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Purpose: Myelin and lymphocyte protein (MAL) plays an essential role in esophageal 
cancer, classic Hodgkin’s lymphoma and breast cancer. However, its role in uterine corpus 
endometrial carcinoma (UCEC) has not been explored. Therefore, the current study sought to 
explore the role of MAL in UCEC.
Patients and Methods: Differentially expressed genes (DEGs) were identified by using 
Limma package in R based on TCGA-UCEC data. Kaplan–Meier plotter analysis was 
performed to explore the prognostic value of MAL. Function enrichment analyses were 
performed using GSVA. Further, roles of MAL in UCEC were validated using clinical 
cohort, which included 120 tumor and adjacent tissues. qRT-PCR and immunohistochemistry 
analyze the samples. Chi-square tests were performed to explore the associations between 
MAL expressions and clinicopathological features.
Results: The findings showed that overexpression level of MAL in tumor was corre-
lated with worse survival (p = 0.000424). MAL exhibited predictive power for survival 
time of UCEC patients (3 years: AUC = 0.635; 5 years: AUC = 0.635). Notably, high 
expression level of MAL was correlated with advanced stage of UCEC. MAL over-
expression was significant in UCEC with microsatellite instability (MSI). Enrichment 
analysis showed that MAL was enriched mainly in MYC targets, epithelial mesench-
ymal transition and KRAS signaling. Furthermore, MAL was associated with infiltra-
tion of immune cells in the tumor micro-environment and immune checkpoint. Analysis 
showed a positive association between MAL and T cell (CD4+ memory resting). 
Correlation analysis showed that MAL was significantly positively correlated with 
several immune checkpoint, including CD274 (R = 0.3389, p = 0.0081), LAG3 (R = 
0.2913, p = 0.0229), PDCD1LG2 (R = 0.5345, p < 0.0001). The prognosis value of 
MAL was confirmed through the experiment.
Conclusion: The findings of the current study indicated that MAL is an effective prognostic 
biomarker and potential therapeutic target for UCEC patients. These results indicated that 
MAL functions as a diagnosis and therapeutic marker in UCEC treatment.
Keywords: MAL, UCEC, prognosis, immune micro environment, biomarker

Introduction
UCEC is a commonly diagnosed gynecological malignancy of the genital tract. 
The current global cancer statistics report that the incidence of UCEC is 
approximately 4.4%.1 The conventional therapy for UCEC is surgery treatment 
followed by adjuvant radio- and/or chemotherapy depending on the tumor 
characteristics.2,3 Hormone therapy is an alternative treatment for patients with 
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metastatic or recurrent disease, with limited treatment 
options and those who wish to maintain their fertility.4 

Alternative therapeutic approaches for UCEC, such as 
molecular targeted therapy, have attracted increasing 
attention. Yen et al summarized several potential tar-
geted approaches for the treatment of UCEC, including 
endocrine therapy, targeting HER2/Neu, targeting PI3K- 
AKT-mTOR pathway and immune checkpoint 
inhibitors.5 Tucci et al reported immunotherapeutic 
options currently available for UCEC. IGF, EGF, geno-
mic instability and angiogenesis represent the hallmarks 
of UCEC, most investigated in the last decade with 
significant findings. In addition, adoptive T cell thera-
pies are presented as a promising strategy for the treat-
ment of UCEC.6 Tumorigenesis is highly correlated with 
abnormal activation of multiple signaling pathways, and 
molecular drugs can specifically target these abnormally 
activated signaling pathways, regulate the signaling 
pathways, reduce damage to normal cells, thus achiev-
ing effective and specific tumor killing. Temsirolimus is 
a water-soluble rapamycin ester and a highly specific 
molecular drug. Approximately 26% partial response 
rate was documented in a Phase II trial using this 
agent to treat 31 women with recurrent or metastatic 
UCEC.7 Currently, effectiveness of molecular therapy is 
unsatisfactory owing to lack of accurate biomarkers for 
molecular therapy. Therefore, there is a need to identify 
effective biomarkers for molecular therapy.

