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Abstract
Purpose Metal Regulatory Transcription Factor 1 (MTF1) can be an essential transcription factor for heavy metal response 
in cells and can also reduce oxidative and hypoxic stresses in cells. However, the current research on MTF1 in gastric cancer 
is lacking.
Methods Bioinformatics techniques were used to perform expression analysis, prognostic analysis, enrichment analysis, 
tumor microenvironment correlation analysis, immunotherapy Immune cell Proportion Score (IPS) correlation and drug 
sensitivity correlation analysis of MTF1 in gastric cancer. And qRT-PCR was used to verify MTF1 expression in gastric 
cancer cells and tissues.
Results MTF1 showed low expression in gastric cancer cells and tissues, and low expression in T3 stage compared with 
T1 stage. KM prognostic analysis showed that high expression of MTF1 was significantly associated with longer overall 
survival (OS), FP (first progression) and PPS (post-progression survival) in gastric cancer patients. Cox regression analysis 
showed that MTF1 was an independent prognostic factor and a protective factor in gastric cancer patients. MTF1 is involved 
in pathways in cancer, and the high expression of MTF1 is negatively correlated with the half maximal inhibitory concentra-
tion (IC50) of common chemotherapeutic drugs.
Conclusion MTF1 is relatively lowly expressed in gastric cancer. MTF1 is also an independent prognostic factor for gas-
tric cancer patients and is associated with good prognosis. It has the potential to be a diagnostic and prognostic marker for 
gastric cancer.
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Introduction

Gastric cancer is a malignant tumor of the digestive sys-
tem, which is the second leading cause of cancer death 
in the world, and has brought a heavy medical burden to 
the eastern and western people [1, 2]. The 5-year survival 
rate for patients with gastric cancer is not high after diag-
nosis, and medical resources are further strained amid the 
novel coronavirus pandemic [3]. Early gastric cancer can 
be cured by surgical treatment, and the 5-year survival rate 
of patients with advanced gastric cancer is less than 10% 
[4]. Targeted immunotherapy has achieved good feedback in 
melanoma [5, 6]. The overall response rate (ORR) of mela-
noma patients treated with nivolumab is 31.7%, which is 
much higher than that of chemotherapy-only patients with 
an overall response rate (ORR) of 10.6% [5, 7]. However, 
due to the lack of more targeted therapeutic targets, targeted 
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therapy in gastric cancer is currently slow progress [8]. It is 
necessary to dig out potential therapeutic targets and evalu-
ate the risk factors of patients’ prognosis [9].

Metallothionein (MTs) is a low molecular weight pro-
tein with high cysteine content, which has a strong affinity 
for heavy metals [10]. When combined with heavy metals, 
MTs can regulate the proliferation of normal cells and can-
cer cells, and participate in tumor formation and progression 
[11, 12]. Metal Regulatory Transcription Factor 1 (MTF1), 
as a protein-coding gene, can activate the transcription of 
Metallothioneins (MTs) gene by binding to Metal response 
elements (MRE) [13, 14]. At present, the expression of 
MTF1 in gastric cancer, its effect on the prognosis of gas-
tric cancer patients and its possible role in the development 
of gastric cancer are not clear. In this study, the expression 
of MTF1 in gastric cancer cells and tissues of gastric cancer 
patients was collected and determined. The Kaplan–Meier 
plotter website was used to collect the relationship between 
the high and low expression of MTF1 and the prognosis of 
gastric cancer patients [15]. The correlation between MTF1 
and immune cells, immune checkpoint inhibitor genes, and 
chemotherapeutic drug sensitivity in gastric cancer was ana-
lyzed to explore the potential value of MTF1 as a therapeutic 
target and prognostic marker for gastric cancer.

Materials and methods

Cell culture

Human gastric epithelial cell line (GES-1) and human 
gastric cancer cell line (MGC-803 and MKN-45) were 
purchased from the Cell Resource Center of the Chinese 
Academy of Sciences. All cells were cultured in RPMI 1640 
medium (Vivacell, Shanghai, China) containing 10% fetal 
bovine serum (Biological Industries, Israel).

