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In this study, 20 patients clinically diagnosed with advanced gastric cancer were selected as subjects. Cir-
culating tumor cells (CTCs) in the peripheral blood of gastric cancer patients were detected and counted by
collecting peripheral blood samples at Ningbo No. 2 Hospital and using the Cell Rich TM system combined
with a negative enrichment strategy. In addition, routine pathological examination and immunohistochemical
staining were performed on surgical specimens, including HER2, EBER, E-cadherin, and vimentin indicators.
These indicators were correlated and analyzed with CTC counts and routine clinical tests. At the same time,
miRNA groups were performed to explore the miRNAs with or without correlation with CTC and to try to
construct a predictive model for CTC status. Tumor tissue from patients whose CTC counts did not match
the results of the miRNA prediction model was subjected to second-generation gene sequencing to analyze
indicators such as tumor heterogeneity and immune microenvironment. The results of the study showed that
CTCs were detected in the peripheral blood of 50% (10/20) of gastric cancer patients using the Cell Rich TM
system, serum fibrinogen was negatively correlated with CTC counts, whereas TNM staging elements, HER2
receptor and p53 were not correlated with CTC counts. miRNA assays showed that the expression levels of
miR218, miR1207, miR96, miR409, miR149, miR148a, miR155, miR370 and miR223 were significantly
different between the two groups of CTC>2 and CTC<2. Among them, miR-96 showed good efficacy as an
indicator for predicting CTC status and assisting in determining the prognosis of gastric cancer. In conclu-
sion, the present study demonstrated that the Cell Rich TM system combined with the negative enrichment
strategy can effectively detect CTCs in the peripheral blood of gastric cancer patients and that the expression
of miR-96 can be used as an effective indicator to predict CTC status and assist in determining the prognosis
of gastric cancer. These findings have important implications for the diagnosis and treatment of gastric cancer
and provide new clues for the further study of the tumor immune microenvironment and tumor heterogeneity.
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1. Introduction

ry causes of deterioration and death in tumor patients [9].

Gastric cancer is a prevalent disease, ranking fifth in
terms of incidence and fourth in terms of cancer-related
deaths worldwide in 2020 [1, 2]. More than 70% of the
global incidence of gastric cancer is found in developing
countries, and once tumors have metastasized, they become
highly lethal [3, 4]. Although the incidence and mortality
rates of stomach cancer have declined in recent decades, it
remains a major public health concern [5]. However, des-
pite improvements in many other digestive tract cancers,
there has only been a small increase in relative survival
[6]. Gastric cancer with distant metastases is considered
advanced and has a poor prognosis [7]. Approximately
3-14% of gastric cancer patients have liver metastases at
the time of initial diagnosis [8]. In terms of anatomy, the
liver is where hematogenous metastases from advanced
stomach cancer most frequently occur [8]. Metastasis and
post-treatment recurrence of gastric cancer are the prima-

The clinical staging of gastric cancer currently relies on
the tumor primary-lymph node-metastasis (TNM) model
for diagnosis. Tumor markers, such as carcinoembryonic
antigen (CEA), carcinoembryonic antigen 19-9 (CA19-9),
carcinoembryonic antigen 72-4 (CA72-4), and carcinoem-
bryonic antigen 125 (CA125), have been extensively used
in the diagnosis and treatment of gastric cancer patients
[10]. However, the use of serum tumor markers for early
diagnosis of gastric cancer is challenging due to their low
sensitivity and specificity [11]. Furthermore, most mar-
kers have not yet demonstrated a clear association with the
development of gastric cancer or clinical prognosis [12].
Furthermore, even if early-stage gastric cancer undergoes
timely curative surgery, there is no guarantee that it will
not recur or metastasize in the future. Therefore, more ac-
curate biomarkers are required to predict the prognosis of
patients with gastric cancer.
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Circulating tumor cells (CTCs) are cells that have been
shed from the primary tumor into the bloodstream [13].
Recent studies in gastric cancer have shown a potential
correlation between circulating tumor cells (CTCs) in
the peripheral blood and tumour recurrence/metastasis
[14]. Overall survival (OS) has been linked to a decline
in the presence of CTCs [15, 16]. CTCs survive in the
bloodstream and interact with the distant microenviron-
ment, promoting the formation of metastases [13]. The-
refore, as a non-invasive method, the detection of circula-
ting tumour cells (CTCs) is an alternative to surgical and/
or biopsy specimens, which are invasive. This is due to
changes in various molecular biological markers of tumor
cells during treatment, as well as the spatial and tempo-
ral heterogeneity of tumor tissues [17]. The detection of
CTC status is expected to serve as a link between molecu-
lar phenotype and clinical manifestations. Currently, the
clinical applications of CTCs are mostly limited to simple
counting. Therefore, the relationship between their pheno-
type and tumour metastasis needs to be studied in detail.
To achieve this, the process of CTCs detection needs fur-
ther optimization, and the link between CTCs status and
tumor metastasis and recurrence must be determined. Ad-
ditionally, it is important to explore whether there are any
blood or tumor primary markers that can accurately reflect
the status of CTCs.

