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Background: SARS-CoV-2 proteins binding human mRNAs (SPBRs) have been proven to
regulate a variety of tumor-related functions in different types of cancer. However, their
biological roles and potential mechanisms in clear cell renal cell carcinoma (ccRCC) are still
elusive. Herein, we investigate the expression and prognostic value of SPBRs in ccRCC
through bioinformatics methods.

Methods: Data downloaded from the Cancer Genome Atlas (TCGA) database was used to
screen differentially expressed SPBRs (DE-SPBRs) between ccRCC samples and noncancer-
ous samples. Metascape was utilized to perform function and pathway enrichment analyses
of these DE-SPBRs. Kaplan—Meier method of overall survival (OS) was used to assess the
prognostic value of DE-SPBRs in ccRCC patients. Univariate and multivariate Cox regres-
sion analyses were applied to identify candidate SPBRs, which were independently asso-
ciated with overall survival of ccRCC patients. Subsequently, several internationally
renowned databases were employed to conduct a comprehensive analysis of candidate
SPBRs to further investigate their roles and mechanisms in ccRCC.

Results: A total of 33 DE-SPBRs, including 18 upregulated SPBRs and 17 downregulated
SPBRs, were screened between ccRCC samples and noncancerous samples. Among them,
two candidate SPBRs, KDELC1 and TRMTI1, were identified. Additionally, we observed
that upregulated KDELC1/TRMT1 expression in ccRCC at both gene and protein levels was
significantly associated with clinicopathological features. Furthermore, we found that
KDELC1/TRMTI1 genetic mutation has an unfavorable influence on prognosis of patients
with ccRCC. Functional enrichment analysis revealed that KDELC1/TRMTI1 was closely
enriched in several vital biological processes and pathways. Finally, we noticed that
KDELC1/TRMT1 was remarkably associated with immune infiltrates.

Conclusion: In summary, we screened DE-SPBRs of ccRCC, which were enriched mainly
in various biological and signaling pathways with tumor progression. Furthermore, we
identified two candidate DE-SPBRs (KDELC1 and TRMT1), which could serve as promis-
ing biomarkers and therapeutic targets of patients with ccRCC.

Keywords: clear cell renal cell carcinoma, bioinformatics, SARS-CoV-2 proteins binding
human mRNAs

Introduction
Clear cell renal cell carcinoma (ccRCC), originates from renal tubular epithelial
cells, which is the most common histologic subtype of renal cell carcinoma (RCC)
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with an incidence accounting for about 75% of all cases.'
Surgical intervention is an effective treatment for ccRCC
patients with early stage. However, owing to lack of
specific signs and symptoms, majority of patients reach
advanced stage of the cancer at the first diagnosis with
unresectable primary tumors.” Although significant pro-
gress has been made in diagnostic techniques and thera-
pies, most patients’ prognosis remains poor, mainly due to
the distant metastases and recurrence.>* To date, causing
by the high recurrence and incidence in the ccRCC, it is
quite urgent to find promising biomarkers and therapeutic
targets for ccRCC patients. In recent years, targeted ther-
apy has been proposed as a promising anticancer strategy.
Many molecular studies have focused on early diagnosis
and prognosis with iconic targets, but the missed diagno-
sis rates still very high.® Therefore, searching out novel
therapeutic biomarkers associated with ccRCC is crucial
for targeted therapy. SARS-CoV-2 is the culprit of the
coronavirus disease 2019 (COVID-19), which has led to
global health emergencies and social and economic dis-
ruptions worldwide.®” Studies have shown that regardless
of receiving any special treatment for COVID-19, cancer
patients seem to show an increased risk of death from
COVID-19.® Angiotensin-converting enzyme 2 (ACE2)
has shown strong binding to SARS-CoV-2 and has been
confirmed as a functional host cell receptor.” ACE2 is
a member of the renin-angiotensin system and usually
expressed in many organs and its overexpression seemed
to be more susceptible to SARS-CoV-2 infection.'’
Although there is no direct evidence of an association
between clear cell renal cell carcinoma and SARS-CoV
-2, renal tubular epithelial cells express more ACE2,'
suggesting that they are susceptible to SARS-CoV-2.
ACEis can potentially inhibit cancer growth, reduce the
potential for metastasis, and improve survival in patients
with RCC,'? while increased ACE activity is associated
with higher tumor grade.'> Mechanically, the therapeutic
use of ACEis in RCC is of great significance for the
treatment of RCC patients infected with COVID-19."
Because of the increase in ACE2, the increase in ACE2
to which the virus can bind has the potential to increase
the susceptibility of RCC patients to more severe
diseases.

