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Abstract: Background: Kidney renal clear cell carcinoma (KIRC) is the most prevalent type of renal cell carcinoma
(RCC), with a high incidence and mortality rate. There is a lack of sensitive biomarkers. Therefore, the discovery of
accurate biomarkers for KIRC patients is critical to improve prognosis. Methods: We determined hub genes and their
associated pathways involved in the pathogenesis of KIRC from the GSE66272 dataset consisting of KIRC (n = 26)
and corresponding control (n = 26) samples and later validated the expression and methylation level of the identi-
fied hub genes on The Cancer Genomic Atlas (TCGA) datasets and Human RCC 786-0 and normal HK-2 cell lines
through RNA sequencing (RNA-seq), Reverse transcription-quantitative polymerase chain reaction (RT-gPCR), and
targeted bisulfite sequencing (bisulfite-seq) analyses. Results: The identified up-regulated four hub genes include
TYROBP (Transmembrane Immune Signaling Adaptor TYROBP), PTPRC (Protein tyrosine phosphatase, receptor type,
C), LCP2 (Lymphocyte cytosolic protein 2), and ITGB2 (Integrin Subunit Beta 2). Moreover, the higher expression of
TYROBP, PTPRC, LCP2, and ITGB2 in KIRC patients insignificantly correlates with a poor prognosis in KIRC patients.
In addition, hub genes were involved in the “Fc epsilon RI signaling pathway, asthma, natural cell killer mediated
cytotoxicity, T cell receptor signaling pathway, primary immunodeficiency, Fc gamma R-mediated phagocytosis, ma-
laria, leukocyte transendothelial migration, and legionellosis” pathways and associated with the infiltration level of
CD8+ T, CD4+ T, and macrophage cells. Conclusion: Our integrated in silico and in vitro analysis identified important
hub genes (TYROBP, PTPRC, LCP2, and ITGB2) involved in the pathogenesis of KIRC as possible diagnostic biomark-
ers.
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Introduction

According to recent cancer statistics, kidney
cancer is ranked as the 9" most prevalent can-
cer type in men and is ranked 14™ in women
[1]. Approximately 400,000 (2.2% of the total
cancer cases) new kidney cancer cases and
nearly 175,000 deaths due to it occurred
around the world in 2021 [2]. Recent studies
have also highlighted that the rate of new kid-

ney cancer cases is increasing rapidly world-
wide [3]. Among all kidney cancers, kidney renal
clear cell carcinoma (KIRC) is the most common
[4]. Nearly 30% of KIRC patients experience
metastasis during disease progression [5].
Moreover, the 5-year survival rate is less than
10%, with a median survival of only 13 months
[6]. The prognosis of KIRC patients is poor
mainly due to late detection and resistance to
existing chemo or radiotherapies [7, 8].
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KIRC development and progression involve the
dysregulation of numerous genes, including
VHL (Von Hippel-Lindau), BAP1 (BRCA1 associ-
ated protein-1), PBRM1 (Protein polybromo-1),
and many more [9]. So far, a range of targeted
therapies has been utilized to treat KIRC based
on different molecular markers, such as the
use of chemotherapeutic drugs against PDGF
(platelet derived growth factor), VEGF (vascular
endothelial growth factor), and immunologic
checkpoints [9]. However, due to the heteroge-
neity of KIRC behavior, the efficacy of already
targeted therapies varies substantially between
patients. The choice of chemotherapeutic
drugs for treating KIRC is a challenging task in
clinical practice; thus, the exploration of novel
molecular biomarkers for KIRC diagnosis, prog-
nosis, and treatment is high on the agenda.