This study investigates the relationship between the
primary tumor foci's features and the presence of peri-
pheral blood CTCs in gastric cancer patients. It explores
the development of CTCs and their role in gastric cancer
metastasis. Firstly, the enrichment, detection methods, and
confirmation criteria of CTCs were optimized to improve
the sensitivity and accuracy of detection. To identify po-
tential predictors or biomarkers associated with CTC sta-
tus, various clinical features of the primary tumor foci,
molecular phenotypes, markers related to the EMT pro-
cess, and micro RNAs closely linked to tumor metastasis
were examined. This study may have a positive impact
on the application of CTCs in the precise staging of gas-
tric cancer, clinical prognosis judgement, and medication
guidance. It may also further optimize the Cell Rich TM
detection process and improve the sensitivity and specifi-
city of CTC detection.

2. Materials and Methods
2.1. Subjects

This study recruited 20 patients with clinical stage II,
IIT or IV gastric cancer between January 2021 and July
2021 in the Department of Gastrointestinal Surgery of
Ningbo No. 2 Hospital. There were no oncological treat-
ments, such as chemotherapy or radiation, being adminis-
tered to the patients. The requirements for inclusion were
being older than eighteen, having a histological diagnosis
of stomach cancer, and giving consent for blood work and
follow-up care. Patients with malignant tumors or benign
gastric lesions were not included in the study, nor were
those who had recently undergone anti-tumor medication.
The Ethics Committee of Ningbo No.2 Hospital reviewed
and agreed with this study protocol. Patients were infor-
med of the collection criteria beforehand, and those who
met the inclusion criteria were enrolled in the study after
providing written informed consent.

2.2. Enrichment of peripheral blood cells by Fish
method

The study enrolled subjects based on established crite-
ria and collected peripheral blood specimens on an empty
stomach in the early morning of the following day. Radial
artery cannulation was used to obtain a total of 7 millili-
ters of peripheral blood samples from patients with gastric
cancer before surgery. A 50 ml centrifuge tube was filled
with 4 ml of whole blood (including anticoagulant), and
the tube was centrifuged at 700 g for 5 minutes at room
temperature. The haemolysate was added to the preci-
pitated cells for lysis at a rate of 20 r/min and at room
temperature for 10 minutes. Magnetic particles were then
added dropwise to the lysed sample at a rate of 100 puL/
person. The centrifuge tube was fixed at a 45° angle on a
shaker and shaken at 120 rpm and room temperature for
20 minutes. The incubated liquid was transferred to the
top layer of the sample density separator and centrifuged
at 300 g and room temperature for 5 minutes. After centri-
fugation, three layers of solution were visible. Transfer the
top 2 layers of the solution to a new centrifuge tube. Add
14 mL of 1x Sample Diluent and mix thoroughly. Cen-
trifuge the mixture at room temperature for 5 minutes at
1000 g. Discard the supernatant until 300 pL remains. Add
ImL of 1% Sample Diluent and gently blow and resuspend
the precipitated cells. Transfer the resuspended liquid to
a centrifuge tube and mix well for automated capture of
magnetic particles.

2.3. Observation and judgement of CTCs results

Place the sample under the 20x objective of a fluores-
cence microscope and scan the entire area of the sample in
an "S" pattern. If a suspected positive signal is detected,
the specimen is moved to the 40 objective for identifi-
cation and a positive signal is confirmed and counted as a
positive cell. Positive cells are counted if there are more
than 2 signal dots on the probe and no blood-borne leuko-
cyte surface antigen staining (red circle or red flake). Cells
are counted as negative if blood-borne leukocyte surface
antigen (red circle or red flake) is present or if there are
less than or equal to 2 signals.

2.4. HE staining

After isolation of the surgical specimens, the tumor and
paracancerous tissues were sectioned and fixed in parafor-
maldehyde. After graded dehydration with ethanol, 4 pm
tissue sections were prepared after wax impregnation and
embedding. The sections were then stained with haema-
toxylin for 7 minutes and eosin for 1 minute and observed
under a microscope (Olympus, Tokyo, Japan).