To date, at least 330 high-confidence SARS-CoV-2
proteins binding human mRNAs (SPBRs) have been iden-
tified in the human genome. They could combine with
their target RNAs to regulate many physiological and
biochemical processes, such as coronavirus replication.

lipoprotein metabolism, DNA replication, RNA proces-
sing and regulation, and epigenetic regulation of gene
expression.'>'® These abilities implicated that the abnor-
mal expression of SPBRs is related with the initiation and
progression of various human cancers. For instance,
TRIMS9 by upregulating cell cycle-related proteins to
facilitates the proliferation and migration of Non-Small
Cell Lung Cancer Cells.'” In glioblastoma, LncRNA
PLAC2 blocks cycle progression by down-
regulating RPL36 expression.'® LOX was highly
expressed in colorectal cancer samples than in adjacent
and upregulated LOX
advanced clinical stages, deeper tumor invasion, and

cell

normal samples, indicated
more metastatic lymph nodes.'” Despite the fact that
SPBRs closely participated in the occurrence and progres-
sion of different types of human cancers, little is known
about the function of most SARS-CoV-2 proteins binding
human mRNAs (SPBRs) in ccRCC. An integrated study
will help us understand the specific functional roles of
SPBRs in ccRCC.

Gene expression data and corresponding clinicopatho-
logical information of ccRCC, which was obtained from
The Cancer Genome Atlas (TCGA) database, was used to
screened prognosis related differentially expressed SPBRs
among cancerous tissues and healthy renal controls via
comprehensive bioinformatics methods. Among them,
(KDELCI1

TRMT1) were identified using Cox analysis. Then, several

two independent prognosis factors and
universally acknowledged databases were employed to
explore mRNA and protein expression levels, clinico-
pathological features correlation, genetic variations,
gene—gene interaction network, functional enrichment
and TIICs analyses of KDELC1 and TRMTI in ccRCC.
Taken together, our results demonstrated that KDELCI
and TRMT1 were associated with the occurrence and
progression of ccRCC and could be recognized as promis-
ing biomarkers for ccRCC, and targeting SARS-CoV-2
proteins binding human mRNAs may be a new anti-
tumor treatment strategy of ccRCC and will provide
a good reference between ccRCC research and SARS-

CoV-2.

Materials and Methods
Data Collection and ldentification of

Differentially Expressed SPBRs
TCGA (https://portal.gdc.cancer.gov/)*° database is an
comprehensive database platform and the data that it
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contains is publicly available. In this work, we down-
loaded the RNA sequencing dataset of 72 normal renal
samples and 539 KIRC samples. Duplicate samples and
any samples with unavailable or unknown survival time
data will be excluded, and finally we obtained RNA
sequencing profile of 72 noncancerous specimens and
530 ccRCC specimens. Furthermore, clinical and patholo-
gical characteristics of patients with ccRCC, including
age, gender, histological grade, clinical stage, and TMN
stage, were recorded in Table 1. Subsequently, differential
SPBRs expression between ccRCC samples and non-
cancerous renal samples was screened using the edgeR
package (www.bioconductor.org/packages/release/bioc/

html/edgeR.html).21 A total of 334 SPBRs were included
in the work based on the results of the literature review
(Supplementary Table S1). SPBRs that met the specific
cut-off criteria of adjusted P < 0.05 and |log,fold change
(FC)I=1 were considered as differentially expressed
SPBRs (DE-SPBRs).

Functional Enrichment Analysis of
DE-SPBRs

Metascape (http://metascape.org) is a web-based portal

designed to perform functional enrichment, interactome
analysis, gene annotation, and membership search.** In
this study, Metascape was used to analyze Function and
pathway enrichment analyses of DE-SPBRs, gene terms
with P-value <0.01, minimum count of 3, and enrichment

factor of >1.5 were regarded significantly.

Identification of Prognosis-Related
DE-SPBRs

To evaluate the prognostic value of these DE-SPBRs,
overall survival analysis of each DE-SPBRs was per-
formed through the survival package of R software. All
patients were divided into high- and low-expression
subgroups according to the median expression value.
DE-SPBRs that met the cut-off criteria of P < 0.05
prognosis-related DE-SPBRs.

