Original Article

Peroxiredoxin-4 as a potential biomarker of early gastric cancer
screened by Cell-SELEX
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Background: The objective of this study was to screen and identify a new biomarker for the detection of
early gastric cancer. Aptamers are a group of promising probe that can specifically recognize and bind to
target molecules and cells.
Methods: Using an aptamer library, we selected high-specificity and high-affinity aptamers through 12
rounds of Cell-SELEX. The target protein could be extracted from early gastric cancer cells with streptavidin
magnetic beads method and aptamers; before purification, the target protein was analyzed by matrix-assisted
laser desorption ionization-time-of-flight mass spectrometry (MALDI-TOF MS). The fluorescein-labeled
aptamer was used for establishment and analysis of a new detection method for biomarkers. Then we used
the ELISA (enzyme-linked immuno sorbent assay) to verify the new detection method.
Results: Ultimately, aptamer 7 (Ap7) was selected as the aptamer with the highest specificity and affinity
in the screen, which targeted the early gastric cancer protein named early gastric cancer 7 (EGA7). Based
on comparison of sequences in the NCBI database, EGA7 was identified as peroxiredoxin-4 (Prx4). Further
analysis which contained the ELISA results showed a significant difference in EGA7 expression between
early gastric cancer tissues and the normal gastric mucosa or advance gastric cancer tissues, confirming its
utility as a marker for early gastric cancer. This is the first report using a high-specificity and high-affinity
aptamer (Ap7) to screen for an early gastric cancer protein; using this method, a new biomarker, EGA7, was
identified.
Conclusions: These results provide the experimental foundation for future research on the use of aptamer
libraries and biomarkers for the diagnosis and identification of drug targets in early gastric cancer. And Prx4
has the potential as a biomarker of early gastric cancer.
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Introduction
Gastric cancer is currently the fifth most common cancer
worldwide, accounting for 7% of all newly diagnosed cancer
cases and 9% of all cancer-related deaths (1). Because more
than half of all patients with gastric cancer are diagnosed
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at late stages of the disease, post-operative survival rates
remain low (2). Therefore, early diagnosis is essential to
identify and select the most appropriate treatment in order
to reduce mortality. The development of gastric cancer is a
multi-factor and multi-channel process; So far, some serum
biomarkers have been identified to be useful for specifically