2.5. IHC Immunohistochemistry

Sections of paracancerous and tumor tissue fixed in
paraffin were cut at 4 um. Sections underwent a 40-minute
baking process at 60°C, xylene deparaffinization, and a
graded ethanol series dehydration. The sections were then
heated by boiling them in a microwave oven for 15 mi-
nutes with 0.01 mol/L citrate buffer (pH 6.0). After that,
the sections were stained with antibodies against E-cadhe-
rin and vimentin for antigen retrieval and repair using the
SP method. The endogenous peroxidase activity was then
blocked with a 3% H202 solution, and the tissue sections
were left overnight at 4°C to be incubated. The tissue
slices were treated with a secondary antibody conjugated
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with horseradish peroxidase (Product No. PV-9001, dilu-
tion ratio 1:1,000, Beijing Zhongsui Jingiao Co., Beijing,
China) at 37°C for one hour on the following day. The
sections were dehydrated, stained with hematoxylin, and
exposed to diaminobenzidine chromogen for 15 minutes.

2.6. Total RNA extraction

Using the mirVana TM miRNA isolation kit, total RNA
was obtained from tissue cell samples, and 1 mL of Trizol
was added to extract total RNA from tumor tissue. CDNA
was generated by reverse transcription with oligo primers
using reverse transcriptase, and then amplified by PCR
using the cDNA as a template for gene expression ana-
lysis. Conditions for the qPCR reaction were as follows:
50°C for two minutes and 95°C for ten minutes; the inter-
nal reference used was GAPDH. GAPDH was used as an
internal reference when analyzing the relative expression
of target genes using the 2-AACt technique. Conditions
for the qPCR reaction were as follows: 40 cycles of 50°C
for 2 min, 95°C for 10 min, 95°C for 30 s, and 60°C for
30 s; Table 1 displays the primer sequences for the gPCR
reaction.

2.7. Whole exome sequencing and somatic mutation
detection of key genes

Genomic DNA was extracted from the tumor and
paracancerous tissues with Rapid DNA Extraction Kit
(KG203), the extracted DNA was subjected to quality
control, and the samples that passed the quality control
criteria were then used for subsequent library construc-
tion experiments. The whole exon region and COSMIC
sites were highly enriched using the Agilent Liquid Chip

Table 1. The primers of sequence.

Capture System. To create libraries and conduct capture
studies, the Agilent SureSelect XT Human All Exon V6
+ COSMIC Kit was utilized. Following the development
of the library, Qubit 3.0 was used for preliminary quanti-
fication, and the Agilent 2100 was used to determine the
size of the library insert. To guarantee the library's quality,
the effective concentration (4 nm) was precisely measu-
red using the qPCR method once the detection value had
fulfilled expectations. The QC-qualified libraries' effective
concentration and the necessary data output were taken
into consideration when sequencing the libraries using the
[llumina HiSeq X Ten Platform PE150. To evaluate the
raw sequencing data, the sequencing data were divided by
index. Cancerous and paracancerous tissues were paired
and analyzed for specific mutations in tumor tissues, inclu-
ding single SNV, insertion and deletion mutations, CNV,
etc.

2.8. Transcript sequencing

RNA was extracted from the patient's cancerous tissue
using the Tissue Total RNA Extraction Kit (DP431). Using
the NEBNext poly(A) mRNA magn (NEB) kit, mRNA
was extracted from total RNA using Oligo d(T)25 beads.
The NEBNext Ultra RNA Library (NEB) was then used to
create the library. Qubit 3.0 was used for initial quantifi-
cation following library development. After using Agilent
2100 to verify that the library's insert size was as anticipa-
ted, quantitative PCR was used to precisely measure the
library's effective concentration. The QC-qualified libra-
ries' effective concentration and the necessary data output
were taken into consideration when sequencing the libra-
ries using the Illumina HiSeq X Ten Platform PE150.

miRNA 5.3
, F: AACCAAACCTACCCACAACG-

miR-107 R: ACCACTAAGTCAATCCCAGGTG
ol F: ATCACCATCTTCCAGGAGCGA

R: CCTTCTCCATGGTGGTGAAGAC
16 F: GGGACCTGAAACCAGAGAACG-

R: ACAGAGGAGGGCATAGAGGATG
s F: GGGGTTAATGCTAATCGTGA

R: CAGTGCGTGTCGTGGAGT
a0 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT
00 F: AGGUUACCCGAGCAACUUUGCA

R: GGUUCGUACGUACACUGUUCA
A F: AGCCACATCGCTCAGACAC

R: GCCCAATACGACCAAATCC

. F: CAGAGCAGCTACTAAGCGACT

miR-223 R: AAAAGGGGAGATTCGGACAGA
07 F: GCCCGCCAGUUUGUCAAAUA

R: GTGCAGGGTCCGAGGT
o F: TTGGGTGAAATATATTGTGCGTC

R: AGCCGAAGTGAGCCACTGAA
o F: GCACCGTCAAGGCTGAGAAC

R: AGCCGAAGTGAGCCACTGAA
U F: GCTTCGGCAGCACATATACTAAAA T

R: CGCTTCACGAATTTGCGTGTCAT
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2.9 Statistical analysis

Clinical information, including patient age, laboratory
test results, corresponding CTC counts, and pathological
data, were collected and imported into SPSS 20.0 software
for statistical analysis. Continuous measurements were ex-
pressed as mean =+ standard deviation. Spearman's method
was used to analyze multiple indicators that did not satis-
fy normal distribution, including the correlation analysis
between CTC counts and clinical and pathological indica-
tors, with p<0.05 considered statistically significant. The
TCGA database was analyzed using R studio, and Cox
survival curves were plotted.

