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Abstract. — OBJECTIVE: Clear cell renal cell
carcinoma (ccRCC) is the most common type of
cancer, and its molecular pathogenesis is un-
clear. In this study, we investigated the prog-
nostic value of essential meiotic endonucle-
ase 1 (EMET) in kidney renal clear cell carcino-
ma (KIRC).

MATERIALS AND METHODS: We download-
ed the RNA-Seq expression of 526 KIRC tis-
sues and 72 normal tissues from the TCGA da-
tabase and the corresponding clinical data. The
gene expression profiles associated with four
clear cell renal cell carcinomas were download-
ed from the GEO database for analysis. The ex-
pression of EMET in clear renal cell carcinoma
and its correlation with the clinical baseline da-
ta were analyzed. Kaplan-Meier survival curve
analysis was performed to assess the relation-
ship between EMET and patient survival. En-
richment analysis was performed to elucidate
the possible functions of EME1. We also ana-
lyzed the relationship between the EMET expres-
sion and immune infiltration through TIMER2.0
and TISIDB online databases as well as the re-
lationship between EME71 and common immune
checkpoints.

RESULTS: EME1 was identified as a risk fac-
tor for overall survival in clear cell renal cell car-
cinoma with a hazard ratio of 3.201 (95% con-
fidence interval: 2.430-4.215; p < 0.001). EME1
was highly expressed in KIRC compared to that
in normal tissues (p < 0.001) and in the worse
TNM stages and late stages (stage 3/4) (p <
0.001). High EME1 expression was strongly as-
sociated with the advanced T stage (p = 0.003),
advanced N stage (p = 0.002), and advanced M
stage (p = 0.006). Research data on KIRC were
simultaneously collected and analyzed from the
GEO database, including GSE40435, GSE53000,
GSE68417, and GSE53757. EMET1 predicted the
survival status in KIRC patients (AUC = 0.62). We

further established a nomogram including the
correlation between the high and low EME1 ex-
pression, and EME1 was found to contribute to
the prediction of the probability of patient sur-
vival with a c-index = 0.796. Kaplan-Meier anal-
ysis revealed a lower likelihood of survival with
a high EME1 expression (p < 0.001). In addition,
further bioinformatics analysis suggested that
EME1 may be associated with the extent of im-
mune infiltration in KIRC.

CONCLUSIONS: An increased expression of
EME?1 in KIRC is thus associated with advanced
clinicopathological features, possibly acting as
a potential biomarker of poor prognosis in KIRC.
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Introduction

The incidence of renal cell carcinoma (RCC)
has increased recently, with 76,080 cases of kid-
ney and renal pelvis cancer diagnosed only in the
USA in 2021, claiming the lives of 13,780 people'.
There are several subtypes of RCC, and approx-
imately 70% of individuals are diagnosed with
clear cell RCC (ccRCC). Of these, up to one-third
of cases develop or progress to metastasis®, and
metastatic RCC (mRCC) poses a significant med-
ical burden’. RCC cells may induce cytokine ex-
pression in the tumor microenvironment (TME)
during tumorigenesis and growth phases, leading
to the development of an immunosuppressed tu-
mor state and the promotion of immune escape®.
RCC is considered an immunogenic tumor that
mediates immune dysfunction largely by induc-
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ing infiltration of immunosuppressive cells (e.g.,
regulatory T cells [Tregs] and bone marrow-de-
rived suppressor cells) into the TME?®. Thus, there
is a need to find new prognostic biomarkers that
can accurately predict patient survival as well as
provide new ideas for determining new targeted
therapies for subsequent ccRCC.

Initially, essential meiotic endonuclease 1
(EMEI) was detected in Schizosaccharomyces
pombe, showing interaction with methyl meth-
anesulfonate-sensitive UV-sensitive 81 (Mus8l1),
which itself has no endonuclease activity and
must interact with Mus81 to exert an endonucle-
ase activity®. Subsequently, related experiments
in mice revealed that EME] deficiency led to
spontaneous genomic instability, where mam-
malian EMEI played a key role in DNA repair
and the maintenance of genomic integrity’. Chro-
mosomal instability (CIN) has been associated
with cancer evolution, with possible relevance
to drug resistance and poor prognosis, and the
constitution-specific nucleic acid endonuclease
Mus81-Emel has been reported to prevent CIN,
while aberrant processing of late replication in-
termediates by Mus8I-Emel has been identified
as the source of CIN®. Another study’ revealed
that tumors with low EMEI expression were
more sensitive to antitumor drugs than those with
high EMEI expression. ldentification of EME]
as a cisplatin resistance marker is expected to
facilitate the development of resistance modifiers
or new molecularly targeted drugs'. Similarly,
cetuximab promotes EME] stability and elevates
the EME]I protein levels, which in turn promotes
DNA repair in tumor cells, resulting in the de-
velopment of drug resistance!!; thus, colorectal
cancer cells lacking both DNA damage repair
protein EME] and MUSS8I are more sensitive to
chemotherapeutic drugs'?>. This line of thought
signifies a correlation between the overexpression
of EMEI and the development of resistance to late
chemotherapy in tumors.

