC, colorectal cancer; EC, esophageal cancer; GC, gastric cancer; HGD, high-grade

dysplasia; LGD, low-grade dysplasia.

significantly lower in the plasma of patients with PLGC than
in that of healthy participants (P <0.001) (Figure 1).

To evaluate whether plasma levels of the six candidate
RNAs could be used as diagnostic biomarkers for PLGC,
ROC curve analyses were performed. The plasma levels of
CEBPA-AS1, INHBA-ASI, AK001058, UCA1, PPBP, and
RGS18 differed between patients with PLGC and healthy
participants, with AUCs of the ROC curves at 0.651, 0.639,
0.741, 0.692, 0.721, and 0.773, respectively (Figure 2(a)).
Furthermore, the AUC of the combined six RNAs was 0.805
(95% confidence interval (CI): 0.751-0.859), and a six-mi-
nus-RNA signature was constructed; the six-minus-PPBP
RNA signature had an AUC (AUC=0.819; 95% CI:
0.767-0.871) higher than that for the other five RNA
combinations. The combination of INHBA-AS1, AK001058,
UCA1, and RGS18 (I&A&U&R) RNA signature had an
AUC (AUC=0.820; 95% CI: 0.767-0.872) higher than that
of the other four RNA combinations. We also constructed

three-RNA and two-RNA signatures and randomly selected
from the six RNAs. Their AUCs were also lower than that of
the IKA&U&R RNA signature (Figure 2(b)).

Therefore, four new RNA signatures, including INHBA-
AS1, AK001058, UCA1, and RGS18, were constructed, and a
nomogram was developed that incorporated the four sig-
nificant risk factors for predicting GC. A total score was
calculated with four RNAs, and the value of each of these
variables was given a score on the point scale axis. A total
score could be easily calculated by adding each single score,
and by projecting the total score to the lower total point
scale, we were able to estimate the probability of GC in
patients with PLGC (Figure 2(c)).

3.3. Expression of Plasma RNAs Is Associated with Clinico-
pathological Features and Grade of Dysplasia in Patients with
PLGC. The relationship between the six RNA levels in the
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TaBLE 2: Positive rates of single and combined tumour markers in patients with PLGC and EGC.

Tumour markers Threshold PLGC (n=111) EGC (n=129)
CEA >5.0 ng/ml 7 (6.3%) 17 (13.2%)
AFP >20 ng/ml 0 (0%) 0 (0%)
CA19-9 >37 U/ml 4 (3.6%) 6 (4.7%)
CEA + AFP + CA19-9 10 (9.0%) 20 (15.5%)

PLGC, precursor lesions of gastric cancer; EGC, early gastric cancer; CEA, carcinoembryonic antigen; AFP, alpha fetoprotein.
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FiGure 1: Candidate RNAs in plasma samples of patients with PLGC (n=119) and healthy participants (n = 120). Scatter plots of plasma
levels of long noncoding RNAs (a) CEBPA-ASI, (b) INHBA-ASI, (c) AK001058, and (d) UCA1, and mRNAs (e) PPBP and (f) RGSI18.
Expression levels of RNAs (ACt scale y-axis) are normalised to that of the 18S rRNA gene. ***P < 0.001. PLGC, precursor lesions of gastric

cancer.

plasma and the clinicopathological features of PLGC are
shown in Table 3. The expression levels of INHBA-ASI,
AKO001058, UCAL, and PPBP were associated with age, and
the expression level of RGS18 was associated with sex.
Furthermore, we divided PLGC into gastricism, low-grade
dysplasia (LGD), and high-grade dysplasia (HGD) and
found that the expression of these plasma RNAs correlated
with the degree of the lesion but not with gastricism (Fig-
ure 3, *P<0.05).