MAL8 is a prototypical member of the MAL pro-
teolipids, which belongs to a family including MAL-2, 
BENE, and plasmolipin.9–11 MAL is implicated in api-
cal transport of proteins in polarized epithelial cells.9 

Notably, MAL is highly expressed in trans-Golgi net-
work (TGN) and vesicles derived from TGN, the apical 
region of plasma membrane, and early endosome 
membranes.12 MAL is a 17 kDa protein characterized 
by glycosphingolipid and cholesterol-enriched micro-
domains (GEMs) or membrane rafts (MR). MAL can 
be self-associated, and induces molecules to be trans-
ported from the extracellular space into the cytoplasm. 
MAL-containing MR can perform similar functions as 
Clostridium perfringens ε-toxin (CPET).13–15 MAL can 
modulate cellular processes including cell motility, pro-
liferation and survival through specific pathways. MAL 
modulates tumor micro-environment thus promoting 
tumor development, in a similar mechanism as, 
Epstein–Barr virus oncoprotein LMP-1, which activates 
MEK-ERK and PIk3-Akt pathways and self-associates 

in GEMs.16 MAL is implicated in cell transformation. 
In addition, MAL is important in epithelial differentia-
tion along with glycosphingolipids17–19 and axonal seg-
regation. A previous study reported MAL protein in 
myelin synthesizing cells.20,21 Expression of MAL in 
T-lymphocytes was initially reported only in late stages 
of development, implying that it can be detected in 
mature T-cells; however, MAL-mRNA was not detected 
in proliferating T-cells.8 Notably, the role of MAL in 
UCEC has not been fully elucidated.

The Cancer Genome Atlas (TCGA) is a publicly 
funded project that aims at cataloguing and discovering 
major cancer-causing genomic alterations. High- 
throughput RNA-sequencing data from TCGA was 
used in the current study. The findings showed that 
MAL plays a role in UCEC and is a potential immu-
notherapy biomarker. The role of high expression of 
MAL on clinical prognosis was confirmed using clin-
ical data from TCGA database. In addition, the effect 
of MAL on tumor prognosis was verified through tissue 
samples.

Patients and Methods
Data Retrieval and Identification of 
Differentially Expressed mRNAs
Transcriptome data of UCEC used in this study were 
retrieved from TCGA-UCEC database. The data 
included 552 UCEC tissues and 35 adjacent normal 
tissues. This dataset comprised 23 paired samples. 
Clinical information including age, gender, tumor 
stage, pathology information, and overall survival 
(OS) were obtained. Differential gene expression 
between the two groups was analyzed using limma 
R package. P-value < 0.05 and |log 2 (fold change 
[FC])| >1 were used as the threshold criteria.

Kaplan–Meier Plotter Database Analysis
KM-Plotter database (http://kmplot.com/analysis/) 
comprises survival data of UCEC patients. 
Relationship between mRNA expression levels of 
MAL and OS in UCEC was analyzed using KM- 
Plotter database. The median of gene expression was 
used as the cutoff value to divide patient samples into 
two groups and plots were generated. Hazard ratio 
(HR), 95% confidence interval (CI), and log-rank 
p were determined.
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Gene Set Variation Analysis (GSVA)
Gene set variation analysis was performed using the 
GSVA R package. This analysis was performed to 
obtain an enrichment score and pathway by transform-
ing a classical gene matrix (gene-by-sample) into 
a gene set by sample matrix (pathway score-by sam-
ple). Patients were divided into control group and test 
group based on the expression level of MAL. The most 
significant hallmark gene-set in the enrichment analysis 
was selected as the reference gene-set. Gene ranking 
was performed using Signal2Noise metric. The thresh-
old was set at DR < 0.25 and P-value < 0.05.

