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Background: Clear cell renal cell carcinoma (ccRCC) is the most common histological subtype of 
malignant kidney tumor. The molecular mechanism of ccRCC is complicated, and few effective prognostic 
predictors have been applied to clinical practice. MAX dimerization protein 3 (MXD3) is generally 
considered a transcription factor of the MYC/MAX/MAD transcriptional network. This study aimed to 
investigate the impact of MXD3 in ccRCC.
Methods: Gene expression profiles and clinical data of ccRCC were downloaded from The Cancer 
Genome Atlas (TCGA) database. MXD3 expression levels between tumors and adjacent normal tissues 
were compared. The influence of MXD3 on overall survival (OS) was evaluated using the Kaplan-Meier 
method. Associations between MXD3 expression and clinical features were assessed with the Kruskal test 
and Wilcoxon test. Univariate and multivariate Cox analyses were performed to observe the impact of 
MXD3 expression and clinical features on prognosis. The correlation between MXD3 and ccRCC immune 
infiltration was estimated with TIMER. The DNA methylation levels of the MXD3 promoter were obtained 
from UALCAN. Gene set enrichment analysis (GSEA) was conducted to explore the biological signaling 
pathways.
Results: MXD3 was overexpressed in ccRCC tumor tissues compared with adjacent normal kidney tissues. 
High expression of MXD3 was significantly correlated with poor prognosis. MXD3 expression levels 
were associated with tumor grade, tumor stage, tumor (T) classification and metastasis (M) classification. 
Univariate and multivariate Cox analyses showed that high expression of MXD3 was an independent risk 
factor for OS in ccRCC. MXD3 expression was positively correlated with the infiltrating levels of B cells and 
myeloid dendritic cells, and negatively correlated with macrophages. The MXD3 promoter region tended to 
be hypomethylated in ccRCC compared with normal tissues. GSEA identified homologous recombination, 
base excision repair, and glycerophospholipid metabolism as differentially enriched in ccRCC with high 
MXD3 expression.
Conclusions: This study suggests that high expression of MXD3 is an independent risk factor for poor 
prognosis in ccRCC. MXD3 expression potentially contributes to regulation of immune infiltration and 
cell proliferation in ccRCC, and the aberrant expression of MXD3 in tumor tissues could be caused by 
hypomethylation of gene promoter. MXD3 could be an effective prognostic biomarker and potential 
therapeutic target for ccRCC.
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Introduction

Kidney cancer is a common malignant tumor with more 
than 403,000 new cases diagnosed, and approximately 
175,000 deaths are recorded every year worldwide (1). 
Renal cell carcinoma (RCC) originates from renal tubule 
epithelium and accounts for 90% of kidney cancers (2,3). 
Clear cell RCC (ccRCC) is the most frequent histological 
subtype of RCC, accounting for 80–90% of patients (4). 
The 5-year survival rate of localized ccRCC is about 65%, 
while metastatic ccRCC drops to 10–20% (5). ccRCC is 
recognized as an immunogenic and proangiogenic tumor, 
with immunotherapy and targeted therapy changing the 
treatment landscape for advanced RCC (6). Despite this, 
a substantial proportion of patients show no response to 
treatment due to innate or adaptive resistance (7). Although 
many driver gene mutations and epigenetic silencing 
of ccRCC have been discovered such as VHL, PBRM1, 
SETD2, and BAP1, drug resistance remains a significant 
barrier to treating ccRCC (8). For these reasons, exploring 
a molecular mechanism and identifying effective prognostic 
biomarkers in ccRCC is still imperative. 

MAX dimerization protein 3 (MXD3) is a basic helix-
loop-helix leucine zipper (bHLHZ) transcription factor 
affiliated with the MYC/MAX/MAD transcriptional 
network (9). The MAD family is composed of MXD1, 
MXI1, MXD3 and MXD4, which competes with MYC for 
heterodimerization with the cofactor MAX to bind DNA 
at E-box promoter sequences (9,10). MYC has been shown 
to promote cell cycle progression in many cell types, the 
MAD family known as “MYC antagonist” or “transcriptional 
repressor” inhibits cell proliferation (11). However, MXD3 
behaves as an atypical member of the MAD family, as it 
functions more like MYC. MXD1, MXI1 and MXD4 are 
abundant in postmitotic cells, while MXD3 is detected 
in proliferating cells during the S-phase (12,13). MXD3 
is overexpressed in many types of cancers and is required 
for medulloblastoma and acute lymphoblastic leukemia 
cell proliferation (14). The role of MXD3 in cancers is 
intriguing. In this study, we comprehensively analyzed the 
expression of MXD3 and its correlation with prognosis in 

ccRCC patients. These findings shed light on the important 
role of MXD3 in ccRCC and guide further preclinical 
research. We present the following article in accordance 
with the REMARK reporting checklist (available at: http://
dx.doi.org/10.21037/tau-20-1187).