tcr.amegroups.com

Transl Cancer Res 2017;6(2):293-303

294

targeting stomach cancer, such as CA19-9 and CEA.
However, the sensitivity and specificity of these tumor
markers is not very high (3). And some biomarkers may
be useful only when it comes to the prognosis of gastric
cancer (4). Some serologic testing methods, including
serum pepsinogen and Helicobacter pylori antibody testing,
are closely related to the diseases process and disease
prognosis in patients with gastric cancer. However, these
methods which are applied in the clinical stage show
minimal effectiveness in diagnose of early gastric cancer
(5,6). In this study, we aimed to find a new biomarker that
can diagnose gastric cancer in the early stage.
Systematic evolution of ligands by exponential
enrichment (SELEX) (7,8) is an in vitro screening technique
utilizing large-capacity, random oligonucleotide libraries
synthesized by combinatorial or traditional chemical
methods. In each round of selection, we gathered those
aptamers which can tightly bind to the target. And with the
help of polymerase chain reaction (PCR), those aptamers
would be amplified for the next round of selection. After
several rounds, we can found the aptamers with high
sensitivity and specificity (9). Aptamers are single-stranded
oligonucleotides (10), which bind to the surfaces of various
targets by folding in stable three-dimensional structures,
and are therefore very useful in molecular recognition.
Compared to antibodies, aptamers show similar or higher
level affinity; furthermore, aptamers are considered to be
better capturing agents for small molecules, because (I)
their shorter size more accurately discriminates between
functional groups with similar structures; and (II) aptamers
targeting small molecules can be selected in vitro without
requiring haptens, which are needed for selection of
antibodies against molecules (11).
Recently, aptamers have been applied in diagnostic
capacities for fundamental research experiments, disease
diagnosis (11), clinical treatment (12,13), and drug
screening (14). Cell-SELEX screening is a specific type
of SELEX technology. Cell-SELEX screening uses the
differences in the surface molecules between any two
complete, living cell types to identify aptamers that are
specific to target cells. In clinical practice, this allows for
accurate identification and for distinguishing between
normal and target cell lines. The objective of the present
study was to use cell-SELEX technology to identify
early gastric cancer biomarkers. This information should
facilitate future studies aimed at understanding the
mechanisms underlying the development of gastric cancer
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and differences in surface molecule expression in different
tissues, for the purpose of improving early diagnosis.
Since the establishment of cell-SELEX screening, it has
been used for laboratory diagnosis using a large number
of oligonucleotide aptamer libraries (15). This approach
utilizes single-stranded DNA (ssDNA) aptamers with high
sensitivity, affinity, specificity, and additional advantages. To
date, lymphocytic leukemia, myeloid leukemia, liver cancer,
small-cell lung cancer, colorectal cancer, and other tumor
cell-specific aptamers have been identified using the cellSELEX approach (16,17).
In the present study, cell-SELEX technology was
utilized to identify aptamers specific to early gastric
cancer primary cells. Using streptavidin-biotin magnetic
beads (18), a secondary library of highly specific ssDNA
aptamers was prepared for the clinical detection of early
gastric cancer and the isolation of cell-surface marker
molecules. Target proteins were analyzed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and matrix-assisted laser desorption ionizationtime-of-flight (MALDI-TOF) mass spectrometry. We
further selected the target protein with the highest affinity
and specificity and determined its expression in the early
stage of gastric cancer.
Methods
Extraction and identification of early gastric cancer cells
All participants provided informed written consent for
inclusion in this study. The study was approved by the
School of Basic Medical Ethics Committee, Lanzhou
University. Patients who underwent radical operation for
the treatment of early gastric cancer at the People’s Hospital
of Wuwei City and the Department of General Surgery of
the Second Hospital of Lanzhou University were selected
for inclusion. A total of 210 patients were identified in this
study. The information of the patients was as follows: (I)
70% patients were male, and the average age was 57 [27–85];
(II) according to TNM-staging system of gastric cancers,
we used stage 0–I as early gastric cancer (n=60), and stage
II–IV as advance gastric cancer; (III) normal gastric tissue
samples were randomly selected from the patients (Gastritis,
gastric ulcer, etc.) as normal controls. Tumor tissues, normal