Finally, univariate and multivariate cox analyses were

were considered as
performed to determine independent prognostic predic-
tors with the overall survival of patients with ccRCC.
These independent prognostic DE-SPBRs were consid-
ered as candidate DE-SPBRs.

Table | Characteristics of Clear Cell Renal Cell Carcinoma
Patients in the TCGA Database

Clinical Variables Total Percentages
Parameters (n=530) (%)
Age (years) <60 264 49.81
>60 266 50.19
Gender Female 186 35.09
Male 344 64.91
Histological grade Gl 14 2.64
G2 227 42.83
G3 206 38.87
G4 75 14.15
GX 5 0.94
Unknown 3 0.57
Clinical stage Stage | 265 50
Stage Il 57 10.74
Stage Il 123 2321
Stage IV 82 15.48
Unknown 3 0.57
T classification Tl 271 51.13
T2 69 13.02
T3 179 33.77
T4 I 2.08
Distant metastasis MO 420 79.25
MI 78 14.72
MX 30 5.66
Unknown 2 0.37
Lymph nodes NO 239 45.09
NI 16 3.02
NX 275 51.89

Abbreviation: TCGA, The Cancer Genome Atlas.

Expression Validation and
Clinicopathological Analysis of Candidate
DE-SPBRs in ccRCC

Chip data derived from ccRCC patients, downloaded from
GSE15641, GSE36895, GSE53757, and GSE66272, were
used for expression validation. The latter three datasets
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were from the same platform: GPL570 [HG-U133 Plus 2]
Affymetrix Human Genome U133 Plus 2.0 Array; con-
tained 29 tumor samples and 23 normal samples,® 72
tumor samples and 72 normal tissues,”* and 27 tumor
samples and 27 normal tissues,”>*® respectively.
GSE15641 dataset was from the Platform: GPL96 [HG-
U133A] Affymetrix Human Genome U133A Array, which
contained 32 tumor samples and 23 adjacent non-tumor
renal tissues.”’ Furthermore, the protein expression for
colon cancer, breast cancer, ovarian cancer, clear cell
renal cell carcinoma, and uterine corpus endometrial car-
cinoma can be obtained from the “CPTAC analysis” mod-
ule of UALCAN (http://ualcan.path.uab.edu).® In this
study, candidate DE-SPBRs protein expression pattern in

ccRCC and noncancerous tissues was obtained from the
UALCAN web tool. Additionally, we selected representa-
tive protein images to analyze the differences in staining at
the protein level of candidate genes from the HPA
database.”” Additionally, the Wilcoxon signed-rank test
was utilized to explore the association between clinico-
pathological factors and candidate DE-SPBRs.

cBioPortal for Cancer Genomics
Database

The cBioPortal for cancer genomics (http://www.cbiopor

tal.org/) is a powerful open-source database, which can
provide multidimensional cancer genomics and clinical
data retrieved from the TCGA database. Here, the kidney
renal clear cell carcinoma (KIRC) dataset, including data
from 537 cases with pathology reports, was selected for
further analyses of candidate DE-SPBRs using cBioPortal
database. The cBioPortal Cancer Genomics resource was
used to assess the alteration frequency of the candidate
DE-SPBRs and its influence on prognosis of ccRCC cases.

GENEMANIA Database

The GeneMANIA is a prediction server, which could find
other genes that are related to a set of input genes, using
a very large set of functional association data. Association
data include protein and genetic interactions, pathways,
co-expression, co-localization and protein domain similar-
ity. In the work, we use GeneMANIA to construct a gene—
gene network. Furthermore, to understand the potential
mechanisms of candidate DE-SPBRs in ¢ccRCC, we car-
ried out function and pathway enrichment analyses to

explore the potential biological mechanisms, gene terms

with P-value <0.01, minimum count of 3, and enrichment
factor of >1.5 were regarded significantly.

TIMER Database

The Tumor Immunity Resource (TIMER) (https://cis
mRNA
sequencing data for 10,897 samples of 32 human cancers
from the Cancer Genome Atlas (TCGA). It is an ideal tool
for systematic analysis of immune infiltration in various

trome.shinyapps.io/timer/) database contains

cancer types. In this study, we assessed the candidate DE-
SPBRs expression with the abundance of different
immune infiltrating cells.

