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Systematic analysis of the expression profiles and prognostic
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Abstract. The mediator complex (MED) family is a contrib-
uting factor in the regulation of transcription and proliferation
of cells, and is closely associated with the development of
various types of cancer. However, the significance of the
expression levels and prognostic value of MED genes in
kidney renal clear cell carcinoma (KIRC) have rarely been
reported. The present study analyzed the expression and
prognostic potential of MED genes in KIRC. The Search Tool
for the Retrieval of Interacting Genes/Proteins was used to
construct the protein-protein interaction network (PPI), the
Assistant for Clinical Bioinformatics database was used to
perform correlation analysis, GEPIA 2 was utilized to draw
the Kaplan-Meier plot and analyze prognostic significance and
the Tumor Immune Estimation Resource was used to assess
the association of MED genes with the infiltration of immune
cells in patients with KIRC. A total of 30 MED genes were
identified, and among these genes, 11 were selected for the
creation of a prognostic gene signature based on the results of
a LASSO Cox regression analysis. Furthermore, according to
univariate and multivariate analyses, MED7, MED16, MED21,
MED?25 and MED29 may be valuable independent predic-
tive biomarkers for the prognosis of individuals with KIRC.
Furthermore, there were significant differences in the expres-
sion levels of MED7, MED21 and MED25 in KIRC among
different tumor grades. Additionally, patients with KIRC with

Correspondence to: Dr Jia Mai or Dr Xiaojuan Liu, Department of
Laboratory Medicine, West China Second University Hospital,
Sichuan University, 20, Section 3, Ren Min Nan Lu, Chengdu,
Sichuan 610041, P.R. China

E-mail: maijia@mail2.sysu.edu.cn

E-mail: xiaojuanliul979@163.com

Abbreviations: MED, mediator complex; KIRC, kidney renal clear
cell carcinoma; PPI, protein-protein interaction; TCGA, The Cancer
Genome Atlas; GO, Gene Ontology

Key words: bioinformatics analysis, MED gene family, renal clear
cell carcinoma

high transcription levels of MED7, MED21 and MED29 had
considerably longer overall survival times. The expression
levels of MED genes were also linked to the infiltration of
several immune cells. Overall, MED genes may have potential
significance in predicting the prognosis of patients with KIRC.

Introduction

Kidney cancer has been one of the top 10 most common types
of cancer worldwide for a number of years (1). The incidence of
malignant kidney tumors accounts for ~2% of all cancer cases
worldwide. Due to various histological and genetic mutations,
there are several subtypes of renal cancer, and kidney renal
clear cell carcinoma (KIRC) is the most prevalent subtype,
accounting for 80% of adult clinical cases worldwide (2,3).
The most typical scenario in KIRC is VHL gene mutation
or methylation. The tumor suppressor gene VHL encoded by
chromosomal arm 3p is widely lost in KIRC (4,5). Patients
with VHL mutations have a greater lifetime risk of recurrent
cancer, along with an increased risk of tumor development in
several organs (2). Notably, to the best of our knowledge, no
genetic biomarker has been identified as a viable predictor
of KIRC prognosis or treatment outcome; therefore, efforts
should be made to develop effective biomarkers.

The mediator complex (MED) gene family forms a
multiprotein complex that connects transcription factors to
RNA polymerase II, which extensively participates in the
proliferation, differentiation and migration of cells (6). Notably,
the MED is a protein complex that has evolved to mediate
specific protein-protein interactions (PPIs) (7). The MED is
evolutionarily conserved and has a similar structure in both
yeast and humans, containing a head, middle, tail and kinase
module (8). In general, the MED is considered to be a tran-
scriptional coactivator; however, it was previously identified
as a genetic suppressor of the Ras/MAP kinase pathway (9).
Mediator subunits serve a role in cellular signaling pathways,
including EGFR signaling, Wnt signaling and ERK/MAPK
signaling (10). Furthermore, as a highly conserved member
of the MED family, MED21 can affect PPARA-related gene
expression and metabolism (11). In addition, loss of MED7 has
been demonstrated to have a substantial impact on numerous
aspects of cellular function, including metabolism (12).
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Notably, there is a strong relationship between the MED
family and cancer biology; for example, a mechanistic inves-
tigation indicated that MEDI19 is highly expressed in breast
cancer tissues, and is significantly related to larger tumors,
high-grade malignant characteristics and poor prognosis (13).
Another study also showed that most uterine leiomyomas have
mutations in MEDI12 exon 2 (14). Furthermore, it has been
revealed that MEDI19 disruption prevents tongue cancer cells
from proliferating and migrating (15). In addition, MED7 has
been linked to improved long-term survival outcomes and
favorable prognostic traits in patients with breast cancer, and
its expression is increased in hepatocellular carcinoma (HCC)
and is related to the progression of HCC (16,17). Moreover,
high MED21 expression levels are associated with poor HCC
prognosis, according to a comprehensive analysis (18). The
nuclear transcription-related protein NF-«B is involved in cell
adhesion, proliferation and differentiation, and is often active
in tumor cells; according to a previous study, transcription of
a reporter gene (firefly luciferase) controlled by NF-xB can be
inhibited by MED21 RNA interference (RNA1i) (19).