gastric tissue were extracted by the method of collagenase
IV (0.1%) digestion of the tissue samples. The cell purity
was determined by immunohistochemical staining with
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antibodies against the epithelial cytokeratins CK8 and
CK18 (19).
Acquisition of specific aptamers
For pretreatment of the aptamer library (synthesized
b y S h a n g h a i B i o l o g i c a l E n g i n e e r i n g Te c h n o l o g y
Co. Ltd., China), 1 nmoL of the aptamer
l i b r a r y ( 5 ′ - TA G AT T G C A C T TA C TAT C - 5 4 n t ATTGAATAAGCTGGTATA-3′) was dissolved in 400 μL
of binding buffer and denatured in boiling water for 5 min.
The aptamers were then cooled on ice for 10 min, and
18 μL of bovine serum albumin (3%) was added to eliminate
nonspecific binding.
Tissue cells were pretreated by mixing 1×106 early gastric
cancer cells with the above-mentioned pretreated aptamer
solution and set in an incubation (37 ℃) for 30 min. After
centrifugation at 100 ×g for 5 min, the mixture was washed
twice with binding buffer to remove any unbound or weakly
bound ssDNA. Two hundred microliters of ddH2O was
added, and the bound aptamers were heated in a boiling
incubation for 5 min. After centrifugation, the supernatant
was collected.
The ssDNA was then dissolved in 20 μL of 1× TE
binding buffer and the concentration was determined with a
trace nucleic acid protein analyzer. The ssDNA was stored
at −20 ℃ until use.
The obtained ssDNA was then used as a template for
PCR amplification on the downstream biotin-labeled primer
(see next section) to prepare the ssDNA library. Fifteen
thermal cycles were conducted at 95 ℃ for 30 sec, 46.8 ℃
for 60 sec, and 72 ℃ for 30 sec. After purifying the PCR
products, biotin-labeled ssDNA was obtained using biotinstreptavidin-coated magnetic beads (Promega, Madison,
WI, USA) in order to prepare the secondary library. The
amount of DNA was measured for the next round of
selection. After each round of selection, filtering tests were
applied to increase the specificity of cell-SELEX selection
using normal gastric mucosa epithelial cells in order to
remove any non-specific aptamers; i.e., those that could
also bind to the normal gastric mucosa. The procedures
described above were repeated for 12 rounds of selection.
After each round of selection, we measured the binding
rate of early gastric cancer cells used fluorescein - labeled
ssDNA library. Two hundred pmol of the FAM-ssDNA
library were bound with cells from the early gastric cancer,
using ssDNA without cell as a blank control group, and then
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we measured the fluorescence intensity which represents
the binding ability of the aptamer. (Lumina, Thermo
Scientific, Waltham, MA, USA). Each sample was measured
three times.
The ssDNA obtained after 12 rounds of selection
was amplified using PCR with unlabeled upstream
and downstream P1 and P4 primers, respectively
( P 1 : 5 ′ - TA G AT T G C A C T TA C TAT C - 3 ′ , P 4 :
5′-ATTGAATAAGCTGGTATA-3′; synthesized by
Shanghai Biological Engineering Technology Co. Ltd.).
After gel extraction, the ssDNA was inserted into a
pGEM-T vector (Promega, Madison, WI, USA) and
transformed into Escherichia coli DH5α competent cells
(preserved in our laboratory). After gene cloning and bluewhite selection, 26 positive clone colonies were chosen
randomly and sent to Shanghai Biological Engineering
Technology Co., Ltd. for sequencing.
Analysis of aptamer specificity and affinity
Plasmids were extracted from the 26 tubes of
competent cells and amplified via PCR, using the
upstream fluorescein (FAM)-labeled primer P2 (5′FA M – TA G AT T G C A C T TA C TAT C - 3 ′ ) a n d t h e
downstream biotin-labeled primer P3 (5′-biotin–
ATTGAATAAGCTGGTATA-3′), both synthesized at
Shanghai Biological Engineering Technology Co., Ltd.
After phenol: chloroform extraction, the aptamers were
bound with streptavidin-coated magnetic beads in order to
prepare fluorescein-labeled ssDNA.
To analyze specificity, 200 pmol of the aptamers were
bound with cells from the early gastric cancer, advance
gastric cancer and normal gastric mucosa samples, using
aptamers without cell as a blank control group, and the
fluorescence intensity was measured (Lumina, Thermo
Scientific, Waltham, MA, USA). Each sample was measured
three times.
To measure affinity, the fluorescein-labeled aptamers
were diluted and bound with early gastric cancer cells.
After washing and re-suspension, the fluorescent signal
was measured (Lumina, Thermo Scientific). The average
dissociation constants (Kd) of the 26 aptamers were
analyzed according to the nonlinear fitting software (Origin
8.0): Y = Bmax × [X/(Kd + X)], where Bmax is the maximal
binging capacity of the aptamer with target protein and
X is a range of concentrations of aptamer, and Y is the
fluorescence intensity of the test (11).
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Extraction, purification, and identification of biomarkers