Statistical Analysis

The Wilcoxon signed-rank test was utilized to compare the
expression levels of the candidate DE-SPBRs in ccRCC
samples with that in normal renal samples, and to explore
the association between clinicopathological variables and
the candidate DE-SPBRs. Kaplan—Meier survival method
with Log rank test was used to estimate the effect of the
candidate DE-SPBRs on overall survival of ccRCC
patients. Univariate Cox regression and multivariate Cox
analyses were performed to screed the independent prog-
nostic factors. P < 0.05 was regarded as statistically sig-
nificant. All statistical analyses were carried out using
R 3.6.1 software.

Results

Identification of DE-SPBRs

The edgeR R package was employed to screen the DE-
SPBRs between ccRCC tissues and noncancerous tissues.
A total of 334 SPBRs were included in this work, and 35
DE-SPBRs, including 18 upregulated SPBRs and 17
downregulated RBPs, were identified between ccRCC
samples and noncancerous samples with the setting stan-
dard |log,FC| >1 and the adjusted P-value < 0.05 (Table 2).
Additionally, Figure 1A and B shows the heat map and
volcano map of DE-SPBRs, respectively.

Function and Pathway Enrichment
Analyses of DE-SPBRs

To investigate the biological mechanisms of DE-SPBRs in
ccRCC, we performed function and pathway enrichment
analyses of DE-SPBRs using the Metascape database.

As can be seen from Figure 2, gene ontology (GO)
indicated that DE-SPBRs were mainly involved in col-
lagen formation, response to oxygen levels, NABA ECM
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Table 2 Identification of Differentially Expressed SPBRs

Symbol LogFC Symbol LogFC
ERGICI 1.017 HS6ST2 —6.262
COL6AI I.164 TMPRSS2 -3.796
TRIM59 1.220 REEP6 —2.921
TRMTI 1.249 ERMPI —2.462
KDELCI 1.267 PRKAR2B —2.195
RPL36 1.313 ZNF503 —-1.879
EXOSC5 1.371 PLAT -1.722
COLGALTI 1.782 FBLNS —1.650
PLOD2 1.817 ACADM -1.517
CENPF 1.867 GGH —1.410
HMOXI 2.380 ATPIBI -1.329
FKBP10 2.864 SCCPDH —-1.298
PCSKé 3.018 DNAJCI | —1.285
INHBE 3.460 ATP6VIA —-1.207
LOX 3.485 NINL —1.18l1
JAKMIPI 3.635 GDFI5 —=1.110
SCARBI 3.862 SLC27A2 —1.056
STC2 3.981

Abbreviation: SPBRs, SARS-CoV-2 proteins binding human mRNAs.

regulators, response to peptide hormone, transport of small
molecules, glycoprotein metabolic process, G2/M transi-
tion, cellular modified amino acid metabolic process, cel-
lular lipid catabolic process, hormone metabolic process
and signaling by receptor tyrosine kinases.

Identification of Prognosis-Related

DE-SPBRs
To investigate the prognostic value of DE-SPBRs in ccRCC,

Kaplan—Meier curve for overall survival of ccRCC patients
was calculated according to the low and high expressions of
each DE-SPBRs. Twenty DE-SPBRs showed statistically
favorable/unfavorable effect on prognosis of patients with
ccRCC. As shown in Figure 3, Kaplan—-Meier curves
showed that CENPF, COL6A1, COLGALT1, EXOSCS,
FKBP10, INHBE, KDELC1, PLOD2, RPL36, TRIMS59,
TRMT1, PPKAR2B and REEP6 have lower percent overall
survival in the high-expression group compared to the low-

expression group (Figure 3A-I, 3K-L, and 3R-S).

Compared with the high-expression group, SCARBI,
ACADM, ATP1BI1, ATP6VIA, ERMPI, GGH,
SLC27A2 have an unfavorable overall survival in low-

