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ARTICLE INFO ABSTRACT

Aim: Previous studies have confirmed that overexpression of the long non-coding RNA prostate cancer gene
expression marker 1 (PCGEM1) contributes to the invasion and metastasis of gastric cancer (GC) cells. However,
the expression of circulating PCGEM1 in the plasma of GC patients and its clinical value remain unclear.
Methods: A total of 317 patients with GC and 100 healthy subjects were enrolled in this study. Circulating
PCGEM1 was detected by reverse transcription-polymerase chain reaction. The diagnostic value of plasma
PCGEM1 was evaluated by receiver operating characteristic curves and the area under the curve (AUC) value.
Results: The expression level of PCGEM1 in the GC group was significantly higher than that in the healthy
control subjects. In addition, the PCGEM1 expression level was associated with tumor differentiation and TNM
stage. The AUC value of PCGEM1 was higher than that of other conventional tumor markers (CEA, CA12-5,
CA72-4, AFP, and CA19-9), although the combination of all markers showed the highest predictive value.
Conclusion: Plasma PCGEM1 may be a potential novel circulating biomarker for GC diagnosis and prognosis.
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1. Introduction

Gastric cancer (GC) is one of the most common malignancies of the
digestive system; GC is the fourth most common cancer type and the
second leading cause of cancer-related deaths in China [1]. Thus, de-
veloping strategies for the early diagnosis, and control of the invasion
and metastasis of GC is an important research focus, which requires the
identification of biomarkers and their underlying molecular mechan-
isms [2]. Currently, the gold standard of GC diagnosis is gastroscopy
along with a pathology examination, which are invasive and un-
comfortable procedures [3]. Although humoral biopsy is relatively non-
invasive, the traditional serum tumor biomarkers used for GC diagnosis
have low sensitivity and specificity [4]. With the development of high-
throughput sequencing technology, the levels of circulating RNAs in the
serum or plasma have been identified as new non-invasive diagnostic
biomarkers for several cancer types [5].

Long non-coding RNA (IncRNA) is a class of non-coding RNAs that
are longer than 200 nucleotides with limited protein-coding capacity

[6]. LncRNAs can regulate biological processes at multiple levels such
as transcriptional, post-transcriptional, and epigenetic regulation [7].
Accumulating evidence has confirmed that IncRNAs play important
biological roles in the malignant phenotype of GC [8,9]. In our previous
study, we demonstrated that the hypoxia-responsive IncRNA prostate
cancer gene expression marker 1 (PCGEM1) may play a role in the in-
vasion and metastasis of GC through mediating the epithelial-me-
senchymal transition [10]. Under a hypoxic condition, the tumor-de-
rived IncRNAs reshape their surrounding harsh microenvironment, and
can also enter the bloodstream to reflect pathological and physiological
changes [11,12]. Moreover, other IncRNAs have been shown to be
stable in plasma, which is a key requirement of a clinical biomarker
[13,14]. Given this background, we hypothesized that GC cells can
release the IncRNA PCGEM1 to be detectable in plasma, which would
offer a non-invasive method for GC detection and prognosis prediction.

To test this hypothesis, in the present study, we investigated the
potential of the circulating level of the IncRNA PCGEM1 as a GC bio-
marker in plasma. First, we examined the expression of PCGEM1 in GC
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Fig. 1. Expression of PCGEM1 in human gastric cancer (GC). (A) PCGEM1 expression in GC cell lines (SGC-7901 and BGC-823) and the human normal gastric
epithelial cell line (GSE-1) determined by RT-PCR. (B) PCGEM1 expression in GC tissues compared to paired adjacent tissues in 40 patients. (C) Differences in plasma
PCGEM1 expression between GC patients and healthy controls. (D) Correlation between PCGEM1 expression levels in tissues and plasma. (E) Comparison of plasma
PCGEM]1 levels in pre- and post-operation samples. (F) Relationship between PCGEM1 expression in plasma and TNM.

cells and para-cancer tissues, and in the plasma samples of GC patients
and healthy controls. We then evaluated the correlation between
PCGEM]1 levels and clinicopathological characteristics, and analyzed
the diagnostic efficiency of circulating PCGEM1 in patients with GC.

2. Materials and methods
2.1. Ethics statement

The study was approved by the Ethics Committee of Liaoning
Cancer Hospital & Institute. Informed consent was obtained from all
subjects before they participated in the study.