3.4. Combination of the Six Plasma RNAs Might Predict EGC.
We validated the six RNAs using the same method in 143
patients with EGC, and the results were similar to those of

patients with PLGC (Figure 4). ROC curve analyses indi-
cated that the plasma levels of CEBPA-ASI, INHBA-ASI,
AKO001058, UCAL, PPBP, and RGS18 differed between pa-
tients with EGC and healthy participants, with AUCs of the
ROC curves at 0.587, 0.606, 0.681, 0.683, 0.739, and 0.801,
respectively (Figure 5(a)). Furthermore, the AUC of the
combined six-RNA panel was 0.845 (95% CI: 0.798-0.892).
We also constructed five-RNA signatures, four-RNA sig-
natures, three-RNA signatures, and two-RNA signatures
and randomly selected from the six RNAs. The resultant
AUCs were lower than that for the six-RNA signature
(Figure 5(b)). Therefore, the six-RNA panel, including
CEBPA-AS1, INHBA-AS1, AK001058, UCA1, PPBP, and
RGS18 and a nomogram that incorporated the six significant



Journal of Oncology 5

1.0 —
E 7 Training Test
- 7
g AUC  Sensitivity  Specificity 95% CI P value
2 E i
Z 05+ v m CEBPA-ASI 0.651 0.412 0.858 0.581-0.721  <0.0001
4
A ] il INHBA-AS1 0.639 0.378 0.917 0.568-0.710 <0.0001
] ,’/ m AKO001058 0.741 0.731 0.65 0.679-0.804 <0.0001
] ,’/ UCA1l 0.692 0.496 0.8 0.626-0.759 <0.0001
:,’/ m PPBP 0.721 0.723 0.642 0.657-0.785 <0.0001
0.0 4T m RGSI18 0.773 0.782 0.675 0.714-0.833 <0.0001
0.0 0.5 1.0
1 - Specificity
(@)
1.0
E Training Test
o ]
S ] AUC Sensitivity ~ Specificity 95% CI P value
= 0.5
§ ] B C&I&A&U&P&R 0.805 0.933 0.533 0.751-0.859 <0.0001
» ] m C&I&A&U&R 0.819 0.84 0.667 0.767-0.871 <0.0001
] m I&XA&U&R 0.820 0.782 0.708 0.767-0.872 <0.0001
m I&A&R 0.815 0.798 0.7 0.762-0.868 <0.0001
0.0 ¥ m A&R 0.809 0.824 0.65 0.755-0.863 <0.0001
0.0 0.5 1.0
1 - Specificity
C: CEBPA-AS1 A: AK001058 P: PPBP
I: INHBA-AS1 U: UCA1 R: RGS18
(®)

0 10 20 30 40 50 60 70 80 90 100
Points L I I I 1 I I I 1 I I I 1 I I I 1 I I I 1 I I I 1 I I I 1 I I I 1 I I I 1 I I I 1

INHBA-ASI [aanannsnnnnnnsl

11 16 21
AKOOIOSS T T T T T T T T T T 1
26 24 22 20 18 16 14 12 10 8 6
UCAl rTrr 1T T rTrTrTrTrT
28 22 16 10 6
RGSlg T T T T T T T T T T T T T T 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Total Points ~++r—+rrr—r—rrrr—rrrr—rr—rrr-rr T T T T T T
0 10 20 30 40 50 60 70 80 920 100 110 120 130 140
Risk of GC

0.6 -
0.7 -
0.8 -
0.9 -

0.02 -
0.05

0.1
0.95 A
0.99
0.999 -

FIGURE 2: Receiver operating characteristic curve analysis of plasma RNAs to discriminate between patients with PLGC and healthy
participants. (a) Receiver operating characteristic curve analysis of single plasma RNA with PPBP, RGS18, CEBPA-AS1, INHBA-ASI,
AKO001058, and UCALI. (b) Combined receiver operating characteristic curve analysis of abovementioned plasma RNAs. (¢) A nomogram
predicting the risk of GC for patients with PLGC. The value of each of variable was given a score on the point scale axis. A total score could be
easily calculated by adding each single score. By projecting the total score to the lower total point scale, we were able to estimate the
probability of GC. CI, confidence interval; AUC, area under the curve; (C) CEBPA-ASI; (I) INHBA-ASI; (A) AK001058; (U) UCAL; (P)
PPBP; (R) RGS18; PLGC, precursor lesions of gastric cancer.
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TaBLE 3: Correlation between RNA CEBPA-AS1, INHBA-AS1, AK001058, UCA1, PPBP and RGS18 panel expression levels in PLGC

plasma and clinical parameters.