of early gastric cancer
Tumor cells were obtained from 128 of the tissue specimens
from patients with early gastric cancer described above by
collagenase IV (0.1%) digestion. After purification, the cells
were mixed in equal volume to obtain a mixed solution, and
stored for later analysis.
Twenty μL of the bio-labeled aptamers (10 μmol/L)
was placed in each centrifuge tube, and then 400 μL of
binding buffer was added, followed by denaturing in boiling
water for 5 min and cooling on ice for 10 min. The cell
binding with the aptamer, 37 ℃ water bath for 20 min,
100 ×g centrifugal 5 min before washing. After the complex
combined with magnetic beads (for 1 h at 4 ℃), then cells
were lysed. The supernatant was discarded on the magnetic
rack before washing, binding with the elution buffer (for
20 min at 4 ℃), the supernatant protein was stored at
−20 ℃, which were used for future research. SDS-PAGE
and MALDI-TOF mass spectrometry analysis were used
to get some information of the target proteins as described
previously. After the above steps, we compared the protein
sequence obtained by MALDI-TOF mass spectrometry
against published sequences in the NCBI database using a
BLAST search. We obtained protein hits showing a 100%
match to the target protein and determined the information
of the protein.
Evaluation of the new detection method for a candidate
biomarker (EGA7)
To validate the method, the target protein obtained
with the aptamer showing the highest specificity
and affinity (Aptamer 7, Ap7) was designated EGA7,
and was formulated into 13 different concentrations
(600–3,000 ng/μL). Five microliters of the fluoresceinlabeled aptamers (10 μmol/L) was placed in each centrifuge
tube, and then 400 μL of binding buffer was added, followed
by denaturing in boiling water for 5 min and cooling on
ice for 10 min. Extracted EGA7 was mixed with the above
solution and placed in an incubation (37 ℃) for 30 min.
After centrifugation at 1,600 ×g for 20 min, the supernatant
was discarded, 400 μL of binding buffer was added, and
the fluorescence intensity of each tube was measured; each
sample was measured in triplicate.
The intra-assay reproducibility test was performed by
measuring the fluorescence intensity of three samples on
the same day 10 times to calculate the random error of the
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method. The inter-assay reproducibility test was performed
by detecting the fluorescence intensity of three samples
collected once a day for 10 days.
To determine the sensitivity of the detection method, the
new biomarker (EGA7) was diluted to various concentrations
(200–1,000 ng/μL). The EGA7 solutions were combined
with each aptamer and the fluorescence intensity was
measured. Each solution was tested three times. The data
are expressed as the mean and standard deviation.
To determine the lowest effective concentration
of aptamer required in the method, EGA solution at
3,000 ng/μL was used as the test sample. A series of
concentrations of Ap7 solutions (1–14 μmol/L) was
formulated, and the fluorescence intensity was recorded via
fluorescence photometric analysis.
To evaluate and compare the binding ability of the
aptamer with early gastric cancer cells, advanced gastric
cancer cells, and normal gastric cells, 10 μmol/L FAMAp7 solution was added to each type of sample, and the
fluorescence intensities were measured. The data were
statistically analyzed with the independent-Sample T test
using SPSS software.
Verification the scientific and reliability of the new
detection method for a candidate biomarker (EGA7) via
ELISA
In ELISA, the EGA7, which was extracted from single
samples, was diluted twice by sample dilution buffer
[0.05 mM Phosphate Buffer solution, PBS (pH 9.6)]. Wells
of the ELISA plate (Corning) were coated overnight at 4℃
with the EGA7. The follow day, wells were washed three
times at room temperature with the wash solution [PBST
(pH 7.4), PBS (pH 9.6) containing 0.1% (vol/vol) Tween
20]. Then it was blocked by 0.1% BSA buffer (for 4 h at
37 ℃). After washing, EGA7 was detected (for 1 h at 37 ℃)
by ab16943 (Abcam, Cambridge, UK). After washing, bound
antibody was detected by a goat-anti-mouse peroxidase
(company) diluted (1:1000) before a 1 h incubation at 37 ℃.
The reaction was developed and test. The data were assayed
with the independent-Sample T test using SPSS software.
Results
Identification of early gastric cancer cells
After the clinical diagnosis of early gastric cancer,
specimens were separated with 0.1% collagenase type IV.
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Figure 1 Pathological identification of cells (magnification 40×). (A,B,C) Pathological slices of gastric tissue: (A) normal gastric mucosa,
(B) advanced gastric cancer, (C) early gastric cancer; (D,E) immunohistochemical view of cells (trypan blue staining 40×): (D) early gastric
cancer cells, (E) normal gastric epithelial cells.