2.2. Patients and samples

Between October 2015 and December 2018, 317 GC patients were
enrolled in this study. All patients were diagnosed with GC by two
pathologists after undergoing D2 lymph node-dissected gastrectomy.
Patients treated with chemotherapy or radiotherapy before blood col-
lection were excluded from the study. Tumors were staged according to
the 8 edition of the TNM staging manual of the American Joint
Committee on Cancer. In addition, 100 healthy individuals matched for
sex and age with the patients were included as the control group.

All blood samples were collected in vacuum blood tubes with
ethylenediaminetetraacetic acid anticoagulant before and after surgery
and were processed within 1 h after collection. The blood samples were
subjected to centrifugation at 5000 rpm for 10min at 4°C, and the
plasma was stored at —80 °C until analysis.

2.3. Real-time reverse transcription-polymerase chain reaction (qQRT-PCR)

Total RNA from the plasma, cells, and tissues was isolated with
TRIzol (Invitrogen) cell separation reagent according to the manufac-
turer's instructions. Promega cDNA core kit (Promega, Madison, WI,
USA) was used to generate complementary DNA from 500 ng of total
RNA by reverse transcription. SYBR Master Mixture (Takara Bio, Inc.,
Kusatsu, Japan) was used to perform real-time PCR (LightCycler 480;
Roche AG, Basel, Switzerland). Each sample was analyzed three times.
U6 was used as the loading control. Fold changes of mRNA expression
in different samples were determined by the 2~ 2ACT normalization
method. The following primers were used: PCGEM1 forward 5’-ATGC
CGTAACCTGTGTCT-3’ and reverse 5-TGATGTCATAGTCCTCTTCCA-3".

2.4. Stability analysis

Ten healthy plasma samples were stored under adverse conditions
to evaluate the stability of circulating PCGEM1 expression and further
assess its clinical value as a biomarker. Specifically, the samples were
incubated at 4 °C for 0, 6, 12, and 24 h, and were also subjected to three
repeated freeze-thaw (4 °C and — 20 °C) cycles.

2.5. Statistical analysis

Statistical analysis was performed using Statistical Package for the
Social Sciences (SPSS, Chicago, IL, USA), version 22.0. One-way ana-
lysis of variance was employed to compare the mean values among
groups. The ? test or Fisher’s exact test was used to evaluate the
correlation between clinicopathological variables and PCGEM1 levels.
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The independent t-test was used to compare the PCGEM1 expression
level in GC and healthy control plasma samples. The paired-sample t-
test was used to compare the PCGEM1 expression level before and after
surgery for the same patient. Spearman correlation was used to analyze
the correlations between the PCGEM1 expression level of the plasma
and tissue. The diagnostic value of plasma PCGEM1 was evaluated by
receiver operating characteristic (ROC) curves and the area under the
curve (AUC) values. P < 0.05 was considered to reflect a statistically
significant difference.

3. Results
3.1. PCGEM1 is overexpressed in GC tissues and plasma

We first confirmed that PCGEM1 was overexpressed in GC cells
(BGC-823, SGC-7901) compared to normal human gastric epithelial
cells (GSE-1), and in GC tissues compared to paired adjacent non-can-
cerous tissues (Fig. 1A, 1B), consistent with our previous study [10].
PCGEM]1 was also overexpressed in the plasma of GC patients compared
to that of matched healthy controls (Fig. 1C, P < 0.01). In addition, the
PCGEM1 expression levels in the plasma and tissue were significantly
positively correlated (Fig. 1D, r = 0.890, P < 0.01), and plasma
PCGEM]1 levels were significantly higher in the pre-operative samples
than those in the post-operative samples for the same patients (Fig. 1E,
P < 0.01).

The expression level of PCGEM1 in plasma was correlated with TNM
stage, and increased with greater aggravation of malignancy. However,
there was no significant difference in PCGEM1 expression between
samples from patients with stage II and stage III disease (Fig. 1F).
Collectively, these results suggested that the plasma PCGEM]1 level can
accurately reflect tumor dynamics and tumor progression in GC pa-
tients.

3.2. Stability of PCGEM1 expression in plasma

There was no significant change in plasma PCGEM1 expression after
prolonged storage at 4 °C temperature or following repeated freeze-
thaw cycles (Fig. 2). These results indicated that the expression of cir-
culating PCGEM1 remained relatively stable, providing a foundation for
its potential use as a reliable plasma biomarker.