Although a number of research studies have been conducted
to investigate the underlying mechanisms involved in various
malignancies, to the best of our knowledge, no investigations
have focused on the therapeutic and prognostic value of the
MED family in patients with KIRC or other types of kidney
cancer. Therefore, the present study aimed to analyze the
expression and prognostic significance of MED in KIRC. The
present study used bioinformatics to examine the predictive
value of the MED gene family in KIRC and created a risk
score based on public databases. The present findings may
offer novel insights into selecting MED genes as appropriate
prognostic biomarkers in KIRC.

Materials and methods

Data acquisition and analysis. mRNA expression data and
relevant clinical information of 532 patients were collected
from The Cancer Genome Atlas (TCGA)-KIRC dataset
(https://portal.gdc.cancer.gov/), and the acquisition and appli-
cation methodology followed the corresponding guidelines and
policies. R (version 4.0.3) software (https:/www.r-project.org/)
and R Bioconductor packages (http:/bioconductor.org/) were
utilized to examine the data. There were no ethical concerns
because these data were available online. Additionally, not all
of the information, such as overall survival data, was available
for all of the data parameters.

Construction of the PPI. The MED is a protein complex that
has evolved to mediate specific PPIs (7). PPI network analysis
was used to examine the potential interactions between the
MED genes. The Search Tool for the Retrieval of Interacting
Genes/Proteins (version 11.5) (https://cn.stringdb.org/) was
used to construct a PPI network. A total of 30 MED genes
were entered into the search box. The active interaction
sources selected included text mining, experiments, databases,
co-expression, neighborhood, gene fusion and co-occurrence;
the minimal needed interaction score was set at 0.4.

Correlation analysis. For TCGA-KIRC cohort, RNA-
sequencing expression profiles and associated clinical data

were obtained from TCGA dataset. The R software package
ggstatsplot (https://indrajeetpatil.github.io/ggstatsplot/) was
used to construct a two-gene correlation map. The correlation
between quantitative variables was assessed using Spearman's
correlation analysis for non-normally distributed data. P<0.05
was considered to indicate a statistically significant difference,
and correlation coefficients >0.3 were considered to indicate a
correlation. The website Assistant for Clinical Bioinformatics
(https://www.aclbi.com/static/index.html#/), which integrates
all of these features, was used for these analyses.

Functional and pathway enrichment analyses. Using the
clusterProfiler R package (https://www.bioconductor.org/pack-
ages/release/bioc/html/clusterProfiler.html), Gene Ontology
(GO) analysis was carried out to determine the putative
biological roles of the 30 MED genes. Thresholds of P<0.05
and gq<1 were set for the GO enrichment analyses.

Identification of molecular subtypes. All of these analyses
were carried out using the web application Assistant for
Clinical Bioinformatics (https://www.aclbi.com/static/index.
html#/). TCGA data were used to obtain raw RNA-sequencing
data and related clinical data, and a cluster analysis of 30
MED genes in 532 patients with KIRC was performed. In
addition, ConsensusClusterPlus (version 1.60.0) was used for
consistency analysis. The number of clusters was limited to
six, and 80% of the entire sample was analyzed 100 times.
Clustering heatmaps were created using the Pheatmap
package (version 1.0.12). The survival ROC program was
used to construct survival curves after analyzing prognostic
differences among distinct subgroups (groups C1, C2 and C3).

Construction of the risk assessment model. All these analyses
were performed using the web tool called ASSISTANT for
Clinical Bioinformatics that combines all these functions
(https://www.aclbi.com/static/index.html#/). The logistic
LASSO model is a shrinkage technique that positively chooses
variables from a sizable and potentially multicollinear set in the
regression, producing a set of predictors that is pertinent and
understandable. Using LASSO regression analysis, a predictive
signature was created that divided 532 patients into high-risk
and low-risk groups by calculating the customized risk score
with coefficients, and the cut-off value was the median risk
score. Kaplan-Meier survival analysis with log-rank test was
then performed to analyze the differences in survival between
the aforementioned two groups. Additionally, to compare the
prediction accuracy of each gene and risk score, a TimeROC
(v 0.4) analysis was performed.

Survival prognostic analysis. The overall survival (OS) data
for MED genes in TCGA-KIRC cohort were obtained and
processed using GEPIA 2 (http://gepia2.cancer-pku.cn/). The
expression thresholds, cut-off high (50%) and cut-ff low (50%),
were used to divide 532 patients into high- and low-expression
cohorts, respectively. The log-rank test was used to analyze
the OS data. P<0.05 was considered to indicate a statistically
significant difference.

Establishment of a five-gene-based prognostic gene signature.
Univariate and multivariate analyses were performed using
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Table I. siRNA sequences against human MED7 and MED21 genes.

siRNA Sense, 5'-3'

Antisense, 5'-3'

MED7-siRNA1
MED7-siRNA2
MED?21-siRNAI
MED21-siRNA2
siRNA-UNC

CAAGGAAUAUACGGAUGAA(AT)(dT)
CCUGGAACGAGUAAUUGAA(dT)(dT)
CAGGCUGCUAGCUUGUAUA(T)(dT)
GGAGGAUGUUGUUUAUCGA(dT)(dT)
UUCUCCGAACGUGUCACGU(dT)(dT)

UUCAUCCGUAUAUUCCUUG(AT)(dT)
UUCAAUUACUCGUUCCAGG(AT)(dT)
UAUACAAGCUAGCAGCCUG(AT)(AT)
UCGAUAAACAACAUCCUCC(AT)(dT)
ACGUGACACGUUCGGAGAA(dT)(dT)

MED, mediator complex; UNC, universal negative control; siRNA, small interfering RNA.

the Cox regression model approach. These analyses can assess
whether the predictive gene signature could be a factor that
does not depend on other pathological or clinical factors,
such as age, sex, pathological tumor-node-metastasis (TNM)
stage, and tumor grade. P<0.05 was considered to indicate a
statistically significant difference. All independent prognostic
factors identified by multivariate Cox regression analysis were
used to construct a nomogram to explore the likelihood of
1-, 2-, 3- and 5-year OS in patients with KIRC. All of these
analyses were carried out using the Assistant for Clinical
Bioinformatics web tool.