Some scholars" have revealed an association
between EMEI and the recurrence of bladder
cancer after surgery. Elevated levels of EMEI
in gastric cancer (GC) indicate poor prognosis
in patients, and it has been identified that EME]
can activate the Akt/GSK3B/CCNDI1 pathway
to make GC more invasive and inhibit apop-
tosis, which contributes to the poor prognosis
of GC patients!*. Exon mutants of EMEI can
significantly increase the risk of early-onset
breast cancer in women'. In addition, elevated
EME] was found to be associated with reduced

overall survival (OS) in patients with esophageal
cancer, with increased sensitivity to oxaliplatin
treatment when the EME] expression was lack-
ing in cancer cells'. This finding suggests that
EME] is associated with cancer development as
well as poor prognosis and treatment resistance,
possibly acting as a biomarker for tumors. How-
ever, the regulatory relationship of EME] in the
development of clear cell renal cell carcinoma
remains unclear.

Considering this situation, we analyzed the
relevant data of kidney renal clear cell carcinoma
(KIRC) in TCGA and GEO databases to assess
the potential correlation between EMEI expres-
sion in the KIRC tissues as well as the clinico-
pathological information of these patients. In
addition, we assessed whether EME] expression
can act as an independent prognostic biomarker
for OS in ccRCC patients. Accordingly, the cor-
relation between EME! and tumor-infiltrating
immune cells was further analyzed. Finally, some
genes associated with EME] and their prognosis
in KIRC were analyzed. Thereby, bioinformatics
was applied to explore the possible potential rel-
evance of EME] for the development of ccRCC
and the related mechanisms.

Materials and Methods

Data Source and Analysis

We downloaded KIRC cancer-associated RNA
sequences, clinicopathology, and survival data
on the UCSC Xena network (https:/xenabrows-
er.net/datapages/), We employed the R package
DESeq2 and used | logFC [>1 and p_.<0.05 as
thresholds to further select differential analysis
of mRNA expression in the normal and tumor
groups so as to obtain differentially expressed
genes (DEGs); the “ggpubr” and “ggthemes” R
packages for volcano plotting and the “survival”
and “forestplot” R package were used to draw for-
est plots to represent the hazard ratio of different
genes. The top 10 genes were selected in accor-
dance with their ranking of the p-value from the
smallest to the largest. We further obtained four
gene expression profiles on KIRC from the GEO
database (https:/www.ncbi.nlm.nih.gov/geo/), in-
cluding GSE40435, GSE53000, GSE68417, and
GSES3757. The GSE40435 dataset was obtained
by using the GPL10558 platform and it includ-
ed 101 adjacent normal kidney tissues and 101
KIRC tissues. The GSES53000 dataset was ob-
tained using the GPL6244 platform and included
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6 normal kidney tissues and 56 KIRC tissues.
The GSE68417 dataset was obtained using the
GPL6244 platform and included 14 normal kid-
ney tissues and 29 KIRC tissues. The GSE53757
dataset was obtained using the GPL570 platform
and included 72 normal kidney tissues and 72
KIRC tissues. This information was collected
from the GEO database and analyzed using the
“limma” R package. The abovementioned data
were used to analyze the expression of EMEI in
the KIRC tissues, and the difference in the ex-
pression of EME] between the tumor and normal
tissues was demonstrated with dot plots.

Creation of the Nomogram about KIRC

Based on the clinicopathological and survival
data of KIRC downloaded from the UCSC Xena
network, the patient age, gender, race, and TNM
stage were selected as data for analysis, while
the missing values were removed and the EME]
expression was added (the cutoff value of EMEI
expression was determined by the median value)
to determine the predictive level of survival of
the KIRC patients. The predictive accuracy of the
model was assessed by using C-index.

Clinicopathological Features of
EMET Expression in KIRC

The high and low EMEI expression groups
were assessed based on the median EMEI ex-
pression, and the patient’s age, gender, race, and
TNM stage were selected as data for analysis.
The missing values were removed for subsequent
analysis of the impact of EMEI expression differ-
ences on the clinicopathological profile of KIRC
patients.

Survival Prediction of EMET1 for KIRC

We extracted the survival information of each
sample in TCGA. The receiver operating charac-
teristic (ROC) curve and Time-Dependent ROC
Curve (timeROC) were used to evaluate the fea-
sibility of using EMEI as a differentiating factor
by the area under the curve (AUC) score. We used
the “ROC”, “rms”, and “timeROC” R packages to
plot the analysis results.

EME1 Expression Affects Patient Survival

We extracted the survival information from
each sample in TCGA, which included the sur-
vival status and survival time, and divided the
patients into high and low expression groups
based on the median value of the EMEI expres-
sion as the cut-off point, analyzed the difference
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in the survival probability among patients with
different EMEI expression, and plotted the Ka-
plan-Meier curve of the survival rate by using the
“survival” R package.

Functional Prediction and
Mechanism Investigation

Enrichment analysis was performed to com-
pare the low and high EMEI expression datasets
as well as to identify the different signaling
pathways in KIRC and the associated biological
functions. A preliminary list of gene classifi-
cations was generated based on the correlation
of these DEGs with the EMFEI expression. Sig-
nificant differences were observed between the
high and low EMEI groups. Based on the gene
classification list, we performed GO, KEGG, and
GSEA enrichment analyses with the “org.Hs.eg.
db” and “clusterProfiler” R packages for analysis
and mapping.

