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Background: Metabolic disorder is a key factor in the occurrence and development of tumors. 
Metabolomics methods can explore a variety of prognostic markers for tumors.
Methods: The 454 patients included in this study comprised 92 cases of gastric cancer, 51 cases of gastric 
ulcers, 206 cases of gastric polyps, and 105 cases of gastritis. The plasma levels of 23 amino acids in patients 
before treatment were detected by liquid chromatography-tandem mass spectrometry, and t-test was used 
to determine the difference of amino acids levels between the gastric cancer group and other groups. Shared 
different amino acids were selected to analyze their relationship with staging, differentiation and prognosis. 
The TCGA database was used to explore the changes of genes expression related to the synthesis and 
degradation of different amino acids, and the relationship between the genes and stage, differentiation and 
prognosis.
Results: The plasma arginine level in the gastric cancer group was significantly higher than that in the 
gastric ulcer, gastric polyp, and gastritis groups (P values 0.0065, 0.0306, 0.0004, respectively).The level of 
plasma arginine in patients with non-metastatic gastric cancer was significantly higher than that in patients 
with metastatic gastric cancer (P=0.0013). Compared with the normal control, the key metabolic enzyme 
ASS1 gene was highly expressed in gastric cancer, and the survival time of gastric cancer patients with high 
expression of ASS1 was longer. Patients with high arginine expression had significantly longer survival (log-
rank test P=0.0003).
Conclusions: Increased plasma arginine level in gastric cancer patients was related to overexpression of 
ASS1 by TCGA database analysis. High expression of ASS1 prolonged the overall survival of gastric cancer 
patients, and the arginine level before treatment could be used as a prognostic factor.
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Introduction

Gastric cancer is one of the most common cancers in 
the world, and also a common cause of death in cancer  
patients (1). The morbidity of gastric cancer is regional, and 
its prevalence in the East Asian population is higher than 
in European and American populations (2). There is a high 
incidence of gastric cancer in China, and its morbidity and 
mortality rank second among cancers, making it a major 
health issue nationally.

Metabolic disorders are a key factor in the occurrence 
and development of cancer, and cancer patients commonly 
have metabolic abnormalit ies (3) .  Therefore,  the 
relationship between metabolomics and cancer diagnosis, 
prognosis analysis, and even targeted therapy has become 
a core topic of cancer research in recent years. From the 
perspective of evidence-based medicine, the development 
of gastric cancer is a gradually evolution from precancerous 
lesions to malignancy. During this process, the growth of 
cancer tissue demands energy, leading to rearrangement 
of metabolites. Several studies have reported that the 
plasma metabolic profiles of patients with gastric cancer are 
different from those of patients with benign gastric disease 
(4-6). Therefore, some metabolites are considered to play 
an important role in different aspects of gastric cancer (7,8), 
which is helpful for exploring the relationship between the 
prognosis of gastric cancer and metabolism.

Arginine is a non-essential amino acid in the human 
body. In addition to being used for protein synthesis, it also 
participates in many metabolic pathways as a precursor of 
other substances, such as nitric oxide, polyamines, spermine, 
etc. (9). Arginine and these downstream substances are 
involved in tumor growth, proliferation, invasion, metastasis 
and angiogenesis. In recent years, it has been reported that 
arginine is a sensitive marker for the development of breast 
cancer, prostate cancer and other tumor species (10,11). 
Abnormal expression of arginine in gastric cancer models 
has been found in cell and animal experiments (12). There 
have been previous reports of abnormal metabolism of 
arginine in patients with gastric cancer (4), but no reports of 
analyses of arginine and the prognosis of gastric cancer.

In the urea cycle with the participation of arginine, 
citrate and aspartate form argininosuccinate catalyzed by 
argininosuccinate synthetase (ASS1), and argininosuccinate 
forms arginine under the action of argininosuccinate lyase 
(ALS). However, ASS1 is the key rate-limiting enzyme for 
the production of arginine. In different types of cancer, the 
ASS1 gene is either overexpressed or absent. In summary, 

changes in the levels of ASS1 lead to disorders in arginine 
metabolism, leading to different prognoses.

The Cancer Genome Atlas (TCGA) database is a free 
and open genetic database, established by the National 
Cancer Institute and the National Human Genome 
Research Institute. Researchers can download genetic data 
by logging into the TCGA database website, and further 
analyze the data according to the purpose of the research. 
Although there are studies from different methods such 
as genomics, proteomics, etc., to analyze the differences 
between gastric cancer and gastric benign diseases, and to 
explore prognostic markers. However, there are very few 
studies using metabolomics to find amino acid markers for 
the prognosis of gastric cancer.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tcr-21-794).