and

expression group (Figure 3J, M—Q, and T). Moreover, as
shown in Table 3, in Univariate analysis, ERMP1 expression
(HR (Hazard Ratio) = 0.681, p < 0.05), REEP6 expression
(HR = 1.162, p < 0.05), COLGALT1 expression (HR =
3.011, p < 0.001), ACADM expression (HR = 0.470, p <
0.001), ATP1B1 expression (HR = 0.615, p < 0.001),
FKBP10 expression (HR = 1.474, p < 0.001), TRIM59
expression (HR = 1.705, p < 0.01), EXOSCS5 expression
(HR = 1.371, p < 0.05), GGH expression (HR = 0.731, p =
p < 0.01), TRMT1 expression (HR = 2.032, p < 0.001),
KDELC1 expression (HR = 1.536, p < 0.01), PLOD2
expression (HR = 1.234, p < 0.05), CENPF expression
(HR = 1.640, p < 0.001), ATP6V1A expression (HR =
0.686, p < 0.05), RPL36 expression (HR = 1.293, p <
0.05), INHBE expression (HR = 1.198, p < 0.001),
COLG6A1 expression (HR = 1.892, p < 0.001), SLC27A2
expression (HR = 0.749, p < 0.001), age (HR = 1.023; p <
0.05), histological grade (HR = 2.242; p < 0.001), clinical
stage (HR = 1.862; p < 0.001), T classification (HR=1.943;
p < 0.001), Lymph nodes (HR=2.932; p < 0.01) and distant
metastasis (HR = 4.073; p < 0.001) were associated with
with  ccRCC.
Furthermore, multivariate survival model after variable
selection indicated that age (HR = 1.052; p < 0.001), distant
metastasis (HR =3.411; p <0.05), KDELC1 expression (HR
=2.003, p < 0.001) and TRMT1 expression (HR = 2.423,
p < 0.01) of patients with ccRCC were independently asso-
ciated with unfavorable OS (Figure 4 and Table 3). The
above results showed that KDELCI and TRMT1 could
serve as individual predictors for poor prognosis in ccRCC.

poorer overall survival of patients

KDELCI and TRMTI Were Highly

Expressed in ccRCC

As shown in Figure SA—H, KDELC1 and TRMT1 over-
expression were observed in ccRCC, according to
GSE15641, GSE36895, GSE53757 and GSE66272 data-
bases (P<0.001). Additionally, to determine the proteomic
expression of KDELCI and TRMT1 in c¢ccRCC, we used
protein expression data from the CPTAC dataset to show
that KDELC1 and TRMT1 were significantly upregulated
in ccRCC tissues by comparison with normal renal tissues
(p < 0.001) (Figure 5I-J). Representative immunohisto-
chemical staining showed that tumor tissue had much
higher expression of KDELC1 than normal renal tissue
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Figure | Identification of differentially expressed SARS-CoV-2 proteins binding human mRNAs (DE-SPBRs). (A) Heat map of DE-SPBRs; (B) volcano plot of DE-SPBRs.

(Figure 5K). However, no immunohistochemical staining
difference was found between tumor and normal tissues
for TRMT1 (Figure 5L).

The Expression of KDELCI/TRMTI and
Its Relationship with Clinicopathological

Features

We evaluated the association between KDELC1/TRMT1
expression levels and different clinicopathological variables
of ccRCC patients. The results are described in boxplot
Figure 6, we found that overexpression of KDELC1 was
significantly associated with histological grade (p < 0.01),
clinical stage (p < 0.01), T classification (p < 0.05), and
distant metastasis (p < 0.001). In addition, upregulated
expression of TRMT1 was significantly clinical stage (p <
0.05), T classification (p < 0.05), and distant metastasis (p <
0.05). The results showed that increased KDELC1/TRMT1
expression indicates a worse clinical overcome.

KDELCI and TRMTI| Genetic Alteration

Analysis

Alteration frequency of KDELC1 and TRMT1 mutations
in ccRCC was analyzed using cBioPortal database. A total
of 537 cases from three datasets of KIRC were analyzed.
Overview of the analyses of genetic variations in
KDELC1 and TRMT! was shown in Figure 7A.
KDELCI and TRMT1 were altered in 49/537 (9.12%) of

ccRCC patient samples. These alterations were mRNA
high in 44 cases (8.19%), amplification in 3 cases
(0.56%), mutation in 1 case (0.19%) and multiple altera-
tions in 1 case (0.19%). Furthermore, the analysis of
genetic variations in KDELC1 and TRMT1 was shown
in Figure 7B and C; genetic alterations were 4.1% and
5.59%, respectively. Figure 7D shows the OncoPrint
visual summary of alteration on a query of KDELCI
and TRMT1. Furthermore, Kaplan—Meier curves revealed
that the cases with alterations in one of the query genes
have worse overall survival and disease-free survival than
those without alterations in any query genes (Both
p-values <0.001) (Figure 7E-F). The results indicated
that KDELC1 and TRMT1 genetic alteration could have
an unfavorable effect on prognosis of patients with
ccRCC.

