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ABSTRACT Although chimeric antigen receptor T cell (CAR-T) is a promising im-
munotherapy in hematological malignancies, there remain many obstacles to CAR-
T cell therapy for solid tumors. Identifying appropriate tumor-associated antigens 
(TAAs) is especially critical for success. Using a bioinformatics approach, we identified 
common potential TAAs for CAR-T cell immunotherapy in solid tumors. We used the 
GEO database as a training dataset to find differentially expressed genes (DEGs) and 
verified candidates using the TCGA database, obtaining seven common DEGs (HM13, 
SDC1, MST1R, HMMR, MIF, CD24, and PDIA4). Then, we used MERAV to analyze the 
expression of six genes in normal tissues to determine the ideal target genes. Finally, 
we analyzed tumor microenvironment factors. The results of major microenviron-
ment factor analyses showed that MDSCs, CXCL1, CXCL12, CXCL5, CCL2, CCL5, TGF-β, 
CTLA-4, and IFN-γ were significantly overexpressed in breast cancer. The expression 
of MST1R was positively correlated with TGF-β, CTLA-4, and IFN-γ. In lung adenocar-
cinoma, MDSCs, Tregs, CXCL12, CXCL5, CCL2, PD-L1, CTLA-4, and IFN-γ were signifi-
cantly overexpressed in tumor tissues. The expression of MST1R was positively cor-
related with TGF-β, CTLA-4, and IFN-γ. In bladder cancer, CXCL12, CCL2, and CXCL5 
were significantly overexpressed in tumor tissues. MST1R expression was positively 
correlated with TGF-β. Our results demonstrate that MST1R has the potential as a 
new target antigen for treating breast cancer, lung adenocarcinoma, and bladder 
cancer and may be used as a progression indicator for bladder cancer.

INTRODUCTION
Chimeric antigen receptor T cells (CAR-T) have attracted in-

creasing attention for their unexpected potential in the treatment 
of hematological malignancies, including acute B-lymphocyte 
leukemia, B-cell non-Hodgkin's lymphoma, and multiple my-
eloma. CAR-T has become one of the most promising therapeutic 
methods in tumor immunotherapy. CAR-T cells are genetically 
engineered T cells that express non-MHC-restricted receptors to 
identify and eliminate cells that express specific target antigens. 
At present, for treatment of B-cell lymphoma, CD19 and BCMA 
antigens are available [1,2].

The premise of solid tumor CAR-T cell therapy is to find the 
ideal target antigen. Unlike cancers in which tumor cells usu-
ally express the B cell marker CD19, such as acute lymphoblastic 
leukemia (ALL) or chronic lymphoblastic leukemia, solid tumors 
seldom express tumor-specific antigens. For most solid tumors, 
it is more common to find tumor-associated antigens (TAAs), in 
which the antigen is enriched in tumors but is poorly expressed 
in normal tissues [3]. CAR-T TAA is expressed on the surfaces of 
all tumor cells but not on important organs or normal cell types 
(hematopoietic stem cells). Even low-level expression can cause 
serious side effects. Therefore, finding the ideal TAA has become 
the primary task of CAR-T cell therapy.
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However, the TAA of most solid tumors is based on only 
one type of solid tumor, such as that of prostate cancer (PSCA, 
PSMA) or breast cancer (HER2, MUC1) [4,5]. Therefore, using 
bioinformatics technology, we sought to identify common poten-
tial TAAs for CAR-T cell immunotherapy in breast cancer, lung 
adenocarcinoma, and bladder cancer.

METHODS

Gene expression datasets

Training datasets (GSE21422, GSE65635, and GSE140797) 
were downloaded from the GEO database. The GSE21422 set 
contained 14 breast tumor tissue samples and five adjacent non-
tumor samples. GSE65635 included eight samples of bladder 
tumor tissue and four samples of adjacent non-tumor. GSE140797 
comprised seven lung tumor tissue samples and seven adjacent 
non-tumor samples. Validation datasets were downloaded from 
the Genomic Data Commons Data Portal (GDC Data Portal) 
(RRID:SCR_014514). We selected LUAD (lung adenocarcinoma), 
BRCA (breast cancer), and BLCA (bladder cancer) datasets with 
mRNA expression data and clinical features for correlation and 
survival analyses.