Methods

Study population and study design

A total of 454 patients diagnosed with gastric cancer, 
gastritis, gastric ulcer, and gastric polyps at the First 
Affiliated Hospital of Jinzhou Medical University 
from November 2015 to April 2020 were identified 
retrospectively and enrolled. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). This 
study was approved by the institutional ethics committee 
of The First Affiliated Hospital of Jinzhou Medical 
University (No. 202058). All enrolled patients provided 
written informed consent for their specimens to be used 
for research purpose. Patients with gastric cancer were 
confirmed by gastroscopy or postoperative pathology, and 
patients with benign gastric diseases were confirmed by 
gastroscopy examination. Blood samples were collected 
from all patients after fasting for at least 12 h before 
treatment to measure plasma amino acids, tumor markers 
including carcinoembryonic antigen (CEA), carbohydrate 
antigen 19-9 (CA19-9), carbohydrate antigen 72-4 (CA72-
4) and other laboratory indicators. The clinicopathological 
information, including age, sex, height, weight, site of onset, 
TNM stage, metastatic location, differentiation and Lauren 
typing, were also recorded.

The exclusion criteria of this study are as follows: 
(I) comorbidity of other tumors or personal history of 
malignant tumors; (II) metabolic diseases such as diabetes 

http://dx.doi.org/10.21037/tcr-21-794
http://dx.doi.org/10.21037/tcr-21-794
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and hyperthyroidism; (III) recent persistent diarrhea or 
vomiting; (IV) pregnant women, children, drug or alcohol 
addiction. Patient collection is shown in Figure 1, and the 
characteristics of the study population are shown in Table 1.

Chemicals

High-purity water and acetonitrile (high-performance 
liquid chromatography grade) were purchased from 
Thermo Fisher (Waltham, MA, USA). Acetyl chloride and 
1-butanol were commercially provided by Sigma-Aldrich 
(St. Louis, MO, USA). Internal standards of 12 isotopically 
labeled amino acids (NSK-A) and 8 isotopically labeled 
acylcarnitines (NSK-B) from the Cambridge Isotope 
Laboratory (Tewkesbury, MA, USA) were used to achieve 
absolute quantification. Mix and dissolve all the standard 
solutions in 2 mL of pure methanol and stored at 4 ℃. 
Prepare working solutions by 100 times dilution to extract 
the metabolites. Chromsystems (Graffenfen, Germany) 
provided quality control (QC) standards for amino acids 
and carnitine. The QC samples were regarded as authentic 
samples and according to provided instructions for 
processing to guarantee the stability of the analysis.

Sample preparation

In the morning, fasting blood samples of all enrolled 

patients were collected, stored in EDTA vacuum tubes, 
centrifuged at 3000g for 10 min at 4 ℃, and then the 
supernatant (i.e., plasma) was transferred to a new bottle and 
immediately frozen (–80 ℃) until sample analysis. Under 
QC and system adjustment, the QC samples were prepared 
by mixing all samples in an equal volume of 10 µL, and 
all tests were performed at room temperature. First, from 
each blood sample rushed out of the 3 mm (diameter) of 
the disc and placed in a Millipore MultiScreen HV96-well 
plate (Millipore Billerica, MA, USA) to extract metabolites. 
Next, 100 µL of working solution was added to each well 
containing the disc, and after gently shaking slowly for 20 
min, the plate was centrifuged at 1,500 g for 2 min. Using 
the new 96 - well plates collecting filtrate (plasma). For each 
plate, add blank wells four randomly selected, two high-
level and two low-level QC control solutions respectively. 
Filtrate and QC solutions were all dried under 50 ℃ pure 
nitrogen airflow. Derivatize the dried sample with 60 μL 
acetyl chloride/1-butanol (10:90, v/v) mixture for 20 min 
at 65 ℃. After derivatization, as mentioned before, dried 
again for each sample. At last, dissolve each dried sample in 
100 μL fresh mobile phase solution for LC-MS/MS (Liquid 
Chromatograph Mass Spectrometer) analysis. 

LC-MS/MS metabolomic analysis

We used the  AB SCIEX 4000 QTrap (AB Sciex , 

Clinical pathological information and laboratory test results including metabolomics data 

were extracted from 578 patients diagnosed with gastric cancer, gastritis, gastric polyps, 

and gastric ulcer in the First Affiliated Hospital of Jinzhou Medical University

454 patients

41 variables

Gastric cancer

(n=92)

Gastritis

(n=105)

Gastric ulcer

(n=51)

Gastric polyp

(n=206)

78 patients were ruled out due to complicated metabolic diseases 

complicated metabolic diseases

46 patients were excluded due to missing data more than 50%

Figure 1 Patient flow diagram.
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Framingham, MA, USA) instrument to complete mass 
spectrometric analysis of the blood samples. For each run, 
every 20 μL sample was injected. The mobile phase was 
80% acetonitrile aqueous solution. Velocity of 0.2 mL/min 
was set for initial flow rate. Subsequently, to adjust the flow 
rate to 0.01 mL/min within 0.08 min, remains constant 
until 1.5 min, within 0.01 min returned to 0.2 mL/min, 
and held constant for 0.5 min. Ion spray voltage of 4.5 kV 
and curtain gas pressure was set to 20 psi. A pressure of 35 
psi was set to ion source gas 1 and gas 2. The auxiliary gas 
temperature was maintained at 350 ℃.