Co-Expression and Functional

Enrichment Analyses

Genes significantly associated with KDELC1 and TRMT1
were analyzed using the GeneMANIA database (Figure 8A).
To explore the potential mechanism of KDELCI1 and
TRMT1, we used the Metascape database to conduct func-
tion enrichment analysis. The results indicated that
KDELCI/TRMTI1 and their functional partners mainly
enriched in several vital biological processes and pathways,
such as ncRNA processing, RNA modification, protein
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Figure 2 Function and pathway enrichment analyses of differentially expressed SARS-CoV-2 proteins binding human mRNAs (DE-SPBRs) (Metascape database). (A) Heat
map of the function and pathway enriched terms colored by P-values; (B) network of function and pathway enriched terms colored by clusters; (C) network of function and

pathway enriched terms colored by P-value.

O-linked glycosylation via serine, regulation of RNA spli-
cing and regulation of reproductive process (Figure 8B-D).

TIMER Analysis

Accumulating evidence indicated that tumor-infiltrating
lymphocytes could utilize to predict sentinel lymph node
status and survival in tumors. Hence, we further analyzed
the correlation between KDELC1 and TRMT1 expression
with tumor-infiltrating immune cells. As illustrated in
Figure 9, elevated KDELC1 was negatively correlated
with tumor purity (=—0.11, p < 0.001) in ccRCC and

significantly associated with infiltrating levels of B cells
(r=0.154, p < 0.001), CD4+ T (+=0.192, p < 0.001),
macrophages (=0.319, p < 0.001), neutrophils (r=0.343,
p < 0.001), and dendritic cells (=0.215, p < 0.001).
However, increased TRMT1 was significantly associated
with infiltrating levels of B cells (=—0.253, p < 0.001),
CD8+ T cells (=—0.117, p < 0.05), CD4+ T (+=0.22, p <
0.001), macrophages (+=—0.21, p < 0.001), and dendritic
cells (=—0.182, p < 0.001). These findings suggested that
KDELC1 and TRMTI1 may play a crucial role in the

¢cRCC microenvironment.
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Figure 3 Survival analysis of differentially expressed SARS-CoV-2 proteins binding human mRNAs (DE-SPBRs). Kaplan—Meier curves of CENPF (A), COL6AI (B),
COLGALTI (C), EXOSCS (D), FKBP10 (E), INHBE (F), KDELCI (G), PLOD2 (H), RPL36 (1), SCARBI (J), TRIM59 (K), TRMTI (L), ACADM (M), ATPIBI (N), ATP6VIA
(O), ERMPI (P), GGH (Q), PRKAR2B (R), REEP6 (S), SLC27A2 (T).

Discussion

Herein, we screened 35 DE-SPBRs between ¢ccRCC sam-
ples and heathy normal controls from the TCGA database.
Based on function and pathway enrichment analyses, we

found that these DE-SPBRs involved in collagen forma-
tion, ECM regulators, G2/M transition, collagen is the
major component of the cancer microenvironment and is

involved in tumor fibrosis, tumor cells could regulate
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Table 3 Univariate Cox Regression and Multivariate Cox Regression Analyses for Identification of Candidate SARS-CoV-2 Proteins

Binding Human mRNAs

ID Univariate Cox Regression Multivariate Cox Regression
HR HR.95L HR.95H p-value HR HR.95L HR.95H p-value

Age 1.023 1.005 1.041 1.211E-02 1.050 1.027 1.074 |.752E-05
Gender 1.013 0.666 1.541 9.511E-01

Grade 2.242 1.682 2.988 3.610E-08 1.097 0.735 1.639 6.502E-01
Stage 1.862 1.541 2.251 1.260E-10 1.533 0.868 2.708 |.414E-01
T 1.943 1.538 2.456 2.690E-08 0.950 0.570 1.583 8.424E-01
M 4.073 2.634 6.300 2.760E-10 2.600 1.046 6.463 3.977E-02
N 2.932 1.516 5.668 1.384E-03 1.239 0.493 3.113 6.489E-01
ERMPI 0.681 0.474 0.979 3.807E-02 1.471 0.904 2.396 |.205E-01
PRKAR2B 1.223 0.957 1.563 1.071E-01

