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Background: The myeloid ecotropic viral integration site (MEIS) family of genes is related to the occurrence, 
development, and outcome of many cancers. However, its role in the immune and tumor microenvironment 
(TME) is unclear. This study explored the relationship between the expression of MEIS genes and patient 
survival, immune subtypes, TME, tumor stem cell correlation, and drug sensitivity in cancer.
Methods: We used The Cancer Genome Atlas pan-cancer data to analyze the expression of the MEIS 
family genes. Kaplan-Meier analysis and univariate Cox proportional hazard regression model were used to 
detect the relationship between gene expression and overall survival. Analysis of variance was used to explore 
the relationship between the MEIS family and the immune components in the tumor, and the ESTIMATE 
algorithm was used to calculate the proportion and level of tumor-infiltrating immune cells. Spearman and 
Pearson’s correlation tests were carried out to detect the relationship between MEIS and the characteristics 
of tumor stem cells and drug sensitivity.
Results: The MEIS family of genes shows different expression profiles in different cancers, with substantial 
inter- and intra-cancer heterogeneity. Among them, MEIS3 was upregulated in most cancers, whereas 
MEIS2 was downregulated. The change in MEIS gene expression was usually related to overall survival, 
but whether a member of the MEIS family was a risk factor or a protective factor was cancer-dependent. 
Immune component analysis suggested that the role of MEIS genes in promoting or inhibiting cancer may 
be related to different degrees of immune silencing. Further, there were varying degrees of correlation 
between MEIS gene expression and cancer cell stemness characteristics. It was also found that MEIS genes, 
especially MEIS1 and MEIS2, may be related to chemotherapy resistance.
Conclusions: We explored the expression, prognostic relationship, molecular characteristics, and effects 
on immunity and TME of the MEIS gene family in cancer. Our results suggest that MEIS members should 
be studied as independent entities in different types of cancer. The MEIS gene family may be a potential 
target for cancer therapy, but further experiments are needed to confirm this.
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Introduction

The homeobox genes were discovered in Drosophila 
melanogaster and were so named owing to their high spatio-
temporal specificity (1). They are present in almost all 
eukaryotic cells (2) and encode proteins that bind to the 
promoter region of specific genes and act as transcription 
factors. Therefore, the homeobox genes are critical in the 
development of the organism (3). Studies have shown that 
several homeobox genes are abnormally expressed in cancer 
and contribute to its progression.

The homeobox genes are classified into two types—
HOX genes and non-HOX genes or HOX branching 
genes. The myeloid ecotropic viral integration site (MEIS) 
family (MEIS1, MEIS2, and MEIS3) belongs to the HOX 
branching genes, and their abnormal expression is closely 
related to the development of many types of cancers (4). As 
the MEIS proteins are highly similar (MEIS1 and MEIS2 
are more than 85% identical in mice and humans), it is 
challenging to distinguish between them (5). With this 
in mind, in this study, we use MEIS to refer to all MEIS 
family members and use the individual gene names only if 
the MEIS member has specific functions.

MEIS1 is an oncogene whose frequent integration and 
overexpression with HoxA9 can lead to invasive leukemia 
(acute lymphoblastic leukemia) in mice and humans. In 
addition, MEIS1 is also expressed in many cancers, such 
as prostate, pancreatic, colorectal, and breast cancer, and 
other solid tumors (6-8). Similarly, it has been reported that 
MEIS2 is abnormally expressed in prostate cancer, ovarian 
cancer, and neuroblastomas (6,9,10), suggesting that MEIS2 
is closely related to the occurrence and development of 
cancers. Halder et al. reported that MEIS2 contributes to 
the development of lung cancer by inhibiting the expression 
of transforming growth factor β type II receptor (11). In 
addition, Vegi et al. reported that MEIS2 participates in the 
development of leukemia by promoting the proliferation of 
myeloid cells and inhibiting their differentiation, suggesting 
that MEIS2 may be a target for leukemia therapy (12).

Compared to MEIS1 and MEIS2, there are a limited 
number of studies on the role of MEIS3  in cancer 
development. Lu et al. found that MEIS3 promotes gene 
transcription by binding to the cg02515217 CpG site in 
the MIR-21 (carcinogenic microRNA) promoter, resulting 
in a significant increase in its expression in a variety of  
cancers (13). In addition, Liu et al. also found that the 
expression of MEIS3 is related to the survival of ovarian 
cancer cells (14).