Analyst v1.6.0 software (AB Sciex) was applied to MS 
data collection and system control. Chemo View 2.0.2 (AB 
Sciex) was used to preprocess the data. The MS ion source 
was an electrospray ionization source. Scan all analytes 

under positive mode. Parameters setting are shown in  
Table 2. According to different isotope standards, the 
software quantified the indicators of 23 amino acids.

Statistical analysis

The t-test was used to detect the normally distributed 
parameter variables between the gastric cancer group and 
the three benign groups, and the Wilcoxon rank test was 
used to detect the non-normally distributed variables. 
P<0.05 was considered to be a significant difference. Venn 
diagrams were used to determine the shared different amino 
acids. Pearson’s correlation coefficient was used to analyze 
the linear correlation between arginine and tumor markers, 
and analysis of variance was used to compare the difference 

Table 1 Demographic and clinical characteristics of patients

Variable

Benign gastric disease Gastric cancer

Gastritis Gastric polyp Gastric ulcer Stage I Stage II Stage III Stage IV
Undefined 

stage

Number 105 206 52 16 9 28 28 11

Age (median, range) 56.86 [10–81] 60.67 [38–86] 54.14 [16–81] 62.22 [34–93]

Sex

Male 53 58 34 68

Female 52 148 17 24

T stage

1 – – – 10 –

2 – – – 6 2 –

3 – – – 5 7 5 –

4 – – – 2 21 18 –

N stage

0 – – – 14 5 1 1 –

1 – – – 2 2 10 6 –

2 – – – 2 8 5 –

3 – – – 9 7 –

Site of distant metastasis

Liver – – – 15 –

Non-liver – – – 13 –

Omentum – – – 7 –

Non-omentum – – – 21 –

Stage of gastric cancer was based on the 8th edition of the American Joint Committee on Cancer (AJCC) Tumor-Node-Metastasis 
classification. T, tumor; N, node; M, metastasis.
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in arginine expression in more than three groups (stage, 
differentiation, Lauren type). Follow-up of the patients 
were completed until the time of writing the manuscript or 
patients’ death. Kaplan-Meier curves depict patient survival 
analysis, and Prism 8.0.2 was used to draw statistical analysis 
charts.

Gene expression analysis

To find the expression of the gene corresponding to the 
enzyme related to arginine expression in gastric cancer, 
we visited two online analysis platforms: http://cis.hku.

hk/TISIDB and http://gepia.cancer-pku.cn/index.html. 
The process was as follows. Click Expression DIY on the 
GEPIA platform, select Boxplot, enter gene names ASS1, 
ARG1, and ALS in turn, take 1 for log2FC, and 0.01 for P 
value, select gastric cancer, match the control group, and 
generate the difference in gene expression between gastric 
cancer and the control group. Click Survival, select Survival 
plot, enter ASS1, select gastric cancer, then OS and DFS 
(Disease-free survival)are selected successively to generate 
survival analysis graphs of the high-expression group versus 
the low-expression group. Enter ASS1 gene in the TISIDB 
platform and search for it. Click “Clinical” to select gastric 

Table 2 The amino acids detected, corresponding scan modes, equipment settings and quantification IS used in the study

No. Abbreviation Full name Scan type Loss (Da)
Start-

Stop (Da)
Fragment 
transition

DP/V EP/V CE/V CXP/V Is IS (µM)