Immune infiltration analysis. The Tumor Immune Estimation
Resource (TIMER; http://timer.cistrome.org/) was used to
investigate the relationships between MED7, MED16, MED21,
MED?25 and MED29 expression, and immune infiltration
across TCGA-KIRC cohort. CD8* T cells, CD4* T cells, B
cells and macrophages were chosen as the immune cells for
analysis. The TIMER method was used to estimate immu-
nological infiltration. The purity-adjusted Spearman's rank
correlation test was used to generate the estimated P-value
to assess the relationships between MED genes and invading
immune cells.

Immunohistochemistry (IHC) analysis. KIRC tissues
and paired adjacent normal tissues from 10 patients (age,
37-77 years) were used for the IHC analysis. KIRC tissue chips
(cat. no. HKidEO20PGO1) fixed in 4% paraformaldehyde at
room temperature for 48 h and embedded in paraffin were
purchased from Shanghai Xinchao Biological Technology Co.,
Ltd. The tissue chips were successively placed in xylene for
10 min, absolute ethanol for 5 min and 75% alcohol for 5 min,
and washed with pure water. The tissue sections were placed in
Tris-EDTA antigen repair buffer (pH 9) in a microwave oven
for antigen repair. The solution was heated at medium heat
for 8 min and kept warm for 8 min before being transferred
to medium and low heat for 7 min. After natural cooling, the
glass slides were placed in PBS (pH 7.2-7.4) and washed on
a decolorization shaker three times for 5 min each, followed
by incubation with 0.1% Triton X-100 at room temperature
for 10 min for permeabilization. The glass slides were placed
in PBS (pH 7.2-7.4) and washed on a decolorization shaker
three times for 5 min each. A total of 50 ul 5-10% normal
goat serum (cat. no. ab7481; Abcam) was added per chip for
blocking (1:19 fold dilution) at room temperature for 30 min.
Immunohistochemical staining of the paraffin-embedded

tumor tissues was performed using primary antibodies against
MED7 (1;200; cat. no. K107987P; Beijing Solarbio Science &
Technology Co., Ltd.) and MED21 (1;200; cat. no. K107312P;
Beijing Solarbio Science & Technology Co., Ltd.) at 4°C over-
night, HRP-conjugated goat anti-rabbit secondary antibodies
(1:200; cat. no. GB23303; Wuhan Servicebio Technology Co.,
Ltd.) at room temperature for 1 h, and an ABC Elite immu-
noperoxidase kit (Wuhan Servicebio Technology Co., Ltd.)
according to the manufacturer's instructions. Subsequently,
an optical microscope was used to examine all visible fields,
and the particles in the cell cytoplasm that were stained brown
were considered positive. IHC analysis of human samples was
approved by the Institutional Review Board of West China
Second University Hospital (ethics approval no. 2023-012;
Chengdu, China). All procedures complied with the applicable
norms and regulations.

Cell culture and reagents. The 786-0 cells (human clear cell
adenocarcinoma cells) were purchased from Procell Life
Science & Technology Co., Ltd., and were maintained in RPMI
1640 (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS (Nanjing SenBeiJia Biological Technology Co.,
Ltd.) at 37°C in an incubator containing 5% CO,.

Small interfering RNA (siRNA) transfection and transfection
efficiency verification. The corresponding siRNAs were
designed to disrupt the gene expression of MED7 and MED21
(Table I). Briefly, 786-0 tumor cells (6x10° per well) were
seeded in 6-well plates the day before, and when the cell
density reached 80% on the 2nd day, 100 pmol siRNA and
Lipofectamine® 2000 (cat. no. 100014469; Invitrogen; Thermo
Fisher Scientific, Inc.) mixture was added according to the
standard protocol. The culture medium was changed after
6 h, and the plates were incubated at 37°C in an incubator
containing 5% CO2. After 48 h, other assays were performed
and TRIzol® (cat. no. 15596018CN; Invitrogen; Thermo Fisher
Scientific, Inc.) was used to extract the RNA. Subsequently,
the Evo M-MLV RT Mix Kit (cat. no. AG11728; Accurate
Biology) was used to perform reverse transcription PCR
(RT-PCR) according to the manufacturer's protocol, and then
SsoFast™ EvaGreen® Supermix (cat. no. 1725200; Bio-Rad
Laboratories, Inc.) was used to perform quantitative PCR
(qQPCR) according to the manufacturer's instructions. The
thermocycling conditions were as follows: Pre-denaturation
at 95°C for 5 min, followed by 40 cycles of denaturation at
95°C for 10 sec, annealing at 60°C for 30 sec and extension
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Figure 1. Correlation analysis of the MED gene family, and its associated pathways and molecular functions. (A) Protein-protein interaction network of the
MED gene family. (B) Correlations between 30 MED genes with each other. (C) GO BPs of the MED gene family. (D) GO CCs of the MED gene family. BP,
biological process; CC, cellular component; GO, Gene Ontology; MED, mediator complex.