value
Clinical parameters No. of cases P
CEBPA-AS1 INHBA-AS1 AK001058 UCA1 PPBP RGS18

Age (yr)

S60 55 * % * * % *

~e0 ) 0.058 0.003 0.037 0.001 0.024 0.317
Sex

Male 8 0.996 0.962 0.032 0.355 0.061 0.024*

Female 30
Extent of disease#

<Zem 22 0.141 0.088 0.156 0.256 0.185 0.317

>2cm 8

*P<0.05, **P<0.01; # indicates that the analysis is carried out in an incomplete data environment. PLGC, precursor lesions of gastric cancer.
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FIGURE 3: Relationship between the expression of plasma RNAs and the progression of gastric precancerous lesions. (a) CEBPA-ASI, (b)
INHBA-ASI, (c) AK001058, and (d) UCA1, and mRNAs (e) PPBP and (f) RGS18. Expression levels of RNAs (ACt scale y-axis) are
normalised to that of the 18§ rRNA gene. LGD, low-grade dysplasia; HGD, high-grade dysplasia. *P<0.05, **P <0.01,

***P <0.001,**** P < 0.0001.

risk factors for predicting GC, were constructed. A total
score was calculated with six RNAs by adding each single
score. By projecting the total score to the lower total point
scale, we were able to estimate the probability of GC in
patients with EGC (Figure 5(c)).

3.5. Expression of Plasma RNAs Is Not Associated with the
Clinicopathological Features and Differentiation in Patients
with EGC. The relationship between RNA levels in the

plasma and the clinicopathological features of patients
with EGC are shown in Table 4. There was no statistical
correlation between the expression levels of the six RNAs
and age, sex, and tumour size in patients with EGC. We
then divided EGC into low differentiated adenocarci-
noma, moderately differentiated adenocarcinoma, and
highly differentiated adenocarcinoma. Although the ex-
pression of some plasma RNAs such as INHBA-AS1 and
AKO001058 appeared to be correlated with the
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FiGure 4: Candidate RNAs in plasma samples of patients with EGC (n = 143) and healthy participants (n=120). Scatter plots of plasma
levels of long noncoding RNAs (a) CEBPA-ASI, (b) INHBA-ASI, (c) AK001058, and (d) UCA1 and mRNAs (e) PPBP and (f) RGSI18.
Expression levels of RNAs (ACt scale y-axis) are normalised to that of the 18S rRNA gene. * P <0.05, **P < 0.01, ***P < 0.001. GC, gastric

cancer.

differentiation degree of GC, there was no regularity in
the plasma RNA expression variation in the differential
stages between patients with GC and healthy controls
(Figure 6). Furthermore, we analysed the expression of
plasma RNAs in patients with GC pre- and postopera-
tively. Four RNA levels were not corrected following the
operation for GC; however, the expressions of INHBA-
AS1 and UCA1 were significantly lower postoperatively
than preoperatively (P <0.001) (Figure 7).

3.6. Plasma RNAs Might Be Expressed in Other Types of
Gastrointestinal Cancers. To verify whether the above-
mentioned six RNAs could distinguish other types of gas-
trointestinal cancers, plasma samples from 42 patients with
other types of gastrointestinal cancers were assessed, in-
cluding 11 patients with CRC and 31 patients with EC. As
shown in Figure 8, the expression levels of the six RNAs
showed similar pattern for patients with EC/CRC and those
with EGC. However, the expression levels of CEBPA-ASI,
INHBA-ASI1, AK001058, and UCAL1 were significantly dif-
ferent in the plasma of patients with EC/CRC and patients
with EGC. The expression levels of the four IncRNAs were
lower in patients with EGC than in healthy controls, and

they were much lower in patients with EC/CRC than in
healthy controls. Furthermore, although RGS18 was dif-
ferent between patients with EGC and EC, PPBP was not
different between patients with EGC and EC/CRC, the
expression levels of the two mRNAs were lower in patients
with EC/CRC than in patients with EGC but were higher
than that in healthy controls (Figure 8). These results are
only suggestive due to the small sample size of the study, and
a comparative analysis of a large sample sized study is
required.