Immunohistochemistry showed that the epithelial cells
accounted for more than 95% of the specimens, which met
the requirements for cell-SELEX screening (Figure 1).
Early gastric cancer cell aptamer screening and analysis of
affinity specificity
After 12 rounds of cell-SELEX screening, the higheraffinity ssDNA aptamers in the library were retained.
According to the optimal conditions for PCR amplification,
all of the electrophoresis bands were close to 90 bp in
length, suggesting that the obtained aptamers were ideally
suited (Figure 2A).
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Fluorescence intensity was measured to reflect the
capacity of the aptamers screened in each round to
bind with the early gastric cancer cells (Figure 2B). The
fluorescence intensity of the aptamers screened in the
12th round that bound to early gastric cancer cells was
approximately twice that of the aptamers screened in the 1st
round. High-affinity aptamers were enriched after the 10th
round of screening, given that the fluorescence intensity
value was essentially stable. Sequencing analysis showed that
4 of the 26 aptamers were inappropriate; specifically, Ap4,
Ap10, and Ap17 showed notable double peaks, and Ap2
was 10 bp shorter than expected. Therefore, 22 apposite
aptamers were selected for further analysis.
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Figure 2 Early gastric cancer cell aptamer screening and affinity specificity analysis. (A) PCR results of the ssDNA library screening. All
of the ssDNA aptamers from the first round to the twelfth round of screening were approximately 90 bp in length; (B) the capacity of the
aptamers screened in each round to bind with early gastric cancer cells, according to fluorescence intensity. We chose ssDNA library as the
control group, and the binding ability of the ssDNA library is a little higher than the first round of aptamers. Because the ssDNA had more
aptamers which can bind with the cell, and many aptamers had been discarded after first rounds of screening. The fluorescence intensity of
the aptamers screened in the 12th round that bound to early gastric cancer cells was approximately twice that of the aptamers screened in the
1st round. High-affinity aptamers were enriched after the 10th round of screening, given that the fluorescence intensity value was essentially
stable; (C) specificity analysis of the binding of fluorescein-labeled aptamers with each cell type; (D) affinity of the aptamers. Kd values
(nmol/L) are negatively correlated with affinity; (E) the secondary structure of Ap7 predicted using RNAstructure v. 4.3 software, a Windows
program for the prediction and analysis of RNA secondary structure. RNAstructure 4.3 uses the most current thermodynamic parameters
from the Turner lab.
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The specificity analysis showed the fluorescein-labeled
aptamers that bound to early gastric cancer cells, normal
gastric epithelial cells, and advanced gastric cancer cells,
respectively (Figure 2C). The fluorescence intensity of the
early-stage gastric cancer samples was significantly higher
than that of the advanced gastric cancer and normal gastric
mucosa samples (P<0.01). In addition, the fluorescence
intensity of the advanced gastric cancer samples was
also significantly higher than that of the normal gastric
mucosa (P<0.01).
The affinity of aptamers was determined based on the
histogram of the fluorescence intensity values reflecting
the variation in binding ability of each aptamer to the
early gastric cancer cells (Figure 2D). Specifically, a smaller
dissociation constant (Kd) reflects greater affinity of
the aptamers. Thus, the specificity and affinity analysis
revealed that Ap1, Ap7, Ap12, Ap20, and Ap26 showed
high specificity and affinity. Among them, Ap7 showed the
highest specificity and affinity. The secondary structure of
Ap7 is shown in Figure 2E.
Extraction, purification, and identification of EGA7
After extracting the target proteins, SDS-PAGE analysis
revealed a single and clear electrophoretic band (Figure 3),
and MALDI-TOF mass spectrometry provided detailed
information of the target protein EGA7. Based on the mass
spectrometry analysis and an NCBI database search, EGA7
was identified as peroxiredoxin-4 (Prx4). The nominal mass
(Mr) was determined to be 30749 Da, pI was 5.86, with
271 amino acids; the best matched protein hit was to the
reference sequence PRDX4_HUMAN.
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Figure 3 SDS-PAGE results of the proteins showing high affinity
and specificity, as candidate biomarkers for early-stage gastric
cancer. (A) 5 membrane protein extracted by 5 aptamers. M:
protein marker; 1: EGA1; 2: EGA7; 3: EGA12; 4: EGA20; 5:

Evaluation of the new biomarker (EGA7) detection method

EGA26. SDS-PAGE result showed that EGA7 is a single and

A linear regression was conducted according to the
results of the binding ability between EGA7 and Ap7 (i.e.,
fluorescence intensity data). The linear regression obtained
was Y = 1.6390X – 912.1 (R2 =0.9504), and the linear range
of EGA7 was 556.53–3,000 ng/μL (Figure 4A).
Because this is a new method, there is no threshold
for comparison to determine accuracy; therefore, we
compared the results based on imprecision thresholds of
the Architect and ARK assays, which are <6.3% and <9.5%,
respectively (20). The coefficient of variation for the intraassay reproducibility was less than 6.5%, whereas the interassay coefficient of variation was larger than 9.5% (Table 1),
suggesting that the new evaluation method is reproducible

protein marker; 1: EGA7; 2: EGA7; 3: EGA7; 4: the blank control
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clear electrophoretic band; (B) the protein and control groups. M:
group used the same method but did not add protein; 5: the
proteins did not bind with aptamer and are discarded during the
extraction process; 6: the total protein.

and the results are reliable.
The detection sensitivity analysis showed that the
EGA7 concentration and fluorescence intensity values
were positively correlated (Figure 4B). When the EGA7
concentration reached 300 ng/μL, the fluorescence
intensity value was at the minimum. Therefore, the
sensitivity of the detection method was deemed to be
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Figure 4 Evaluation of the performance of the new detection method for EGA7. (A) Binding ability between EGA7 and FAM-Ap7. The axis
title was EGA7 (μmol/L); (B) the limit of detection of EGA7; (C) the binding ability between EGA7 for different concentrations of Ap7.

Table 1 Intra- and inter-assay coefficients of variation (CV)
No.

Intra-assay variability (n=10)

Inter-assay variability (n=10)

mean

SD

CV

mean

SD

CV

1

1700

81.65

4.80

2,133.3

169.96

7.96

2

1,663.3

67.83

4.07

1,733.3

129.44

7.46

3

1,233.8

57.9

4.69

1,800

141

7.83
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Table 2 The fluorescence intensity to reflect the binding ability between Ap7 and EGA7
Number (n=10)

Normal gastric mucosa cells (cnt*)

Early gastric cancer cells (cnt)

Advanced gastric cancer cells
(cnt)

1

1,309.2±267.7

2,724.2±184.4

2,186.0±124.9

2

1,241.6±237.4

2,918.6±101.1

1,495.8±128.4

3

932.4±211.7

3,847.8±119.7

1,881.6±130.5

4

1,398.2±92.8

3,544.0±135.2

1,689.6±158.3

5

1,173.4±159.4

3,399.8±207.2

2,065.0±154.6

6

1,093.4±179.5

3,414.6 ±172.6

1,777.6±139.1

7

1,391.6±204.4

1,855.8±105.7

8

1,594.8±129.4

*, cnt is a unit of measurement instrument (Thermo Lumina) displays in the result figure.