1 Ala Alanine Neutral loss 102.1 130–280 40 10 19 3 d4-Ala 2.5

2 Arg Arginine MRM 231.2→70.0 55 10 41 2 d5-Arg 2.5

3 Asn Asparagine Neutral loss 102.1 130–280 40 10 19 3 d3-Leu 2.5

4 Asp Aspartate Neutral loss 102.1 130–280 40 10 19 3 d3-Asp 2.5

5 Cit Citrulline MRM 232.2→113.1 44 10 25 2 d2-Cit 2.5

6 Cys Cysteine Neutral loss 102.1 130–280 40 10 19 3 d8-Val 2.5

7 Gln Glutamine Neutral loss 102.1 130–280 40 10 19 3 d3-Met 2.5

8 Glu Glutamic Neutral loss 102.1 130–280 40 10 19 3 d3-Glu 2.5

9 Gly Glycine MRM 132.1→76.0 36 10 14 2 15N13C-Gly 12.5

10 Hcy Homocysteine Neutral loss 102.1 130–280 40 10 19 3 d3-Leu 2.5

11 His Histidine Neutral loss 102.1 130–280 40 10 19 3 d3-Met 2.5

12 Leu Leucine Neutral loss 102.1 130–280 40 10 19 3 d3-Leu 2.5

13 Lys Lysine Neutral loss 102.1 130–280 40 10 19 3 d3-Met 2.5

14 Met Methionine Neutral loss 102.1 130–280 40 10 19 3 d3-Met 2.5

15 Orn Ornithine MRM 189.2→70.1 37 10 34 2 d2-Orn 2.5

16 Phe Phenylalanine Neutral loss 102.1 130–280 40 10 19 3 d6-Phe 2.5

17 Pip Piperamide Neutral loss 102.1 130–280 40 10 19 3 d8-Val 2.5

18 Pro Proline Neutral loss 102.1 130–280 40 10 19 3 d8-Val 2.5

19 Ser Serine Neutral loss 102.1 130–280 40 10 19 3 d4-Ala 2.5

20 Thr Threonine Neutral loss 102.1 130–280 40 10 19 3 d8-Val 2.5

21 Trp Tryptophan Neutral loss 102.1 130–280 40 10 19 3 d3-Glu 2.5

22 Tyr Tyrosine Neutral loss 102.1 130–280 40 19 3 13C6-Tyr 2.5

23 Val Valine Neutral loss 102.1 130–280 40 19 3 d8-Val 2.5

IS, internal standard; DP, declustering potential; EP, entrance potential; CE, collision energy; CXP, collision cell exit potential; MRM, 
multiple reaction monitoring.

http://cis.hku.hk/TISIDB and http://gepia.cancer-pku.cn/index.html
http://cis.hku.hk/TISIDB and http://gepia.cancer-pku.cn/index.html
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cancer to generate the relationship between ASS1 and OS, 
staging and grading in gastric cancer.

Gene oncology (GO) analysis

Gastric cancer gene expression data were downloaded 
from the TCGA (The Cancer Genome Atlas) database and 
divided into two groups, namely, the high-expression and 
low-expression groups, according to the median value of 
ASS1. Limma R language packet was used to screen the 
differentially expressed genes between the two groups, 
and the FDR (false discovery rate) threshold value was set 
to 0.05. The LogFc critical value was set as 2 to screen 
out differential genes. The top 10 biological functions 
of differential gene enrichment between the two groups 
were selected to plot the BARPLOT for GO enrichment 
analysis. The biological function was changed by the high-
expression group of ASS1, and the GO enrichment analysis 
chord diagram was drawn.

Results

Significant differences in metabolites between gastric 
cancer and other groups

In this study, 454 patients were enrolled and divided into 
four groups: 92 patients in the gastric cancer group, with 
an average age of 62.22 years (range, 34–93 years); 51 
patients in the gastric ulcer group, with an average age of  
60.67 years (range, 38–86 years); 206 patients in the gastric 

polyp group had an average age of 54.14 years (range,  
16–87 years); 105 patients in the gastritis group, with an 
average age of 56.86 years (range, 10–81 years). In terms of 
age and body mass index, there was no statistical difference 
between the gastric cancer group and the other three 
groups, which were comparable. The indicators of different 
metabolites in the gastric cancer group were compared with 
those in the other three groups, and the results obtained are 
shown in Tables 3-5.

Shared differential metabolites

As shown in Figure 2A, we focused on the differential 
metabolites of gastric cancer vs. gastritis, gastric cancer vs. 
gastric ulcer, gastric cancer vs. gastric polyp. The differences 
between three pairs of groups showed a certain overlap, 
the differential metabolites intersected, and finally arginine 
appeared in the common intersection of the three groups. 
The box diagram of arginine is shown in Figure 2B.

Relationship between arginine and prognosis

The gastric cancer group was further stratified according 
to clinicopathological parameters (e.g., TNM stage, 
Lauren type,  degree  of  d i f ferent iat ion,  whether 
the tumor markers  were e levated,  etc . ) ,  and the 
relationship between arginine and these parameters 
was established. We found that arginine levels in non-
metastatic gastric cancer (stages I, II, and III) were 

Table 3 The differences of metabolites between GC patients and gastritis patients

Variables Gastric cancer group Gastritis group P value

Glycine 261.63 188.16 <0.0001

Arginine 14.1 9.06 0.0004

Tryptophan 51.1 43.68 0.0002

Threonine 30.74 26.69 0.0025

Leucine 132.33 115.29 0.0099

Alanine 129.41 151.15 0.0134

Glutamate 119.99 105.34 0.0117

Citrulline 25.58 21.37 0.0178

Valine 137.87 126.7 0.0442

Asparagine 74.88 66.79 0.0083

Shows the amino acids with P<0.05 between two groups.



2457Translational Cancer Research, Vol 10, No 5 May 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(5):2451-2469 | http://dx.doi.org/10.21037/tcr-21-794

significantly higher than those in metastatic gastric 
cancer (stage IV) (P=0.0013). In patients with stage 
IV gastric cancer, we compared the blood arginine 
levels between liver metastasis and non-liver/peritoneal 
metastasis and non-peritoneal metastasis, and the results 
showed no significant difference. In the comparison 
with other subgroups, although the P value was not 
statistically significant, it also showed a certain trend  
(Figure 3A,B,C,D,E,F, Table 6). According to the Kaplan-
Meier survival curve of the OS of the follow-up patients, 
due to changes in the addresses and contact information of 
some patients, 10 patients were lost to follow-up. Kaplan-
Meier survival curves of two groups of patients with GC 

defined based on an arginine level cutoff value of 10.895 
(median). The two groups showed perfect separation, with 
a P value for the log-rank test of 0.0003, HR for death was 
0.4030, 95% CI (0.2387–0.6806) (Figure 3G). 