4. Discussion

Traditional serum markers such as CEA, CA19-9, APF, and
CA125 are used widely to diagnose GC, although the positive
rates of combination of these markers were 50% at most in
GC [26] and much lower in EGC [5]. In recent years, cfRNA
as a biomarker for early diagnosis has become a research
hotspot in noninvasive diagnosis of gastric cancer, including
miRNAs [27], IncRNAs [22] and mRNAs [24]. In this study,
we investigated the combination of IncRNAs and mRNAs
for the prediction of EGC, and we found that the combi-
nation of six RNAs (CEBPA-ASI, INHBA-ASI1, AK001058,
UCAL, PPBP, and RGSI18) for predicting EGC and the
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FIGURE 5: Receiver operating characteristic curve analysis of plasma RNAs discriminates patients with EGC from healthy participants. (a)
Receiver operating characteristic curve analysis of single plasma RNA with PPBP, RGS18, CEBPA-AS1, INHBA-AS1, AK001058, and
UCALI. (b) Combined receiver operating characteristic curve analysis of abovementioned plasma RNAs. (c) A nomogram predicting the risk
of GC for patients with EGC. The value of each of variable was given a score on the point scale axis. A total score could be easily calculated by
adding each single score, and by projecting the total score to the lower total point scale, we were able to estimate the probability of GC. CI,
confidence interval; AUC, area under the curve; (C) CEBPA-ASI; (I) INHBA-AS1; (A) AK001058; (U) UCATL; (P) PPBP; (R) RGS18; EGC,
early gastric cancer.
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TaBLE 4: Correlation between RNA CEBPA-AS1, INHBA-AS1, AK001058, UCA1, PPBP and RGS18 panel expression levels in EGC plasma
and clinical parameters.

L p -value

Clinical parameters Number of cases
CEBPA-AS1 INHBA-AS1 AK001058 UCA1 PPBP RGS18

Age (yr)

<60 59

~e0 ) 0.721 0.630 0.150 0.990 0.122 0.314
Sex

Male 110 0.535 0.350 0.862 0.399 0.956 0.848

Female 33
Tumour size#

om 26 0.957 0.972 0.460 0.812 0.397 0.581

>3cm 16

# indicates that the analysis is carried out in an incomplete data environment. EGC, early gastric cancer.
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FIGURE 6: Relationship between plasma RNAs and differentiation degree of early gastric cancer. (a) CEBPA-ASI, (b) INHBA-ASI, (c)
AKO001058, and (d) UCA1 and mRNAs (e) PPBP and (f) RGS18. Expression levels of RNAs (ACt scale y-axis) are normalised to that of the
18S rRNA gene. LDA, low-differentiation adenocarcinoma; MDA, medium-differentiation adenocarcinoma; HDA, high-differentiation
adenocarcinoma. **P < 0.01, ***P < 0.001, ****P < 0.0001.

combination of four RNAs (INHBA-ASI, AKO001058, indicating these as potential biomarkers for GC [15,22,24].
UCAL1, and RGS18) for PLGC showed a better prediction = However, our results showing that the combination of these
than with IncRNA or mRNA alone. plasma IncRNAs and mRNAs rather than a single IncRNA or

As previously reported, compared with healthy particc  mRNA alone can more efficiently distinguish patients with
ipants, the expressions of IncRNA CEBPA-AS1, INHBA-  EGC from healthy participants. Thus, the combination of
AS1, AKO001058, and UCA1l were significantly higher  different RNA molecules may predict cancer occurrence and
[15,22,28] and the expressions of PPBP and RGS18 were  improve the diagnostic efficiency when compared with RNA
significantly lower [24] in the plasma of patients with EGC, = molecules used alone, as diagnostic markers. Another study
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FIGURE 7: Expression of plasma RNAs pre- and postgastric cancer operation. (a) CEBPA-ASI, (b) INHBA-ASI, (c) AK001058, and (d)
UCALI and mRNAs (e) PPBP and (f) RGS18. Expression levels of RNAs (ACt scale y-axis) are normalised to that of the 18S rRNA gene. Op,