300 ng/μL and the detection method showed a low
threshold value.
A concentration of 3,000 ng/μL EGA7 which was the
upper limit concentration of the linear regression equation
was used as the test sample. A series of concentrations
of Ap7 solutions was formulated, and the fluorescence
intensity values (i.e., binding ability between EGA7 and
the different concentrations of Ap7) were compared
(Figure 4C). The minimum concentration of the curve
platform (10 μmol/L) was acceptable for further testing.
The binding ability between Ap7 and EGA7 on the
surface of different cells was also statistically compared
according to variations in fluorescence intensity (Table 2),
and significant differences among early gastric cancer cells,
advanced gastric cancer cells, and normal gastric mucosa
cells were noted (P<0.01).
Methods identification results
The result of ELISA (Figure 5) show that Prx4 in the earlystage gastric cancer was significantly higher than that in
the advanced gastric cancer and normal gastric mucosa. In
addition, Prx4 in the advanced gastric cancer was higher
than the normal gastric mucosa. So the experimental results
show that the new method is fully reliable.
Discussions
In a related study, aptamers were selected by cell-SELEX
using advanced gastric cancer cells and tumor cell lines
as target cells; however, these aptamers could not bind
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with early gastric cancer cells v (21). In order to avoid this
problem, in the present study, all of the aptamers were
selected using early gastric cancer cells as the target cells.
Furthermore, to overcome the difficulty in obtaining
research materials and to avoid selecting aptamers using
only advanced gastric cancer cells and tumor cell lines
as target cells, which are not suitable for capturing
biomarkers from early gastric cancer cells, our study was
carried out in collaboration with the People’s Hospital
of Wuwei City and the Department of General Surgery
of the Second Hospital of Lanzhou University. This
ensured that all of the tumor specimens were obtained and
extracted from patients with early-stage gastric cancer, and
were identified using clinical and pathological analyses.
After purification, the cells were mixed in equal volumes
to obtain a mixed cell. This process was used to dilute
specific substances reflecting individual characteristics, in
order to eliminate the influence of individual differences
as much as possible. The use of mixed cells from early
tumor cells from different individuals allowed for specific
aptamers to be obtained by selection, as the diversity
among these individuals was discarded. A high-specificity
aptamer would only bind with common substances which
existing in the early gastric cancer cells, and should
therefore reflect the specific expression characteristics of
early tumor cells (22).
The MALDI-TOF mass spectrometry and NCBI
database search showed that the target protein identified
with the highest specificity and affinity, was Prx4. Therefore,
the function of Prx4 is likely related to redox regulation
of the cell (23,24). Prx4 may be subsequently regenerated
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Figure 5 he accuracy of the new detection method for Prx4. The
result of ELISA shows that Prx4 in the early-stage gastric cancer
was significantly higher than that in the advanced gastric cancer
and normal gastric mucosa. Prx4 in the advanced gastric cancer was
higher than the normal gastric mucosa. **, significant difference.
Prx4, peroxiredoxin-4.

by reduction of the disulfide bond via thioredoxin (25).
There is no report of the use of Prx4 as a biomarker
for the diagnosis of early-stage gastric cancer before.
Therefore, Prx4 shows potential to be a novel biomarker
for this purpose. However, further experiments are
needed to examine whether the expression of the mRNA
is consistent with the results of EGA7 expression
determined via agarose gel electrophoresis.
The identification of Prx4 as a promising biomarker is
specifically expressed in early gastric cancer cells shows
good potential for reducing the mortality rate. One
current limitation of this method is that Prx4 may only be
a useful cancer biomarker at the tissue level, and gastric
cancer tissue samples are difficult to obtain, especially for
early-stage screening. Therefore, it would be useful to
further determine whether Prx4 also exists in serum, and
our next plan is analyzing the serum expression levels of
Prx4 in gastric cancer patients. Further understanding
of the mechanism of the regulation of Prx4 expression at
the cell level may provide a deeper understanding of the
development and pathogenesis of gastric cancer.
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