3.3. Correlations between clinicopathologic characteristics and PCGEM1
expression

Table 1 shows the relationships between PCGEM1 expression levels
and clinicopathological features. The expression of PCGEM1 was closely
related to tumor differentiation (P < 0.001, Xz = 36.346) and TNM
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Table 1
PCGEM1 expressions and clinicopathologic characteristics.
Characteristics PCGEM1
Low High P X2
136(42.9) 181(57.1)
Age 0.656 0.199
=60 59(44.4) 74(55.6)
> 60 77(41.8) 107(58.2)
Gender 0.184 1.765
Male 85(40.3) 126(59.7)
Femal 51(48.1) 55(51.9)
Tumor Size 0.099 2.728
<5cm 108(45.6) 129(54.4)
=5cm 28(35.0) 52(65.0)
Location 0.496 1.402
Up 38(43.7) 49(56.3)
Middle 11(55.0) 9(45.0)
Low 87(41.45) 123(58.6)
Bormann type 0.108 6.066
I 12(70.6) 5(29.4)
I 58(41.7) 81(58.3)
111 65(41.4) 92(58.6)
\% 1(25.0) 3(75.0)
Lauren type 0.272 2.605
Intestinal 96(45.3) 116(54.7)
Mixed carcinoma 31(41.3) 44(58.7)
Diffuse 9(30.0) 21(70.0)
Tumor differentiation 0.000 36.346
Moderate and high 90(60.8) 58(39.2)
Poor 46(27.2) 123(72.8)
TNM stage 0.000 74.083
I 52(91.2) 5(8.8)
I 41(43.6) 53(56.4)
11 41(25.6) 119(74.4)
v 2(33.3) 4(66.7)

stage (P < 0.001, x* = 74.083). However, PCGEM1 expression was not
related to other clinical characteristics such as age, gender, tumor size,
location, Bormann type, and Lauren type. Notably, the P value of the
association between PCGEM1 and tumor size was marginally significant
at 0.099, which may be worth further study with a larger sample size.

3.4. Diagnostic value of circulating PCGEM1 for GC

The AUC values of the ROC curves for widely used markers in the
screening and diagnosis of digestive system malignancies CEA, CA12-5,
CA72-4, AFP, and CA19-9 were all lower than that of PCGEM1
(Fig. 3A-F). The combined AUC value of CEA, CA12-5, CA72-4, AFP,
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Fig. 2. Stability of circulating PCGEM1 expression in a harsh environment (A) PCGEM1 expression after prolonged storage at 4 °C temperature. (B) Expression of

PCGEM]1 after three freeze-thaw cycles.
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Fig. 3. Receiver operating characteristic (ROC) curves of biomarkers. (A) ROC curve of CEA, area under the curve (AUC) = 0.661. (B) ROC curve of CA12-5,
AUC = 0.657. (C) ROC curve of CA72-4, AUC = 0.621. (D) ROC curve of AFP, AUC = 0.594. (E) ROC curve of CA19-9, AUC = 0.572. (F) ROC curve of plasma
PCGEM1, AUC = 0.750. (G) ROC curve of combined CEA, CA12-5, CA72-4, AFP, and CA19-9; AUC = 0.699. (H) ROC curve of combined CEA, CA12-5, CA72-4, AFP,

CA19-9, and PCGEM1; AUC = 0.815.

and CA19-9 (Fig. 3G) was higher than the individual markers but was
still lower than that of PCGEM1. Thus, PCGEM1 is superior to these
biomarkers for GC diagnosis. In addition, we evaluated the value of
CEA, CA12-5, CA72-4, AFP, CA19-9, and PCGEML1 in jointly diagnosing
GC, revealing a higher AUC value than that of any biomarker alone
(Fig. 3H). The sensitivity and specificity of PCGEM1 were 72.9% and
88.9%, respectively, when choosing 1.705 as the optimal cut-off value.
Collectively, these data suggested that circulating PCGEM1 is a poten-
tial biomarker for GC diagnosis.

4. Discussion

GC is a common malignant tumor of the digestive system with a
complex etiology. Owing to the low rate of early diagnosis, most GC
patients are diagnosed at an advanced stage in China. Although the
traditional treatment strategy has improved, the 5-year survival rate is
still not optimistic [15]. Therefore, there is a critical need to improve
the early diagnosis of GC, and finding a suitable plasma molecular
biomarker is an effective method.