at 60°C for 30 sec. The results were analyzed using the 2-44¢4
method to verify the transfection efficiency (20). The primer
sequences were as follows: MED7, forward 5-TATTCAAGA
AGGCTTAGCTCCC-3', reverse 5-"TCATCACATTGGAAC
TGATTGC-3'; MED21, forward 5'-GCAGATCAGTTTTGT
AATGCCA-3, reverse 5-"-AAGCAGCTGTAGATTCTTCAC
T-3'; GAPDH, forward 5-TGCACCACCAACTGCTTAGC-3'
and reverse 5-GGCATGGACTGTGGTCATGAG-3".

Transwell assay. For the migration assay, 24-well Transwell
inserts (pore size, 8 ym; cat. no. 11310; BeiJing LABSELECT;)
were used. To the upper chamber of the Transwell inserts,
786-0 tumor cells (1x10%) were plated in 200 ul FBS-free
culture medium. To the lower chamber, 600 ul culture medium
containing 10% FBS was added as a chemoattractant. After
48 h of culture in a 37°C incubator, the cells that had migrated
the lower surface of the filters were fixed in 4% formaldehyde
at room temperature for 10 min and stained with 0.1% crystal
violet solution at room temperature for 10 min, and observed
under a light microscope.

Wound healing assay. Briefly, 786-0 tumor cells (6x10° cells
per well) were seeded in 6-well plates the day before, and the
culture medium was supplemented with 2% FBS. When the
cell confluence reached nearly 100%, a wound was created by
manually scraping the cell monolayer with a 200-u1 pipette tip.
A light microscope camera was used to visualize the changes
in the wound at 0 and 24 h.

Statistical analysis. R version 4.0.3 was used for statis-
tical analysis. The Kaplan-Meier method was used to
plot survival curves. Log-rank tests, and multivariate and
univariate Cox proportional hazards regression analysis
were used to generate P-values and hazard ratios (HRs)
with 95% confidence interval (CI) values for Kaplan-Meier
curves. Unpaired two-tailed Student's t-test was used to
analyze the data between two groups, and one-way ANOVA
was used to analyze the data among three or more groups,
and Dunnett's test was used as the post hoc multiple
comparisons test. In addition, Shapiro-Wilk test was used
to assess data normality. Assays were repeated three times.
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Figure 2. Patients with kidney renal clear cell carcinoma were divided into different molecular types in accordance with the MED gene family. (A) CDF curve.
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P<0.05 was considered to indicate a statistically significant
difference.

Results

Relationships within the MED gene family. According to the PPI
analysis results, the details were as follows: Number of nodes,
30; number of edges, 435; mean node degree, 29; PPI enrich-
ment, P<1.0x10'°. These numbers suggested that the MED
family genes interacted strongly (Fig. 1A). Additionally, the
relationships between MED family genes were determined by
examining their mRNA expression in KIRC with the R software
package ggstatsplot, which included Spearman's correlation
analysis. The findings revealed substantial correlations between
genes, such as between MEDI and MEDI13, between MED14
and MEDI3, and between MEDI3L and MED23 (Fig. 1B).
Functional enrichment analysis revealed that ‘transcription
initiation from RNA polymerase II promoter’, ‘DNA-templated

transcription, initiation’, ‘stem cell population maintenance’ and
‘maintenance of cell number’ were significantly related to MED
family genes (Fig. 1C). Additionally, ‘mediator complex’ and
‘transcription factor complex” were the most common cellular
components (Fig. 1D).

Molecular subtype of KIRC based on MED family genes.
The unsupervised clustering of 532 samples from patients
with KIRC for MED family genes was carried out using
ConsensusClusterPlus software. The maximum number of
clusters was six (Fig. 2A), and the cumulative distribution
function curve of the MED family genes revealed that k=3
was a good candidate for clustering (Fig. 2B). In addition, the
heatmap of the clustering results displayed in Fig. 2C demon-
strated a relatively consistent distribution of samples in the
three clusters (C1, C2 and C3). As a result, patients with KIRC
were classified into C1, C2 and C3 subtypes. To examine the
expression of MED genes in the three subtypes, a heatmap
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was created (Fig. 2D). Survival analysis revealed a significant
difference among the C1 (n=267), C2 (n=196) and C3 (n=69)
subtypes. Compared with those in the C2 and C3 subtypes, the
prognosis of patients in the C1 subtype was better (Fig. 2E).