Methods

Data collection and differential expression analyses

The gene expression profiles and corresponding clinical 
information of ccRCC patients were downloaded from The 
Cancer Genome Atlas (TCGA) database (https://portal.
gdc.cancer.gov/). This included 539 ccRCC samples and 72 
adjacent normal kidney samples which were retrospectively 
studied. All samples were collected from patients diagnosed 
with ccRCC undergoing surgical resection. Patients were 
selected based on the criteria of TCGA, for which the 
requisites were that ccRCC was the primary tumor and that 
the patient had undergone no prior treatment, regardless 
of stage or histologic grade. Biospecimens were frozen and 
sufficiently sized. The adjacent normal kidney tissues were 
taken from greater than 2 cm away from the tumors. RNA 
was initially extracted from samples using a modification kit 
(Qiagen) (15). 

Clinical information of 537 patients was retrieved, 
including age, gender, histologic grade, pathological stage, 
tumor, node, metastasis (TNM) classification and follow-
up information. The Mann-Whitney U test was used to 
compare the MXD3 expression levels between the 539 
tumor samples and 72 adjacent normal kidney samples. The 
Wilcoxon matched-pairs test was applied to the analysis of 
paired samples. Statistical significance was set at P<0.05. 
Statistical analysis and graph plotting were performed using 
the SPSS Statistics 25 and GraphPad Prism 8 software 
packages. 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.
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Survival analysis

To evaluate the relationship between the MXD3 expression 
and overall survival (OS), Kaplan-Meier survival analysis 
was performed using R version 3.6.1. OS was used as the 
primary endpoint and was recorded as the interval from 
diagnosis to death or the last follow-up date. The MXD3 
expression median value was used as a cut-off to define the 
high expression and low expression groups. The log-rank 
test was used to test for differences in Kaplan-Meier survival 
probability. 

Evaluation of associations between MXD3 expression and 
clinical parameters

We applied the Kruskal-Wallis test and Wilcoxon test to 
evaluate the associations between MXD3 expression and 
clinical characteristics using R version 3.6.1. Clinical factors 
related to OS were grouped. Patients were split into three 
groups based on age: “young” (less than 45 years), “middle-
aged” (45 to 59 years), and “aged” (60 and up). Gender, 
histologic grade, pathological stage and TNM classification 
were grouped according to the corresponding standards.

Assessment of independent prognostic factors of OS for 
ccRCC

Univariate and multivariate Cox regression analysis 
were performed to assess the prognostic value of MXD3 
expression, age, gender, histologic grade, pathological 
stage, and TNM classification in ccRCC. Before analysis, 
we examined the proportional hazards assumption. Data 
analysis and forest map plotting were conducted with SPSS 
Statistics 25, survival and survminer package in R. Statistical 
significance was set at P<0.05. 

TIMER database analyses

To explore the correlation between MXD3 expression 
and tumor immune infiltration, TIMER database analysis 
was carried out. TIMER is a comprehensive web resource 
designed to estimate diverse immune cells’ clinical impact in 
different tumors (http://timer.cistrome.org/) (16). It applies 
a deconvolution method to infer the composition of tumor-
infiltrating immune cells gene expression data (17). We used 
the TIMER database to investigate the correlation between 
MXD3 expression and the abundance of immune infiltrates, 
including B cells, macrophages, myeloid dendritic cells, 
CD4+ T cells, CD8+ T cells and neutrophils via immune 

association modules.