Cell Type Identification by Estimating 
Relative Subsets of RNA Transcripts
To explore the landscape of immune infiltration in 
UCEC patients with high and low MAL expression 
level, CIBERSORT tool was used to determine the 
mRNA expression profile. CIBERSORT tool can effec-
tively and specifically discriminate 22 human immune 
cell phenotypes, including naive B cells, memory 
B cells, CD8 T cells, different CD4 T cell types, 
Tregs, NK cells, plasma cells, monocytes, three macro-
phage types, and dendritic cells. The average 
CIBERSORT score of MAL low-expression group and 
MAL high-expression group for the 22 immune cells 
was calculated. In addition, transcriptional expression 
level of 8 immune checkpoints was determined 
between the two groups.

Tissue Samples
Cancer tissues and their corresponding adjacent normal 
tissues from 120 cases diagnosed with UCEC at the 
Jinan Maternity and Child Health Care Hospital 
between January 2015 and January 2016. Moreover, 
clinical information was obtained from electronic med-
ical records. The tissue samples were immediately 
snap-frozen in liquid nitrogen and stored under 
−80°C for further processing. Tumor samples were 
fixed with formalin, and embedded using paraffin for 
histologic and immunohistochemical analysis. The 
study design and protocol were approved by the ethics 
committee of Jinan Maternity and Child Health Care 
Hospital. All patients included in this study signed 
informed consent forms.

Immunohistochemistry (IHC)
Immunohistochemistry was performed following standard 
protocols. Anti-MAL primary antibody and a secondary 
antibody were used to determine protein expression level 
of MAL in UCEC tumor samples. Patients were classified 
into four groups, including score 0, score 1, score 2 and 
score 3 four groups. Score 0 and score 1 represented low 
MAL expression group and score 2 and score 3 repre-
sented high MAL expression. A survival curve was plotted 
based on patients’ follow-up data.

RNA Extraction and Reverse 
Transcription and Quantitative (RT-PCR)
Total RNA was extracted from UCEC tissues using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). 
RNA was reverse-transcribed into complementary 
DNA (cDNA) using HiScript II. Further, qRT-PCR 
was performed using SYBR Green I (Vazyme, 
Shanghai, China) on ABI 7900 system (Applied 
Biosystems, Carlsbad, CA, USA). Primers for MAL, 
CD274, CTLA4, LAG3, PDCD1LG2, GAPDH are pre-
sented in Table S1.

Western Blotting
Western blotting was performed to explore protein expres-
sion levels. Radioimmunoprecipitation assay (RIPA) con-
taining protease and phosphatase inhibitors was used to 
prepare the protein extract. Lysates were then diluted with 
5× loading buffer. The mixture was then boiled at 95 °C 
for 10 min. Proteins were isolated using gradient SDS- 
page (10%). After blocking with 5% bull serum albumin 
for 2 hours, membranes were blotted with primary anti-
bodies overnight at 4°C. Protein bands in the membrane 
were visualized using ECL substrate kit.

Statistical Analysis
The relationship between MAL expression and clinicopatho-
logical factors was analyzed using the χ2 test. Survival sta-
tistics were performed using Kaplan–Meier curve and log 
rank test. Univariate and multivariate survival analyses were 
performed using Cox regression analysis. Correlation 
between MAL expression and expression of immune check-
point genes was analyzed using Pearson correlation analysis. 
Comparisons between the two groups were carried out using 
Student’s t-test. P < 0.05 was considered statistically signifi-
cant. R software was used for all analyses.
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Results
Identification of Differentially Expressed 
Genes
Differential expression analysis was performed based on 
552 cancerous and 35 adjacent normal tissues. The 
findings showed that 8887 genes were differentially 

expressed between UCEC cancerous and adjacent nor-
mal tissues (Figure 1A). Further, differential gene 
expression analysis was performed on 23 paired samples 
to reducing the bias owing to the unbalanced character-
istics of the data retrieved from TCGA-UCEC 
(Figure 1B). A total of 6747 genes were selected 