Abnormal expression of the MEIS family members has 

been reported in many cancers. To date, there has been 
no systematic study of this gene family in different human 
cancers, and each gene has only been studied in a few 
cancers, most of which were carried out using cell lines and/
or animal models. Therefore, in an effort to understand the 
global role of MEIS in the development and progression of 
cancer, we used 33 primary tumor data obtained from The 
Cancer Genome Atlas (TCGA) database and determined 
the differential  expression of this  gene family in 
different cancers and their relationship with the overall 
survival rate of patients. In addition, we also explored 
the correlation between the expression level of different 
MEIS genes and the tumor microenvironment (TME) 
and drug sensitivity. Our results shed light on the role 
of the MEIS family in different cancers, especially 
with respect to immune response, TME, and drug 
resistance, providing insights to strategies for developing 
personalized cancer drugs.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1163).

Methods

Data sources

TCGA pan-cancer data was downloaded from the Xena 
browser (https://xenabrowser.net/datapages/). The data 
included RNA-seq data, clinical data, stemness scores based 
on mRNA (RNAss) and DNA methylation (DNAss), and 
immune subtypes of 33 cancer types—ACC, BLCA, BRCA, 
CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC, 
KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, 
MESO, OV, PAAD, PCPG, PRAD, READ, SARC, SKCM, 
STAD, TGCT, THCA, THYM, UCEC, UCS, and UVM 
(see Table S1 for details). A survival analysis of all samples 
was carried out to investigate the relationship between gene 
expression (as a continuous variable) of each MEIS family 
member and overall survival.

Because the data from TCGA are publicly available and 
open-access, this study do not require approval by the local 
ethics committees. This study followed TCGA data access 
policies and publication guidelines.

Expression level, difference analysis, and correlation 
analysis of the MEIS family genes in pan-cancer

After obtaining the data, we first visualized the expression 
and distribution of the MEIS family genes in 33 types of 

http://dx.doi.org/10.21037/tau-20-1163
http://dx.doi.org/10.21037/tau-20-1163
https://xenabrowser.net/datapages/
https://cdn.amegroups.cn/static/public/TAU-20-1163-Supplementary.pdf
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cancers using a boxplot graph. Next, based on log2 (fold 
change), we drew heat maps of 18 tumor types with more 
than five adjacent normal samples to show the difference 
in MEIS gene expression between primary tumors and 
adjacent normal tissues. Finally, we used Spearman’s 
correlation test to calculate the gene expression correlation 
of three MEIS family members in 33 cancer types and 
visualized them.

The relationship between the MEIS family and survival 
rate of patients

Patients with 33 different cancers were divided into high 
and low MEIS expression groups according to the median 
expression of three members of the MEIS family, and a 
Kaplan-Meier survival curve was plotted to compare the 
survival differences between the two groups. In addition, we 
also used a univariate Cox proportional hazard regression 
model to detect the relationship between gene expression 
and overall survival.

Correlation analysis of immune infiltration and TME

The analysis of variance was used to test the correlation 
between MEIS expression and immune infiltrating subtypes 
in all cancer types to further understand the relationship 
between MEIS family members and immune components 
in tumors. The estimation of stromal-immune cells and 
immune cells in malignant tumors using expression data 
(ESTIMATE) algorithm is a method that uses gene 
expression information to infer the ratio of stromal cells and 
immune cells in tumor samples. We used the ESTIMATE 
algorithm to score the stroma and immunity of each sample. 
We then used the Spearman correlation test to analyze the 
infiltration level of immune and stromal cells in different 
tumors (15).

Correlation analysis of tumor stem cells and drug 
sensitivity analysis

To explore the characteristics of various tumor stem cells, 
we extracted the transcriptome and epigenetic methylation 
data of TCGA tumor samples. We then performed 
Spearman correlation tests to detect the correlation between 
tumor stem cell characteristics and MEIS expression. In 
addition, we downloaded the data of different cancer cell 
lines from the NCI-60 database (https://discover.nci.nih.

gov/cellminer/) and used the Pearson correlation test to 
explore the relationship between MEIS expression and drug 
sensitivity. We included 263 drugs approved by the FDA or 
drugs in clinical trials for correlation analysis.