Correlation analysis between arginine and gastric cancer 
tumor markers

We analyzed the correlation between blood levels of 
arginine and gastric cancer tumor markers CEA, CA19-9 
and CA72-4. We found that arginine negatively correlated 
with CEA and CA199, and the Pearson correlation 
coefficients were –0.14 and –0.12, respectively. Figure 4 is a 

Table 4 The differences of metabolites between GC patients and gastric polyp patients

Variables Gastric cancer group Gastric polyp group P value

Glycine 261.63 187.11 <0.0001

Arginine 14.1 10.41 0.0306

Tryptophan 51.1 44.8 0.0003

Threonine 30.74 25.93 0.0007

Leucine 132.33 111.16 0.0001

Alanine 129.41 145.92 0.0145

Glutamate 119.99 102.61 0.0003

Valine 137.87 122.29 0.0007

Asparagine 74.88 64.08 0.0001

Lysine 143.57 119.02 0.0031

Methionine 19.44 17.81 0.0277

Phenylalanine 48.31 37.91 <0.0001

Proline 435.01 371.17 0.0009

Serine 65.32 58.52 0.0331

Tyrosine 59.34 41.69 0.0134

Glutamine 8.73 7.49 0.0104

Shows the amino acids with P<0.05 between two groups.

Table 5 The differences of metabolites between GC patients and gastric ulcer patients

Variables Gastric cancer group Gastric ulcer group P value

Arginine 14.1 9.85 0.0065

Lysine 143.57 114.59 0.0226

Shows the amino acids with P<0.05 between two groups.
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heat map that reflects this relationship.
Gene expression of arginine metabolic enzymes

Arginine is involved in the urea cycle, and the circulation 
pathway is shown in Figure 5A. In the metabolic pathway, 
the ASS1 and ALS enzymes are involved in the synthesis 
of arginine, and Arg1 catalyzes the decomposition of 
arginine. ASS1 is a key metabolic enzyme in the urea 
cycle. As shown in Figure 5B, gastric cancer gene analysis 
in the GEPIA online platform showed that, compared 
with the control group, elevated expression of ASS1 was 
significantly different in gastric cancer tissues, while the 
expression of ALS and Arg1 was not significantly different. 
The high expression of ASS1 in gastric cancer may be the 
mechanism of the elevated arginine levels in gastric cancer 
patients.

Relationship between metabolic pathway key enzyme ASS1 
and prognosis in patients with gastric cancer

Based on the re lat ionship between arginine and 
clinicopathological parameters, and the relationship 
between arginine metabolism key enzyme ASS1 and 
arginine, we attempted to find the relationship between 
ASS1 and the prognosis of gastric cancer patients in the 
TISIDB platform. The results were different from many 

tumor types. High expression of ASS1 in gastric cancer 
can extend the patient’s survival. The Kaplan-Meier plot 
shown in Figure 6A compares the OS of gastric cancer 
patients with high expression of ASS1 with those with 
low expression of ASS1. Patients with 10 years of follow-
up had a longer survival in the group with high expression 
of ASS1, with a P value of 0.0445, which was statistically 
significant. We also performed a survival analysis of ASS1 
in another gene pool GEPIA, and found that the DFS of 
gastric cancer patients in the group with high expression 
of ASS1 was also significantly prolonged compared with 
the group with low expression, as shown in Figure 6B. We 
continued to explore the relationship between ASS1 and 
clinicopathological parameters such as gastric cancer stage 
and differentiation, and the results showed that ASS1 did 
not show good separation in terms of stage, but the higher 
the degree of differentiation, the higher the expression of 
ASS1. The difference of Grade 1, Grade 2 and Grade 3 was 
statistically significant (P<0.0001). The results are shown in  
Figure 6C and D.

GO analysis

Figure 7 shows the results of GO enrichment analysis. 
The barplot Figure 7A shows the differences in the genetic 
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Figure 3 Plasma arginine level in human GC is correlated with patient prognosis. (A) The difference in arginine level is compared according 
to whether there is distant metastasis (P=0.0013, M0 vs. M1). (B,C,D,E,F) Compared with the difference in arginine levels according to 
differentiation, Lauren classification, CEA normal or abnormal, CA19-9 normal or abnormal, CA72-4 normal or abnormal respectively, the 
P value was not statistically significant. (G) Kaplan-Meier survival curves of two groups of patients with GC defined based on an arginine 
level cutoff value of 10.895 (median). The survival rate of the high level group (39 cases) was significantly better than that of the low level 
group (43 cases). Log rank P=0.0003. **, P<0.01.
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effect in the ASS1 high- and low-expression groups of the 
top 10 biological processes, such as the humoral immune 
response, stable gastrointestinal epithelium, epithelial 
maintenance structures and cell adhesion, etc., the six 
types of molecular functions such as receptor ligand 

activity, chemokine activity, etc., and the locations in the 
cell. Figure 7B is a string diagram of the GO enrichment 
analysis, showing that each differential gene in the ASS1 
high-expression group has its own role in the metabolic 
pathway, affecting the above 10 biological functions. 