Methylation comparison and gene set enrichment analysis 
(GSEA)

To further explore the cause of the aberrant expression 
of MXD3 in ccRCC, we used the UALCAN database. 
UALCAN is a comprehensive resource for analyzing cancer 
data (http://ualcan.path.uab.edu/) and was used in this study 
to evaluate the epigenetic regulation of MXD3 expression 
by promoter methylation (18). To identify the underlying 
mechanism of MXD3 expression on ccRCC prognosis, we 
performed GSEA to determine statistically significant and 
concordant differences between the high and low expression 
groups of MXD3 using GSEA software version 4.1.0 (19). 
Gene set permutations were conducted 1,000 times with 
statistical significance set at P<0.05.

Results

MXD3 is overexpressed in ccRCC

A total of 611 samples, including 539 ccRCC samples 
and 72 adjacent normal kidney samples from the TCGA 
database, were used in this study. The MXD3 expression 
values of tumor samples and adjacent normal samples did 
not comply with the normal distribution. The Mann-
Whitney U test was used to compare the MXD3 expression 
levels of the 539 tumor samples with the 72 adjacent normal 
kidney samples. MXD3 was overexpressed in ccRCC 
significantly (P<0.001) (Figure 1A). There were 72 pairs of 
tumor tissues and matched adjacent normal tissues in the 
whole data. The MXD3 expression differences between  
72 tumor samples and paired adjacent normal samples did 
not fit a normal distribution, and the Wilcoxon matched-
pairs test was applied accordingly. MXD3 was also expressed 
higher in tumor tissues than matched adjacent normal 
tissues (P<0.001) (Figure 1B). 

Overexpression of MXD3 is associated with poor prognosis 
in ccRCC

The 537 ccRCC patients with clinical information were 
divided into two groups according to MXD3 expression. 
The median expression value was used as a cut-off to 
define the high expression and low expression groups. 
The median follow-up time was 1,082 days. Kaplan-Meier 
survival analysis showed that patients with high MXD3 
expression had significantly reduced OS compared to the 

http://ualcan.path.uab.edu/
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low expression group (P<0.001) (Figure 2). 

Associations between MXD3 expression and clinical 
features

Age, gender, clinical stage, histologic grade and TNM 
classification are important clinical features for cancer 
patients. Detailed clinical information for 537 ccRCC 
patients was available from the TCGA database (Table 1), 

and analysis of the associations between MXD3 expression 
and clinical features was conducted accordingly. MXD3 
expression was significantly associated with histologic 
grade, clinical stage, T classification and M classification 
(P<0.001), while patients of different ages, genders, 
and N classifications showed no significant difference  
(Figure 3). MXD3 was expressed higher in patients of 
high grade, stage, T classification, and M classification. 
These findings suggested that ccRCC patients with high 
expression of MXD3 tended to progress to the advanced 
tumor stage more than patients with low MXD3 expression. 

High expression of MXD3 is an independent risk factor for 
poor OS in ccRCC patients

After the exclusion of 48 patients with incomplete clinical 
information, 489 patients were included in further Cox 
regression analysis. The univariate Cox analysis of factors 
affecting OS showed that high expression of MXD3, age, 
histologic grade, clinical stage, and TNM classification were 
associated with OS in ccRCC patients (Table 2). Multivariate 
Cox regression analysis confirmed that high expression 
of MXD3 was an independent risk factor for poor OS 
(P<0.001), along with age (P<0.001), histologic grade 
(P=0.001), clinical stage (P=0.027), and N classification 
(P=0.009) (Figure 4). 

MXD3 expression is correlated with tumor-infiltrating 
immune cells

ccRCC is a type of immunogenic cancer and has an 

Figure 1 MXD3 expression levels in ccRCC and adjacent normal kidney samples. (A) Comparison of MXD3 expression between 539 
ccRCC tissues and 72 adjacent normal tissues. (B) Paired comparison of MXD3 expression between 72 ccRCC tissues and 72 matching 
adjacent normal tissues. ***, P<0.001. MXD3, MAX dimerization protein 3; ccRCC, clear cell renal cell carcinoma.
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abundance of infiltrating immune cells. Infiltrating immune 
cells are generally considered beneficial for patients to 
destroy cancer cells and influence prognosis (6). Therefore, 
we studied the correlation between MXD3 expression and 
immune infiltration in ccRCC with the TIMER database. 
The results showed that MXD3 expression had no obvious 
correlation with tumor purity, however, MXD3 expression 
had significant positive correlations with B cells’ infiltrating 
levels and myeloid dendritic cells and negative correlation 
with macrophages (Figure 5A). There were no significant 
correlations between MXD3 expression and infiltrating 
levels of CD4+ T cells, CD8+ T cells and neutrophils  
(Figure 5B). 