Operation. ***P < 0.001.

reported that the combination of IncRNA H19, MEG3, and
miRNA miR-675-5p improved the diagnostic efliciency
compared with using each alone [27]. Although previous
studies showed that most biomarkers of GC are associated
with cancer differentiation [14,17,29,30], and some RNAs in
this study including CEBPA-AS1, IHNBA-AS1, and
AKO001058 exhibited increasing trends with tumour pro-
gression, the expressions of these RN As were not associated
with GC differentiation in heathy participants which should
be closed to the high differentiation in patients with GC. Our
study results suggest the need to consider healthy controls
when assessing the relationship between expressions of
biomarkers and cancer differentiation.

In the stomach, chronic atrophic gastritis and dysplasia
are two main precursor lesions preceding the development
of GC [31]. However, although several studies have reported
that miRNAs let-7 and miR-421 can be used for predicting
PLGC [32,33], little is known about the biomarkers of PLGC.
To investigate the early diagnosis of EGC, using plasma
samples from patients with PLGC, the combination of four
RNAs including INHBA-AS1, AKO001058, UCAIl, and
RGS18 was analysed and found to be a candidate biomarker
for the diagnosis of PLGC and indicated an increased risk of
GC. Interestingly, the expressions of some of these RNAs
were related to the age and sex of patients with PLGC but not

those with GC, suggesting the effects of clinicopathological
features on precancerous development of GC. Meanwhile,
their expressions were associated with the degree of dys-
plasia but not with gastricism, which is in accordance with
previous reports of different IncRNA expression profiles
between EGC and gastritis tissues [34] and indicate an
important tumorigenic transformation between gastricism
and dysplasia—this requires further investigation.

We also investigated whether these plasma RNAs were
differentially changed in other gastroenteric tumours in-
cluding CRC and EC. We found most of them with similar
patterns in CRC and EC but significantly differentially
expressed compared to EGC. None of these RNAs was re-
ported in patients with EC, while some were not reported in
patients with CRC. Besides IncRNA UCAL is upregulated
and promotes CRC proliferation via the miR-143/MYO6
axis or via RNA-RNA interactions [35,36]; INHBA-AS1 is
highly expressed in CRC and promotes proliferation by
sponging miR-422a to increase the AKT1 axis [37];
AKO001058 is significantly increased in CRC and promotes
proliferation, invasion, migration, and prolongs the S stage
of CRC by regulating the methylation of ADAMTS12 [38].
These results indicate that IncRNAs function in CRC and
may be specific biomarkers for CRC. Together with previous
reports of UCA1 upregulation in liver and pancreatic
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FIGURE 8: Expression of plasma RNAs in patients with CRC (n=11) or EC (n = 31). Scatter plots of plasma levels of long noncoding RNAs
(a) CEBPA-ASI, (b) INHBA-ASI, (c) AK001058, and (d) UCA1 and mRNAs (e) PPBP and (f) RGS18. Expression levels of RNAs (ACt scale
y-axis) are normalised to that of the 18S rRNA gene. *P < 0.05, **P < 0.01, ***P < 0.001. CRC, colorectal cancer; EC, oesophageal cancer.

cancers [39,40] as well as CEBPA-ASI in liver cancer [41],
our results suggest that these plasma RNAs can be universal
tumour markers for the diagnosis of gastrointestinal cancers.
However, additional experimental studies are required to
verify their expression in other gastrointestinal cancers
besides GC, with a sufficient sample size to ensure consistent
and repeatable results.

5. Conclusions

Our findings suggest that the plasma cfRNAs were dif-
ferentially expressed in PLGC and EGC and that they are
useful noninvasive tumour markers for the molecular
diagnosis of GC. The combination of IncRNAs and
mRNAs provided a higher diagnostic efficiency than
single RNAs. This study has the potential to provide new
insights into the application of cfRNAs as a noninvasive
biomarker in large-scale screening of EGC at a precursor
stage and as a general biomarker for diagnoses of gas-
trointestinal cancers.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Lu Chen and Changhui Ge contributed equally to this work.