Construction andvalidation of an 11-gene signature in patients
with KIRC. The most important prognostic genes within the
MED family were identified using the LASSO regression
technique. According to the independent variable change
trajectory, there were more independent variable coefficients
with a tendency to zero as A steadily decreased. When variable
coefficients reached zero, it meant these variables contributed
little to the model at this point, and they can be excluded in
the model (Fig. 3A). Based on this, the 10-fold cross-validation

approach was used to create a risk model and the CI under
each A was examined (Fig. 3B). The risk model included
11 MED genes, and the details of the formula used were as
follows: Risk score=(0.2023) x MEDIO0 + (-0.1896) x MEDI11 +
(-0.2343) x MEDI12L + (0.0053) x MED15 + (-0.38) x MED16 +
(-0.1433) x MEDI18 + (-0.0739) x MED21 + (0.7374) x MED25 +
(-0.4641) x MED29 + (-0.4498) x MED7 + (0.4838) x MEDS.
The risk score of each patient with KIRC was calculated, and
based on the median risk score (cut-off value, -2.2), the patients
were divided into two groups: Low-risk (n=266) and high-risk
(n=266). The distribution of the 11 genes in all the samples
showed that patients in the high-risk group had higher levels
of MED25 expression. The individuals in the low-risk group,
however, were more likely to express MED7 and MED21



Bz SPANDIDOS
LA »2 PUBLICATIONS

Uni_cox P-value Hazard ratio (95%CI)

MED10 0.80911  1.03735 (0.77039,1.39684) —e—

MED11 0.01141  0.66164 (0.48046,0.91116) o

MED12L 0.06353  0.37513 (0.13316,1.05677) H&——

MED15 0.10508  1.27919 (0.94977,1.72287) —e—

MED16 0.00447  0.7422 (0.60432,0.91156) A

MED18 0.00077  0.64535 (0.49999,0.83296) e

MED21 <0.0001  0.57588 (0.46795,0.70869) ¥

MED25 0.0136 150571 (1.08786,2.08406) ——

MED29 4x105 053217 (0.39366,0.71942) e

MED7 <0.0001  0.51246 (0.38987 ,0.67359) -

MED8 0.57328  1.11104 (0.77018,1.60276) —e—

Age 1x1075 1.02909 (1.01633, 1.042) ®

Sex 0.71384  0.94403 (0.69388, 1.28435) e

pTNM-stage  <0.0001  1.85992 (1.63331,2.11796) e

Grade <0.0001  2.2817 (1.86505,2.79143) —e—

LI 1 ] 1 1 LI
013316 1 15 2 25 3
Hazard ratio

0O 10 20 30 40 50 60 70 80 90 100

Points L N ) ) ) ? L N ) . )

MED16 r T T T T T T T —
8 7 6 5 4 3 2 1 0

MED21 [ e e s e e e e | C»Index;0,31070(?.667-1)
2 3 4 5 6 7 <0

MED25 r T T T T T T T T 1
1 15 2 25 3 35 4 45 5 55
T T T

MED29 7.5 6.5 55 4535

MED7 —rr— T
6 55 5 45 4 35 3 25 2 a2 G4
r T

Grade &1 G3

Total points 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Linear predictor B 5 4 3 210 1 2 3

1-year survival pro 8 o @novvn
& S SsSssss

. mTrrTTTT T
2-year survival pro 0 o ©NOVTONT
% S S Sdosses

~TTTTTT T T

b e L B o
S Soccoooo

3-year survival pro

0.95

. T
5-year survival pro 8 3 3585355

ONCOLOGY LETTERS 28: 398, 2024 7

Mult_cox P-value Hazard ratio (95%Cl)
MED10 0.11263  1.35987 (0.93019,1.98803) ——
MED11 0.59154  0.87559 (0.53896,1.42248) - —
MED12L 0.46215 0.67259 (0.23367,1.93592)  b—&—i
MED15 0.18861  1.33939 (0.86639,2.07064) ]
MED16 0.02645 0.57832 (0.35657,0.93796) —
MED18 0.9395  0.98258 (0.62409,1.54699) - —
MED21 0.01524  1.69538 (1.10685,2.59685) ——
MED25 0.00019  2.67321 (1.59626,4.47676) ————
MED29 0.01099 0.42428 (0.21912,0.82152) K&
MED7 0.00395  0.49732 (0.30928,0.79969) (=
MEDS8 0.84459  1.05729 (0.60574,1.84546) ——
Age 2x10-5  1.0319 (1.01726,1.04674) ®
Sex 0.80962  0.9575 (0.67248,1.36331) <
pTNM-stage  <0.0001  1.57058 (1.34792,1.83001) e
Grade 0.00532  1.40155 (1.10939,1.77705) -
UL ] T 1 T Ll 1 LI }
021912 1 15 2 253 35 4 45
Hazard ratio
- e TTTITT .
1.0 1 e
-year ‘ K'(
3-year / .‘,\'
0.8 — 5-year {/ /
%I g
A
/x" 7R
= X ¥
9 0.6 — ¥
° //
e §
3
Q2
8 0.4 ¥
x/
0.2 -
0.0 -
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Nomogram-predicted (%)

n=521 d=173 p=8, 52.1 subjects per group = X-resampling optimism added, B=200
Gray: ideal Based on observed-predicted

Figure 4. Clinical prognostic value of a five-gene signature in patients KIRC. (A) Univariate and (B) multivariate Cox analyses of the MED family genes in
TCGA-KIRC cohort. (C) Nomogram prediction for 1-, 2-, 3- and 5-year overall survival of patients with KIRC. (D) 1-, 2-, 3- and 5-year calibration curves of
the nomogram. KIRC, kidney renal clear cell carcinoma; MED, mediator complex; TCGA, The Cancer Genome Atlas; TNM, tumor-node-metastasis.