Immune Infiltration in KIRC and
Infiltration of Immune Cells with DEGs
We analyzed the infiltration of different im-
mune cells in different patient tissues based on
the expression profiles of KIRC patients with
the “e1071”, “parallel”, and “preprocessCore” R
packages to analyze and plot the results. We
also analyzed the differences in the infiltration
levels of immune cells in KIRC in 22 different
genes based on 10 DEGs. The “corrplot” R pack-
age was applied to plot the images. TIMER2.0
(http://timer.cistrome.org/) database was applied
to determine the immune cells with relevance to
KIRC tissues based on the EMEI expression data
and their tumor purity and infiltration, including
CD8, Mast, Tth, and Trg infiltration as well as the
corresponding survival differences.

TiSIDB

We used TISIDB, a comprehensive repository
portal for tumor-immune system interactions,
to analyze the relationship between the EMEI
expression and different human cancers, as well
as the relationship between the EMEI expression
and differences in immune checkpoints among
clear cell renal cell carcinomas and OS.

Pan-Cancer Analysis and the Associated
Survival Analysis by GEPIA

GEPIA (http:/gepia.cancer-pku.cn/) was used
as a tool to conclude pan-cancer. We employed
this database to further analyze the differential
expression of EME] in different tumors.
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LinkedOmics Database Analysis

We used the LinkedOmics database (http:/
www.linkedomics.org/login.php) for the statisti-
cal analysis of genes associated with EME]I. Vol-
cano and heat maps were employed to represent
the associated genes. Scatter plots were used to
represent the top 5 genes that were positively or
negatively associated with EME]. For the genes
associated with EMEI, we further analyzed the
relationship between their expression and KIRC
survival by using the GEPIA database.

Statistical Analysis

The differences in the EMEI expression be-
tween the normal and tumor tissues were com-
pared by the Wilcoxon rank-sum test, and the
correlation between the EMEI expression and
clinical and pathological parameters was tested
by Chi-square test using the SPSS software ver-
sion 20. Differences in the OS between the high
and low expression groups were compared with
the Kaplan-Meier curves, and the p-values were
calculated by log-rank test. The survival package
in R software was used for the abovementioned
tests. The relationship between the EMEI ex-
pression and the related gene expression in KIRC
was analyzed by using Pearson’s correlation test.
p < 0.05 was considered to indicate statistical
significance. SPSS 20.0 (IBM Corp., Armonk,
NY, USA) and R software (version 4.0.5) was
employed for statistical analysis.

Results

Expression of EMET in KIRC and
Prognostic Correlation with KIRC

We retrieved cancer-associated mRNAs from
KIRC by searching the cancer gene atlas and
downloading them from the UCSC Xena net-
work, which we analyzed by R software (version
4.0.5) (5891 abnormally expressed mRNAs, in-
cluding 3800 upregulated and 2091 downregu-
lated mRNAs; the fold change was >1, p < 0.05),
and plotted volcanoes (Figure 1A). Next, the
hazard ratio forest plot was drawn by evaluating
the effect of differential gene expression on pa-
tient survival, and the top 10 genes, including the
EMETI gene, were ranked by the p-value from the
smallest to the largest (Figure 1B).

To assess the difference in the EME] expres-
sion between the tumor and normal tissues, we
analyzed the mRNA sequencing data obtained
from TCGA (including 526 KIRC and 72 nor-

mal samples) using the R software. The results
revealed that EME] was overexpressed in the
KIRC tumor tissues relative to that in the normal
tissues (p < 0.001) (Figure 1C). We further ana-
lyzed the expression of EME] at different TNM
stages of KIRC patients and found that patients
with higher TNM stages showed higher EME]
expression in the tumor tissues (p < 0.001) (Fig-
ures 1D-F). Accordingly, we analyzed the differ-
ence in the EME] expression in KIRC patients
with tumors at different stages and found that
tumors with more advanced stages (stages 3/4)
had a significantly high expression of EMEI
(p<0.001) (Figure 1G). In summary, our results
showed that EME] was highly expressed in the
KIRC tissues, and it was associated with poor-
er staging and grading of clear cell renal cell
carcinoma. We further validated these findings
by collecting data from the four GEO datasets
and analyzing them, which showed that EME]
was highly expressed in KIRC (Figures 1H-K).
GSE40435 (Figure 1H, p < 0.001), GSE53000
(Figure 11, p < 0.001), GSE68417 (Figure 1], p
< 0.001), and GSE53757 (Figure 1K, p < 0.05).

After collecting the survival status and sur-
vival time of KIRC patients, we first considered
the important role of EMEI overexpression
in the prognosis prediction of KIRC. We per-
formed ROC curve analysis as well as time-de-
pendent ROC analysis to evaluate the predic-
tive ability of EMEI in KIRC patients (Figures
IL and M). We found that the AUC for both
analyses was > 0.60, which implied a good ac-
curacy of EMEI in predicting the survival time
of KIRC patients.

The Kaplan-Meier analysis was performed to
examine the prognostic value of EMEI expres-
sion in KIRC patients, dividing them into high
and low groups based on the cutoff value (the
median expression of EMET). We noted a signifi-
cantly longer survival time in the EMEI low ex-
pression group than in the high expression group,
and a greater number of patients in the EME]
low expression group were present in the longer
survival time phase (p < 0.001 Figure IN). Over-
all, we detected a significant negative correlation
between the expression of EMET and the survival
rate of KIRC patients.