Integrative analysis of KIRC Gene Expression
Omnibus (GEO) expression datasets in order to
determine diagnostic and prognostic biomark-
ers for KIRC is urgently required. The discovery
of novel signature genes will not only aid in
KIRC diagnosis but also provide new chemo-
therapeutic drug targets for KIRC treatment.
In this work, we determined differentially
expressed genes (DEGs) from the GSE66272
[10] dataset. We further employed Search Tool
for the Retrieval of Interacting Genes/Proteins
(STRING), Cytoscape, MCODE, and CytoHubba
to explore hub genes. Based on the degree
method, the top four hub genes include TYROBP
(Transmembrane Immune Signaling Adaptor
TYROBP), PTPRC (Protein tyrosine phospha-
tase, receptor type, C), LCP2 (Lymphocyte cyto-
solic protein 2), and ITGB2 (Integrin Subunit
Beta 2). Lastly, we analyzed hub genes expres-
sion and promoter methylation levels using
KIRC cell lines (786-0 and HK-2) through in
vitro experiments and different The Cancer
Genome Atlas (TCGA) databases.

Methods
Data acquisition

A messenger RNA (mRNA) expression-based
GSE66272 [10] dataset consisting of KIRC (n =
26) and corresponding control (n = 26) samples
was acquired from the GEO database [11].

Data preprocessing and DEG analysis

The acquired GSE66272 dataset was based on
the GPL3921, Affymetrix HT Human Genome
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U133A Array platform. After downloading, pre-
processing of the raw data in GSE66272 was
carried out by adjusting the background, per-
forming normalization, and performing gene
annotation and re-annotation. Moreover, the
identification of differentially expressed genes
(DEGs) among KIRC samples and correspond-
ing controls was done with the help of the R
package “limma” [12]. The filtering criteria for
DEG identification was selected as absolute
log2 fold-change > 1 and P < 0.05.

Construction of protein-protein interaction
(PPI) network, module identification, and the
selection of hub genes

The Search Tool for the Retrieval of Interacting
Genes (STRING) database is known to explore
mutual effects among proteins of interest
across a biological system [13]. Using STRING,
we first constructed the PPIs of the identified
DEGs with default settings, and then we app-
lied a threshold of > 0.9 interaction score to
further refine the PPIs by removing unconnect-
ed nodes. Cytoscape is a recently developed
easy-to-use software for visualizing and analyz-
ing PPIs [14]. In the current study, this tool was
initially applied to visualize the constructed PPI
networks of the DEGs. Then, a plug-in of the
Cytoscape software, the MCODE, which is an
application for exploring densely connected
regions in PPl networks [15] was applied to
identify the significant module with default set-
tings. Finally, another plug-in of the Cytoscape
software, the CytoHubba application [16], was
used to screen out the top four hub genes in
the module based on the degree method.

UALCAN database

To further enhance the reliability of our data,
we reanalyzed the transcriptional expression of
the hub genes on the KIRC TCGA dataset. For
this purpose, we utilized the UALCAN database.
This database helps users to document expres-
sion variations in query gene(s) among the
specified cancer subtypes [17].

GEPIA, OncoDB, and GENT2 databases

Then, to further validate hub genes’ expression
across KIRC tissues and cell lines, we employed
the GEPIA [18], OncoDb [19], and GENT2 [20]
databases. All these online databases are can-
cer microarray-based expression analysis plat-
forms that provide expression analysis results
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in the form of box plots. Moreover, we also used
GEPIA for survival analysis for the hub genes.

Receiver operating curve (ROC) generation

To calculate the diagnostic values of hub genes
in KIRC, ROC curves were generated using
SPSS 26 (IBM SPSS Statistics, Chicago, IL,
USA).

The Human Protein Atlas (HPA)

The Human Protein Atlas (HPA) is a valuable
tool for analyzing protein expression patterns
across various cancer research projects [21].
This database was utilized in the present study
to validate the hub genes’ expression in KIRC
tissue samples relative to control tissues.
Additionally, this database was also used to
find the subcellular localization of proteins
encoded by the hub genes in KIRC cells.

UALCAN and OncoDB

The UALCAN [22, 23] and OncoDB [19] were
conducted in our study employed to check the
DNA promoter methylation level of identified
hub genes in KIRC.

cBioPortal

The cBioPortal web-resource provides multi-
omic information on nearly 5,000 cancer sam-
ples from 20 cancer-related studies in the med-
ical literature [23]. A TCGA KIRC dataset, “TCGA
PanCancer Atlas (512 cases)”, was utilized in
this work to analyze genetic mutations, co-
expressed genes, and the influence of muta-
tions on KIRC patient survival.