The MXD3 promoter region tends to be hypomethylated in 
ccRCC

To explore the reason for the high expression of MXD3 
in ccRCC, the promoter methylation levels of MXD3 
were analyzed. DNA methylation is an important 
epigenetic modification of the genome, regulating gene 
expression, and mediating epigenetic silencing in cancers 
and other diseases (20,21). Hypomethylation may induce 
chromosomal instability and gene activation (22). We 
studied the methylation levels of MXD3 promoter in 
ccRCC with the UALCAN database. The methylation 
levels of MXD3 promoter in ccRCC tended to be 
significantly hypomethylated compared with that in normal 
tissues (Figure 6A). ccRCC patients were also stratified 
according to age, gender, clinical stage, histologic grade 
and nodal metastasis. The results showed that patients 
of the aged, high clinical stage, high histologic grade 
and nodal metastasis had lower methylation levels than 
normal controls, however, promoter methylation levels 
did not change significantly in different gender subgroups 
(Figure 6B,C,D,E,F). This suggests that the promoter 
hypomethylation activate MXD3 expression in ccRCC. 

GSEA identifies MXD3 related signaling pathways

To identify signaling pathways that were differentially 
activated between high and low MXD3 expression groups 
in ccRCC, we performed GSEA analysis. The results 
showed three significant Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathways associated with high expression 
of MXD3, which were homologous recombination, base 

Table 1 Clinicopathological characteristics of patients in the 
TCGA ccRCC dataset

Characteristics Number of cases (%)

Age (years)

<45 55 (10.24)

45–59 192 (35.76)

>59 290 (54.00)

Gender

Female 191 (35.57)

Male 346 (64.43)

Grade

G1 14 (2.61)

G2 230 (42.83)

G3 207 (38.55)

G4 78 (14.53)

Unknow 8 (1.49)

Stage

I 269 (50.09)

II 57 (10.61)

III 125 (23.28)

IV 83 (15.46)

Unknow 3 (0.56)

T classification

T1 275 (51.21)

T2 69 (12.85)

T3 182 (33.89)

T4 11 (2.05)

N classification

N0 240 (44.69)

N1 17 (3.17)

Nx 280 (52.14)

M classification

M0 426 (79.33)

M1 79 (14.71)

Mx 32 (5.96)

TCGA, The Cancer Genome Atlas; ccRCC, clear cell renal cell 
carcinoma.



790 Zhang et al. MXD3 correlates with prognosis in ccRCC

  Transl Androl Urol 2021;10(2):785-796 | http://dx.doi.org/10.21037/tau-20-1187© Translational Andrology and Urology. All rights reserved.

excision repair, and glycerophospholipid metabolism  
(Figure 7). 

Discussion

ccRCC is the most common form of kidney cancer and 
has shown an increasing incidence in recent years (3). 
Approximately 20–40% of patients suffer late recurrence 
after curative surgery and patients with advanced ccRCC 
tended to have poor survival (23). Although immunotherapy 
and targeted therapy seem to yield a promising future for 

patients with ccRCC, a large proportion of patients receive 
no benefit from these therapies. The molecular mechanism 
of ccRCC has still not been elucidated completely and, 
until now, there has been no effective prognostic predictor 
for clinical practice. MXD3 is an atypical member of 
the MAD family, functioning more like MYC than an 
MYC antagonist. Within the canonical MYC/MAX/
MXD network, the MAD family competes with MYC 
to heterodimerize with MAX to serve as transcription 
repressor. MXD3 is also found to be expressed in the 
S-phase of the cell cycle compared to other MAD family 

Figure 3 Associations between MXD3 expression and clinical parameters. (A) Age, P=0.802. (B) Gender, P=0.43. (C) Histologic grade, 
P<0.001. (D) Clinical stage, P<0.001. (E) T classification, P<0.001. (F) N classification, P=0.087. (G) M classification, P<0.001. T, tumor; N, 
node, M, metastasis. MXD3, MAX dimerization protein 3.
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Table 2 Univariate analysis of factors associated with OS in ccRCC

Parameter
Univariate analysis

HR 95% CI P value

Age 1.033 1.019–1.047 <0.001

Gender 0.931 0.675–1.284 0.663

Grade 2.293 1.854–2.836 <0.001

Stage 1.889 1.649–2.164 <0.001

T classification 1.941 1.639–2.299 <0.001

M classification 4.284 3.106–5.908 <0.001

N classification 1.578 1.193–2.088 0.001

MXD3 expression 1.662 1.466–1.884 <0.001

OS, overall survival; ccRCC, clear cell renal cell carcinoma; T, tumor; N, node; M, metastasis; MXD3, MAX dimerization protein 3; HR, 
hazard ratio; CI, confidence interval. 