3. Results
3.1. Basic data of cases

This study involved 20 patients with gastric cancer in
total. Table 2 summarizes the patients' names, sexes, ages,
diagnoses, pathological stages, pathological T, N, and M
data, and CTC counts. Blood tests such as routine blood
count, coagulation function and tumor markers were also
performed simultaneously in all patients when blood
samples were taken preoperatively for CTC detection. The
results of neutrophils, lymphocytes, monocytes, platelet
count, fibrinogen and D-dimer are shown in Table 3.

3.2. CTCs were discovered in the patient's peripheral
blood

In this experiment, CTCs were detected in the peri-
pheral blood of tumor patients (Figure 1). According to

Table 3. The clinical laboratory findings in patients with gastric cancer.

the number of CTCs, out of 20 tumor patients, 10 gastric
cancer patients had 0 CTCs in peripheral blood. Another
10 gastric cancer patients had CTCs detected, totaling 18
CTCs, and the average count of CTCs in positive patients
was 1.8. Among them, CEP>3/CD45-/DAPI+, which is
polyploid CEP>3. CDA45 is a marker of immune cells,
while CEP is a marker of polyploidy. Further Spearman's
correlation analysis of CTC counts with age and some
pathological indicators (T-stage \N-stage \vascular cancer
embolism \p53\ki-67) in Table 2 showed no significant
correlation. The results are shown in Table 4, with P values
in parentheses. In addition, the CTC counts were analyzed
by Spearman's correlation with the general clinical tests in
Table 3, and the results are shown in Table 5.

Apart from the serum fibrinogen level, which exhibited
a negative correlation with the CTC count (r= -0.455,
P=0.044), none of the other parameters demonstrated
a significant correlation. The ROC chart of serum fibri-
nogen level for distinguishing whether CTC is zero or
not showed that when the cut-off value is 455 mg/dl, its
AUC reaches 0.790, P=0.02, which has certain predictive
significance (Figure 1F). However, if the differentiation of
circulating tumor cells (CTC) is greater than or equal to 2,
as the detection target, it fails to reflect sufficient detection
efficiency.

3.3. The expression of the tumor marker for gastric
cancer and the quantity of CTCs are uncorrelated
The study selected gastric cancer tumor markers, inclu-

Peripheral blood WBC NE#( LY# NE#/ MO# PLT DD FIB
specimen number (10°/L) 10°/L) (10°/L) LY# (10°/L) (10°/L) (ng/ml)  (mg/dL)
GR2021-11522 4.90 2.7 1.8 1.50 0.40 227 76 326
GR2021-11433 6.30 4 1.8 2.22 0.50 211 263 542
GR2021-11242 8.60 73 1.0 7.30 0.30 302 234 451
GR2021-10905 5.90 4 1.5 2.67 0.40 172 92 553
GR2021-10177 5.40 3.6 1.4 2.57 0.40 201 109 498
GR2021-09010 4.50 3.1 1.0 3.10 0.40 182 121 453
GR2021-07879 6.00 4.9 0.7 7.00 0.40 224 258 573
GR2021-06428 10.50 9.1 1.0 9.10 0.40 452 277 567
GR2021-03599 5.50 341 1.6 2.13 0.49 277 73 369
GR2021-04523 7.70 6.3 1.0 6.30 0.40 279 110 561
GR2021-03571 5.70 3.68 1.5 2.45 0.52 148 74 628
GR2021-00096 3.90 1.9 1.8 1.06 0.20 270 101 524
GR2021-04230 5.80 3.98 1.1 3.62 0.72 160 197 383
GR2021-05689 6.10 4.5 1.2 3.75 0.40 192 131 383
GR2021-05887 5.60 3.9 1.3 3.00 0.40 290 179 415
GR2021-12686 6.00 3.7 1.9 1.95 0.40 114 327 458
GR2021-04313 5.80 4.1 1.3 3.15 0.40 174 70 322
GR2021-03624 4.80 2.7 1.6 1.69 0.50 272 4 338
GR2021-11105 5.80 39 1.4 2.79 0.50 262 169 536
GR2021-11432 6.70 4.6 1.6 2.88 0.50 229 86 597
Table 4. The Spearman's correlation analysis of CTC counts with age and some pathological indicators.
Age T-stage N-stage  Vascular embolism Ki-67 p53 her2
R -0.22 -0.264 0.020 0.064 -0.281 0.014 0.211
(p) (0.351) (0.261) (0.933) (0.790) (0.231) (0.954) (0.371)
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Table 5. The spearman correlation analysis of CTC counts and clinical laboratory items.