Functional enrichment analysis

The Gene Ontology (GO) analysis provides func-
tional annotation of the gene(s) of interest.
While KEGG (Kyoto Encyclopedia of Genes and
Genomes) provides an interpretation of the
user-defined genes in biological pathways [24].
The GO and KEGG analysis of hub and hub
genes enriched genes was performed using the
Gene Set Enrichment Analysis (GSEA) program
[25].

TIMER database

The TIMER database utilizes RNA sequencing
data for detecting immune cell infiltration in
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cancer tissues and also helps to analyze asso-
ciations between hub gene expression and
immune cell infiltration [26]. In this research,
levels of immune cell infiltration in KIRC were
plotted against hub gene expression.

miRNA network analysis

ENCORI platform is developed for analyzing the
miRNA-mRNA, RNA-RNA, and IncRNA-miRNA
networks across various types of cancer [27].
In this investigation, the ENCORI database was
used to create the miRNA network of the identi-
fied hub genes [27].

Hub genes’ drug prediction analysis

We used the DrugBank database to uncover a
variety of drugs associated with the identified
hub genes because we believe that the identi-
fied hub genes could be promising therapeutic
targets. This database compiles information on
chemotherapeutic drugs that target hub genes
from a variety of reliable sources [28].

In vitro validation of the hub genes expression
and methylation levels

Cell lines: Human RCC cell lines (786-0), and
normal renal tubular epithelial cell line (HK-2)
were purchased from the American Type
Culture Collection (ATCC, USA) and cultivated in
accordance with the manufacturer’s instruc-
tions.

Total RNA and RNA extraction: Total RNA extrac-
tion from both KIRC and normal cell lines was
done by isopycnic centrifugation as described
previously [29]. The extracted RNA was then
processed for DNA digestion step of incubation
with RNase-free DNase | (Roche, Germany) at
37°C for 15 minutes. The DNA extraction was
done by the organic method [30]. The quality
of the extracted RNA and DNA was checked by
a 2100 Bioanalyzer (Agilent Technologies,
Germany).

RNA sequencing (RNA-seq) and targeted bisul-
fite sequencing (bisulfite-seq) analysis: RNA
and DNA samples were sentto Beijing Genomics
Institute (BGl) Company for RNA-seq bisulfite-
seq analysis. Following RNA-seq and targeted
bisulfite-seq analyses, the gene expression val-
ues of the hub genes were normalized using
reads per kilobase million reads (RPKM) and
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fragments per kilobase million reads (FPKM).
Methylation values were normalized as beta
values. The obtained FPKM and beta values
against hub genes in RCC and the normal con-
trol cell line were compared to identify differ-
ences in the expression and methylation
levels.

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR), validation analysis:
The specific protocols are as follows: First, the
PrimeScript™ RT reagent kit (Takara, Japan)
was used for reverse transcription of the
extracted RNA from HK-2, and 786-0, cell lines
into complementary DNA. Then, the RT-qPCR
was carried out on a ABI ViiA 7 Real Time PCR
System (Thermo Fisher, USA) with a SuperReal
SYBR Green Premix Plus (Tiangen Biotech,
China) as a fluorescent dye. GAPDH was cho-
sen as the internal reference in the present
study. All the experiments were in triplicate
independently. The 224t method was employed
to evaluate the relative expression of each hub
gene [31]. Following primers were selected for
RT-gPCR analysis: GAPDHF 5-ACCCACTCCTC-
CACCTTTGAC-3, GAPDHR 5-CTGTTGCTGTAG-
CCAAATTCG-3’; TYROBPF 5-TGGTGCTGACAG-
TGCTCATTGC-3’, TYROBPR 5-CTGATAAGGCG-
ACTCGGTCTCA-3’; PTPRCF 5-CTTCAGTGGTCC-
CATTGTGGTG-3’, PTPRCR 5-CCACTTTGTTCTC-
GGCTTCCAG-3’; LCP2F 5-GGAAGAAGCCACCT-
GTGCCAAA-3’, LCP2R 5-GCTCATAGGAAGTAGT-
GCTGGC-3’; ITGB2F 5-AGTCACCTACGACTCCT-
TCTGC-3’, ITGB2R 5-CAAACGACTGCTCCTGGA-
TGCA-3.