Ethics and stomach adenocarcinoma (STAD) clinical 
tissue collection

In August 2022, ten pairs of resected tumor tissues and adja-
cent tissues of patients undergoing radical gastrectomy were 
collected in Gansu Provincial Hospital (Lanzhou, Gansu, 
China). This study was approved by the Medical Ethics 
Committee of Gansu Provincial Hospital.

qRT‑PCR

Under the condition of no enzyme, the total RNA of each 
cell was extracted using TRIzol reagent (ThermoFisher, 
Massachusetts, USA) in strict accordance with the instruc-
tions for reagent use. RNA extracted using NanoDrop meas-
urement (ThermoFisher, Massachusetts, USA), A260 / A280 

between 1.9 and 2.1 RNA is considered to have qualified 
quality RNA. The purified RNA samples were reverse tran-
scribed into cDNA using reverse transcription kit (vazyme, 
Nanjing, China), and quantitative real-time polymerase 
chain reaction (qRT-PCR) was performed using Premixed 
ROX dye SYBR Green qPCR Master Mix (vazyme, Nanjing, 
China) on light instrument. GAPDH was used as an internal 
reference gene, and the gene expression level was calculated 
using  2− ΔΔCt method. Differences in relative expression lev-
els were analyzed using the t-test, and p < 0.05 was consid-
ered statistically significant.

Public data collection and preprocessing

A total of 443 STAD samples were downloaded from the 
TCGA database (https:// portal. gdc. cancer. gov/) and 217 
STAD samples (GSE26942) were downloaded from the 
GEO database (https:// www. ncbi. nlm. nih. gov/) [16, 17]. The 
data were normalized using the R software 4.0.1 [18], and 
differences in MTF1 expression between tumor and cancer 
tissues were calculated using the Wilcox test, and a value of 
p < 0.05 was considered statistically significant. The clinical 
information of the patients corresponding to the samples was 
collected, and the samples with incomplete clinical informa-
tion were not included in the correlation analysis. The altera-
tion data of 434 patients with gastric cancer were collected 
from the cBioPortal for Cancer Genomics (http:// www. cbiop 
ortal. org/) [19], database to calculate the mutation rate of 
MTF1 in these samples, and to calculate the statistical dif-
ference in the prognostic survival time between the MTF1 
altered group and the MTF1 unaltered group, p < 0.05 was 
considered statistically significant. Data on SATD patients 
receiving immunotherapy were obtained from The Cancer 
Imaging Archive (https:// www. cance rimag ingar chive. net/), 
and the results showed differences using IPS as an indicator 
[20].

Correlation of MTF1 expression with prognostic 
analysis and clinical features in STAD

OS, FP and PPS analysis were performed using the mRNA 
information of gastric cancer samples in the Kaplan Meier 
plotter (http:// kmplot. com/), and the corresponding curves 
were plotted. The expression of MTF1 in patients with dif-
ferent age, gender, grade and stage was analyzed by using 
limma software package and ggpubr software package in R 
software and the corresponding box plot was drawn [21, 22], 
and p < 0.05 was considered statistically significant. Univari-
ate Cox regression analysis and multivariate Cox regression 
analysis were used to explore whether MTF1 was related to 
the prognosis of patients and to determine whether MTF1 
could be used as an independent prognostic factor for STAD.

https://portal.gdc.cancer.gov/
https://www.ncbi.nlm.nih.gov/
http://www.cbioportal.org/
http://www.cbioportal.org/
https://www.cancerimagingarchive.net/
http://kmplot.com/
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Fig. 1  The expression of MTF1 in gastric cancer tissues and adjacent 
tissues in GSE26942 was analyzed by Wilcoxon test in R 4.0.3 soft-
ware A ANOVA was used to analyze the expression of MTF1 in gas-
tric cancer cells and gastric epithelial cells in GraphPad Prism 8.0.2 
software B Mann–Whitney test was used to analyze the expression 

of MTF1 in gastric cancer tissues and adjacent tissues in GraphPad 
Prism 8.0.2 software (C). The frequency of alteration in MTF1 (D) 
and the OS-based KM prognostic analysis of the MTF1 alterated 
group and the unalterated group were obtained on the cBioPortal 
website (E). OS overall survival, KM Kaplan–Meier
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Multivariate analysis