EMET Expression Was Correlated with
Clinicopathological Features of KIRC
Table I depicts some necessary clinical infor-
mation on 247 KIRC patients, including their age,
gender, race, and TNM stage. We determined a

587



H.-D. Li, H.-X. Ma, J.-H. Ma, S.-P. Kong, S.-T. Zhao, S.-Q. Fan, F. Qin, J.-G. Ma

304 p<0.001
L]
Gene HR__lower 95%CI _upper 95%Cl pvalue 254
TROAP 2259  1.884 - 0.000 i °
g PLK1 2217 1.857 2.647 > 0.000 5 "
i HJURP 2326  1.927 2.809 ot 0.000 ‘201 o
i e KIF188 2503  2.037 3.076 . 0.000 g o
2 o PIF1 4457  3.164 6.277 +——  0.000 515 L,
S0 CENPA 2494  2.021 3.078 . 0.000 T © %3
g AURKB 1.936 1.660 2.258 g 0.000 S 404 ’
TICRR 5039 3455 7.349 e 0.000 w
EME1 3.201 2.430 4.215 —— 0.000 o
AMH 2406 1.947 2.973 - 0.000 05+ .
o T °
05115 a
log2aldChange : ° Hazard ratios 00 - : 4
Normal Tumor
304 p <0.001 304 p <0.001 304 p <0.001 304 p <0.001
e ° 0
254 254 25 25
. L] L L]
c [ c . c . c o
£ 20 8 504 e 2 204 ° S 20 . ¢
° 2 a 2
: o ¢ * ° 1 ¢ : b
5 154 °e %o 5 15 2% M 3 154 Qe ‘e 5 151 1 s 8
= o - o o - [ L[] hTl o
w o © +, W -® W e P ] .
S 1.0 ‘e ° S 104 4 .%' S 101 2 = 10 °us
05 05 . 05 g 05
oo
. o K !
0.0 T : 0.0 - T . 0.0 o i 00 . .
T2 T3/4 NO N1 Mo M1 stage1/2 staged/4
H GSE40435 | GSE53000 J GSE68417 K GSE53757
<0.001 <0.001 p<0.001 11 p<0.05
- 464 0 N N
7.24 ° 4.4+ o
- 2 _ 701 o - - 10 - Se
2 e S . 8 424 2 .°3 .5
7] .
. o3 § ot i :
g 8 L) g £
F ° o % 664 Q B 3 94
- o, '3 = ~ 384 — 3
w w ﬁ w [] w Ss
S = o E 3.6 °% E % $ 1]
W 6.8 u o o5 % ¥
6.2 ) 8 3N A
X o % :
» ®e ° .
i 04 L]
X3 [d .'. T
Normal Tumor Normal Tumor Normal Tumor
L AUC= 0.624609 M
o o |
o | o |
3 2
2 s Eh
2 z
S . 3 o |
g 3 3
Year-1 AUC=0.674
~ o
e ° —— Year-3 AUC=0.646
—— Year-5AUC=0.682
o o | ¥
° T T T T T T T T T T T T
0.0 02 04 06 08 10 00 0.2 04 06 08 1.0
N False posilive rate 1-Specificity
== Low = High Number at risk
~100{ -1' 261 192 139 9 48 27 10
£
Zors \\w |
3 0 20 40 60 80 100 120
8 050 Time (Months)
g E Number of censoring
K] : L 3
$9%1 p<ooot : 8 2 |
g | RRTT g
? 0.00 : P3PS N 1 00 O T T
0 20 40 60 80 100 120 [ 20 [ ) 8 100 120
Time (Months) Time (Months)

Figure 1. Differential expression of EME] in KIRC. A, The volcano plot analysis of clear cell renal cell carcinoma and normal
tissues in the TCGA database. B, Univariate Cox regression analysis of differential genes. (The top 10 genes are sorted according to the
p-value). C, Differential expression of EMFE] in different disease states (tumor or normal). D-F, Differences in the EME] expression
at different TNM stages. (Owing to the missing values, a total of 247 patients were involved in the analysis of the EME] expression
at different TNM staging). G, Differential expression of EME] in different cancer stages. (Based on the information of 320 stagel/2
patients and 204 stage3/4 patients in the TCGA database). H, The expression of EME1 in the GSE40435 dataset. I, The expression of
EME] in the GSE53000 dataset. J, The expression of EME] in the GSE68417 dataset. K, The expression of EME] in the GSE53757
dataset. L, In the ROC, the area under the curve (AUC) reached 62.4%. M, In the time-dependent ROC, the AUC of 1,3, and 5 years
reached 67.4%, 64.6%, and 68.2%, respectively. N, The survival curves of EME] differential expression by Kaplan-Meier analysis.
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Table I. Clinicopathological features of EME] expression in 247 clear cell renal cell carcinoma tissue samples.