Table 6 Relationship between arginine and prognostic variables

Prognostic variables Samples Arginine level (μmol/L) P value

T stage

1–2 18 14.05±9.23 0.83

3–4 57 14.61±9.64

N stage

0–1 40 13.43±7.91 0.23

2–3 31 16.41±11.41

M stage

0 53 16.37±10.17 0.0013*

1 28 10.24±6.15

M1

Liver metastasis 15 9.95±5.75 0.81

Non-liver metastasis 13 10.56±6.57

Omentum metastasis 7 11.47±5.22 0.53

Non-Omentum metastasis 21 9.83±6.38

Differentiation

Poorly differentiated 28 13.46±9.85 0.88

Moderately differentiated 12 14.01±10.35

Lauren type

Intestinal 20 13.42±9.23 0.95

Diffuse 32 14.30±9.92

Mixed 6 14.06±7.82

CEA

Normal 57 14.61±9.75 0.68

Abnormal 27 13.7±9.25

CA19-9

Normal 63 14.5±10.1 0.72

Abnormal 20 13.68±7.89

CA72-4

Normal 55 14.13±9.86 0.75

Abnormal 28 14.83±8.99

*, represents a significant difference. Mean ± SD was used to express arginine value.
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In general, as shown in the Figure 7B, when ASS1 is 
highly expressed, the overall effect of the different genes 
enhances the immune response, cell adhesion and other 
biological functions.

Discussion

Gastric cancer is characterized by a slow development process 
from precancerous lesion to malignant stages. In the different 
stages of disease development, the level of metabolites differs, 
affecting the prognosis. A number of studies have reported 
a spectrum of differential expression of metabolites between 
gastric cancer and gastric benign diseases (4-8). In this study, 
benign gastric diseases such as atrophic gastritis, gastric 
polyps and gastric ulcers were included, all of which are 
precancerous lesions of gastric cancer.

Metabolomics aims at qualitative and quantitative 
analyses of metabolites in organisms. In recent years, great 
breakthroughs have been made in the fields of cancer 
diagnosis, analysis of antitumor therapy and metabolic 
targeted therapy (13,14), because the metabolites in 

the body are the result of the joint action of heredity 
(gene, transcription) and environment, which makes the 
metabolomics method simple and intuitive (15). In recent 
years, more and more studies in the field of metabolomics 
have been devoted to finding markers that can assist 
clinicians in understanding the etiology, pathogenesis, 
diagnosis, evaluation of treatment response and treatment 
decision-making of gastric cancer (16-18).

Amino acids are present in almost all cells and are 
basic components of cells. Metabolic imbalance is a key 
factor in the occurrence and development of tumors (3). 
Therefore, in the existing metabolomic studies, amino acid 
metabolism profiles provide important information for 
researchers to understand the pathogenesis of tumors at 
the molecular level. Arginine is a non-essential amino acid 
that is required by both normal and tumor cells for basic 
biological processes such as protein synthesis and polyamine 
synthesis. Therefore, arginine plays an important role in 
the development of tumors. Hu et al. reported that arginine 
is related to the molecular typing of breast cancer (11), 
and Selvi et al. reported that arginine and its metabolites 

Figure 4 Results of correlation analysis between arginine and tumor markers. The value represents the Pearson correlation coefficient. 
Among them, the correlation coefficients between arginine and CEA and CA19-9 are −0.14 and −0.12, respectively, and there is a certain 
linear negative correlation.
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can assist the diagnosis of prostate cancer (10). In other 
tumors, arginine levels are generally decreased in the cancer 
group. Arginine metabolism disorder has an impact on the 
quantity and function of T cells (19). If arginine is lacking, 
the effect of the interaction between T cells and tumor 
antigens will be greatly reduced (20,21), influencing the 
immune system (22). Moreover, the absence of arginine 
exacerbates the infection of host cells by Helicobacter 
pylori, which leads to the occurrence and development of 
gastric cancer (23), increasing gastric carcinogenesis (24). 
However, in the field of gastric cancer research, Zhang et al. 
found that the arginine level of mice in the gastric cancer 
group was significantly higher than that in the healthy 

control group (12). Jung et al. found that the arginine index 
of gastric cancer patients was higher than that of normal 
subjects according to the urinary metabolic profile (16). In 
our study, LC-MS/MS was used to quantitatively analyze 
the levels of 23 amino acids in the plasma of 454 enrolled 
patients. The result showed significant differences in blood 
amino acid levels between the gastric cancer group and the 
benign gastric disease group (gastritis, gastric ulcers, gastric 
polyps). We concluded there is also abnormal metabolism 
of arginine in patients with gastric cancer. Arginine was 
the common differential amino acid between gastric cancer 
and the other three benign disease groups. The index of 
arginine was higher than that in each group of benign 