Group differences were examined with regard to group, 
age, gender, stage, grade, T, N and M. The descriptive 
measures were expressed as frequency and proportion 
for categorical variables, and mean ± standard deviations 
(SDs) or median and interquartile for continuous variables. 
The differences between groups were analyzed using the 
Chi-square test for categorical variables and the t-test 
(normal distribution) or Kruskal–Wallis rank sum test 
(non-normal distribution) for continuous variables. An 
initial model was adjusted only for matching variables. 
Additionally, a second model was adjusted for gender, 
age, grade, group, T, N and M. p < 0.05 was considered 
to indicate a statistically significant difference. Statisti-
cal analyses were performed using Empower (R) (http:// 
empow ersta ts. com/ en/; X&Y Solutions, Inc., Boston, MA, 
USA) and R (https:// www.R- proje ct. org).

Correlation of MTF1 expression with immune cell 
infiltration and immune checkpoint genes

The relative content of immune cells in each sample 
was calculated, and the samples were divided into two 
groups according to the expression of MTF1. The correla-
tion between MTF1 expression and immune cell infiltra-
tion was analyzed by spearman method. Pearson method 
was used to calculate the correlation between MTF1 and 
immune checkpoint genes in turn, and the relevant graphs 
were drawn, and p < 0.05 was considered statistically 
significant.

Gene set enrichment analysis

All samples were divided into high and low expression 
groups according to the expression of MTF1 in the sam-
ples. The c5.go.v7.4.symbols.gmt file and c2.cp.kegg.
v7.4.symbols.gmt file were downloaded from the Molec-
ular Signatures Database [23], and The Gene Ontol-
ogy (GO) enrichment analysis and Genes and Genomes 
(KEGG) enrichment analysis were performed to eluci-
date the biological processes and signaling pathways that 
MTF1 may act on [24–26].

Sensitivity analysis of chemotherapeutic drugs

The data of drug sensitivity of tumor cells were obtained 
from the Genomics of Drug Sensitivity in Cancer (GDSC) 
database (https:// www. cance rrxge ne. org/), and the IC50 
and mRNA expression information of various compounds 
acting on tumor cells were obtained [27]. The Pearson 
method was used to correlate IC50 values with mRNA 
expression to show the correlation between MTF1 and 
sensitivity to common chemotherapy drugs [28].

Statistics

Wilcoxon test was performed on the expression of MTF1 
in gastric cancer tissues and adjacent tissues obtained from 

Table 1  Primers

GAPDH glyceraldehyde-3-phosphate dehydrogenase, GC gastric cancer, MTF1 metal regulatory transcription factor 1

Primer Sequence (5′-3′) Annealing tempera-
ture (℃)

GC (%) Fragment (bp)

GAPDH (upstream:) GGA AGC TTG TCA TCA ATG GAA ATC 62.4 57.1 168
GAPDH (downstream:) TGA TGA CCC TTT TGG CTC CC 62 55
MTF1 (upstream:) GGC AAA GCC TTC CTT ACC TCT 60 52.38 201
MTF1 (downstream:) ACT GAG TGT GGT GAA GTA TTT GCT G 61.49 44