Relationship between MEIS family and clear cell renal cell 
carcinoma (ccRCC)

In order to explore the correlation between MEIS 
expression and a certain type of cancer that we are 
concerned about (ccRCC in this study), we analyzed 
and visualized the correlation between MEIS family and 
immune subtypes, clinical characteristics, TME, and stem 
cells of a single tumor. In addition, to further explore the 
content of immune cells in a certain type of cancer, we 
used the CIBERSORT calculation method to analyze the 
proportion of tumor-infiltrating immune subsets. At the 
same time, quality filtering was performed, and only 539 
tumor samples with P<0.05 were analyzed.

Statistical analysis

Statistical analyses were performed using the SPSS 
software v. 22.0 (Chicago, IL, USA) and the R package 
v. 3.6.1 (https://www.r-project.org/). The linear mixed-
effects model was used to analyze the differences in gene 
expression between tumor and normal tissues. Univariate 
and multivariate Cox regression analyses or the Log-ranch 
test were used to investigate the relationship between gene 
expression and the patients’ overall survival. The association 
between gene expression and the stemness, stromal, 
immune, and estimate scores, as well as drug sensitivity, 
was given via the calculation of Spearman’s or Pearson’s 
correlation coefficients. In addition, linear regression 
was used to investigate the relationship between gene 
expression and the patients’ clinical characteristics, immune 
components, and ccRCC subtypes. Statistical significance is 
defined as P<0.05.

Ethical statement

All procedures performed in this study were in accordance 
with the Declaration of Helsinki (as revised in 2013) and no 
ethical approval was required because the data we used were 
obtained from public databases. Because of the retrospective 
nature of the research, the requirement for informed 
consent was waived.

https://discover.nci.nih.gov/cellminer/
https://discover.nci.nih.gov/cellminer/
https://www.r-project.org/
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Results

Expression of MEIS family in pan-cancer

To explore the heterogeneity of the MEIS family, we 
detected the expression level of MEIS family members in 
all 33 cancer types in TCGA pan-cancer data. We observed 
that all three MEIS family genes were overexpressed in 
cancers (Figure 1A). There was significant heterogeneity in 
the expression levels of each member of the MEIS family. 
In some tumor types, the level of expression of a particular 
gene was very high, whereas in other tumor types, the gene 
expression level was significantly downregulated or had no 
significant change (Figure 1B,C,D). These findings indicate 
that each gene needs to be studied as a separate entity in the 
future.

All MEIS family genes showed significant differential 
expression in different types of cancer, but the expression of 
each gene changed in different directions in different cancers. 
For example, MEIS3 was upregulated in most tumors, 
whereas MEIS2 was downregulated (Figure 1E). In addition, 
through the Spearman correlation test, we found that the 
expression levels of members of the MEIS family were 
positively correlated in different types of cancer (Figure 1F).

Relationship between MEIS expression and overall survival 
rate of patients

To correlate and ultimately predict which MEIS family 
members promote or inhibit tumorigenesis in which cancer 
types, we used 33 types of primary tumors to study the 
relationship between MEIS expression and overall survival. 
We found that changes in MEIS expression usually affect 
overall survival. As shown in Figure 2, whether a member of 
the MEIS family is a risk factor or a protective factor varies 
depending on the type of cancer.

The MEIS family is associated with immune response  
and TME

To understand the relationship between MEIS family 
members and immune components,  we tested the 
correlation between MEIS and immune infiltration in 
tumors. Six different types of immune infiltration have 
been found in human tumors, corresponding to tumor 
promotion and inhibition. They are C1 (wound healing), 
C2 (INF-r dominant), C3 (inflammation), C4 (lymphopenia 
dominant), C5 (immunologically quiet), and C6 (TGFβ 
dominant) (16). We correlated the immune infiltration in 

TCGA pan-cancer data with the expression levels of MEIS 
family members and visualized it (Figure 3A). The high 
expression of the MEIS family is related to the upregulation 
of C5. In particular, high expression of MEIS2 and MEIS3 
is associated with immune silencing, suggesting that the 
role of these genes in promoting or inhibiting cancer may 
be related to their immune effects.

In addition, we used the ESTIMATE algorithm to study 
the relationship between the expression level of MEIS 
and invasive stromal cells in tumors (Figure 3B). We found 
that the expression levels of the MEIS family members are 
very different from the StromalScore of different cancer 
types. Among them, the correlation between MEIS3 and 
StromalScore of various cancer types was the highest.