(Fig. 3C). According to the Kaplan-Meier analysis results of all
patients, there was a marked difference between the low-risk
and high-risk groups. Notably, the prognosis of the low-risk
group was significantly better than that of the high-risk group;
the median survival time of the high-risk group was 4.5 years
(Fig. 3D). The area under the curve values for the 11 genes in
the survival assessment model were 0.756 at 1 year, 0.725 at
3 years, and 0.74 at 5 years of OS (Fig. 3E).

Clinical prognostic value of a five-gene signature in KIRC
patients. The prognostic role of MED family genes in KIRC
was subsequently explored. The findings showed that the
prognosis of patients with KIRC was strongly associated
with MED11, MEDI16, MED18, MED21, MED25, MED29
and MED7 expression. As shown in the forest plots, of all the

factors, MEDI1 (HR=0.66164), MEDI16 (HR=0.7422), MED18
(HR=0.64535), MED21 (HR=0.57588), MED25 (HR=1.50571),
MED?29 (HR=0.53217) and MED7 (HR=0.51246) were signif-
icantly associated with the survival of patients with KIRC
(Fig. 4A). Subsequently, multivariate Cox regression analysis
was used to further evaluate the 11 genes and other clinical
characteristics in patients with KIRC to identify the inde-
pendent prognostic factors. MED16 (HR=0.57832), MED21
(HR=1.69538), MED25 (HR=2.67321), MED29 (HR=0.42428)
and MED7 (HR=0.49732) were revealed to be independent
risk factors for the prognosis of patients with KIRC (Fig. 4B).
A nomogram was constructed with MED16, MED21, MED2S5,
MED29 and MED?7. The risk model based on MEDI6,
MED21, MED25, MED29, and MED7 had good performance
in predicting the prognosis of patients with KIRC, as indicated
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Figure 5. Prognostic feature of the mRNA expression levels of MED genes in patients with KIRC. (A) Kaplan-Meier curves of overall survival for the five
MED family genes in patients with KIRC. (B) mRNA expression in patients with KIRC between tumor and normal tissues. (C) mRNA expression in patients
with KIRC among different tumor grades. KIRC, kidney renal clear cell carcinoma; MED, mediator complex; TCGA, The Cancer Genome Atlas. "P<0.05,
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by the C-index of this model, which was 0.717 (Fig. 4C). The
anticipated survival rate was close to the actual survival rate
according to the 1-, 2-, 3- and 5-year nomograms (Fig. 4D).
These results indicated that the five-gene signature comprising
MEDI16, MED21, MED25, MED29 and MED7 may be useful
for predicting the development of KIRC.

Prognostic features of mRNA expression. KIRC with high
transcription levels of MED7, MED21 and MED29 was
evidently related to a longer OS time, whereas MED16 and
MED25 were not significantly associated with OS (Fig. 5A).
Additionally, variations in the expression levels of MED7,
MEDI16, MED21, MED25 and MED29 were assessed in
KIRC tumor tissues (n=533) and adjacent normal tissues
(n=72). Since data for adjacent normal tissues were not avail-
able for some patients, the number is unequal. The findings
revealed that the expression levels of MED7 and MED21
were higher in normal tissues than in KIRC tumor tissues
(Fig. 5B). Furthermore, the expression levels of MED7,
MEDI16, MED21, MED25 and MED29 were compared
between normal tissues and different KIRC tumor grade
tissues. Compared with in normal tissues, the expression
levels of MED7 in grade 2, grade 3 and grade 4 KIRC tissues
were significantly lower. The expression level of MEDI6 in
grade 1 tissues was higher and that in grade 4 KIRC tumor
tissues was lower compared with that in normal tissues. As
for MED21 expression levels, tissues from all four tumor
stages, including grade 1, grade 2, grade 3 and grade 4,
exhibited lower expression compared with the normal control
tissues. The expression levels of MED25 in grade 1 KIRC
tumor tissues were significantly higher compared with those
in normal tissues. In addition, the expression level of MED29
in grade 1 tissues was higher and that in grade 4 KIRC

tumor tissues was significantly lower compared with those in
normal tissues (Fig. 5C).

Relationships between MED genes and tumor-infiltrating
immune cells in KIRC. The occurrence, development and
metastasis of cancer are closely associated with infiltrating
immune cells (21). Using the TIMER database, the potential
associations between the infiltration levels of distinct immune
cells and the five MED genes were explored. First, MED7
expression was strongly correlated with the infiltration of both
CDS8* T cells and CD4"* T cells in patients with KIRC (Fig. 6A).
The expression of MED16 was not correlated with the infiltra-
tion of CD4* T cells, B cells and macrophages (Fig. 6B). There
was also a link between MED21 expression and the infiltration
of CD8* T cells and CD4* T cells (Fig. 6C). Additionally, the
expression levels of MED25 and MED29 were not correlated
with infiltrating immune cells (Fig. 6D and E).

Verification of the relationship between two MED genes
and KIRC using IHC. To verify the relationship between
MED genes and KIRC, MED7 and MED21 were further
examined. First, [HC was performed to detect MED7 and
MED?21 protein expression in KIRC tissues and paired
adjacent normal tissues. The clinicopathological informa-
tion of the patients, including sex, age, pathological grading,
pathological region and TNM stage are listed in Fig. 7A.
According to the staining results, both MED7 and MED21
were more highly expressed in adjacent normal tissues than
in KIRC cancer tissues (Fig. 7B).