EME1 expression
Group Number High, n [%] Low, n [%] %2 p-value
Age 0.688 0.407
<50 49 27 [55] 22 [45]
> 50 198 96 [49] 102 [51]
Gender 0.360 0.548
Female 97 46 [47] 51 [53]
Male 150 77 [51] 73 [49]
Race 3.664° 0.194
Asian 4 1 [25] 3 [75]
White 229 118 [52] 111 [48]
Black or African American 14 4129] 10 [71]
T stage 9.132 0.003*
T1 and T2 144 60 [42] 84 [58]
T3 and T4 103 63 [61] 40 [39]
N stage 9.728 0.002*
NO 231 122 [53] 109 [47]
N1 16 14 [88] 2[12]
M stage 7.501 0.006*
MO 205 94 [46] 111 [54]
Ml 42 29 [69] 13 [31]

“Fisher’s Exact Test. *p < 0.05 indicates statistical significance.

correlation between the EMEI expression and
clinicopathological features of KIRC. A high
expression of EME] correlated with advanced T
stage (y*> = 9.132, p = 0.003), advanced N stage (x>
=9.728, p = 0.002), advanced M stage (y*>= 7.501,
p = 0.006) were correlated. However, there was
no statistically significant association between
the EMEI expression and patients’ age, gender,
and race.

We established a nomogram based on vari-
ous clinical data of patients (including age, gen-
der, race, TNM stage, and the risk and EMEI
expression), where the EMEI expression was
distinguished from high and low expression by
the median value. This value was then used to
determine the survival rates of KIRC patients
at 1, 3, and 5 years (Figure 2). Considering the
scale of each point, we intuitively concluded that
the high expression of EME] contributes to the
judgment of prognosis. This model was judged to
have a c-index of 0.796 and a corrected-c-index
of 0.769 (nomogram model for predicting l-year,
2-year, and 3-year OS in KIRC patients). When
using the column line graph, all points identified
on the scale for each variable were summed. The
total number of points predicted on the bottom
scale indicates the probability of 1-year, 2-year,
and 3-year survival.

Enrichment Analyses in EMET
Expression Phenotype

To explore EMEI-mediated molecular func-
tions at KIRC, DEGs were seclected between
the high and low EME] expression datasets and
shown to be enriched to pathways with signifi-
cant differences. Based on the results of KEGG
analysis, the pathways involved mainly included
neuroactive ligand-receptor, calcium signaling
pathway, RAS signaling pathway, pancreatic se-
cretion, and serotonergic synapse (Figure 3A).
From the GO analysis results, we learned that
the gene functions involved mainly included the
meiotic cell cycle process, cell fate commitment,
meiotic cell cycle, mitotic nuclear division, hu-
moral immune response, and nuclear division
organelle fission (Figure 3A). In addition, we
conducted GSEA analysis and found that a high
expression of EMEI was associated with bio-
logical functions such as cell cycle G2 M phase
transition, mitotic cell cycle, post-transcriptional
regulation of gene expression, and the regulation
of cell cycle G2 M phase transition (Figure 3B).
These results indicated that EMFEI may play a
potential role in cancer cells by affecting the cell
cycle and cell division. Thus, EMEI may serve
as a potential prognostic marker of prognosis and
therapeutic target in KIRC.
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Figure 2. Nomogram model predicting the 1, 2, and 3-year OS in patients with clear cell renal cell carcinoma. The nomogram
was employed by summing all points identified on the scale for each variable. The total points projected on the bottom scales

indicate the probabilities of 1, 2, and 3-year survival.

Relationship Between EME] Expression
and Immune Cell Infiltration

First, we assessed the immune cell infil-
tration status in the tumor tissues of KIRC
patients and the alterations in the 10 genes of
the immune cells in tumor tissues by using the
CIBERSORT algorithm (Figures 4A and B).
We initially found a correlation between EME]
and follicular helper T cells, Tregs, mast cells,
and CD8+ T cells. Subsequently, we employed
TIMER2.0 to analyze the correlation between
the EME] expression and the level of immune
infiltration in KIRC as well as the cumulative
survival of KIRC. Our results indicated that the
expression of EMEI was positively correlated
with the infiltration level of CD&+ T cells (r =
0.174, p = 1.73e-04), follicular helper T cells (r
= 0.287, p = 3.24e-10), and Tregs (r = 0.222, p
1.55e-06) and negatively correlated with the
infiltration level of mast cells (r = -0.135, p =
3.76e-03) (Figure 5A). In addition, we noted that
the cumulative survival in clear cell renal cell
carcinoma was associated with follicular helper
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T cells, Tregs, and mast cells. Among these, a
low level of mast cell infiltration was associated
with a poor cumulative survival rate, and the ex-
pression of EMEI was negatively correlated with
mast cells as indicated above. It is also known
that mast cell infiltration may be associated with
a better prognosis in clear cell renal cell carcino-
ma, whereas the EMEI expression decreased the
number of mast cells. It is conjectured that this
cause may be one of the reasons for the poorer
prognosis of KIRC due to high EMEI expres-
sion. These analyses cumulatively suggest that
EME]I is involved in the immune infiltration of
KIRC (Figure 5B).