Table 2  The relative expression of MTF1 in different cells

GES-1 gastric epithelial cell line

Cell Mean ± SD p value

GES-1 1.0029 ± 0.0946 0.0003
MKN45 0.9072 ± 0.2282
MGC803 0.0515 ± 0.0047

Table 3  The relative expression of MTF1 in gastric tissue

MTF1 metal regulatory transcription factor 1

Tissue Mean ± SD p value

Normal tissue 1.0153 ± 0.0214 0.0015
Cancer tissue 0.6853 ± 0.368
Normal tissue (GEO) 8.4698 ± 0.3315 0.038
Cancer tissue (GEO) 8.2265 ± 0.4869

http://empowerstats.com/en/
http://empowerstats.com/en/
https://www.R-project.org
https://www.cancerrxgene.org/
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GEO database. The t test was performed on the MTF1 
expression data conforming to the normal distribution and 
the homogeneity of variance. The t ‘test was performed 
on the MTF1 expression data conforming to the normal 
distribution and the heterogeneity of variance. The non-
parametric test was performed on the data that did not 
conform to the normal distribution. Analysis of Variance 
(ANOVA) was used to calculate the expression of MTF1 
in different cells. The limma software package was used to 
calculate the correlation between the expression of MTF1 
and the clinical characteristics of gastric cancer patients. 
Spearman Correlation Analysis was used to calculate the 
correlation between MTF1 expression and immune cell 
infiltration. Pearson Correlation Analysis was used to 
calculate the correlation between MTF1 expression and 
immune checkpoint inhibitor gene expression and the cor-
relation with chemotherapy drug sensitivity.

Results

MTF1 is relatively low in STAD

By analyzing the differences of samples in GEO database, 
we found that MTF1 was relatively low expressed in gas-
tric cancer tissues compared with normal tissues (Fig. 1A). 
The mRNA expression of MTF1 in gastric cancer cells and 
gastric epithelial cells was detected by qRT-PCR. Although 
there was no difference in the mRNA expression level of 
MTF1 between MKN45 and GES1, the expression of MTF1 
in MGC803 was significantly lower than that in GES-1 at the 
mRNA level (p < 0.001) (Fig. 1B). The results of measur-
ing the mRNA expression level of MTF1 in gastric cancer 
tissues also showed that MTF1 was relatively low in gastric 
cancer tissues compared to adjacent tissues (Fig. 1C).

MTF1 alteration in STAD samples

Among the 434 patients with gastric cancer, 3.69% of the 
samples had MTF1 gene mutation (Fig. 1D). The main 
mutation type of MTF1 in STAD samples was Muta-
tion (2.07%), followed by Amplification (1.38%), and the 

Fig. 2  The expression of MTF1 in different clinical feature subgroups 
(A), different age groups (B), different genders (C), different Grades 
(D), different stages (E), different T staging (F), different M staging 

(G) and different N staging (H) were analyzed by 'limma' package. T 
tumor, N lymph node; M metastasis
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smallest mutation type was Deep Deletion (0.23%). KM 
prognostic analysis of patients (Fig. 1E) with MTF1 alter 
group and MTF1 unatler group showed that patients with 
MTF1 mutation group had longer OS (Tables 1, 2 and 3).

MTF1 expression is associated with T stage in STAD 
patients

To explore the effect of MTF1 expression level on the clini-
cal characteristics of STAD patients (Fig. 2A), we analyzed 
the expression of MTF1 in different ages (Fig. 2B), differ-
ent gender (Fig. 2C), different grades (Fig. 2D) and differ-
ent TNM stages (Fig. 2E–H). It was found that MTF1 was 
highly expressed in T1, especially compared to T3 (Fig. 2F). 
Multivariate analysis showed that MTF1 expression signifi-
cantly affected the stage of gastric cancer patients (Tables 4 
and 5).

High MTF1 expression correlates with good 
prognosis in STAD patients

According to the results of Kaplan–Meier survival analy-
sis, the high expression of MTF1 was significantly corre-
lated with the better prognosis of patients. According to the 
median value of expression, STAD patients were divided 
into high expression MTF1 group and low expression MTF1 
group. The high expression of MTF1 was significantly corre-
lated with longer OS in STAD patients (p = 0.0016, Fig. 3A), 
longer FP in SATD patients (p = 0.0042, Fig. 3B) and longer 
PPS in SATD patients (p = 0.0025, Fig. 3C). Multivariate 
cox regression analysis and univariate cox regression analy-
sis also verified that MTF1 expression can be used as an 
independent prognostic factor for OS in SATD patients. 
Multivariate analysis showed that the high expression of 
MTF1 was significantly correlated with the longer OS of 
STAD patients (p = 0.018, Fig. 3D). Univariate analysis also 
showed that the high expression of MTF1 was significantly 
correlated with the longer OS of STAD patients (p = 0.043, 
Fig. 3E).