MEIS family is associated with tumor stem cells and 
chemosensitivity

In the process of cancer development, tumor cells 
can gradually lose their differentiation phenotype and 
obtain progenitor and stem cell-like characteristics. The 
characteristics of tumor stem cells can be measured via 
RNA stemness score (RNAss) based on mRNA expression 
and DNA stemness (DNAss) depending on the DNA 
methylation pattern (17). We found that members of the 
MEIS family were associated with RNAss and DNAss to 
varying degrees in different types of cancer (Figure 4A,B). It 
is worth noting that almost all members of the MEIS family 
are negatively correlated with RNAss (r<0). In addition, 
in STAD and TGCT, all MEIS genes were negatively 
correlated with DNAss and RNAss, whereas in THYM, 
genes were positively correlated with DNAss and negatively 
correlated with RNAss.

At the same time, we explored the relationship between 
MEIS expression and drug sensitivity. Here, we sort the 
first 16 most relevant ones according to their P values  
(Figure 4C). Further, with the increase in the expression 
of MEIS family, especially the higher the expression 
of MEIS1 and MEIS2, the less sensitive the cells are to 
chemotherapeutic drugs.

Role of the MEIS family in ccRCC 

A few previous studies have explored the role of the MEIS 
family in renal tumors (13,18,19). However, the sample sizes 
of the previous studies were small, and most of them were 
carried out in cell lines or animal models. Therefore, we 
used data from ccRCC in TCGA to explore the relationship 
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Figure 1 Expression of MEIS family in tumor and paracancerous tissues. Expression of MEIS family in 33 types of cancers (A). Expression 
of MEIS1 (B), MEIS2 (C), and MEIS3 (D) in 18 tumor types with more than five normal samples and heatmap plot (E). Gene expression 
correlation of MEIS family members in 33 cancer types (F). *P<0.05, **P<0.01, ***P<0.001. MEIS, myeloid ecotropic viral integration 
site; MEIS1, myeloid ecotropic viral integration site 1; MEIS2, myeloid ecotropic viral integration site 2; MEIS3, myeloid ecotropic viral 
integration site 3. 
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between ccRCC and the MEIS family. Figure 1 shows that 
there is a significant difference in the expression of all MEIS 
genes between ccRCC tumors and adjacent normal cells (all 
P<0.05).

In addition, we further determined the correlation 
between the MEIS family and various immune subtypes 
in the ccRCC TME. The results showed that there were 
significant differences among different immune subtypes 
of the MEIS family (Figure 5A). It is worth noting that the 
relationship between MEIS gene expression and immune 
subtypes in ccRCC contradicts that observed in the pan-
cancer data, that is, the low expression of C5 in MEIS2 and 
MEIS3.

We further analyzed the relationship between the 

clinicopathological parameters of ccRCC and the expression 
of MEIS family. The results showed that the expression of 
MEIS genes decreased with an increase in the clinical stage, 
pathological grade, and age (Figure 5B,C,D). This suggests 
that the overexpression of MEIS genes may be related to 
better clinical traits. In addition, the analysis showed that the 
expression of MEIS genes was not related to sex (Figure 5E).

We then determined the correlation between the 
expression of MEIS genes and TME and stem cell index 
in patients with ccRCC. We found that the expression of 
MEIS genes was positively correlated with StromalScore 
(Figure 6A). The expression of MEIS2  and MEIS3 
was also significantly correlated with tumor purity 
(ESTIMATEscore) (P<0.001).

 MEIS1       MEIS2 MEIS3

ACC
BLCA
BRCA
CESC
CHOL
COAD
DLBC
ESCA
GBM
HNSC
KICH
KIRC
KIRP
LAML
LGG
LIHC
LUAD
LUSC
MESO
OV
PAAD
PCPG
PRAD
READ
SARC
SKCM
STAD
TGCT
THCA
THYM
UCEC
UCS
UVM

Hazard ratio

0.01  0.1   1   10   100   1000 0.1      1      10     100 0.1      1      10     100

Figure 2 Relationship between MEIS gene expression and overall survival rate in patients with different types of cancer. MEIS, myeloid 
ecotropic viral integration site.
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Survival analysis of ccRCC shows that an increase in 
MEIS3 expression tends to decrease the survival rate, 
whereas increases in MEIS1 and MEIS2 expression levels 
tends to improve the survival rate. However, only MEIS2 
and MEIS3 showed significant associations (Figure 6B).