WBC NE# LY# NE#/LY# DHXB PCT DD FIB
R -0.324 -0.194 -0.215 0.076 0.114 0.215 -0.193 -0.455
(p) (0.164) (0.413) (0.362) (0.750) (0.631)  (0.364) (0.414) (0.044)
il B C expression (Table 6). However, Spearman's correlation
T T T analysis of CTC counts with each tumor marker did not
. . . . . . show any statistically significant association (Table 7).
oon oo [ om [ omao | o . . 3.4. During the patients' brief follow-up, no deaths
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Fig. 1. The number of CTCs in peripheral blood of patients with gas-
tric cancer. (A) CTCs positive vs. negative control. (B) The sample
of CTCs numbered one. (C) The sample of CTCs numbered two. (D)
The sample of CTCs numbered three. (E) The sample of CTCs num-
bered four. (F) Serum fibrinogen levels are important in distinguishing
CTC from ROC.

ding alpha-fetoprotein, carcinoembryonic antigen, Cal99,
and Cal25. The objective was to look for any relationships
between the quantity of CTCs and each tumor marker's

were recorded

The patients' tumor and survival status were moni-
tored simultaneously after the start of data collection. In
the short term, one case of recurrent tumor metastasis was
observed. Multiple metastases to bilateral ribs were found
in July postoperatively due to chest pain, and the patient
is currently undergoing follow-up 2-line systemic therapy.
As of 30 March 2022, no additional cases were found to
have clinical metastases, and there were no fatalities.

3.5. Expression of E-cadherin and Vimentin in tumor
tissues of patients with gastric cancer

The study analyzed the expression of E-cadherin and
Vimentin in tumor tissues of 20 gastric cancer patients
who underwent surgery at Ningbo No.2 Hospital. The re-
sults of the study are presented in Figure 2. The correlation
between E-cadherin immunohistochemical expression and
clinical and pathological factors was examined in both
gastric cancer and surrounding mucosa. Figure 2A shows
that the rows of cells retained some polarity and exhibited

Table 6. The patient's serum alpha-fetoprotein and oncoprotein test results.

Peripheral blood CEA AFP CA199 CA125
specimen number (IU/ml) (ng/ml) (IU/ml) (IU/ml)
GR2021-11522 1.930 66.300 35.740 10.10
GR2021-11433 2.400 2.700 26.480 6.80
GR2021-11242 10.670 7.900 0.900 4.90
GR2021-10905 281.410 6.700 548.200 6.20
GR2021-10177 14.600 5.600 1.100 10.60
GR2021-09010 12.110 1.800 133 6.40
GR2021-07879 1.660 2.700 20.960 46.10
GR2021-06428 0.400 1.020 10.270 8.10
GR2021-03599 0.200 4 8.030 9.30
GR2021-04523 2.360 1 60.800 9.90
GR2021-03571 2.070 4 28.260 6.70
GR2021-00096 2.950 3.300 0.900 9.30
GR2021-04230 5.270 6.200 11.180 14.60
GR2021-05689 1.250 2 8.640 10.30
GR2021-05887 1.020 9.800 16.230 5.10
GR2021-12686 11.730 97.100 5.430 7.40
GR2021-04313 0.990 3.600 4.300 10.20
GR2021-03624 5.300 2.600 61.490 9.20
GR2021-11105 11.250 2.300 2036.050 24.60
GR2021-11432 1.670 2.400 1.570 2.80
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Table 7. The spearman correlation analysis of CTC counts with each tumor marker.

Cal99 Cal25 CEA AFP
CTC r=0.194 r=0.221 r=-0.150 r=-0.223
number P=0.412 P=0.349 P=0.527 P=0.345

glandular duct morphology. E-cadherin was well-colored
and continuous in most basement membranes. However,
as the number of CTCs increased, the cell arrangement
became more disordered, resulting in the loss of glandular
duct morphology. The coloration of E-cadherin became
discontinuous or even appeared in a large unstained area.
However, in some patients (as shown in Figure 2C), al-
though the E-cadherin staining was good, the correspon-
ding CTC count was 3. Spearman's correlation analysis
of E-cadherin staining (negative/+/++) and CTC count
showed no significant correlation with a result of r=0.200,
P=0.399.