MTF1 is involved in biological processes 
and signaling pathways in STAD

MTF1 is mainly involved in Gene Ontology term by epider-
mis development, skin development and keratinocyte dif-
ferentiation (Fig. 4A). The main signaling pathway involved 
in MTF1 is epidermis development, skin development and 

Table 4  Single factor analysis

MTF1 metal regulatory transcription factor 1

Exposure Statistics STAGE continuous

MTF1 2.0 ± 0.4 – 0.0 (– 0.3, 0.2) 0.9016
MTF1 tertile
 Low 116 (33.4%) 0
 Middle 115 (33.1%) 0.2 (0.0, 0.5) 0.0315
 High 116 (33.4%) 0.2 (– 0.0, 0.4) 0.0701

Gender
 1 217 (62.5%) 0
 2 130 (37.5%) 0.1 (– 0.1, 0.3) 0.3366

Age 65.7 ± 10.5 – 0.0 (– 0.0, 0.0) 0.0621
Age tertile
 Low 116 (33.4%) 0
 Middle 113 (32.6%) – 0.0 (– 0.3, 0.2) 0.7437
 High 118 (34.0%) – 0.2 (– 0.5, – 0.0) 0.0432

Grade
 1 7 (2.0%) 0
 2 120 (34.6%) 0.1 (– 0.6, 0.7) 0.8488
 3 220 (63.4%) 0.3 (– 0.4, 0.9) 0.3740

Group
 1 318 (91.6%) 0
 2 29 (8.4%) – 0.2 (– 0.6, 0.1) 0.1562

T
 1 19 (5.5%) 0
 2 74 (21.3%) 0.7 (0.4, 1.0) < 0.0001
 3 162 (46.7%) 1.6 (1.3, 1.9) < 0.0001
 4 92 (26.5%) 2.1 (1.8, 2.4) < 0.0001

N
 1 112 (32.3%) 0
 2 94 (27.1%) 1.0 (0.8, 1.2) < 0.0001
 3 75 (21.6%) 1.3 (1.1, 1.4) < 0.0001
 4 66 (19.0%) 1.6 (1.4, 1.8) < 0.0001

M
 1 323 (93.1%) 0
 2 24 (6.9%) 1.6 (1.3, 1.9) < 0.0001

Table 5  Multivariate analysis

MTF1 metal regulatory transcription factor 1

Non-adjusted Adjust I Adjust II

MTF1 – 0.0 (– 0.3, 0.2) 0.9016 – 0.0 (– 0.1, 0.1) 0.9787 – 0.0 (– 0.1, 0.1) 0.9787
MTF1 tertile
 Low 0 0 0
 Middle 0.2 (0.0, 0.5) 0.0315 0.0 (– 0.1, 0.1) 0.4896 0.0 (– 0.1, 0.1) 0.4896
 High 0.2 (– 0.0, 0.4) 0.0701 0.1 (– 0.0, 0.2) 0.1486 0.1 (– 0.0, 0.2) 0.1486
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regulation of body fluid levels (Fig. 4B). GSEA results 
showed that the main active biological processes in MTF1 
high expression group were cornification, epidermal cell dif-
ferentiation, epidermis development and keratinization, and 
the main active biological processes in MTF1 low expres-
sion group were detection of chemical stimulus (Fig. 4C). 
The main active signaling pathway in MTF1 high expression 
group is pathways in cancer, and the main active signaling 
pathway in MTF1 low expression group is complement and 
coagulation cascades, olfactory transduction, oxidative phos-
phorylation and ribosome (Fig. 4D).