At the same time, we found that members of the 
MEIS family were negatively correlated with RNAss and 
that a decrease in tumor stemness was usually associated 
with better survival. This contradicts the fact that the 
overexpression of MEIS3 reduces the survival rate of 
patients, suggesting that MEIS3 might modulate the overall 
survival through other mechanisms.

In addition, by analyzing the proportion of tumor-

infiltrating immune subsets using the CIBERSORT 
algorithm, we constructed 22 types of immune cell maps 
of ccRCC samples and analyzed the correlation between 
immune cells (Figure 6C,D). The results showed that the 
two types of immune cells with the strongest positive 
correlation were CD8 T cells and follicular helper T 
cells (r=0.55), and the two types of immune cells with the 
strongest negative correlation were CD8 T cells and CD4 
memory resting T cells (r=−0.71).

Discussion

The MEIS family is a member of the triple amino acid 

Figure 3 The relationship between MEIS gene expression and tumor microenvironmental factors. The correlation between MEIS gene 
expression and immune infiltration subtypes (A). The correlation between MEIS gene expression and StromalScores (B). MEIS, myeloid 
ecotropic viral integration site. *P<0.05, **P<0.01, ***P<0.001.

A

B
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Figure 4 The relationship between MEIS gene expression and tumor stemness and drug sensitivity. The relationship between MEIS 
gene expression and RNAss (A) and DNAss (B). The relationship between MEIS gene expression and drug sensitivity (C). MEIS, myeloid 
ecotropic viral integration site.
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B
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loop extension (TALE) transcription factors, which contain 
a homologous domain and play an important role in cell 
growth and differentiation during vertebrate embryogenesis. 
Previous studies have confirmed that it plays a key role 
in tumor growth, metastasis, and diffusion, including 
participating in controlling tumor cell viability, inhibiting 
cell proliferation, and inducing cell cycle arrest. However, 
the relationship between the MEIS family and tumor 
compartment and microenvironment has not been reported.

In our study, we systematically analyzed the pan-cancer 

expression of the MEIS family for the first time. We found 
that there was significant heterogeneity in MEIS gene 
expression between different tumor types and within each 
tumor type. For example, MEIS3 is upregulated in most 
tumors, whereas MEIS2 is downregulated. In addition, 
we found that their expression was different in different 
pathological types of the same cancer, such as KICH, 
KIRC, and KIRP. A similar conclusion was also reported 
by Schulte et al. by analyzing studies on MEIS in different 
cancers. It was found that the expression of the same 

Figure 5 Immune infiltration and clinical correlation of MEIS gene expression in patients with ccRCC. Correlation between MEIS gene 
expression and immune infiltration subtypes in patients with ccRCC (A). The expression of the MEIS genes in different clinical stages (B), 
pathological grade (C), age (D), and gender (E). MEIS, myeloid ecotropic viral integration site; ccRCC, clear cell renal cell carcinoma. 
*P<0.05, **P<0.01, ***P<0.001.

D

E
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Figure 6 The expression and significance of MEIS genes in patients with ccRCC. Correlation matrix between MEIS gene expression and 
RNAss, DNAss, StromalScore, ImmuneScore, and ESTIMATEscore (A). The relationship between the expression of MEIS genes and the 
overall survival rate of patients with ccRCC, only a meaningful curve, is shown here (C). Distribution of 22 types of TICs in ccRCC tumor 
samples (D). Heatmap showing correlations for 22 types of TICs (E). MEIS, myeloid ecotropic viral integration site; ccRCC, clear cell 
renal cell carcinoma; ESTIMATE, estimation of stromal and immune cells in malignant tumor tissues using expression data; TICs, tumor-
infiltrating immune cells.
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MEIS gene may be increased in some cancer types and 
downregulated in other cancer types (5). At the same time, 
literature analysis revealed that even in the same tumor, the 
same MEIS gene could play the role of proto-oncogene 
and tumor suppressor gene (20-22). We further tested the 
relationship between MEIS expression levels and overall 
survival of patients, and the results showed that changes in 
MEIS expression were usually related to overall survival of 
patients, and the direction of the association was dependent 
on the type of cancer. We speculate that the reason for 
this phenomenon is that the activity of MEIS proteins 
may depend on the cell type and that the function of these 
proteins is determined by the cellular environment in which 
these proteins are located. This suggests that the challenge 
for cancer researchers may be to evaluate the function of 
MEIS proteins for different cell and tumor types, even for 
different subtypes of the same cancer.