Acknowledgments

The present study was supported partially by the National Key
Research and Development Program of China (grant nos.
2016YFC1303604 and 2016YFC1303601) and the Chinese
National Natural Science Foundation Projects (grant no.
81773038). The authors would like to thank Editage (http://
www.editage.cn) for the English language editing.

Supplementary Materials

Table S1: information on IncRNA CEBPA-AS1, INHBA-ASI,
AKO001058, UCA1, and mRNA PPBP and RGS18. Table S2:
sequences of primers used in the present study. Table S3: ex-
pression of plasma RNAs in patients with PLGC and EGC in the
present study. Table S4: tumour markers in patients with PLGC
and EGC in the present study. (Supplementary Materials)


http://www.editage.cn
http://www.editage.cn
https://downloads.hindawi.com/journals/jo/2022/1458320.f1.zip

12

References

(1]
(2]

(3]

(4]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

H. Brody, “Cancer diagnosis,” Nature, vol. 579, no. 7800,
p. SI, 2020.

R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2020,” CA: A Cancer Journal for Clinicians, vol. 70, no. 1,
pp. 7-30, 2020.

C. Hamashima, K. Ogoshi, R. Narisawa et al., “Impact of
endoscopic screening on mortality reduction from gastric
cancer,” World Journal of Gastroenterology, vol. 21, no. 8,
pp. 2460-2466, 2015.

D.-Y. Liu, T. Gan, N.-N. Rao et al., “Identification of lesion
images from gastrointestinal endoscope based on feature
extraction of combinational methods with and without
learning process,” Medical Image Analysis, vol. 32,
pp. 281-294, 2016.

F.Feng, Y. Tian, G. Xu et al., “Diagnostic and prognostic value
of CEA, CA19-9, AFP and CA125 for early gastric cancer,”
BMC Cancer, vol. 17, no. 1, p. 737, 2017.

Z. Sun and N. Zhang, “Clinical evaluation of CEA, CA19-9,
CA72-4 and CA125 in gastric cancer patients with neo-
adjuvant chemotherapy,” World Journal of Surgical Oncology,
vol. 12, no. 1, p. 397, 2014.

Y. Liang, W. Wang, C. Fang et al., “Clinical significance and
diagnostic value of serum CEA, CA19-9 and CA72-4 in pa-
tients with gastric cancer,” Oncotarget, vol. 7, no. 3I,
pp. 49565-49573, 2016.

1. A. Zaporozhchenko, A. A. Ponomaryova, E. Y. Rykova, and
P. P. Laktionov, “The potential of circulating cell-free RNA as
a cancer biomarker: challenges and opportunities,” Expert
Review of Molecular Diagnostics, vol. 18, no. 2, pp. 133-145,
2018.

M. Stroun, P. Anker, P. Maurice, J. Lyautey, C. Lederrey, and
M. Beljanski, “Neoplastic characteristics of the DNA found in
the plasma of cancer patients,” Oncology, vol. 46, no. 5,
pp. 318-322, 1989.

C.-N. Li, H.-L. Hsu, T.-L. Wu, K.-C. Tsao, C.-F. Sun, and
J. T. Wu, “Cell-free DNA is released from tumor cells upon
cell death: a study of tissue cultures of tumor cell lines,”
Journal of Clinical Laboratory Analysis, vol. 17, no. 4,
pp. 103-107, 2003.

T. Yuan, X. Huang, M. Woodcock et al., “Plasma extracellular
RNA profiles in healthy and cancer patients,” Scientific Re-
ports, vol. 6, no. 1, p. 19413, 2016.

S. Ishigami, A. Sakamoto, Y. Uenosono et al., “Carcinoem-
bryonic antigen messenger RNA expression in blood can
predict relapse in gastric cancer,” Journal of Surgical Research,
vol. 148, no. 2, pp. 205-209, 2008.