Figure 5 The elevated expression of the ASS1 gene in gastric cancer may cause changes in the blood arginine level of the patient. (A) 
Metabolic pathways of arginine; (B) difference in expression of mRNA of ASS1 gene, ALS1 gene and ARG1 gene between gastric cancer 
tissue and normal tissue. *, P<0.05. ASS1, Argininosuccinate Synthase 1; ALS, argininosuccinate lyase; ARG1, arginase; T represents tumor 
tissue; N represents normal tissue.
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Figure 6 ASS1 gene expression is also related to the survival of patients with gastric cancer. (A) TISIDB online analysis platform shows that 
ASS1 gene expression affects OS in patients with gastric cancer. ASS1 gene expression is beneficial to the survival of patients with gastric 
cancer. Kaplan-Meier survival curves of two groups of patients with GC based on an ASS1 expression (median). The 10-yr survival rate 
of the higher ASS1 expression groups was significantly greater than that of the lower expression groups (log-rank P =0.0445). (B) GEPIA 
online analysis platform shows that ASS1 gene expression affects OS and DFS in gastric cancer patients. The data analysis platform included 
192 patients with operable gastric cancer, which were divided into high expression group and low expression group according to the median 
of ASS1.After 10 years of patient follow-up, the OS and DFS of the higher ASS1 expression groups were better than that of the lower 
expression groups. The data of DFS is statistically significant (log-rank P=0.016). (C) TISIDB online analysis platform shows that there is no 
statistically significant between ASS1 gene expression and gastric cancer staging. (D) TISIDB online analysis platform shows that ASS1 gene 
expression is related to histological grade of gastric cancer. (P<0.001; grade1 vs. grade 2 vs. grade 3).

gastric diseases.
Previous studies have reported that arginine is related 

to the T stage of gastric cancer (16,25,26). We analyzed 
the relationship between arginine and clinicopathological 
parameters such as differentiation and staging of gastric 
cancer. Although there was no increasing or decreasing 
trend of arginine in the different stages, we found that the 
arginine index in patients with non-metastatic gastric cancer 
(stages I, II and III) was higher than that in patients with 
metastatic gastric cancer (stage IV), and was statistically 
significant. The level of blood arginine in patients with 
moderately differentiated gastric cancer was higher than 
that in patients with poorly differentiated gastric cancer, 
and the level of blood arginine in patients with tumor 
markers CEA and CA19-9 in the normal range was higher 
than that in patients with abnormal tumor signs, although 
these were not statistically significant, which may be related 
to insufficient numbers of cases. Further grouping of 
patients in stage IV showed that gastric cancer patients with 
abnormal arginine metabolism did not show a tendency 
of directional metastasis, which may also be related to the 

insufficient number of cases after grouping. At present, 
tumor markers are often used to evaluate the prognosis of 
patients and dynamically monitor tumor patients. Arginine 
negatively correlated with tumor markers CEA, and CA19-
9. These results suggested that the prognosis of gastric 
cancer with elevated arginine level is relatively good. 
According to Shu et al., arginine regulates gastric cancer 
cell apoptosis by reducing the expression of anti-apoptotic 
protein Bcl-2 and protecting and increasing apoptotic 
protein p53 (27). Other studies have reported that arginine 
inhibits the growth of gastric cancer cell lines by increasing 
the expression of caspas8 (28). This may be the mechanism 
by which arginine plays an antitumor role in patients with 
gastric cancer. Therefore, gastric cancer patients with high 
arginine may have a better prognosis, so we followed up 
the patients with gastric cancer to establish the relationship 
between arginine and OS. Unfortunately, 10 patients were 
lost to follow-up. The OS of gastric cancer patients with 
high expression of arginine was significantly longer than 
that of patients with low expression of arginine. Arginine 
can be used as a prognostic parameter for patients with 
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Figure 7 The biological process corresponding to the high expression of ASS1 gene by GO analysis. (A) Bar plot of GO enrichment 
analysis; (B) Chord graph of GO enrichment analysis.
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gastric cancer.
Through in-depth mechanism analysis, we investigated 

why arginine is overexpressed in the blood of gastric 
cancer patients. Arginine participates in the urea cycle, and 
the key metabolic enzyme regulating the production of 
arginine is ASS1. Overexpression of ASS1 in gastric cancer 
was statistically significant, but there was no significant 
difference in the expression of genes corresponding to 
other enzymes in the pathway. This may be the reason 
for the increased arginine level in patients with gastric 
cancer. ASS1 catalyzes citrulline and aspartic acid to 
form arginine succinic acid and arginine under the action 
of ASL. Research on ASS1 in the tumor field has been  
reported (29), and the expression of ASS1mRNA is 
increased in ovarian cancer and colon cancer, while 
decreased in melanoma, hepatocellular carcinoma, 
mesothel ioma,  renal  cel l  carcinoma and prostate  
cancer (30). Studies have shown that ASS1 inhibits the 
metastasis of hepatocellular carcinoma (31), and that 
ASS1 inhibits the invasion and metastasis of breast cancer 
cells (32). Bateman et al. reported that pharmacological 
inhibition or genetic ablation of ASS1 impairs colorectal 
cancer pathogenicity (33). In ovarian cancer, the promoter 
DNA methylation of ASS1 is regulated by epigenetics, and 
the expression of ASS1 is silenced, which leads to cisplatin 
tolerance. The lower the expression of ASS1, the worse the 
prognosis of ovarian cancer (34,35). It can be seen that the 
prognostic effect of ASS1 expression differs among tumors.