Figure 1 Differential gene expression profiles. (A) Volcano plot of DEGs based on 587 samples (552 tumor and 35 adjacent tissue). (B) Volcano plot of DEGs based on 23 
paired samples. (C) Venn diagram showing intersection of DEGs obtained by two ways. (D) Forest plot for survival outcome of DEGs based on univariate and multivariable 
survival analyses.
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based on the intersection of the first gene set and 
the second gene set (Figure 1C). Univariate and multi-
variate Cox proportional hazard analysis was performed 
using these genes to explore their prognostic value in 
predicting survival of UCEC patients. Univariate survi-
val analysis showed that 35 genes were correlated with 
the overall survival of UCEC patients (Table S2). 
Moreover, 5 cancer-promoting genes (Figure 1D), 
including RNF2P1 (HR:2.38 (1.13, 4.12)), AC012354.1 
(HR:1.43 (1.11, 1.86)), AC005381.1 (HR:2.16 (1.53, 
3.04)), PHACTR3 (HR: 1.65 (1.11, 2.44)) and MAL 
(HR: 1.22 (1.05, 1.41)) were identified by multivariate 
survival analysis.

Association Between MAL Expression 
and Clinical Prognosis in UCEC
MAL was used for further analysis as differential 
genes. Expression analysis of cancerous tissues and 
adjacent normal tissues showed that the other 4 gene 
expressions were too low for clinical application 
(Figure 2A). Notably, higher MAL expression level 
was observed in stage III and IV, indicating that 
MAL may be an oncogene in UCEC (p < 0.05, 
Figure 2B). In addition, Kaplan–Meier plotter analysis 
was performed to generate survival curve for UCEC 
patient based on MAL expression. High expression of 
MAL was correlated with poorer overall survival of 
UCEC patients (p=0.000424, Figure 2C and D). 
Moreover, MAL could accurately predict 1-year 
(AUC=0.559), 3-years (AUC=0.635) and 5-years 
(AUC=0.635) survival rates of UCEC patients 
(Figure 2E). These findings indicated that MAL is 
a potential prognosis predictor of UCEC.

Relationship Between MAL and Immune 
Response
The protein encoded by MAL is a member of MAL 
family of proteolipids. The protein is a highly hydro-
phobic integral membrane protein. The protein is 
expressed predominantly in endoplasmic reticulum of 
T-cells and compact myelin of cells in the nervous 
system. It is implicated in ligation of T cell signal 
transduction, formation, stabilization and maintenance 
of glycosphingolipid-enriched membrane microdo-
mains. Changes in expression level of MAL gene are 

associated with tumor progression. Multiple transcript 
variants of MAL arise from alternative splicing owing 
to the presence of exons 2 and 3 or not. These findings 
indicate that MAL may play a role in immune 
response; thus, CIBERSORT tool was used to analyze 
differences in micro-immune microenvironment 
between high and low MAL expression groups.

A total of 7 immune cells including B cell memory, 
T cell CD8+, T cell regulatory (Tregs), T cell gamma 
delta, NK cell activated, macrophage M1 and Myeloid 
dendritic cell activated were used in differential 
expression analysis between high and low MAL 
expression groups (Figure 3A and B). To further 
explore the role of MAL in immune response, the 
association between MAL and immune checkpoints 
was evaluated using 23 paired samples (Figure 4A). 
The findings showed a difference in CD274, CTLA4, 
LAG3 and PDCDILG2 scores between high and low 
MAL expression groups. Notably, Pearson correlation 
analysis showed correlations between MAL and CD274 
(R=0.3389, p=0.0081), CTLA4 (R=−0.2913, 
p=0.0239), LAG3 (R=0.2933, p=0.0229) and 
PDCDILG2 (R=0.5345, p < 0.0001) (Figure 4B).