Screening of differentially expressed genes (DEGs)

We identified DEGs using the Linear Models for Microarray 
data (Limma) package in R [6]. The DEGs were identified using 
p-value < 0.05 and log2 (fold change) > 1. Meanwhile, volcano 
plots of the DEGs were visualized using the R gplots program. 
Common DEGs of GSE21422, GSE65635, and GSE140797 were 
identified by Venn diagram (https://bioinformatics.psb.ugent.be/
webtools/Venn/). All common DEGs in these datasets were se-
lected for further study.

Functional enrichment analysis

The Database for Annotation, Visualization, and Integrated 
Discovery (DAVID) bioinformatics resource consists of an in-
tegrated biological knowledge base and analytic tools aimed at 
systematically extracting biological meaning from large gene or 
protein lists [7,8]. In our study, DAVID was used to analyze the 
identified target genes according to the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) and Gene Ontology (GO). KEGG is 
a knowledge base for systematic analysis of gene functions, while 
GO analysis predicts the functions of target genes from biological 
processes (BP), cell composition, and molecular function (MF). 
Functional annotation with p-value < 0.05 and enrichment score 
> 2.0 was considered statistically significant. The enrichment re-
sults were visualized by R.

Gene expression in normal tissues

MERAV is a powerful genome-wide analysis tool that can 
search multiple genes in parallel and compare gene expression 
between tissue types and between normal cells and cancer cells [9].

Immune infiltrate levels, expression analysis, and 
survival analysis

The marker genes of 28 types of immune cell in ssGSEA were 
obtained from a previous study [10]. Infiltration levels of different 
immune cell types were quantified by ssGSEA implementation R 
package gsva. Heatmaps of immune infiltration levels were gener-
ated using the R heatmap package. A visual scatterplot of Spear-
man correlations between MST1R expression of BRCA, LUAD, 
and BLCA and tumor infiltrating immune cells was generated 
using the ggplot2 function in R. We used the corrplot function 
of the corrplot R package to generate correlation diagrams of all 
variables. Survival analysis was conducted using the survival 
package in R.

Statistical analysis

Most of the statistical analyses were performed using the bio-
informatic tools mentioned above. R software (version 4.2.0) was 
used for all remaining statistical analyses. Spearman correlation 
coefficients were calculated to evaluate correlations. p-values < 0.05 
were considered statistically significant.

RESULTS

Identification of DEGs in GEO

In this study, after screening the GEO datasets of three can-
cers, the mRNA microarray datasets GSE21422, GSE65635, and 
GSE140797 with the best data quality were selected for analysis 
to obtain DEGs of respective breast cancer, bladder cancer, and 
lung adenocarcinoma tissues and of adjacent normal tissues for 
each. As shown in volcano plots (Fig. 1A–C), genes with p-value 
< 0.05 and logFC > 1 or <–1 were considered significant DEGs. In 
this study, only upregulated genes were considered. In GSE21422, 
1,344 upregulated genes were screened. In GSE65635, a total of 
1,195 upregulated genes were screened. In GSE140797, 1,594 up-
regulated genes were screened. Venn diagrams were used to iden-
tify 125 co-upregulated genes in the three datasets (Fig. 1D).

GO and KEGG enrichment analysis

To explore the biological functions of common DEGs, DAVID 
was used for enrichment analysis of GO and KEGG pathways. We 
found that DEGs, which are common in BP, were mainly involved 

https://bioinformatics.psb.ugent.be/webtools/Venn/
https://bioinformatics.psb.ugent.be/webtools/Venn/
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in cell division (Fig. 1E). For cellular components (CC), common 
DEGs were mainly involved in extracellular exosomes. For MF, 
common DEGs were mainly involved in the binding of identical 

proteins. Regarding KEGG pathways, common DEGs were abun-
dant in cell cycle, oocyte meiosis, and progesterone-mediated 
oocyte matching (Fig. 1G). However, as this study focuses on CC, 

A B

C D

Fig. 1. Identification of expression differences between tumor and normal tissue. (A-C) Volcano plot of the differential mRNA expression analy-
sis. X-axis: log2 fold change; Y-axis: –log10 (FDR p-value) for each probes; Vertical dotted lines: fold change > 1 or < –1; Horizontal dotted line: the 
significant cutoff (FDR p-value = 0.05). (A) There were 2,974 genes identified to be differentially expressed in GSE21422, including 1,344 up-regulated 
and 1,630 down-regulated genes. (B) 2,571 genes (1,195 up-regulated and 1,376 down-regulated genes) differentially expressed in GSE65635. (C) 
3,442 genes (1,594 up-regulated and 1,848 down-regulated genes) differentially expressed in GSE140797. (D) A total of 125 genes were significantly 
differentially expressed in the three GEO datasets. (E, F) GO and KEGG pathway analysis of significant differetially expressed genes. (E) The top ten 
significantly enriched GO categories were calculated. Blue: Biological process; Orange: Cellular component; Green: Molecular function. (F) The cellular 
component was calculated. (G) Gene networks identified through KEGG analysis of the differentially expressed genes. GO, Gene Ontology; KEGG, 
Kyoto Encyclopedia of Genes and Genomes.
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nine genes (CEACAM1, HM13, SDC1, CCR7, MST1R, HMMR, 
MIF, CD24, and PDIA4) enriched on the cell surface were identi-
fied as DRGs (Fig. 1F, Supplementary Table 1). The expression 