TME is the environment where tumor cells survive, 
and mainly include tumor cells, many non-tumor cells 
(such as T cells, tumor-related fibroblasts, and dendritic 
cells), tumor extracellular matrix, and blood vessels 
(23,24). The relationship between the tumor and its 
microenvironment is like that between the “seed” and “soil”. 
The microenvironment provides nutrition and conditions 
for tumor growth. In the process of tumor cell growth and 
migration, non-tumor cells (mainly stromal cells and immune 
cells) can enter the tumor tissue; this phenomenon is called 
infiltration. The infiltration of stromal cells and immune cells 
is closely related to the clinical outcome (25,26), and of great 
value in tumor diagnosis and prognosis, and may be used as a 
drug target to improve the survival rate of patients.

TME plays a key role in the initiation and progression 
of cancers. It is of great significance to explore the potential 
therapeutic targets of TME remodeling and promote the 
transformation of TME from a tumor-friendly to tumor 
suppressor type (25). Our study found that all MEIS family 
members were associated with immune infiltration subtypes, 
stromal cells, and immune cell infiltration levels in the 
TME. Specifically, the high expression of the MEIS family 
is associated with the upregulation of C5. Previous studies 
by Lehrer et al. have reported that high levels of C5 (immune 
silencing) will weaken the efficacy of immune checkpoint 
inhibitors (27). It is suggested that for patients with 
advanced cancer, interfering with the expression of MEIS 
while using immune checkpoint inhibitors may benefit the 
patients. However, this idea still needs to be confirmed by 
further experiments. Stromal cells have been shown to play 
an important role in tumor growth, disease progression, and 

drug resistance. In addition, infiltrating immune cells are 
also related to tumor invasion and metastasis (28,29). These 
results suggest that the MEIS family may be a therapeutic 
target or help predict the efficacy of immune checkpoint 
modulators in cancer patients.

Analysis of MEIS family expression, tumor Stemness 
score, and drug sensitivity, showed that an increase in MEIS 
family expression, weakens the stemness characteristics, 
albeit making the cancer less sensitive to chemotherapeutic 
drugs. This seems to be contradictory, but it also explains to 
some extent, the heterogeneity of the impact of the MEIS 
family on the survival of patients with different cancers. 
Although the results suggest that MEIS may be a potential 
key target for treatment and prognosis, all findings need to 
be further verified by relevant experiments.

MEIS1 has been widely studied; Zhu et al. reported 
that MEIS1 might play an anticancer role in ccRCC (18). 
In this study, we found that the expression of MEIS1 in 
ccRCC tissue or cell line decreased, and the overexpression 
of MEIS1 inhibited the proliferation of ccRCC cells. 
This is somewhat different from the results of our study. 
The analysis of TCGA pan-cancer data shows that the 
expression of MEIS1 in ccRCC tissue is increased, although 
the increased expression of MEIS1 tends to improve the 
survival rate of patients; however, no significant difference 
was observed in the survival. We speculate that the reason 
for the above phenomenon is that the function of MEIS1 in 
cancer cells is affected by many factors, and its complex role 
in proliferation may largely depend on the TME.

In recent years, significant progress has been made in 
immunotherapy. Immune checkpoint modulators have 
become an important part of modern tumor therapy and 
have been approved for the treatment of various cancers, 
including ccRCC (30). Previous studies have reported 
that the increased density of CD8+ T cells in TME is 
associated with a good prognosis of ccRCC (31,32). 
However, several immune cells have the opposite effect. For 
example, infiltrating CD4+ T cells in TME can promote 
the proliferation of RCC cells by regulating TGF β 1/
YBX1/HIF2 α signaling (33). In addition, regulatory T 
cells (Tregs) can also inhibit tumor immune response by 
releasing immunosuppressive cytokines (34). We visualized 
immune cell infiltration in patients with ccRCC using 
the CIBERSORT algorithm, and further analyzed the 
correlation between immune cells. This can help us to 
understand the composition and interaction of various 
immune cells more intuitively in the TME of such patients, 
which may identify new therapeutic targets and ideas for 
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immunotherapy in patients with ccRCC.
At the same time, as mentioned above, almost all 