REEP6 1.162 1.007 1.341 3.981E-02 0.910 0.713 I.161 4.481E-01
COLGALTI 3.011 2,111 4.294 1.170E-09 1.448 0.695 3014 3.228E-01
ACADM 0.470 0.370 0.597 6.770E-10 0.752 0.434 1.302 3.085E-01
ATPIBI 0.615 0.471 0.802 3.440E-04 1.007 0.684 1.480 9.737E-01
FKBPI0 1.474 1.243 1.748 8.070E-06 1.116 0.824 I.511 4.795E-01
TRIM59 1.705 1.203 2416 2.686E-03 0.707 0.424 1.177 |.827E-01
EXOSC5 1.371 1.039 1.809 2.560E-02 0.812 0.489 1.350 4.221E-01
TRMTI 2.032 1.536 2.690 7.010E-07 2.643 1.562 4.473 2.944E-04
KDELCI 1.536 1.127 2.095 6.643E-03 1.861 1.301 2.662 6.799E-04
PLOD2 1.234 1.033 1.473 2.015E-02 0.902 0.672 1.212 4.945E-01
CENPF 1.640 1.338 2011 1.950E-06 1111 0.809 1.527 5.153E-01
ATP6VIA 0.686 0.500 0.941 1.951E-02 1.486 0.954 2315 7.996E-02
RPL36 1.293 1.049 1.594 1.610E-02 0.990 0.588 1.664 9.687E-01
INHBE 1.198 1.083 1.326 4.731E-04 0.860 0.730 1.014 7.360E-02
COL6AI 1.892 1.552 2.307 2.800E-10 1.060 0.723 1.554 7.659E-01
SLC27A2 0.749 0.683 0.820 5.580E-10 0.925 0.752 1.138 4.617E-01

collagen biosynthesis through mutated genes, transcription
factors, signaling pathways and receptors; additionally,
collagen also can affect the behavior of tumor cells
through integral proteins, discoidal protein structural
domain receptors, tyrosine kinase receptors and several
signaling pathways.>° The composition and organization

of the ECM is dynamically regulated in both time and

space to control cell behavior and differentiation, but
imbalances in the dynamics of the ECM contribute to the
progression of diseases such as cancer.’’ Dysregulation of
the cell cycle is one of the reasons why cancer cells divide
abnormally, and the acceleration and activation of G2/M
transition helps to enhance cancer cell proliferation.*

Furthermore, we found that these DE-SPBRs also
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Figure 4 Multivariate Cox regression analysis to identify prognosis-related SARS-CoV-2 proteins binding human mRNAs (SPBRs). ***, P < 0.001.

participated in the metabolism of certain substances,
including glycoprotein, cellular modified amino acid cel-
lular lipid and hormone metabolic processes, suggesting
that the metabolism of these substances may be involved
in the development of ccRCC.

Subsequently, based on the Kaplan—Meier and cox
regression analyses, two SPBRs (KDELC1 and TRMT1)
independently associated with overall survival were
selected for further comprehensive analysis. In this work,
we test and verify the KDELC1 and TRMT1 mRNA
expression in ccRCC tissue and its relationship with
patient clinical outcomes. Results showed that KDELC1
and TRMT1 mRNA were significantly upregulated in can-
cer cases relative to normal heathy controls both in mRNA
and protein levels and its high transcription levels were

significantly associated with poor clinical outcomes.
Furthermore, we noticed that mRNA high is the most
frequent type of genetic alterations and significantly asso-
ciated with a poor prognosis of patients with ccRCC, also
indicating that genetic alterations might be responsible for
the up-regulation of KDELC1 and TRMTI1 gene. All
above results suggested that KDELC1 and TRMT1 might
play a vital role as a tumor-specific promoter in ccRCC.
KDELCI, also known as POGLUT?2, encodes a protein
product localized to the lumen of the endoplasmic
reticulum.* Although the direct role of KDELCI in can-
cer has not been extensively studied, it has been shown to
play an important role in the glycosylation of the hetero-
dimeric Notch receptor, and the letter is significantly deci-
sive in the initiation of Notch signaling that has great
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Figure 5 KDELCI and TRMTI was highly expressed in ccRCC. (A-D) Results from GSEI15641, GSE36895, GSE53757 and GSE66272 indicated that KDELCI was
significantly higher in ccRCC tissues than in normal renal tissues; (E-H) results from GSE15641, GSE36895, GSE53757 and GSE66272 indicated that TRMT | was significantly
higher in ccRCC tissues than in normal renal tissues; (I and J) KDELCI and TRMTI protein were highly expressed in ccRCC samples (UALCAN database); (K)
representative immunohistochemical staining showed that tumor tissue had much higher expression of KDELCI than normal renal tissue (The Human Protein Atlas
database); (L) no immunohistochemical staining difference was found between tumor and normal tissues for TRMTI (The Human Protein Atlas database).