Verification of the relationship between two MED genes and
KIRC using siRNA transfection. Subsequently, corresponding
siRNAs to interrupt MED7 and MED21 gene expression



DOS .
| PUBLICATIONS ONCOLOGY LETTERS 28: 398, 2024 9

Purity T cell CD8+_EPIC T cell CD4+_EPIC B cell_EPIC Macrophage_EPIC
. . Rho =-0.034 o « Rho=0323 . « *Rho=0411 8 Rho =0.034 ¢ Rho = -0.086
P =4.61x10" P =1.24x10" P =3.19x10% P =4.66x10" P =6.62x107

N
o

o
S

MED7 expression level (log2 TPM) >

2.5 1
025 050 075 100000 005 010 015000 005 010  0.150.00 005 010 00 01 o2
Purity Infiltration level Infiltration level Infiltration level Infiltration level
Purity T cell CD8+_EPIC T cell CD4+_EPIC B cell_EPIC Macrophage_EPIC
7 . Rho = 0.009 . Rho =-0.021 . Rho =0.108 . Rho = 0.155 . Rho =-0.178
P =8.47x10" P =6.49x10" P =2.06x10? P =8.32x10+ P =1.25x104

2 1 . . . . .
025 0.50 0.75 1.000.00 0.05 0.10 0.150.00 0.05 0.10 0.150.00 0.05 0.10 0.0 0.1 0.2
Purity Infiltration level Infiltration level Infiltration level Infiltration level
Purity T cell CD8+_EPIC T cell CD4+_EPIC B cell_EPIC Macrophage_EPIC
= Rho = 0.062 . . Rho=0.332 . *Rho=0.508 s Rho = 0.171 K Rho =-0.272
64 o P = 1.83x10" 2 P =257x101 P=113x10% ] P=223x104| ¢ P =3.04x10%)

m MED25 expression level (log2 TPM) O MED21 expression level (log2 TPM) O wmepis expression level (log2 TPM) W

025 050 0.75 1.000.00 0.05 0.10 0.150.00 0.05 0.10 0.150.00 0.05 0.10 0.0 0.1 0.2
Purity Infiltration level Infiltration level Infiltration level Infiltration level
Purity T cell CD8+_EPIC T cell CD4+_EPIC B cell_EPIC Macrophage_EPIC
6 O | R Pt i - B B ea
Y e 1o le L R SR . . "
LY AR J
o8 o ® age® - L -
.
419 AT . .
4
B PRI -
24 . . . . .
025 050 075 1.000.00 005 010 015000 005 010 0.150.00 0.05 010 0.0 0.1 0.2
Purity Infiltration level Infiltration level Infiltration level Infiltration level
E Purity T cell CD8+_EPIC T cell CD4+_EPIC B cell_EPIC Macrophage_TIMER
= = e . oRN0=012 — 30 » Rho=0.159 S =0. . = - =
<§) ] & .2, R=190x102 | * :'; FLRe . r::oe 14x104 ¥ . 5 :5":01 1013(1]8.-5 {3":’,},",213‘ Er‘:oa 5(3{9[1)3-*
T A
P
o
c d 1 o
2] o T ICR ‘;,':':.' e . .
¢ . A I P R P I e i 3 g
a . . . . . . . .
x - . . . .
)
[o B . . . . .
N
a
025 050 0.75 1.000.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.00 025 0.50 0.75 1.00
Purity Infiltration level Infiltration level Infiltration level Infiltration level

Figure 6. Relationships between MED genes and tumor-infiltrating immune cells in kidney renal clear cell carcinoma. (A) MED7. (B) MEDI16. (C) MED21.
(D) MED25. (E) MED29. MED, mediator complex.

were designed and their effects were observed. To assess the  to explore the association between MED7 and MED21, and
siRNA transfection efficiency, RT-qPCR experiments were  cell migration in KIRC. The results revealed that MED7 and
performed. All transfection efficiencies were >70% (Fig. 8A). ~ MED21 knockdown increased the migration of KIRC cells
Moreover, Transwell and wound healing assays were used in vitro (Fig. 8B and C).
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A B
Variable No. of patients
Sex

Male 7 (70%)

Female 3 (30%)
Age, years

>59 5

<59 5
Location

Right 4 (40%)

Left 4 (40%)

Both sides 2 (20%)
T stage

T1a 4 (40%)

T1b 2 (20%)

T2a 3 (30%)

T2b 1 (10%)
M stage

Mo 10 (100%)
Stage

<ll 6 (60%)

>l 4 (40%)

Figure 7. Verification of the relationship between two MED genes and KIRC by immunohistochemistry analysis. (A) Clinicopathological information of
10 patients with KIRC. N and T kidney tissue was obtained from all 10 patients. (B) Expression levels of MED7 and MED21 in N and T kidney tissue
(magnification, x40). KIRC, kidney renal clear cell carcinoma; MED, mediator complex; N, normal; T, tumor.