P<0.001 P<0.001

P<0.001P<0.001



791Translational Andrology and Urology, Vol 10, No 2 February 2021

  Transl Androl Urol 2021;10(2):785-796 | http://dx.doi.org/10.21037/tau-20-1187© Translational Andrology and Urology. All rights reserved.

members in differentiated cells (24). The role of MXD3 
in cell proliferation and tumorigenesis, along with its 
prognostic value in ccRCC is unclear. We performed 
comprehensive analyses integrating mRNA expression with 
clinical outcomes, tumor immune infiltration and promoter 
methylation to evaluate the value of MXD3 in ccRCC.

In this study, we analyzed the expression levels of 
MXD3 and prognostic influence in ccRCC. The aberrant 
expression levels of MXD3 between tumor and normal 
tissues have been observed in several cancers. MXD3 
expression has been observed to be elevated in glioblastoma, 
medulloblastoma, neuroblastoma, hepatocellular carcinoma 
and precursor B-cell acute lymphoblastic leukemia 
(14,25-28). MXD3 is recommended as a prognostic and 
progression biomarker for hepatocellular carcinoma (27). 
We compared MXD3 expression in ccRCC with normal 
tissues using data from the TCGA database. The data sets 
showed that MXD3 expression was markedly higher in 
tumor tissues than normal tissues on the mRNA level. The 

paired comparison method was also applied, and the results 
were consistent. The Kaplan-Meier curve for OS showed 
that overexpression of MXD3 predicts poor prognosis. 
Univariate Cox analysis indicated that high expression of 
MXD3 was a potential independent prognostic factor for 
ccRCC. Multivariate Cox analysis confirmed the prognostic 
value of MXD3. Age, histologic tumor grade, clinical stage, 
and N classification were also presented to be independent 
risk factors for OS of ccRCC patients by multiple Cox 
analyses, which was in accordance with previous studies (29). 
Molecular markers can improve the accuracy of prognostic 
models (30). MXD3 shows valuable clinical application 
prospect in the prognostic prediction of ccRCC.

There was  no s ignif icant  di f ference in MXD3 
expression among different groups divided by age, 
gender, or nodal metastasis, however, we found that 
MXD3 expression was associated with histologic grade, 
clinical stage, T classification and M classification. The 
MXD3 expression increased as the tumor progressed to 

Figure 4 Forest plot of factors and their effect on OS by multivariate cox regression analysis. *, P<0.05; **, P<0.01; ***, P<0.001. HR, hazard 
ratio; CI, confidence interval; T, tumor; N, node, M, metastasis; MXD3, MAX dimerization protein 3; OS, overall survival; AIC, Akaike’s 
information criterion.
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higher levels. It has been reported that MXD3 promotes 
granule neuron precursor proliferation and is also 
necessary for medulloblastoma cell proliferation (25,31). 
Human precursor B acute lymphoblastic leukemia cells 
are also shown to be enhanced in apoptosis with loss of  
MXD3 (32). The selective expression pattern and potential 
role in tumorigenesis of MXD3 indicate that it may serve 
as a novel therapy target. MXD3 siRNA nanocomplexes 
have been developed to treat neuroblastoma and precursor 
B-cell acute lymphoblastic leukemia (26,28,33). MXD3 
antisense oligonucleotides show promising prospect to 
be a new therapeutic regimen in specific cancers of the 
central nervous system and hematologic system. Drugs of 
this type could induce side effects such as cytotoxicity or 
inflammatory response because a fraction of nanoparticles 
or their remnants remains in cells. The cytotoxicity may 
be reduced with the degradation of the remnants or by 
modification of the nanoparticles. Modified antisense 

oligonucleotides nanocomplexes can be delivered 
intracellularly without major toxicity, and when combined 
with conventional chemotherapy it can also reduce dosage 
and lessen risks of chemotherapy drugs. Considering the 
characteristic gene expression and prognostic influence of 
MXD3 in ccRCC, MXD3 may be a novel therapeutic target 
for ccRCC. 