For these results, we further analyzed whether
there is a function of EME] in KIRC that allows
tumor cells to undergo immune escape. The
TISIDB results suggested that a high expression
of EMEI in clear cell renal cell carcinoma was
correlated with a high expression of a series of
immune checkpoints (Figure 5C), which mainly
included PDCDI, LAG3, CTLA4, and LGALS9
(Figures 5D-G). In summary, EMEI may pro-
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Figure 3. Functional enrichment analysis of differentially expressed genes (DEG) in KIRC samples with high and low EME[
expression. A, KEGG and GO analysis of DEGs among the EME] expression datasets. B, The gene set enrichment analysis
for EME1 in clear cell renal cell carcinoma. GO items including the cell cycle G2 M phase transition, mitotic cell cycle, post-
transcriptional regulation of gene expression, and the regulation of cell cycle G2 M phase transition indicated a significant
differential enrichment in the EME1 high expression phenotype.

mote the expression of immune checkpoints in The Analytical Value of EMET Pan-Cancer

clear cell renal cell carcinoma, thereby promoting To investigate whether there is a broad value
the immune escape of cancer cells, resulting in for EMEI expression, we further analyzed the
poor prognosis in KIRC patients. EMETI expression in a wide range of cancers. The
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Figure 4. Levels of associated immune infiltrating cells in KIRC. A, Barplot indicating the distribution of 22 immune cells
in clear cell renal cell carcinoma. B, The correlation Heatmap depicting 22 immune cells of 10 genes in clear cell renal cell
carcinoma. (EME1 was significantly correlated with CD8+ T cells, follicular helper T cells, Tregs, and mast cells).

expression of EME] in different cancers is depict-
ed in the Gene Expression Profiling Interactive
Analysis (GEPIA) (Figure 6A). The analysis of
TISIDB results suggested that the high expres-
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sion of EMFEI pan-cancer tended to be associ-
ated with shorter OS of the tumor (Figure 6B),
advanced tumor stage (Figure 6C), and higher
tumor grade (Figure 6D). Among them, clear cell
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Figure 5. Potential effects of EMEI on immune cell infiltration of clear cell renal cell carcinoma. A, Correlation of the EME1
expression with immune infiltration levels in clear cell renal cell carcinoma. (The EME] expression was positively correlated
with the infiltration level of CD8+ T cells (r = 0.174, p = 1.73e-04), follicular helper T cells (r = 0.287, p = 3.24e-10), and Tregs
(r =0.222, p = 1.55e-06) and negatively correlated with the infiltration level of mast cells (r = -0.135, p = 3.76e-03). B, The
cumulative survival rate of clear cell renal cell carcinoma is related to follicular helper T cells, Tregs, and mast cells (mast cell
infiltration is associated with better cumulative survival). C, Relationship between the EME1 expression and different immune
checkpoints based on the TISIDB database. D, PDCDI. E, LAG3. ¥, CTLA4. G, LGALS?Y.

renal cell carcinoma was more prominent (Fig- carcinoma (KIRP), brain Lower Grade Glioma
ures 6E and F). This finding is consistent with the (LGG), liver hepatocellular carcinoma (LIHC),
results of the above-mentioned study. According lung adenocarcinoma (LUAD), mesothelioma
to Kaplan-Meier survival analysis, the telltale (MESO), pancreatic adenocarcinoma (PAAD),
expression of EME] was associated with adreno- skin cutaneous melanoma (SKCM), and uterine
cortical carcinoma (ACC), kidney renal clear cell corpus endometrial carcinoma (UCEC) was as-
carcinoma (KIRC), kidney renal papillary cell sociated with low survival rates (Figures 6G-P).
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Figure 6. Expression of EME] in pan-cancerous tissues and the value. A, Comparison of the difference in the EME] expression
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overall survival in human cancers based on the TISIDB database. C, Relationship between the EME expression and human cancer
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Exploring EMET Expression in KIRC for
Positively and Negatively Correlated
Gene Clusters

We demonstrated that the gene clusters were
highly associated with the EMEI expression in
KIRC by volcano plot based on the LinkedOmics
database analysis (Figure 7A). The heat map iden-
tified the top 50 genes that were positively and
negatively correlated with the EMEI expression
in KIRC (Figures 7B and C).

Using Pearson’s correlational analysis, we
found that, in KIRC, the EMEI expression had
a strong positive correlation with RADS4L (r =
0.7725, p = 8.076 x 10"°7), CDCA3 (r = 0.772, p

= 1.417 x 10%¢), KIFI8B (r = 0.7587, p = 6.612 x
10, HJURP (r = 0.7586, p = 7.321 x 10'""), and
TROAP (r = 07577, p = 1.75 x 101%) (Figure 8).
We further analyzed by using GEPIA and found
that RADS54L significantly affected the OS of
KIRC patients, while CDCA3, KIFI8B, HIURP,
and TROAP significantly affected the OS and
DFS of KIRC patients. A high expression of these
genes was associated with low survival rates in
KIRC patients (Figures 8A-E).