Based on the vital role of IncRNAs in tumor biology, some circu-
lating IncRNAs have been proposed as potential biomarkers for cancer.
H19 was the first IncRNA reported to be overexpressed in the plasma of
GC patients, with a sensitivity and specificity of 74% and 58%, re-
spectively, for GC diagnosis. Moreover, the expression level of H19 is
sharply reduced after surgery [16]. Subsequently, the expression level
of LINC00152 was found to be significantly higher in the tissues,
plasma, and gastric juice of GC patients [17,18], with sensitivity and
specificity of 48.1% and 85.2%, respectively [18]. In addition, the
IncRNAs AA174084 and UCA1l (carcinoma-associated 1) are over-
expressed in the gastric juice, but their expression levels in plasma are
still unclear [19,20]. The plasma expression level of the IncRNA
FER1L4 (Fer-1-Like Protein 4) is associated with surgery, but does not
show any diagnostic and prognostic value [21].

PCGEM]1 is located at chromosome 2q32.3 and its carcinogenic ef-
fects were initially demonstrated in aggressive prostate cancer, as a
prostate-associated gene and regulated by androgen [22,23]. Zhang
et al. [24] confirmed that myocyte enhancer factor 2 (MEF2) can bind
to the promoter of PCGEM1, which is activated to induce cell pro-
liferation by decreasing the expression level of the microRNA miR-

148a. Similarly, P54/nrb can also up-regulate the expression of
PCGEM1, which was associated with castration resistance in prostate
cancer [25]. Moreover, PCGEM1 can exacerbate the invasion and me-
tastasis of ovarian cancer by regulating RhoA [26] or STAT3 [27]
pathways. PCGEM1 is also a malignant biomarker of endometrial
cancer [27] and glioma [28]. In our previous study [10], we found that
PCGEM1 was overexpressed in 40 GC and paired adjacent tissues, and
was associated with invasion and metastasis. This finding motivated us
to further evaluate the expression level of PCGEM1 in plasma and in-
vestigate its diagnostic value for GC.

Consistent with these previous results, RT-PCR showed that the
plasma PCGEM1 expression level in GC patients was significantly
higher than that in the healthy controls. Moreover, the expression level
of PCGEM1 in plasma was correlated with that in the tissues, and was
associated with TNM stage. Furthermore, the overexpression of
PCGEM]1 in plasma was significantly reduced after surgery, suggesting a
direct correlation between tumor tissue and circulating PCGEM1 ex-
pression. Thus, circulating PCGEM1 appears to show high specificity in
GC diagnosis.

Stable expression is a prerequisite for the clinical application of
PCGEM]1 as a diagnostic marker. We confirmed that neither prolonged
exposure to 4 °C temperature nor repeated freezing and thawing influ-
enced the expression of PCGEM1I. In addition to its strong ability to
diagnose GC (AUC = 0.750), the sensitivity and specificity of PCGEM1
for diagnosis was higher than that of H19 [16], one of the most well-
known oncogenes and diagnostic biomarkers in GC.

Although we verified the diagnostic value of PCGEM1 in GC, the
present study has some limitations. First, it remains to be determined
whether PCGEM1 enters the bloodstream by direct secretion or if it is
encapsulated in vesicles. Second, the prognostic value of PCGEMI
should also be validated in a larger sample.

Along with continuous advances in transcriptome research and
technology, the discovery of circulating IncRNAs has opened up ex-
citing prospects for diagnostics and prognostics, and has further pro-
vided new insight into the basic mechanisms of oncogenesis.
Nevertheless, research into circulating IncRNAs is still a relatively
young field with much more to be explored. To further develop IncRNA-
based circulating biomarkers for clinical application, several challenges
must first be overcome. First, the accuracy of the measurement of
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circulating IncRNAs is a difficult problem due to the low abundance of
these nucleic acids in body fluids, low stability of single-stranded nu-
cleotides, and the lack of consensus regarding data normalization.
Second, non-uniform sample choice, handling and processing, and
blood cell contamination during sample preparation limit accurate and
consistent measurements. Third, the form of IncRNAs in the blood cir-
culation remains unclear; thus, further research is needed to verify
whether IncRNAs exist in body fluids similar to cytokines, or whether
they are enveloped and transported by vesicles such as exosomes.
Further comprehensive understanding of the factors that influence the
measurement of IncRNAs will help to establish a generally accepted
procedure for sample collection, storage, and processing, as well as
quantification. Despite these challenges, gaining further understanding
of the origin and function of IncRNAs is expected to realize the ultimate
goal of their application to the diagnosis and treatment of cancer.
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