Moreover, GSVA was performed to explore the 
dynamics of biological processes and pathways for 
hallmark gene sets based on MAL expression. The 
findings showed that MAL is implicated in regulating 
various cellular processes. Significantly enriched sig-
naling pathways between MAL high group and MAL 
low group were identified, including 17 upregulated 
pathways and 16 downregulated pathways. Notably, 
upregulated pathways included MYC V2 targets, 
KRAS signaling pathway, late estrogen response path-
way, myogenesis and TNFα-signaling through NFκB. 
On the other hand, downregulated pathways included 
epithelial mesenchymal transition, inflammatory 
response, IL2/STAT5 signaling, protein secretion and 
early estrogen response (Figure 5).

Expression of MAL in Clinical UCEC 
Cohorts and Its Prognosis Validation
Further, Western blotting and qRT-PCR assays were 
performed to determine MAL expression levels in 
UCEC tumor and adjacent normal tissues. qRT-PCR 
analysis showed that transcriptional expression of 
MAL was higher in tumor tissues compared with the 
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paired non-tumor controls (Figure 6A). Notably, 11 of 
the 13 pairs UCEC tissues showed higher levels of 
MAL compared with their adjacent normal tissues 
(Figure 6B). In addition, metastatic UCEC showed 
higher MAL expression level compared with non-meta-
static tissues (Figure 6C).

To validate results obtained from bioinformatics 
analysis, IHC staining assay was performed on tissue 

microarrays (TMAs) of UCEC samples of 120 cases. 
The relationship between MAL expression and clinico-
pathological features of UCEC patients is summarized 
in Table 1. Analysis showed no significant association 
between MAL expression level with age and meno-
pause. However, the findings showed that high expres-
sion of MAL was correlated with advanced histological 
grade (Figure 6D). To validate the prognostic value of 

Figure 2 MAL plays an important role in UCEC tumorigenesis and progression. (A) Quantitative analysis of differential gene expression. (B) MAL expression in different 
tumor stages. (C) Samples were divided into two groups based on expression level of MAL. (D) KM survival curve of MAL. (E) Time-dependent ROC curves for survival 
prediction. *<0.01, ****<0.00001, ns, not significant.

https://doi.org/10.2147/CMAR.S317319                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 7316

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


MAL, Kaplan–Meier analysis was performed using 
UCEC cohort. Kaplan–Meier analysis showed that 
high MAL expression level was correlated with 
a poor OS (P < 0.05) and progression-free survival 
(PFS) (P < 0.05) (Figure 6E and F).

Discussion
MAL shows different roles during development and 
progression of different cancer types. Previous studies 
report that MAL plays a role as tumor suppressor in 
esophageal cancer.22,23 A study by Mimor reported that 

promoter hypermethylation is the direct cause of low 
expression level of MAL.24 Similar findings have been 
reported in other cancer types, including colon 
cancer,25,26 breast cancer,27,28 stomach cancer,29,30 sali-
vary gland cancer,31 head and neck carcinomas,32,33 

non-small cell lung cancer,34 and bladder cancer.35 

However, overexpression of MAL has been reported 
in clear cell-ovarian carcinoma.36 Notably, in the inva-
sive serous ovarian cancer patients, MAL was asso-
ciated with short-term survival.37 Moreover, 
overexpression of MAL has been reported in primary 

Figure 3 Correlation between MAL expression and levels of immune cells in tumor micro-environment. (A and B) Levels of immune cells in tumor micro-environment in 
the MAL low and high expression groups. *<0.01, **<0.001, ***<0.0001.
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mediastinal large B-cell lymphoma,38,39 acute adult 
T-cell leukemia/lymphoma40 and classic Hodgkin’s 
lymphoma.41 Currently, studies have not fully explored 
the role and mechanism for MAL in UCEC 
oncogenesis.