Statistical procesing

DEGs were identified using a t-test [32]. For GO
and KEGG enrichment analysis, we used
Fisher’'s Exact test for computing a statistical
difference [33]. Correlational analyses were
carried out using Pearson method. For compar-
isons, a Student t-test was adopted in the cur-
rent study. All the analyses were carried out in
R version 3.6.3 software.

Results
DEGs and hub gene identification

In the current work, the GSE66272 [10] datas-
et, comprising 26 KIRC and 26 corresponding
control samples, was downloaded from the
GEO database. Genes with a P value less than
0.05 and |log2 fold change| > 1 was consid-
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ered as DEGs. Using this filtering criterion, we
extracted a total of 26676 DEGs by applying
the R package “limma” (Figure 1A). After,
STRING and Cytoscape analyses of the DEGs,
there were 140 nodes and 543 edges in the
PPI network of the DEGs (Figure 1B). Based on
the degree method, CytoHubba analysis of the
constructed PPl network revealed four hub
genes, including TYROBP, PTPRC, LCP2, and
ITGB2 (Figure 1B).

Expression analysis of hub genes using the
TCGA dataset

UALCAN tool was employed to analyze hub gene
(TYROBP, PTPRC, LCP2, ITGB2) expression
using the TCGA data set. Results showed that
those hub genes were upregulated in KIRC
samples compared to the controls (Figure 1C,
1D). The difference in hub gene expression
between KIRC and control tissues was signifi-
cant (P < 0.05).

Higher hub gene expressions were correlated
with the adverse clinical data

Next, we further explored the potential roles of
TYROBP, PTPRC, LCP2, and ITGB2 up-regula-
tion in KIRC patients with different clinicopath-
ologic data. For this purpose, clinicopathologic
data were obtained and analyzed by the
UALCAN, including cancer stage, race, gender,
and age. Then relationships between hub genes
MRNA expressions and clinicopathological data
in the KIRC cohort were documented. Analysis
results revealed that TYROBP, LCP2, and ITGB2
expressions were up-regulated in KIRC patients
belonging to cancer stages 3 and 4 relative to
stages 1 and 2. However, PTPRC showed higher
expression in cancer stages 2 and 3 KIRC
patients as compared to stages 1 and 4.
Moreover, concerning hub gene expressions in
KIRC patients of different races, genders, and
age groups, TYROBP, PTPRC, LCP2, and ITGB2
hub genes exhibited higher expressions in KIRC
patients belonging to the Asian population,
male gender, 41-61 yr, and 61-80 yr age group
(Figure 2).

Expression verification, survival analysis, and
diagnostic values of TYROBP, PTPRC, LCP2,
and ITGB2

The use of additional databases for expression

verification analysis strengthened our results.
Therefore, we utilized 3 more databases,
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Figure 1. A volcano graph of overall DEGs, a PPl network of the top 250 DEGs identified in the GSE66272 microarray dataset, and mRNA expression profiling of
TYROBP, PTPRC, LCP2, and ITGB2 hub genes by UALCAN. (A) A volcano graph of the overall DEGs, (B) A PPI network of the top 250 DEGs, (C) A heatmap of TYROBP,
PTPRC, LCP2, and ITGB2 hub genes in KIRC sample group and normal control group, and (D) Box plot presentation of TYROBP, PTPRC, LCP2, and ITGB2 hub genes
mRNA expression in KIRC sample group and normal control group. DEGs = differentially expressed genes, PPl = Protein-protein interaction, KIRC = Kidney renal
clear cell carcinoma, TYROBP = Transmembrane Immune Signaling Adaptor TYROBP, PTPRC = Protein tyrosine phosphatase, receptor type, C, LCP2 = Lymphocyte
cytosolic protein 2, ITGB2 = Integrin Subunit Beta 2.