The study found that Vimentin expression was eleva-
ted in the tumor tissues of patients with high CTC counts
(Figure 2f-2J). However, there is a lack of specific gra-
ding criteria in the literature for determining the degree of
Vimentin staining in gastric cancer tissues, which makes it
difficult to interpret the results as hierarchical information.
When interpreting the results, it is important to exclude
the influence of various types of interstitial tissues, such
as lymphatic tissues in the tumor tissues or granulation
tissues in the ulcerated tumor tissues, as they may affect
the interpretation of the images to a certain extent. Figure
2F shows many lymphatic infiltrations in the right figure,
which corresponds to the patient's late clinical stage. Des-
pite careful interpretation, the results of the tumor cells
with Vimentin staining are still negative.

) T .\'\ 2

; Ve
MRS

i TR 8
Fig. 2. The expression of E-cadherin and Vimentin in GC patients.

koo St e

*
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(A-E) Expression of E-cadherin in tumor tissue of patients with zero
to four CTCs. (F-J) Expression of Vimentin in tumor tissue of patients
with zero to four CTCs.
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Fig. 3. The miRNA expression in gastric cancer tumor tissues and
Kaplan-Meier survival analysis results of different miRNAs. (A) The
miRNA expression in gastric cancer tumor tissues. (B-C) The miRNA
expression in different CTC groups. (D) Kaplan-Meier survival ana-
lysis results for miR-96. (E) Kaplan-Meier survival analysis results
for different miRNAs.

3.6. Metastasis-related miRNAs were discovered to be
expressed at greater levels in gastric cancer tumor tis-
sues

The qRT-PCR assay results (Figure 3A) indicate an
increase in the expression of metastasis-related miRNAs
in tumor tissues compared to paraneoplastic controls. Fur-
thermore, miRNA expression increased with the number
of CTCs. Upon observing the differences between groups
with varying CTC counts, it was found that the expression
of metastasis-associated miRNAs in the CTCs >2 group
significantly differed from that in the CTCs <2 group.
Specifically, the expression of miR218, miR96, miR107,
miR21, miR155, and miR223 was significantly higher,
while miR146a was significantly lower. miR-148a was
more specific in the CTC=2 group and significantly lower
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than in the CTC=1 group, but significantly higher than in
the CTC=2 group. In the CTC=0 group, the expression
in tumor tissues and para-carcinoma tissues was similar.
However, in the CTC=1 or 2 group, the expression level
was significantly different, with both higher and lower ex-
pression than that in para-carcinoma tissues. In the CTC=3
group, the expression was high, but the trend of the change
was uncertain.

3.7. Correlation between miRNA expression and circu-
lating tumor cells (CTCs) in gastric cancer tissue

The study analyzed the expression of miRNAs in tu-
mor specimens collected from gastric cancer patients. The
specimens were grouped based on the CTC count of peri-
pheral blood, with a classification criterion of a CTC count
greater than or equal to 2. The expression values were ana-
lyzed using t-test or non-parametric test, depending on
whether they were normally distributed or not. The study
results indicate that miR218, miR1207, miR96, miR409,
miR148a, miR155, miR370, and miR223 exhibited signi-
ficant differences between the CTC>2 and CTC<2 groups.
Additionally, it was observed that the data for miR107,
miR148a, and miR223 were more dispersed among the
miRNAs with significant differences between the groups
(Figure 3B-3C).

3.8. The expression profile of miRNA has an impact on
the survival of patients

The study selected miRNAs that showed significant
differences in expression levels in different CTCs. These
miRNAs include miR218, miR1207, miR96, miR409, mi-
R148a, miR155, miR370, and miR223, which were used
to differentiate between high and low expression groups.
Prognostic data for gastric cancer patients (STAD set) were
obtained from the TCGA database, and survival curves
were plotted based on the follow-up results. Among them,
miR-96, miR-148a-5p, miR-409-5p, miR-218, miR-370,
and miR-21-3p were analyzed for their prognostic value.
The survival curves were plotted using the KM method to
show the differences in prognosis between the two groups.
The 5-year overall survival rates of miR-96, miR148a-5p,
miR409-5p, miR218-5p, miR409-3p, and miR370-5p in
the low-expression group among gastric cancer patients
differed significantly from those in the high-expression
group. Similar results were found for miR21-3p (see
Figure 3E). The hazard ratio (HR) for the miR-96 high-
expression group was 2.4 (95% CI 1.06-5.45), indicating
that miR-96 could serve as a complementary prognostic
indicator for gastric cancer patients. This finding provides

a basis for guiding clinical treatment (Figure 3D).