M. Rao, Y. Zhu, L. Qi, F. Hu, and P. Gao, “Circular RNA
profiling in plasma exosomes from patients with gastric
cancer,” Oncology Letters, vol. 20, no. 3, pp. 2199-2208, 2020.
H. Jiang, S. Guo, Y. Zhao et al., “Circulating long non-coding
RNA PCGEMI as a novel biomarker for gastric cancer di-
agnosis,” Pathology, Research & Practice, vol. 215, no. 10,
Article ID 152569, 2019.

J. Gao, R. Cao, and H. Mu, “Long non-coding RNA UCALl
may be a novel diagnostic and predictive biomarker in plasma
for early gastric cancer,” International Journal of Clinical and
Experimental Pathology, vol. 8, no. 10, pp. 12936-12942, 2015.
Y. Xu, S. Kong, X. Qin, and S. Ju, “Comprehensive assessment
of plasma Circ_0004771 as a novel diagnostic and dynamic
monitoring biomarker in gastric cancer,” OncoTargets and
Therapy, vol. 13, pp. 10063-10074, 2020.

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

Journal of Oncology

G. Yin, S. Zheng, Y. Shan, J. Zhang, R. Ying, and W. Kong,
“Circulating circRNA Has_Circ_0141633 serves as a potential
biomarker for gastric cancer,” Clinical Laboratory, vol. 66,
no. 9, 2020.

J. Wu, G. Li, Z. Wang et al., “Circulating MicroRNA-21 is a
potential diagnostic biomarker in gastric cancer,” Disease
Markers, vol. 2015, Article ID 435656, 2015.

X. Qiu, J. Zhang, W. Shi et al., “Circulating MicroRNA-26a in
plasma and its potential diagnostic value in gastric cancer,”
PLoS One, vol. 11, no. 3, Article ID e0151345, 2016.

S. Liu, M. Cui, J. Zang et al., “SLC6A3 as a potential circulating
biomarker for gastric cancer detection and progression
monitoring,” Pathology, Research ¢ Practice, vol. 221, Article
ID 153446, 2021.

L.-Y. Chu, Y.-H. Peng, T. Yang et al., “Circulating levels of L1-
cell adhesion molecule as a serum biomarker for early de-
tection of gastric cancer and esophagogastric junction ade-
nocarcinoma,” Journal of Cancer, vol. 11, no. 18,
pp. 5395-5402, 2020.

D. Ke, H. Li, Y. Zhang et al., “The combination of circulating
long noncoding RNAs AK001058, INHBA-AS1, MIR4435-
2HG, and CEBPA-ASI fragments in plasma serve as diag-
nostic markers for gastric cancer,” Oncotarget, vol. 8, no. 13,
pp. 21516-21525, 2017.

S. Tang, J. Cheng, Y. Yao et al., “Combination of four serum
exosomal MiRNAs as novel diagnostic biomarkers for early-
stage gastric cancer,” Frontiers in Genetics, vol. 11, p. 237,
2020.

C. Su, H. Li, Z. Peng, D. Ke, H. Fu, and X. Zheng, “Identi-
fication of plasma RGS18 and PPBP mRNAs as potential
biomarkers for gastric cancer using transcriptome arrays,”
Oncology Letters, vol. 17, no. 1, pp. 247-255, 2019.

J. A. March-Villalba, J. M. Martinez-Jabaloyas, M. J. Herrero,
J. Santamaria, S. F. Alifio, and F. Dasi, “Cell-free circulating
plasma hTERT mRNA is a useful marker for prostate cancer
diagnosis and is associated with poor prognosis tumor
characteristics,” PLoS One, vol. 7, no. 8, Article ID 43470,
2012.

C.-Z. He, K-H. Zhang, Q. Li, X.-H. Liu, Y. Hong, and
N.-H. Lv, “Combined use of AFP, CEA, CA125 and CAIl9-9
improves the sensitivity for the diagnosis of gastric cancer,”
BMC Gastroenterology, vol. 13, no. 1, p. 87, 2013.