In the current study, five genes related to cancer 
development and prognosis were screened based on 
TCGA data. Notably, MAL gene was used for subse-
quent analysis owing to the usefulness of the 

biomarker. Millan et al42 reported that MAL is 
involved in the formation of apical transporter and 
may be a functional component of vesicle transport 
and protein sorting between Golgi apparatus and the 
distal plasma membrane. Apical transport is transport 
of fat and protein components to the apical membrane 
based on cellular polarities. This transport mode is 
inherent in epithelial cells, and loss of functional 
polar transport is often associated with malignant 

Figure 4 Relationship between MAL expression and immune checkpoints. (A) Immune checkpoint expression levels in MAL expression high group and low expression 
groups. (B) Scatter plots showing correlation between expression level of MAL and immune checkpoints. **<0.001, ***<0.0001.
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transformation processes.43 Alonson et al8 reported that 
MAL is highly expressed in the middle and late stages 
of T cell differentiation. MAL gene is involved in 
intracellular transport, gene expression, immune regu-
lation and other important cellular processes. MAL2 
promotes endocytosis of tumor antigens through direct 
interaction with the MHC-I complex and endosome- 
associated RAB proteins. In preclinical models, deple-
tion of MAL2 in breast tumor cells significantly 
increased cytotoxicity of tumor-infiltrating CD8+T 
cells and suppressed breast tumor growth, indicating 
that MAL2 is a potential therapeutic target for breast 
cancer immunotherapy.44,45

In the current study, MAL was overexpressed in 
UCEC tumor tissues compared with adjacent normal 
tissues, and this gene was associated with shorter sur-
vival of UCEC patients. Notably, these findings were 

validated using clinical cohorts. In addition, pathway 
enrichment analysis showed that MAL was involved in 
several pathways associated with cancer. For example, 
the MAL overexpression was associated with late 
estrogen response pathway. Some studies report the 
protective effect of increasing phytoestrogen consump-
tion to reduce the risk of UCEC.46 In addition, MAL 
overexpression was correlated with several terms 
implicated in cell cycle signal pathways, such as mito-
tic spindle, G2M checkpoint and E2F target. These 
findings indicate that MAL is implicated in cell cycle 
regulation disorders that block cell differentiation and 
apoptosis, thus promoting cell proliferation in UCEC. 
Moreover, MAL is related to microenvironment factors 
(including Tregs and B cell memory and so on) and 
immune checkpoint genes (including CD274, CTLA4, 
LAG3, and PDCDILG2). Therefore, MAL may be 

Figure 5 GSVA analysis for tumor and adjacent tissue.
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a potential biomarker for immunotherapy efficacy in 
UCEC. This is the first study to explore the correlation 
between MAL and immune checkpoints.

Studies should explore cancer heterogeneity, mainly intra-
tumor heterogeneity, to develop approaches for the treatment 
of cancer. Bulk RNA sequencing studies are based on 
a collection of cells, and individual cell-specific information 
is often obscured, thus important information is missed. 
Association between MAL and UCEC prognosis is not sig-
nificant. Further studies should carry out single-cell 

sequencing to further explore the regulatory mechanism of 
MAL in UCEC.

In summary, the findings of the current study indi-
cate that MAL is overexpression in UCEC tissues and 
expression level is correlated with worse survival. 
MAL is highly correlated with crucial immune cells 
in the immune microenvironment. Therefore, MAL is 
a potential therapeutic target for UCEC. Further studies 
should be conducted to elucidate the underlying 
mechanism of MAL in UCEC. The findings of the 

Figure 6 Experimental verification of the prognostic value of MAL. (A) PCR results of the 20 paired UCEC tumor and adjacent tissues. mRNA expression level of MAL in 
tumor tissues was significantly higher compared with that in adjacent normal tissues. (B) MAL protein level was significantly higher in tumor tissues compared with that in 
adjacent normal tissues. (C) MAL protein level was significantly higher in UCEC metastasis group compared with the non-metastatic group. (D) Representative pictures of 
UCEC in tissue microarray analyzed using IHC. (E and F) MAL high expression group was associated with worse overall survival and progression free survival.
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current study provide a basis for the development of 
new therapeutic agents for patients with UCEC.
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