3.9. MiR96 can serve as a marker for predicting CTC
status in the peripheral blood of patients with gastric
cancer

Based on the ROC curve analysis, miR-21 (0.837),
miR-96 (0.832), and miR107 (0.86) exhibited an AUC
of 0.8 or higher. By combining the results of the miRNA
group differences and KM curve analysis, miR-96 was
identified as a marker for predicting CTC status in the pe-
ripheral blood of gastric cancer patients. High expression
of miR-96 (>2.5-fold in tumour foci/paraneoplastic areas)
was found to be associated with an increased probability
of CTC appearance and poor prognosis. Based on the re-
sults, a single test for miR-96 was performed on 9 additio-
nal surgical specimens from progressive gastric cancer pa-
tients who had undergone preoperative CTC testing (refer
to Table 8). This was done to externally validate the mo-
del. After combining the data from the present study with
previous data, miR-96 showed a high sensitivity of 85.7%
and specificity of 86.4% in predicting CTC counts of >2
in this series. The Youden index of 0.721 further supports
the high expression of miR-96 for CTC status in tumor
foci/paraneoplastic. Therefore, miR-96 can be considered
a reliable predictor of CTC status in tumor foci with a sen-
sitivity of 85.7% and a specificity of 86.4%.

4. Discussion

In contrast to traditional cell screening techniques, Cell
rich TM is a new technology for detecting circulating tu-
mors using multi-field capture in nano-chips. The method
is simple, painless, and free of radiation contamination.
The cell-rich TM system offers higher capture efficiencies
than comparable imported equipment and brings signifi-
cant savings.

The presence of circulating tumor cells (CTCs) has
been used to assess the risk of tumor recurrence and as an
indicator of metastasis. CTCs have also been employed for
real-time tumor response detection and tailored therapy
[18]. However, CTC concentrations in human peripheral
blood are relatively low and vary widely between indivi-
duals, necessitating the use of modern technology to en-
rich and detect them [19]. This study utilized the Cellrich
TM system, which is based on cell surface immunoreco-
gnition, to detect circulating tumor cells (CTCs) in the
peripheral blood of patients with gastric cancer. Previous
studies have shown that neutrophils are associated with
tumor growth, metastasis, and tumor angiogenesis. Addi-
tionally, an increased number of neutrophils in GC tumor

Table 8. The results of the miR-96 mono-assay in 9 surgical specimens of advanced gastric cancer

that underwent preoperative CTC testing.

Patient’s number miR-96 (T/P) pTNM stage CTC number
Al 2.810 IIa 2
A2 5177 Ila 2
A3 1.612 Ilc 1
A4 1.005 I 0
A5 1.812 Ila 0
A6 2.339 Ia 1
A7 1.054 Ib 0
A8 11.402 Ilc 3
A9 1.018 la 1
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tissue has been linked to a low overall survival (OS) rate in
GC patients [20]. A study of 1220 non-surgical advanced
gastric cancer patients indicated that individuals with a
higher neutrophil/lymphocyte ratio had a lower overall
survival. The neutrophil/lymphocyte ratio has been esta-
blished as a distinct prognostic factor [21]. Preoperative
neutrophil/lymphocyte ratio values were revealed as inde-
pendent risk variables for overall survival and progression
in gastric cancer patients having radical resection and
postoperative adjuvant chemotherapy [22]. However, this
study found no significant correlation between the number
of CTCs measured by the Cell rich TM system and the
preoperative white blood cell count, absolute neutrophil
value, neutrophil/lymphocyte ratio, or platelets in patients
with stage III/IV GC. This suggests that the prognostic
effect of these factors may not be achieved by influencing
the CTC status.

The relationship between CTCs and clinicopathologi-
cal serum GC markers remains unclear. In this study, the
proportion of tumor markers with abnormalities increased
significantly with the progression of staging. Two cases
with hepatoid adenocarcinoma with directional diffe-
rentiation showed typical elevation of alpha-fetoprotein
(AFP). This is consistent with the general literature, which
reports that tumor markers can be used for prognosis and
efficacy determination. However, this study found that
several commonly used tumor markers, including alpha-
fetoprotein, carcinoembryonic antigen, Cal9-9, Ca72-
4, and Cal25, did not significantly correlate with CTC.
Therefore, it is difficult to predict the status of CTC using
these tumor markers. One possible explanation for this is
that the concentrations of the detected tumor markers are
more related to the overall molecular characteristics of
the primary tumor foci, rather than the presence of CTC.
Subclinical circulating tumor cells (CTCs) are present in
such low numbers that they are unlikely to cause signifi-
cant fluctuations in tumor marker concentration. Clinically
detectable changes in CTCs may not occur until they form
metastatic foci. It is also possible that the mechanisms lea-
ding to the elevation of these tumor markers do not have a
high and stable crossover with key nodes in the CTC for-
mation pathway, and thus do not show sufficient correla-
tion. Further exploration of assays related to circulating tu-
mor cell (CTC) status is necessary, including marker sites
located in the epithelial-mesenchymal transition (EMT) or
mesenchymal-epithelial transition (MET) pathways.