In addition, there was a strong negative cor-
relation with NR3C2 (r =-0.615, p = 6.654 x 10~7),
ITGAG6 (r = -0.5908, p = 1.811 x 10-"), CDSI1 (r =
-0.5667, p = 1.317 x 10-*%), OSBPLI1A (r = -0.56006,
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Figure 7. Analysis of genes positively and negatively associated with EME] in KIRC based on the LinkedOmics database. A, A
volcano plot depicting some genes associated with the EME] expression in KIRC. B, Heat map indicating the top 50 genes that
were positively associated with the EME expression in KIRC. C, Heat map indicating the top 50 genes negatively associated

with the EMFE] expression in KIRC.
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p = 1979 x 10%), and SUCLA2 (r = -0.5508, p =
1.289 x 10-*) (Figure 9). These 5 genes signifi-
cantly affected the OS and DFS of KIRC patients
and their high expression was associated with
better survival rates in KIRC patients (Figures
9A-E). Overall, the five genes were significantly
positively correlated with EMEI as well as with
low survival rates in KIRC patients, indicating a
promoting role in cancer. The high expression of
these five genes significantly negatively correlat-
ed with EMEI was found to be associated with a
high survival rate in KICR patients; hence, they
may have inhibitory effects on cancer develop-
ment. There related genes are further analyzed
in the Discussion section. Nevertheless, these
results suggest the cancer-promoting role played
by EMEI in KIRC.

Discussion

Renal cell carcinoma has several histological
subtypes, of which the most common (>80%) is
ccRCC". Conventionally, ccRCC has been treated
with sunitinib, a vascular endothelial growth fac-
tor receptor (VEGFR) tyrosine kinase inhibitor
(TKI), but several patients began to subsequent-
ly develop resistance to sunitinib within a few
years of treatment'®. In addition, the incidence of
ccRCC is increasing, which has seriously endan-
gered the health of patients and imposed a serious
economic burden on society.

Under normal physiological conditions, an
important function of MUSS8I-EMEI in com-
mon fragile sites (CFSs) is to promote DNA
repair synthesis that occurs during the mitot-
ic prophase!®. The present study revealed that
EME] increases together with GENI (another
structure-specific endonuclease) and cleared the
reversed-fork Holliday junctions to promote DNA
replication in cancer cells, which may be related
to the proliferation of cancer cells?*?!. EME] was
found to be highly expressed in breast, gastric,
and esophageal cancers with poor prognosis, in-
dicating a potential mechanism to promote tumor
development. For example, past studies report-
ed that EMEI activates the Akt/GSK3B/CCNDI
pathway to enhance GC invasiveness, leading
to poor prognosis in GC patients"*. However,
the mechanism of EMEI in ccRCC has not been
elaborated, and there is a lack of relevant research
literature on this subject.

Therefore, we conducted a study on the po-
tential role of EMEI in ccRCC. We screened the

clinical data from the TCGA database of ccRCC
tissues vs. normal tissues as well as the RNA-Seq
data for a series of analyses. Our results revealed
that the expression of EMEI was significantly
higher in ccRCC tissues than in normal tissues,
indicating a potential relationship between EME]
and the development of ccRCC. We also ana-
lyzed the relationship between the expression of
EME] and the tumor stage of ccRCC and found
that the expression of EMEI was significantly
higher at stage 3/4. Thus, the high expression of
EME] is possibly related to the late progression
of ccRCC. In addition, we found that the high
expression of EME] was associated with a poor
clinical prognosis of ccRCC, which was signifi-
cantly associated with the advanced TNM stage.
Moreover, based on the clinical prediction of the
survival time for ccRCC patients, we established
a nomogram model combining the high and low
expression of EMEI to determine the survival
rate of patients at 1, 2, and 3 years based on the
relevant clinical information of patients. The c-in-
dex of our resulting prediction model was 0.796.

It has been reported that EMEI has a DNA re-
pair capacity and that a low DNA repair capacity
may increase the overall risk of breast cancer,
while a contradictory high DNA repair capaci-
ty allows the repair of DNA damage caused by
chemotherapy, which results in the development
of drug resistance’”. The increased expression of
EMETI has been associated with poor prognosis
in GC, esophageal cancer, and bladder cancer.
Considering these possibilities, we analyzed the
predictive ability of EME! in ccRCC for patient
prognosis based on the expression of EMEI in
tumor tissues combined with the survival time
of patients, whereby we concluded that the AUC
results were all >0.60, implying that EMEI has
a good ability to predict the survival of ccRCC
patients. We also recorded that the likelihood
of survival was substantially lower in the EME]
high-expression group compared to that in the
low-expression group, suggesting that EMEI is
an independent predictor of prognosis in ccRCC
patients.

However, the role of EMEI in ¢ccRCC remains
unclear. To further investigate the function of
EMEI in the progression of ccRCC, we per-
formed KEGG, GO, and GSEA analysis by using
the TGCA data. Based on the results of GO and
GSEA enrichment analyses, we found that the
high EME1 expression is possibly associated with
cell cycle regulation, meiosis, mitosis, post-tran-
scriptional regulation of gene expression, and hu-
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moral immune response. These biological func-
tions may be important for the proliferation of
ccRCC tumor cells. This evidence cumulatively
suggests the potential role of EMEI in ccRCC
progression as well as that EMEI may be a po-
tential prognostic marker and a therapeutic target
for ccRCC.