differences of these nine genes were analyzed (Fig. 2).

E F

G

Fig. 1. Continued.
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Differential expression of ordinary DEG genes was 
confirmed from the TCGA

BRCA, LUAD, and BLCA were selected from the TCGA, and 
gene expression differences were performed among common 
DEGs (Fig. 2Ad–f). According to analyses of gene expression 
differences, seven genes (HM13, SDC1, MST1R, HMMR, MIF, 
CD24, and PDIA4) were significantly different and were selected 
for further analysis.

Screening potential therapeutic target antigens of 
CAR-T cells

First, differential expression analysis of seven genes was carried 
out according to tumor stage (Fig. 2B). Except for the expression 
of MIF in LUAD and HM13 and of PDIA4 in BLCA, there were 
no significant differences of most genes at different stages. Second, 
we explored expressions of the seven genes in normal tissues using 
MERAV (Supplementary Fig. 1). CD24 was deleted because it was 

Fig. 2. Differential expression of common DEGs genes. (A) Differential expression of common DEGs genes in TCGA and GEO datasets. (B) Differen-
tial expression of common DEGs genes in TCGA according to clinical stage. (C) Survival analysis of MST1R in BRCA, LUAD, and BLCA datasets. *p < 0.05, 
**p < 0.01, ***p < 0.005, ****p < 0.001. DEGs, differentially expressed genes; ns, no significance.
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not found in the MERAV. Combined with expression of the NCBI 
gene in the normal sequence of HPA RNA-seq, MST1R is a poten-
tial target antigen for CAR-T cell therapy for three kinds of tumors. 

Survival analysis in three cancers showed that high expression of 
the MST1R gene influences the progression of bladder cancer and 
is a possible prognostic marker of bladder cancer (Fig. 2C).
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Fig. 2. Continued.
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Correlation between immune infiltration and MST1R 
expression

Many cell types driving immunosuppression can penetrate 
solid tumors in the tumor microenvironment, including myeloid-
derived suppressor cells (MDSCs) and regulatory T cells (Tregs). 
These infiltrating and tumor cells promote the production of cy-
tokines, chemokines, and growth factors, fostering tumor growth. 
In addition, immune checkpoints, such as PD-1 or CTLA-4, can 
reduce anti-tumor immunity. Therefore, it is necessary to analyze 
the tumor microenvironments of these three kinds of tumors. 
The infiltration levels of 28 kinds of immune cells and the scores 

of chemokines and immune control points in each dataset were 
calculated by ssGESA analysis. Cox proportional hazards regres-
sion was used to evaluate the relationships between immune infil-
tration and patient survival rate of each cell type. Only significant 
results are shown in this manuscript.

The expression of MDSCs in normal BRCA tissues and tumor 
tissues is significantly different for immunosuppressed cells, and 
MDSCs and Tregs showed significant differences between LUAD 
and tumor tissues. However, there were no significant differences 
in BLCA. Univariate Cox regression analysis showed 5, 7, and 11 
immune infiltrating cells in BRCA, LUAD and BLCA, respec-
tively, which were significant for survival risk of breast cancer 

A

a

b

Fig. 3. Correlation between immune infiltration and MST1R expression. A–C included (a) Heatmap of major immune cells, (b) boxplot of differen-
tial expression of 28 immune cells. *p < 0.05, **p < 0.01, ***p < 0.005, ****p < 0.001. ns, no significance.
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(Supplementary Tables 2–4).
We found that the expression of MST1R in BRCA was signifi-