CTCs are a heterogeneous population of cells. A com-
monly used method to isolate CTCs is an epithelial cell
adhesion molecule (EpCAM)-based enrichment technique.
However, this technique failed to detect a subpopulation of
CTCs that had undergone EMT, as reported by Gorges et
al. [23] and Yu et al. [24]. Furthermore, Yu et al. [25] dis-
covered that circulating tumor cells (CTCs) undergo dyna-
mic changes in both epithelial and mesenchymal compo-
nents. Specifically, mesenchymal CTCs were found to be
associated with metastasis and resistance to chemotherapy
[25]. These findings suggest that epithelial-mesenchymal
transition (EMT) could serve as a potential biomarker for
characterizing CTCs. However, the heterogeneity of CTCs
and the characteristics of blood samples from some cancer
patients limit their broad clinical application. The tissues
of progressive gastric cancer mostly expressed E-cadherin
(+~t++) in varying degrees. The expression of Vimentin,
although difficult to quantify, was consistent with the CTC

status in describing tumor invasiveness through clinical
staging or tumor subtypes, as demonstrated in most cases.
However, no direct correlation was observed between the
above metrics and CTCs counts, either jointly or inde-
pendently. This may be partly due to the assessment of the
whole tumor lesion after IHC and the difficulty in effec-
tively differentiating between the various expressions of
tumor cells and tumor mesenchyme. Predicting the status
of CTCs solely from epithelial or mesenchymal markers
in the primary tumor foci or marker sites in the EMT pa-
thway remains challenging. Further exploration of the me-
chanisms and factors influencing the emergence of CTCs
at a more upstream molecular level is necessary.

Through the analysis of selected miRNA microarrays
in the primary foci of tumors, certain miRNAs were found
to be closely associated with circulating tumor cell (CTC)
status in patients with gastric cancer. In this study, we found
significant differences in the expression levels of miR218,
miR1207, miR96, miR409, miR149, miR148a, miR155,
miR370, and miR223 between the groups with CTC > 2
and CTC < 2. We considered previous literature reports
and aimed to determine the existence of CTC and diffe-
rences in prognosis between the two groups. The TCGA
database reveals that varying expression levels of miR-
148a, miR-409 (5p/3p), miR-21-3p, miR-218, and miR-
370 can serve as reliable prognostic indicators. The study
revealed that miR-96 expression was normal in healthy
tissues but abnormal in cancerous tissues, and the abnor-
mal expression levels could differentiate between different
CTC states. Kong et al. [26] and others [27-30] reported
a significant up-regulation of the miR-183 family in gas-
tric cancer tissues. However, Li et al. [31] reported that
miR-182 acts as an oncogenic factor in gastric adenocarci-
nomas and is down-regulated through the downregulation
of CREBI1 (cyclic adenosine monophosphate-responsive
element binding protein). The study indicates a correla-
tion between miR-96 expression level and cell adhesion
and apoptosis. Additionally, several miRNAs showed si-
gnificant differences in expression levels among different
CTC groups. These findings suggest that up-regulation of
miR-96 expression is closely associated with tumor cell
infiltration into the stroma, CTC appearance, and metas-
tasis formation. The expression of miR-96 is up-regulated
and is closely associated with the ability of tumor cells
to infiltrate the stroma and form metastasis. This suggests
its potential for prognostic segmentation in patients with
progressive gastric cancer.

5. Conclusions

The Cell Rich TM system was used to detect CTCs in
the peripheral blood of gastric cancer patients. The nega-
tive enrichment and complex IHC of the Cell Rich TM sys-
tem can effectively detect and confirm CTCs in peripheral
blood. The statistics of various clinical tests and routine
pathological indexes of gastric cancer patients in the pre-
sent study showed that high fibrinogen levels indicate a
lower probability of the appearance of CTCs. However,
the other indexes are not useful in distinguishing different
CTC statuses in patients with progressive gastric cancer.
Meanwhile, the statistics from various clinical tests and
routine pathological indexes of gastric cancer patients in
this study showed that high fibrinogen levels were asso-
ciated with a low probability of circulating tumor cells
(CTCs). However, the other indexes did not provide suf-
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ficient information to distinguish between different types
of CTCs in patients with progressive gastric cancer. After
detecting miRNA in patients' tumor tissues, the results
showed that miRNA could serve as a marker for the sta-
tus of CTCs. Additionally, mir-96 detection of tumor foci
could supplement the detection of CTC status in clini-
cal practice. The second-generation gene sequencing of
the failed cases of predicting CTC status based on mir-
96 has revealed the tumor heterogeneity and the immune
microenvironment of the tumor foci. This suggests that
the immune microenvironment affects CTC status, and the
presence of active immune cell infiltration and up-regula-
tion of related immune indexes in the tumor area can lead
to a decrease in the level of CTCs, which is a sign of a
better prognosis.
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