Based on several recent studies, a tumor tis-
sue is a complex environment mainly composed
of cells and showing stroma and immune cell in-
filtration, wherein the immune-infiltrating cells
possess tumor-promoting or tumor-suppressing
effects?. Specifically, Tregs and tumor-associ-
ated macrophages (TAMs) have the ability to
promote tumorigenesis-related development?*%.
Mast cells may promote neovascularization by
releasing angiogenic factors and promote tumor
aggressiveness by releasing matrix metallopro-
tein matrix metalloproteinases (MMP)*7, In
contrast, another study®® reported that mast cells
play a unique anti-tumor function in nasopha-
ryngeal carcinoma, suggesting a dual role for
mast cells in influencing the development of dif-
ferent tumors. Follicular helper T cells play an
important role in the formation and maintenance
of germinal centers (GCs) and can help B cells
produce an effective antibody response, thereby
allowing a better prognostic outcome that is
associated with the presence of some solid tu-
mors®**. Tregs are a highly immunosuppressive
cell population, which helps maintain immune
homeostasis and prevent the occurrence of au-
toimmune diseases. However, they also inhibit
the body’s immune surveillance of tumors and
prevent the host from generating an effective an-
ti-tumor immune response, thereby promoting
the development and progression of tumors?.
Thus, a high degree of infiltration of Tregs in
tumors has been associated with low survival
in various cancers*’. Some scholars® have re-
ported that the occurrence and development of
ccRCC are closely related to its immune micro-
environment and that the TME has a significant
relationship with the development of tumors.
It is therefore evident that this aspect of tumor
immune cell infiltration has become a hot topic
for research recently; therefore, the correlation
between EME] in ccRCC and immune cell in-
filtration has been further analyzed. An analysis
of the Cibersort and TIMER online database
revealed that the expression of EMEI in ccRCC
was significantly and positively correlated with
the infiltration level of follicular helper T cells
and Tregs and negatively correlated with the

infiltration level of Mast cells. Interestingly, we
found that mast cell infiltration was associat-
ed with better cumulative survival in ccRCC,
whereas the EMEI expression was correlated
with mast cells. Therefore, the effect of EMFEI
on ¢ccRCC may be associated with the infiltra-
tion of Tregs and the reduction of mast cells. We
further analyzed EMEI with reference to the
GEPIA and TISIDB databases and found that a
high EME] expression was associated with poor
prognosis in most tumors, which is consistent
with our previous findings. We further analyzed
that a high EMEI expression in ccRCC was
associated with immune cell surface receptors,
mainly PDCDI1, LAG3, CTLA4, and LGALS9.
These immune checkpoints have been exten-
sively studied for their role in tumor immune
escape in a wide range of tumors as well as
for their widespread applications as therapeutic
targets*. This finding suggested that the high
expression of EMEI in ccRCC may be associ-
ated with some inhibitory immune cell surface
receptors. Accordingly, the specific mechanism
of EMEI involvement in ¢ccRCC immune infil-
tration warrants further investigation to provide
new ideas for subsequent immunotherapy.
Based on Pearson’s correlational analysis from
the LinkedOmics database, we noted a positive
correlation between the EMEI expression and
RADS54L, CDCA3, and KIFIS8B in ccRCC. Pre-
vious studies**® reported that RAD54L may be
involved in DNA recombination as well as DNA
repair, which is associated with breast carcino-
genesis as well as radiation therapy resistance in
head and neck squamous cell carcinoma. CDCA3
regulates the cell cycle and is often upregulated
in tumor tissues, while the knockdown of CD-
CA3 can regulate the NF-kB signaling pathway
to inhibit cell cycle protein D1 expression so as
to suppress prostate cancer progression®’. In fact,
KIFISB was found to be highly expressed in
breast cancer tissues and involved in the promo-
tion of proliferation, migration, and invasion of
breast cancer cells®®. On the other hand, a strong
negative correlation was noted between the EME]
expression and NR3C2 in ccRCC. NR3C2 was
found to be under-expressed in the colon and
renal cell carcinoma tissues. The overexpression
of NR3C2 could inhibit tumor cell proliferation,
migration, invasion, and angiogenesis in colon
and renal cell carcinomas**°. CDS! was found to
be poorly expressed in hepatocellular carcinoma
cells as a result of methylation of this gene*'. For
the five genes positively associated with EMFEI,
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we analyzed that their high expression was asso-
ciated with a low KIRC survival. Interestingly,
for the 5 genes negatively associated with EMEI,
their high expression was associated with a good
prognosis of KIRC. Thus, the role of EMEI in
KIRC as a cancer-promoting agent is ascertained.
Based on the bioinformatics analysis combined
with the results of previous studies, the expres-
sion of EMEI in different tumors is likely to
indicate the promotion of tumor development and
poor prognosis.

Conclusions

In conclusion, overexpression of EMEI in the
ccRCC tissues was observed, which indicated
that a high expression of EMEI correlates with
poor prognosis in ccRCC. In addition, the crit-
ical biological functions regulated by EMEI in
ccRCC may be related to cell cycle regulation,
cell division, and humoral immunity. Finally,
further findings suggested that EMEI may be
involved in ccRCC-related immune infiltration to
influence tumor progression. In this regard, fur-
ther research is warranted in this field to contin-
uously refine our understanding of the biological
impact of EMEI.

This research results show that overexpression
of EMEI is associated with poor prognosis in
renal clear cell carcinoma. Meanwhile, there is
a correlation between EMEI and immune infil-
tration. It suggests that EME] may be a potential
therapeutic target for renal clear cell carcinoma.
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