MTF1 is associated with immune cell infiltration

Correlation analysis between MTF1 and immune cell infil-
tration (Fig. 5A) showed that MTF1 expression was signifi-
cantly positively correlated with Dendritic cells activated 
(Fig. 5B), NK cells resting (Fig. 5C), Neutrophils (Fig. 5D) 
and T cells CD4 memory resting (Fig. 5E). There was a sig-
nificant negative correlation with B cells naive (Fig. 5F), T 
cells CD8 (Fig. 5G) and NK cells activated (Fig. 5H).

MTF1 is associated with immune checkpoint 
inhibitor gene expression and immunotherapy

According to the results of spearman statistical method, 
the expression of MTF1 was significantly correlated with 

the expression of 16 immune checkpoint inhibitor genes, 
and generally positively correlated (Fig. 6A). From the dif-
ference of IPS between the two groups with high and low 
expression of MTF1, although there is no significant differ-
ence between the expression of MTF1 and IPS in CTLA4 
(−) _ PD1 ( +) group (Fig. 6B) and CTLA4 ( +) _ PD1 ( +) 
group (Fig. 6D), the low expression group of MTF1 had 
higher IPS in CTLA4 ( +) _ PD1 (−) group (Fig. 6C) and 
CTLA4 (−) _ PD1 (−) group (Fig. 6E).

MTF1 is associated with chemosensitivity

According to the pRRophetic algorithm analysis results, the 
IC50 of nine chemotherapeutic drugs was significantly posi-
tively correlated with the expression of MTF1. The IC50 
of 50 chemotherapeutic drugs was significantly negatively 
correlated with the expression of MTF1. See Annex 1 for 
details.

Discussion

We verified that MTF1 was relatively low in gastric 
cancer cells and gastric cancer tissues firstly, compared 
with normal gastric epithelial cells and adjacent tissues. 
Although there are individual differences in the expression 
of MTF1 in surgically resected gastric cancer tissues, in 
general, it is relatively low in gastric cancer tissues, which 

Fig. 3  KM prognostic analysis of the correlation between MTF1 
expression and OS (A), FP (B), and PPS (C) in gastric cancer patients 
was obtained on the Kaplan–Meier Plotter website. Multivariate Cox 
regression analysis (D) and univariate Cox regression analysis (E) of 

MTF1 as an independent prognostic factor for gastric cancer patients 
were tested using the ‘survival’ software package. KM Kaplan–Meier, 
OS overall survival, FP first progression, PPS post-progression sur-
vival



3248 Clinical and Translational Oncology (2023) 25:3241–3251

1 3

is consistent with the expression trend of MTF1 in surgi-
cally resected lung cancer tissues and uterine endometrial 
cancer cells [29, 30]. MTF1 expression was relatively low 
in gastric cancer tissues, gastric cancer cell MGC803, 
and gastric cancer tissues from the geo database, suggest-
ing that MTF1 has the potential to as a diagnostic bio-
marker for gastric cancer. The results of KM prognostic 
analysis (HR = 0.68), univariate Cox regression analysis 

(HR = 0.568) and multivariate Cox regression analysis 
(HR = 0.616) showed that MTF1 was a protective fac-
tor for gastric cancer patients, and the high expression of 
MTF1 was a good prognostic marker for gastric cancer 
patients. We also found that the expression of MTF1 in T1 
stage was significantly higher than that in T3 stage, sug-
gesting that MTF1 may inhibit tumor progression. Multi-
variate analysis results also support that MTF1 expression 

Fig. 4  GO (A) and KEGG (B) enrichment analysis of differential genes in MTF1 high and low expression groups. GSEA enrichment analysis of 
MTF1 on GO (C) and KEGG (D) in gastric cancer. GO gene ontologyenrichment, KEGG genes and genomes
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affects the stage of gastric cancer. Analysis in the cBio-
Portal database showed that gastric cancer patients with 
MTF1 mutation had a relatively longer OS, and the genetic 
alterations of MTF1 in gastric cancer samples were mainly 
mutation and amplification. The mutation and amplifica-
tion of MTF1 may increase the transcription of MTF1, 
and the prolongation of OS in patients with gastric cancer 

may also be due to the increased transcription of MTF1, 
a protective factor. The results of drug sensitivity analy-
sis showed that MTF1 expression tended to be associated 
with increased drug sensitivity (in 50 drugs) rather than 
decreased drug sensitivity (in 9 drugs). Higher drug sen-
sitivity may be the reason why OS and FP in patients with 