Based on the relationship between arginine and the 
prognosis of gastric cancer, the relationship between ASS1 
enzyme and arginine, and the effect of ASS1 expression on 
the prognosis of other tumors, and through the analysis 
of gastric cancer data in TCGA database, we found that 
the expression of ASS1 also affected the prognosis of 
patients with gastric cancer, and that the OS and DFS 
were significantly prolonged in the group with high 
expression of ASS1. Further analysis of the relationship 
between ASS1 and differentiation and staging showed 
that although there was no trend in each stage, we found 
good differentiation and high expression of ASS1 in gastric 
cancer in the stratification of histological grade, which was 
consistent with a longer survival period of patients with 
high expression of ASS1.

In order to analyze the mechanism of good DFS and 
OS in the ASS1 high-expression group, GO enrichment 
analysis was performed. Because gene regulation is a 
complete system, it is not possible to analyze only one 
gene or an isolated metabolic pathway. Therefore, the role 

of different genes in the ASS1 high- and low-expression 
groups in gastric cancer was investigated from the aspects 
of biological process, cell composition and molecular 
function. We found that the strongest relationship with the 
biological function of the different genes was the stability 
of gastrointestinal epithelium, maintenance of epithelial 
structure, humoral immune response and so on. Based on 
the overall effect, the high expression of ASS1 enhances 
the stability of the gastrointestinal epithelium and the 
maintenance of epithelial structure, so if the expression of 
ASS1 is high, the degree of differentiation of cancer tissue is 
better in patients with gastric cancer. Through our analysis 
of clinical data, we found that the level of arginine in non-
metastatic gastric cancer was significantly higher than that 
in metastatic gastric cancer, which may be related to the 
stability of the gastrointestinal epithelium and enhanced cell 
adhesion in the ASS1 high-expression group. In addition, 
the high expression of ASS1 also enhanced the humoral 
immune response, which may be the mechanism of the 
good DFS and OS in the high-expression group.

Some tumors with low expression of ASS1, can be 
described as arginine nutritionally deficient tumors. In 
recent years, some researchers have proposed arginine 
targeted therapy for such tumors. Because these tumors 
cannot synthesize arginine themselves, they rely on 
exogenous arginine to promote the growth of tumor cells, 
so the degradation of exogenous arginine can promote the 
apoptosis of tumor cells. Arginine deiminase (DI-PEG20) 
is clinically used to activate the Bax signaling pathway of 
ASS1-methylated cells and induce cell apoptosis. This 
method has achieved good therapeutic effects in arginine-
deficient tumors such as melanoma and liver cancer (36,37). 
Different from those tumors, ASS1 is mostly highly 
expressed in gastric cancer patients (38), so there is still 
a lack of research on arginine targeted therapy. Because 
arginine plays an antitumor role, and gastric cancer patients 
with high expression of ASS1 have better OS and DFS, 
increasing the level of ASS1 or arginine may benefit gastric 
cancer patients. It has been reported that an arginine-rich 
diet during the preoperative period is beneficial to the 
recovery of patients, reduces postoperative complications 
and shortens the length of hospital stay with gastric cancer 
patients (39). A randomized controlled trial shows that 
the postoperative use of enteral nutrition enriched with 
arginine may have a significant reduction in the risk of 
death during the early period after surgery (first 6 months) 
in stage IV gastric cancer patients (40). There are still some 
limitations in the current study. We did not verify the ASS1 
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gene or ASS1 protein data in the included gastric cancer 
patients, but only obtained it in the TCGA database. In 
future studies, we will expand the sample size of patients 
and focus on arginine targeted therapy for gastric cancer to 
explore whether postoperative adjuvant exogenous arginine 
supplementation can improve the OS of gastric cancer 
patients, and at which pathological type or stage patients 
will benefit most.

Conclusions

(I)	 In patients with gastric cancer, there is abnormal 
arginine metabolism, and the blood arginine level is 
significantly higher than that of patients with benign 
gastric diseases. The OS of gastric cancer patients 
with high arginine expression is longer, which means 
arginine can be used as a marker to evaluate the 
prognosis of gastric cancer.

(II)	 Elevated levels of metabolism key enzyme ASS1 
may be the mechanism of high serum arginine levels 
in gastric cancer patients, and the OS and DFS 
of gastric cancer patients in the group with high 
expression of ASS1 were longer than those in the 
group with low expression.
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