members of the MEIS family are negatively correlated 
with RNAss, suggesting that MEIS may be related to the 
sensitivity or resistance of cancer cells to chemotherapy. In 
addition, we found that the increased expression of MEIS 
genes, especially the expression of MEIS1 and MEIS2, led 
to an increase in cell resistance to chemotherapeutic drugs. 
Of course, different members of the MEIS family are also 
associated with increased drug sensitivity of some drugs. 
For example, the increased expression of MEIS2 is related 
to the increased sensitivity of cancer cells to trametinib. 
Trametinib was approved by the FDA in 2013 for the 
treatment of unresectable or metastatic melanoma with 
BRAF V600E or V600K gene mutations (35). It has also 
been reported to have satisfactory efficacy in lung cancer, 
colorectal tumors, gliomas, and other malignant tumors 
(36-38). These data suggest that MEIS may play a role in 
the sensitivity or drug resistance of tumor cells to drug 
therapy, and can be used as a therapeutic target to overcome 
drug resistance or help to increase drug sensitivity.

In this study, we discussed the differences in MEIS 
family expression in different tumors and their possible 
biological functions. We also focused on exploring the 
immune and TME, clinicopathological features, and tumor 
stem cell correlation of this gene family in patients with 
ccRCC. Nevertheless, this study has some limitations. First, 
all patient data are derived from public retrospective study 
data, so the possibility of selection bias cannot be ruled out. 
Second, because there are too many cancer types included, 
the degree of integrity of patient information varies among 
different cancer groups, and there is no normal sample 
data for several cancer types, these cancer types cannot 
be further analyzed. Third, as almost all patients in the 
database are Caucasian, the application of the conclusions 
in other populations needs to be further explored. Finally, 
we did not conduct experimental studies to explore the 
function of the MEIS family in ccRCC. Therefore, future 
studies need to be carried out in vitro and in vivo to explore 
the detailed mechanism between the expression of MEIS 
family and the occurrence and development of ccRCC, and 
to prove the conclusions of this study, in order to provide a 
direction for exploring the mechanism of this gene family in 
other cancers.

Conclusions

TCGA pan-cancer dataset will continue to be used as a 

resource for the exploration of human cancer. Using this 
data, we explored and discussed the pan-cancer expression 
and molecular characteristics of the MEIS gene family 
and its effects on immunity and TME. Our results show 
that the MEIS family plays different roles in different 
types of cancer, and we also found that their expression 
is different in different pathological types of the same 
cancer. This study will help to reveal the role of this gene 
family in tumorigenesis and development, especially in the 
immune response, TME, and drug resistance. Therefore, it 
provides ideas for carrying out relevant laboratory research 
to confirm the pertinent ideas and is also essential for the 
development of personalized cancer treatment drugs.
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Supplementary

Table S1 Abbreviations and full names of 33 cancers

Abbreviated Primary disease type

ACC Adrenocortical carcinoma

BLCA Bladder urothelial carcinoma

BRCA Breast invasive carcinoma

CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma

CHOL Cholangiocarcinoma

COAD Colon adenocarcinoma

DLBC Lymphoid neoplasm diffuse large B-cell lymphoma

ESCA Esophageal carcinoma

GBM Glioblastoma multiforme

HNSC Head and neck squamous cell carcinoma

KICH Kidney chromophobe

KIRC Kidney renal clear cell carcinoma

KIRP Kidney renal papillary cell carcinoma

LAML Acute myeloid leukemia

LGG Brain lower grade glioma

LIHC Liver hepatocellular carcinoma

LUAD Lung adenocarcinoma

LUSC Lung squamous cell carcinoma

MESO Mesothelioma

OV Ovarian serous cystadenocarcinoma

PAAD Pancreatic adenocarcinoma

PCPG Pheochromocytoma and paraganglioma

PRAD Prostate adenocarcinoma

READ Rectum adenocarcinoma

SARC Sarcoma

SKCM Skin cutaneous melanoma

STAD Stomach adenocarcinoma

TGCT Testicular germ cell tumors

THCA Thyroid carcinoma

THYM Thymoma

UCEC Uterine corpus endometrial carcinoma

UCS Uterine carcinosarcoma

UVM Uveal melanoma