cantly positively correlated with nine cell subsets (activated CD4 
T cells, activated dendritic cells, CD56dim natural killer cells, 
central memory CD4 T cells, central memory CD8 T cells, im-
mature B cells, immature dendritic cells, MDSCs, TH17 (type 17 
T helper) cell, but there were no significant differences in central 
memory CD4 T cells, central memory CD8 T cells, immature 
B cells, immature dendritic cells, MDSCs, or TH17 cell, among 
which central memory CD8 T cells and natural killer cells were 
associated with poor prognosis (Fig. 3A, Supplementary Fig. 2A). 
The expression of MST1R in LUAD was significantly positively 
correlated with eight cell subsets (activated dendritic cells, CD-
56dim natural killer cells, CD56bright natural killer cells, central 

memory CD4 T cells, effector memory CD8 T cells, monocytes, 
neutrophils, TH17 cell), but there were no significant differences 
in activated dendritic cells, CD56bright natural killer cells, effec-
tor memory CD8 T cells, monocytes, neutrophils, or TH17 cell, 
among which TH2 (type 2 T helper) cell, eosinophils, activated B 
cells, MDSCs, and activated dendritic cells were associated with 
poor prognosis (Fig. 3B, Supplementary Fig. 2B). The expression 
of MST1R in BLCA was significantly positively correlated with 
nine cell subsets (activated dendritic cells, CD56dim natural 
killer cells, central memory CD4 T cells, central memory CD8 
T cells, immature dendritic cells, monocytes, natural killer cells, 
neutrophils, TH17 cell), but there were no significant differences 
in activated dendritic cells, CD56dim natural killer cells, central 
memory CD4 T cells, central memory CD8 T cells, monocytes, 

a
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Fig. 3. Continued.
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natural killer cells, or neutrophils, among which activated CD8 
T cells, mast cells, natural killer T cells, neutrophils, and CD-
56bright natural killer cells were associated with poor prognosis 
(Fig. 3C, Supplementary Fig. 2C).

Correlations between chemokines and MST1R 
expression

Chemokines play important roles not only in the occurrence, 
promotion, and development of tumors, but also in regulating the 
infiltration of immune cells. To determine the chemokines related 
to immune cell infiltration, we evaluated the differential expres-
sion of 38 known chemokines between cancer tissues and normal 
tissues in breast cancer, lung adenocarcinoma and bladder cancer.

In addition to CCL15, CCL19, CCL22, CCL26, and CXCL8, 33 

chemokines were found in BRCA and were expressed in tumor 
tissues. Univariate Cox regression analysis of 33 differentially 
expressed chemokines showed that CCL11, CCL17, CXCL9, 
CXCL13, CCCL1, CCL25, CXCL12, and CCL16 were signifi-
cantly correlated with overall survival. In addition, systematic 
cluster correlation analysis was carried out to detect significant 
relationships between 10 variables (two cell subsets and eight 
chemokines). Finally, Spearman correlation analysis evaluated 
the relationships between the expression of MST1R and the eight 
chemokines. The results showed that CCL11, CCL17, CXCL9, 
CXCL13, CCL1, and CCL16 were positively correlated with 
MST1R, but CCL1 and CCL17 were not (Fig. 4A, Supplementary 
Fig. 3A). Except CCL27, CCL3, CCL5, CXCL1, CXCL11, XCL1, 
and XCL2, 31 chemokines were found in LUAD and were ex-
pressed in tumor tissues. Univariate Cox regression analysis of 33 

C 
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b 

Fig. 3. Continued.
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differentially expressed chemokines showed that CCL14, CCL16, 
CCL13, CCL17, and CX3CL1 were significantly correlated with 
overall survival. In addition, systematic cluster correlation analy-
sis was carried out to identify significant relationships between 
11 variables (six cell subsets and five chemokines). Finally, Spear-
man correlation analysis was used to evaluate the relationships 
between expression of MST1R and five chemokines. The results 
showed that CCL16, CCL13, CCL17, and CX3CL1 were posi-
tively correlated with MST1R (Fig. 4B, Supplementary Fig. 3B). 
In BLCA, we found that 18 chemokines (CCL13, CCL14, CCL16, 
CCL19, CCL2, CCL21, CCL23, CCL26, CCL4, CX3CL1, CXCL10, 
CXCL11, CXCL12, CXCL14, CXCL2, CXCL5, CXCL9, and XCL1) 
were significantly expressed in tumor tissues. Univariate Cox 
regression analysis of 31 chemokines with differential expression 
showed that CXCL11 and XCL1 were significantly correlated with 

overall survival. In addition, systematic cluster correlation analy-
sis was carried out to identify significant relationships between 
five cell subsets and two chemokines. Finally, Spearman cor-
relation analysis was used to evaluate the relationships between 
expression of MST1R and that of two chemokines. CXCL11 was 
positively correlated with MST1R (Fig. 4C, Supplementary Fig. 
3C).