RCC stands out as an abundant immune-infiltrated 
tumor, and the tumor microenvironment profoundly 
affects the response to therapy (34). We investigated 
the correlations between MXD3 expression and diverse 
immune infiltration levels in ccRCC. The results revealed 
positive relationships between MXD3 expression and 
infiltration of B cells and myeloid dendritic cells, significant 
negative correlations between infiltration of macrophages 
and MXD3 expression. Although much research regarding 
tumor immunity is focused on T cells, research around B 
cells’ role in tumors is still in the nascent period. B cells 

A

B

Figure 5 Correlations of MXD3 expression and immune infiltration levels in ccRCC. (A) MXD3 expression was positively correlated 
with B cells (P=3.82e−04) and myeloid dendritic cells (P=1.11e−02) and negatively correlated with macrophages (P=3.64e−16). (B) MXD3 
expression had no significant correlations with infiltrating levels of CD4+ T cells, CD8+ T cells and neutrophils. MXD3, MAX dimerization 
protein 3; ccRCC, clear cell renal cell carcinoma.
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can positively regulate antitumor immunity by producing 
antibodies, cytokines, and acting as antigen-presenting cells, 
while the immunosuppressive effects of B regulatory cells 
are increasingly appreciated (35). The absence of B cells 
could enhance the antitumor response (36). Dendritic cells 
are versatile and potent antigen-presenting cells to induce 

T cells and B cells responses (37). Macrophages show a 
dual role in tumor progression that express suppress or 
promote functional programs by M1/M2 polarization (38). 
The correlations between MXD3 expression and immune 
cell infiltration suggest that MXD3 may influence the 
recruitment and regulation of infiltrating immune cells and 
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Figure 7 KEGG enrichment plots from GSEA. The GSEA results showed that genes involved in homologous recombination (A), 
base excision repair (B) and glycerophospholipid metabolism (C) were enriched in the high MXD3 expression group. KEGG, Kyoto 
Encyclopedia of Genes and Genomes; GSEA, gene set enrichment analysis; MXD3, MAX dimerization protein 3.
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indicate the potential mechanism whereby MXD3 regulates 
tumor microenvironment in ccRCC. 

MXD3 has been demonstrated to be a transcriptional 
target of E2F1 (39).  However, the causes of high 
expression of MXD3 in ccRCC have not been clarified. We 
investigated the methylation level in ccRCC and found that 
the methylation levels of MXD3 promoter in tumor tissues 
were significantly reduced compared with normal controls. 
Gene expression may be activated due to hypomethylation 
of gene promoter, the elevated MXD3 expression may be 
explained by its hypomethylation. The methylation levels 
of aged patients were lower than those seen in young 
patients, which was in consistent with the results of previous  
studies (40). There was no significant difference in 
methylation between female and male groups, which was 
in accordance with MXD3 expression levels. Patients with 
higher clinical stage, histologic grade, and N classification 
showed lower methylation levels, which confirmed the 
rationality of hypomethylation up-regulating MXD3 
expression in ccRCC. 

GSEA identified three important signaling pathways 
between high and low MXD3 expression groups: 
homologous recombination,  base excision repair, 
and glycerophospholipid metabolism. Homologous 
recombination and base excision are important biological 
behaviors for accessing genetic information in the context of 
cell proliferation (41,42). Glycerophospholipid metabolism 
is an important metabolic activity in cells, which not 
only provides basic components for cellular structure but 
also functions in signaling transduction and cancers (43). 
Considering MXD3 is preferentially expressed in the 
S-phase of the cell cycle, all results indicate that MXD3 
may play important roles in the cell proliferation of ccRCC.

Conclusions

This study comprehensively analyzed the differential 
expression of MXD3 between ccRCC and normal kidney 
tissues. Overexpression of MXD3 was correlated with poor 
prognosis and high expression of MXD3 was associated with 
hypomethylation of MXD3 promoter in ccRCC. MXD3 
may play important roles in cell proliferation and immune 
infiltration of ccRCC, and the underlying mechanism 
will be verified in further research. In conclusion, MXD3 
shows promising clinical prospect and could be an effective 
prognostic biomarker and potential therapeutic target for 
ccRCC.
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