H. Ghaedi, M. A. N. Mozaffari, Z. Salehi et al., “Co-expression
profiling of plasma miRNAs and long noncoding RNAs in
gastric cancer patients,” Gene, vol. 687, pp. 135-142, 2019.
H.-y. Piao, S. Guo, Y. Wang, and J. Zhang, “Exosomal long
non-coding RNA CEBPA-ASI inhibits tumor apoptosis and
functions as a non-invasive biomarker for diagnosis of gastric
cancer,” OncoTargets and Therapy, vol. 13, pp. 1365-1374,
2020.

W. Cao, D. Zhou, W. Tang, H. An, and Y. Zhang, “Discovery
of plasma messenger RNA as novel biomarker for gastric
cancer identified through bioinformatics analysis and clinical
validation,” Peer], vol. 7, Article ID e7025, 2019.

X. Y. Shi, Y. Z. Sun, M. Li, and H. Y. Li, “LncRNA CADM1-
AS1 serves as a new prognostic biomarker for gastric cancer,”
European Review for Medical and Pharmacological Sciences,
vol. 23, no. 3 Suppl, pp. 232-238, 2019.

A. Koulis, A. Buckle, and A. Boussioutas, “Premalignant le-
sions and gastric cancer: current understanding,” World
Journal of Gastrointestinal Oncology, vol. 11, no. 9, pp. 665-
678, 2019.

W.-J. Liu, Q. Xu, L.-P. Sun, Q.-G. Dong, C.-y. He, and
Y. Yuan, “Expression of serum let-7c, let-7i, and let-7f



Journal of Oncology

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

microRNA with its target gene, pepsinogen C, in gastric
cancer and precancerous disease,” Tumor Biology, vol. 36,
no. 5, pp. 3337-3343, 2015.

J. Chen, L. Wu, Y. Sun et al., “Mir-421 in plasma as a potential
diagnostic biomarker for precancerous gastric lesions and
early gastric cancer,” Peer], vol. 7, Article ID ¢7002, 2019.
H. Yu, A.-m. Yang, X.-h. Lu et al.,, “Analysis of long non-
coding RNA expression profile and functional study of
LOC389332 in early gastric cancer,” Medical Science Monitor,
vol. 25, pp. 10114-10121, 2019.

C. Barbagallo, D. Brex, A. Caponnetto et al., “LncRNA UCA1,
upregulated in CRC biopsies and downregulated in serum
exosomes, controls mRNA expression by RNA-RNA inter-
actions,” Molecular Therapy - Nucleic Acids, vol. 12,
pp. 229-241, 2018.

Y. Luan, X. Li, Y. Luan et al,, “Circulating IncRNA UCALl
promotes malignancy of colorectal cancer via the miR-143/
MYO6 Axis,” Molecular Therapy - Nucleic Acids, vol. 19,
pp. 790-803, 2020.

H. Lin, Y. G. Hong, J. D. Zhou et al., “LncRNA INHBA-AS1
promotes colorectal cancer cell proliferation by sponging
miR-422a to increase AKTI axis,” European Review for
Medical and Pharmacological Sciences, vol. 24, no. 19,
pp. 9940-9948, 2020.

S. Zheng, F. Lin, M. Zhang, J. Fu, X. Ge, and N. Mu,
“AK001058 promotes the proliferation and migration of
colorectal cancer cells by regulating methylation of
ADAMTS12,” American Journal of Tourism Research, vol. 11,
no. 9, pp. 5869-5878, 2019.

S. Ghafouri-Fard and M. Taheri, “UCA1 long non-coding
RNA: an update on its roles in malignant behavior of cancers,”
Biomedicine & Pharmacotherapy, vol. 120, Article ID 109459,
2019.

S. Ramli, M. S. Sim, R. M. Guad et al., “Long noncoding RNA
UCALI in gastrointestinal cancers: molecular regulatory roles
and patterns, mechanisms, and interactions,” JAMA Oncol-
ogy, vol. 2021, Article ID 5519720, 2021.

C. Wu, Z. Y. Tang, H. Y. Chen, J. Zhang, and C. Zhao, “High-
expression of IncRNA CEBPA-AS1 promotes liver cancer
progression,” European Review for Medical and Pharmaco-
logical Sciences, vol. 23, no. 19, pp. 8295-8302, 2019.

13