Correlation between immune escape and MST1R 
expression

To determine the expression levels of immune escape-related 
factors in the tumor microenvironments of breast cancer, lung 
adenocarcinoma, and bladder cancer, we evaluated eight immune 
checkpoints (CD274 [PD-L1], CTLA4, HAVCR2, LAG3, PDCD1 

Fig. 4. Correlation between chemokines and MST1R expression. A–C included (a) Differential expression of the 38 chemokines in normal and tu-
mor tissues, (b) The univariate Cox regression analysis of differentially expressed chemokines. (c) Hierarchical clustering analysis was performed using 
Pearson’s correlation coefficient. *p < 0.05, **p < 0.01, ***p < 0.005, ****p < 0.001. ns, no significance.
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[PD-1], PDCD1LG2 [PD-L2], TIGIT, and SIGLEC15), one cyto-
kine (IFNG [IFN-γ]), and one growth factor (TGFB1 [TGF-β]). In 
BRCA, all genes were significantly overexpressed in cancer except 
PD-L1 and SIGLEC15. Other than PD-L2, all were positively cor-
related with MST1R expression (Fig. 5A, Supplementary Fig. 4A). 
In LUAD, all nine genes were highly expressed in cancer tissues 
except TGF-β. Ten genes were positively correlated with expres-
sion of MST1R, while PD-L 2 was not (Fig. 5B, Supplementary 
Fig. 4B). In BLCA, none of the 10 genes showed significantly high 
expression in cancer tissues. PD-L1, IFN-γ, 1 PD-1, SIGLEC15, 
and TGF-β were positively correlated with MST1R expression, 
but PD-L1, IFN-γ and PD-1 were not (Fig. 5C, Supplementary Fig. 
4C).

DISCUSSION
CAR is the core component of CAR-T, which endows T cells 

with the ability to recognize tumor antigens in a non-human 
leukocyte antigen manner instead of using natural T cell surface 
antibodies. CAR includes a TAA binding domain (usually scFv 
fragments from the antigen binding domain of monoclonal 
antibodies), an extracellular hinge domain, a transmembrane 
domain, and an intracellular signal domain [11,12]. We used bio-
informatics to predict MST1R as a potential new target antigen 
of CAR-T cell therapy for breast cancer, lung adenocarcinoma, 
and bladder cancer. However, there are some obstacles in treating 
solid tumors with CAR-T cells.

Immunosuppression of solid tumor 
microenvironment

As outlined above, MDSCs and Tregs play roles in protecting 
solid tumor cells from being killed by the host immune system in 
the tumor microenvironment. Some chemokines, such as CXCL1, 
CXCL12, and CXCL5, are secreted by solid tumors and prevent T 

a
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B

Fig. 4. Continued.
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cells from migrating and infiltrating into tumor lesions [13-15]. 
Multiple chemokine/chemokine receptor pairs, including CCL2/
CCR2, CCL5/CCR5/, CXCL5/CXCR2, and CXCL12/CXCR4, 
have been reported to indirectly promote tumor progression by 
increasing the recruitment and suppressive activity of MDSCs [16]. 
Tumor-derived cytokines are soluble factors that hinder the effect 
of tumor immunotherapy on solid tumors. TGF-β is a constant 
tumor cytokine that plays a major role in alleviating anti-tumor 

response [17]. In CAR-T therapy for solid tumors, PD-L1 inhibits 
CAR-T cell activation by binding to PD-1. In addition, immune 
checkpoints such as PD-1 or CTLA-4 can reduce anti-tumor im-
munity [18,19]. Studies have shown that the effective anti-tumor 
activity of CAR-T cells depends on IFN-γ signals, including IFN-γ 
secreted by CAR-T and IFN-γ signals in immune cells [20].

The results of this study showed that, in breast cancer, MDSCs, 
CXCL1, CXCL12, CXCL5, CCL2, CCL5, TGF-β, CTLA-4, and 