Discussion

Renal cell carcinoma is a diverse category of malignancies
with various genetic and molecular changes underpinning
several described histological subtypes, and it is one of
the top 10 types of cancer with a rapidly increasing preva-
lence (22,23). Traditional chemotherapy and radiation
therapy are ineffective in the treatment of kidney cancer,
and immunotherapy has replaced nonspecific immunological
treatments in some cases (24,25). Cancer exists in a dynamic
and complex environment, the components of which change
during different stages of cancer. The tumor microenviron-
ment (TME) may affect the evolution of cancer, and there are
currently several medicines, such as ipilimumab, that specifi-
cally target the TME (26,27). The MED family typically
serves a key role as a regulatory element in the progres-
sion of numerous types of cancer; for example, a previous
study showed that MED19 knockdown strongly hinders cell
proliferation, colony-forming ability and migration in vitro,
and downregulating MED19 can decrease the expression
of cyclin Dl/cyclin Bl (28). In addition, some preclinical
studies have shown that MEDI2 is associated with DNA
damage repair and TGF-f receptor signaling (29). Immune
checkpoint inhibitors have been shown to significantly
increase survival in various types of cancer, and another
study revealed that MED12 mutation has the potential to be
a predictive biomarker for immune checkpoint inhibitors in a
variety of malignancies (30). Due to the immune regulatory
potential of the MED family, bioinformatics analysis was
used in the present study to explore the prognostic value of
MED genes in KIRC.

The present study identified the most significant prog-
nostic genes among the MED family using LASSO regression
analysis; 11 genes were selected. In addition, a prognostic
signature of the 11 genes was created, which performed well

in prognostic predictions for patients with KIRC. In addition,
the risk scores of patients with KIRC were computed and it
was revealed that patients with higher MED2S5 levels were in
the high-risk group, whereas patients with higher MED7 and
MED21 expression were in the low-risk group.

In addition, univariate and multivariate Cox regression anal-
yses were performed on the 11 genes in TCGA-KIRC cohort.
The findings showed that MED16, MED21, MED25, MED29
and MED7 were independent risk factors for the prognosis of
patients with KIRC and were strongly associated with survival.
These findings suggested that the five MED genes may serve
crucial roles in the carcinogenesis and development of KIRC.

Notably, the present study revealed that higher MED7,
MED21 and MED29 transcript levels were closely related to a
longer OS time in patients with KIRC. Furthermore, a nomo-
gram was constructed based on MED16, MED21, MED?25,
MED29 and MED?7. The calibration map revealed that the
current model performed well in predicting the prognosis of
patients with KIRC.

It has been demonstrated that immune infiltrates, which
are a significant factor of the TME, influence tumor devel-
opment and immunotherapy responses (31). Therefore, the
present study analyzed the relationships between MED genes
and tumor-infiltrating immune cells in patients with KIRC.
The results showed that MED7 and MED21 were correlated
with CD8* T cells and CD4* T cells. In addition, to further
verify the relationship between MED genes and KIRC, cells
in which MED7 and MED21 were knocked down were
subjected to IHC, Transwell and wound healing assays due
to their high expression levels in the high OS group and
normal kidney tissues. The binding of human MED to RNA
polymerase II is dependent on the integrity of a preserved
‘hinge’ in the intermediate module of the MED21-MED7
heterodimer (32). MED?7 is a highly conserved subunit, and
loss of MED7 has been shown to significantly affect cellular
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Figure 8. Continued.

functioning, including metabolic activity (12). As the most
conserved MED subunit, MED21 is essential to the viability
of cells in yeast and mice, and it can impact PPARA-related
gene expression and metabolism (11). Furthermore, as several
studies have demonstrated, MED7 and MED21 are associated
with HCC (17,18). However, to the best of our knowledge, there
is no research on the role of MED7 and MED21 in KIRC or
other types of kidney cancer. According to the present study,
the expression levels of MED7 and MED21 were greater in
normal tissues than in KIRC tumor tissues. In addition, when
MED7 and MED21 were knocked down, the migration of
KIRC cells was increased in vitro.

In conclusion, a thorough analysis of the expression and
prognostic significance of the MED gene family was conducted
in KIRC. The results revealed that MED7, MEDS8, MEDI10,
MEDI11, MED12L, MED15, MED16, MED18, MED21,
MED?25 and MED29 may serve a potential prognostic role
in KIRC, and among the 11 MED genes, MED16, MED?21,

MED25, MED29 and MED7 were shown to be closely
related to the prognosis of KIRC. These findings may aid in
the improvement of the survival and prognosis of patients
with KIRC.

However, there are some limitations in the present
study. Firstly, since not all of the information from TCGA
was available for all of the data parameters, the number of
patients and controls is not totally equivalent. Secondly,
the IHC results cannot determine the relationship between
target antigens and survival prognosis, they can only verify
the protein expression levels of target antigens between
KIRC cancer tissues and paired adjacent normal tissues,
due to the lack of some information about patients, such as
overall survival. Thirdly, immune cell immunofluorescence
staining was not performed because it was difficult to obtain
the target KIRC tissues at our hospital (West China Second
University Hospital, Chengdu, China), since this is a children
and women's hospital.
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Oh

MED7-siRNA1

MED7-siRNA2

Figure 8. Verification of the relationship between two MED genes and kidney renal clear cell carcinoma by siRNA-induced knockdown. (A) Reverse tran-
scription-quantitative PCR was used to verify the knockdown efficiency. The data are presented as the mean + SD. (B) Migration of 786-o0 cells with MED7
and MED21 knockdown was assessed using an uncoated Transwell assay (48 h) (magnification, x20). (C) Migration of 786-0 cells after MED7 and MED21
knockdown was measured using a wound healing assay (24 h) (magnification, x10). MED, mediator complex; UNC, universal negative control; siRNA, small

interfering RNA.
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