Fig. 5  Spearman Correlation Analysis was used to analyze the cor-
relation between MTF1 expression and immune cell infiltration in R 
4.0.3 software (A). Spearman Correlation Analysis was used to ana-
lyze the correlation between MTF1 expression and Dendritic cells 

activated (B), NK cells resting (C), Neutrophils (D), T cells CD4 
memory resting (E), B cells naive (F), T cells CD8 (G) and NK cells 
activated (H). NK nature killer

Fig. 6  Pearson Correlation Analysis was used to analyze the correlation between MTF1 expression and immune checkpoint inhibition gene 
expression (A) and the correlation with immunotherapy IPS (B–E) in R 4.0.3 software. IPS immune cell proportion score
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high MTF1 expression were longer than those in patients 
with low MTF1 expression.

The infiltration of seven immune cells was significantly 
correlated with the expression of MTF1, including Dendritic 
cells activated, NK cells resting, Neutrophils, T cells CD4 
memory resting, B cells navie, T cells CD8 and NK cells 
activated. In particular, dendritic cells activated, NK cells 
resting, Neutrophils and T cells CD4 memory resting were 
significantly positively correlated with MTF1 expression, 
suggesting that MTF1 has an effect on tumor immunity in 
gastric cancer. GESA based on KEGG showed that the dif-
ferential genes of the two groups with high and low expres-
sion of MTF1 were not only directly involved in pathways in 
cancer (under the classification criteria of KEGG), but also 
involved in oxidative phosphorylation and ribosome, which 
was consistent with the previous view that MTF1 could 
make cells less subject to oxidative and hypoxic stresses 
[31, 32]. The results showed that the expression of MTF1 
was significantly positively correlated with the expression 
of 16 immune checkpoint inhibitor gene, and was signifi-
cantly negatively correlated with the IPS of immunotherapy 
in CTLA4 ( +) _PD1 (−) group and CTLA4 (−) _PD1 (−) 
group. The high expression of MTF1 may have a negative 
effect on gastric cancer tumor immunity, but the mechanism 
of MFT1 affecting tumor immunity and immunotherapy 
is not clear. Another shortcoming of this study is that the 
included samples may not be sufficient. The expression of 
MTF1 in patients has certain individual differences, and only 
the expression of MTF1 at the mRNA level is analyzed, and 
the expression of MTF1 at the protein level is not verified.

In summary, we identified for the first time that the 
expression of MTF1 in gastric cancer cells MGC803 was 
significantly lower than that in normal gastric epithelial 
cells, and verified the relatively low expression of MTF1 
in gastric cancer tissues in 10 pairs of clinical tissues, and 
included 217 gastric cancer patients in the GEO database. 
The expression of MTF1 in different clinical feature sub-
groups was analyzed, and the low expression of MTF1 in 
T3 stage was found. More importantly, KM prognostic 
analysis and Cox regression analysis showed that MTF1 
was an independent prognostic factor for gastric cancer 
patients and was likely to be a protective factor. The enrich-
ment analysis, tumor immune infiltration and drug sensitiv-
ity analysis provided clues for the possible biological func-
tion and possible mechanism of MTF1 in gastric cancer.

Conclusion

The mRNA level of MTF1 was relatively low in gastric can-
cer cells and gastric cancer tissues, as well as in T3 stag-
ing, and the high expression of MTF1 was significantly 

correlated with longer OS, FP and PPS in gastric cancer 
patients, as well as the increased drug sensitivity of 50 com-
mon chemotherapeutic drugs. MTF1 has the potential as a 
diagnostic and prognostic marker for gastric cancer.
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