relevance to multiple aspects of cancer biology, including
angiogenesis, tumor immunity and the maintenance of
cancer stem-like cells.>* Additionally, as a novel

glycosyltransferase, its abnormal dysregulation may be
associated with the development of cancer.*> We thus
speculate that it can potentially serve as a novel biomarker
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Figure 6 The relationship between KDELCI/TRMTI expression with clinicopathological features of the patients with clear cell renal cell carcinoma (ccRCC). The
relationship between KDELC| expression with grade (A), stage (B), T stage (C), N stage (D), and M stage (E). The relationship between TRMT | expression with grade (F),

stage (G), T stage (H), N stage (), and M stage (J).

for ccRCC progression. TRMT1 is a tRNA modifying
gene that acts as a dimethyltransferase, modifying
a single guanine residue at position 26 of the tRNA.
Notably, several studies demonstrated that tRNA modifica-
tion is emerging as a novel mechanism of oncogenic
regulation.’® Deve et al found that cells lacking TRMT]
show reduced proliferation rates, alterations in protein
synthesis, and tolerance to oxidative stress.’’
Additionally, Wang et al identified TRMT1 and other 17
genes that could predict lymph node metastasis of bladder
cancer patients,”® suggesting that TRMT1 might play
a vital role in carcinogenesis.

The relationship of the expression genes correlated with
differentially expressed KDELC1 and TRMT1 was performed
using the GENEMANIA database. The results showed that
POGLUTI, ANKRD28, RRP9, TSR2, TRMTI1L, METTL16,
CTUI1, TARBP2, RTFDC1, ERNI, KDELC2, ZNF598,
THUMPD2, C1QBP, PDE3A, PDCDII, TPRKB,
EXOSC10, CAPN15, and NUDC had different types of asso-
with  KDELCI1/TRMTI,

Interactions, co-expression, predicted, co-localization, path-

ciation including  physical
way, genetic interactions, shared protein domains. Then, we
carried out functional enrichment analyses to explore the
potential mechanism of KDELC1/TRMT1 and its functional
partners. Mechanically, KDELCI and TRMT]1 affect the pro-
gression of ccRCC through several post-transcriptional events,
such as ncRNA processing, RNA modification, protein
O-linked glycosylation via serine, regulation of RNA splicing
and regulation of reproductive process. Abnormal post-

transcriptional events were the cause of the occurrence and
development of cancer,”” which might lead to the activation of
oncogenes or the inhibition of tumor suppressor genes.
Abnormal post-transcriptional events might be the mechanism
for KDELC1 and TRMT1 to promote ccRCC progression.

Immune cells in the tumor microenvironment regulate
cancer progression and are attractive therapeutic
targets.***! Therefore, for the first time, we explored the
correlation between KDELCI/TRMTI1 expression and
tumor-infiltrating immune cells in ccRCC, and we found
that KDELC1 was positively associated with infiltrating
levels of B cells, CD4+ T, macrophages, neutrophils, and
dendritic cells. However, TRMT1 was negatively related
with infiltrating levels of B cells, CD8+ T cells macro-
phages, and dendritic cells, whereas positively associated
with infiltrating levels of CD4+ T cells.

These findings suggested that KDELC1 and TRMT1
might play different and specific roles in the ccRCC
microenvironment.

In conclusion, our study demonstrated that SARS-CoV
-2 proteins binding human mRNAs might involve in the
progression and prognosis of clear cell renal cell carci-
noma. Among them, KDELCI and TRMT]! are expected
to become promising therapeutic targets in ccRCC treat-
ment. To our best knowledge, this is the first work to
investigate the roles of SPBRs in ccRCC. However, sev-
eral limitations should not be ignored. First, this is
a retrospective research so that selection bias is inevitable

Second.
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Figure 7 Genetic mutation analyses of KDELCI/TRMT in clear cell renal cell carcinoma (ccRCC) (cBioPortal database). (A) KDELCI/TRMTI are altered in 49 (9.12%) of
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TRMTI; (E and F) the Kaplan—Meier curves between KDELCI/TRMTI altered group and unaltered group.
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Figure 9 The correlation between KDELCI/TRMTI expression with immune infiltration levels and in clear cell renal cell carcinoma. (A) KDELCI; (B) TRMTI.

Secondly, certain clinical factors that can also influence
prognosis, such as specific details of patient treatment, are
missing from public databases. Finally, we cannot pre-
cisely describe the possible mechanisms of KDELC1 and
TRMT1 in ccRCC. Therefore, further
research, such as cell-based protein expression assays,

substantive

are required to confirm our conclusions.
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