 C 
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Fig. 4. Continued.
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Fig. 5. Correlation between immune checkpoint genes and MST1R expression. A–C included differential expression of the 10 immune check-
point genes in normal and tumor tissues. *p < 0.05, **p < 0.01, ***p < 0.005, ****p < 0.001. ns, no significance.
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IFN-γ were significantly overexpressed in tumor tissues, while 
PD-L1 was not. MST1R expression was positively correlated with 
TGF-β, CTLA-4, and IFN-γ. In lung adenocarcinoma, MDSCs, 
Tregs, CXCL12, CXCL5, CCL2, PD-L1, CTLA-4, and IFN-γ were 
significantly overexpressed in tumor tissues, but TGF-β was not. 
MST1R expression was positively correlated with TGF-β, CTLA-
4, and IFN-γ. However, in bladder cancer, CXCL12, CCL2, and 
CXCL5 were significantly overexpressed in tumor tissues, while 
MDSCs, Tregs, PD-L1, TGF-β, CTLA-4, and IFN-γ were not. 
MST1R expression was positively correlated with TGF-β. More-
over, high expression of the MST1R gene has influence on the 
progression of bladder cancer and can be used as a progression 
indicator of bladder cancer.

Clinicians and researchers should pay attention to the exis-
tence of immune suppression in tumor microenvironments when 
developing CAR-T cell therapy for breast cancer, lung adenocar-
cinoma, and bladder cancer. Persistence and function of T cells 
can be ensured by combining immunotherapy with checkpoint 
blocking agents. A study of 14 children with recurrent B-ALL 
conducted at Children's Hospital of Philadelphia, Pennsylvania, 
showed that the combination of PD-1 blockade pretreatment with 
CD19 CAR-T cells improved the durability and therapeutic effect 
of CAR-T cells [21]. Due to the lack of chemokine receptor ex-
pression on T cells, it is difficult for CAR-T cells to transport and 
infiltrate into tumor sites, which greatly hinders their ability to 
kill tumors. T cells can be reoriented to tumor sites by modifying 
them to express chemokine receptors that match the correspond-

ing tumor-derived chemokines. Previous studies have shown that 
T cells engineered with chemokine receptor (CXCL1 receptor) 
can drive their own migration to melanoma cells [13]. The func-
tion of CD8+ T cells can also be improved by neutralizing TGF-β 
with antibodies or small molecule drugs. Pre-clinical data show 
that integration of costimulatory molecules into CAR is helpful 
for CAR-T cells to reverse the immune suppressed tumor mi-
croenvironment. For example, CD28 co-stimulation overcomes 
TGF-β-mediated proliferation inhibition of proliferation of redi-
rected human CD4+ and CD8+ cells in an antitumor cell attack22 
and enhances the resistance of T cells to Treg cells [22,23].

Strategies to improve CAR

Because MST1R does not have antigen specificity, methods are 
needed to impart this feature. First, due to the low expression of 
MST1R in normal tissues, the affinity of scFv has been adjusted 
to ignore normal tissues with low expression. Hudecek et al. 
[24] reported that different scFv with the same CAR configura-
tion demonstrate variable receptor affinity, as do different hinge 
domains of the same scFv [24,25]. Therefore, choosing an ap-
propriate configuration is a crucial part of CAR design. Second, 
CAR configurations can be improved, into such structures as 
two (bispecific [bi]CARs) [26] SynNotch receptors [27,28] that are 
controlled by logic gates, and recognize ligands on a cell surface 
to trigger inducible target gene expression. These configurations 
are designed to recognize TAA and induce the expression of CAR 

Fig. 5. Continued.
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and can trigger T cells to activate a second TAA and other new 
CAR configurations and to recognize antigen specificity. “Off 
switches,” or suicide genes, can be added to minimize adverse 
events and maximize the safety of CAR-T designs to reduce un-
wanted toxicity. Suicide genes include HSV-TK, CD20, inducible 
caspase 9 (iCas 9), and truncated EGFR (tEGFR or EGFRt) [29-32].

Macrophages stimulate RTK receptor 1 or MST1R, also known 
as RON (récepteur d'origin Nantais), which encodes a 180 kDa 
receptor [33]. RON activation contributes to tumor progression 
and metastasis by promoting cell proliferation and motility and 
inhibiting apoptosis [33,34]. Some studies have shown that RON 
is expressed not only in tumor microenvironments (tumor-asso-
ciated macrophages and MDSC), but also in solid tumors (breast 
cancer, lung cancer, bladder cancer) [34].

Based on bioinformatics analysis and previous reports, com-
bined with modifications of CAR configurations and necessary 
treatments, MST1R may become a new target antigen for the 
treatment of three kinds of cancers. However, there are some 
limitations of this study. We conducted only theoretical analysis, 
and the corresponding experimental verification was not carried 
out by designing a CAR.

We used bioinformatics analysis to determine that MST1R is a 
feasible potential target antigen for therapy of three kinds of solid 
tumor. In addition, MST1R can be used as an indicator of pro-
gression of bladder cancer.
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