5578 Am J Transl Res 2023;15(9):5574-5593



A Expression of TYROBP in KIRC based on individual cancer

Transcript per million

Transcript per million

Transcript per million

Transcript per million

Kidney cancer biomarkers

Expression of TYROBP in KIRC based on patient's race

1000

Transcript per million
8
L

stages
= *
1000 *
-
ST - s
800
* {
|
|
600 * {
400
200 H i H
° =
Stage1 Stage2 Stage3 staged
(n=267) (=7 (n=123) (na84)
TCGA samples

Expression of PTPRC in KIRC based on individual cancer

stages
*
1007 *
T T
75 | i
== H i
L
H P * ! i
0 | i i 1
| 1
25
| ! H
5 H i ol i
Stagel Stage2 Stage3 Staged
(=267 (=57) =123 (n=84)
TCGA samples

Expression of LCP2 in KIRC based on individual cancer

stages
100 1
N *
*
%] T il
* | i
e | i
60 1 H
| x| i
i i
40 |
20 - . H
| | |
5 i A4 -
0
Stagel Stage2 Stage3 Stages
(n=267) (0es7) (=123 (n=84)
TCGA samples

Expression of ITGB2 in KIRC based on individual cancer

200 |
0
Caucasian African-american Asian
(n=462) (n=56) (n=8)
TCGA samples

Expression of PTPRC in KIRC based on patient's race

stages
300 *
*
250 * T
wd ] T ;
; L
150 - i i
i !
100 |
50 '
H {
o = X i -
Stagel Stage3 Stage4
(n=267) (n=123) (n=84)
TCGA samples

5579

100 *
* ——
s i
80 i * i
= |
§ | T 5
% o | i
i 60 ; H
k-] | |
T a0+ i i
§ |
=
20 -
i i
i ' =
0 e =
Caucasian Afican-american Asian
(n=462) (n=56) (n=8)
TCGA samples
Expression of LCP2 in KIRC based on patient's race
80 *
*
T
* |
_—
Ll o
£ i
:
i
x® i
= |
2
g
&
204
=
=
o =
Caucasian African-american Asian
(n=d62) (n=56) =8)
TCGA samples
Expression of ITGB2 in KIRC based on patient's race
3007 *
*
250 o
T |
§ - | |
E * : i
2 150 T
5 150 I
-
£
50 ! l
! ! —_—
3 1 =l
Caucasian Aftican-american Asian
(n=462) piliet -8
TCGA samples

Expression of TYROBP in KIRC based on patient's gender

1000
*
o s
i J—
£ ! !
B H i
€ 600 i i
i i |
2 i
g a0
2
£
200
i
| |
—_— —
Male Female
(n=345) (=188
TCGA samples
Expression of PTPRC in KIRC based on patient's gender
100
*
1 1 |
i |
i | |
€ 60 ! i
& | i
i i I
B w0+
-
g
=
7 -
] I
o i —
Male Female
(n=345) (n-188)
TCGA samples
Expression of LCP2 in KIRC based on patient's gender
80 *
|
L i
§ i
E |
§ !
40 |
z
]
H
£
20
H
H
|
=it
5 -
Aale Female
(n=345) (n=188)
TCGA samples
Expression of ITGB2 in KIRC based on patient's gender
300 ]
*
250 4 T
£ 20 I I
£ % |
& | |
g 150 i i
100
e
504 i
| {
i
o !
Male Female
(n=345) (=188
TCGA samples

Expression of TYROBP in KIRC based on patient's age

1000 ]
*
800 - i *
|
H i« T
€ 600 § i T
£ i i |
£ T i
g 400 - 1]
3
200 "
H i H
o L i s i
21-40vis  41-60¥rs  61-80Vis  B1-100Vrs
(0=26) (n=238) (n=246) (n=23)
TCGA samples
Expression of PTPRC in KIRC based on patient's age
100 ] *
* *
I —
80 | |
| |
§ | |
E 60 | i
g § o*
s ; i
il T '
2 i
20+
i
i - !
21-40vrs 41-60vrs 61-80¥rs  81-100Yrs
(n=26) (n=238) (n=246) n=23)
TCGA samples
Expression of LCP2 in KIRC based on patient's age
80 * %
= = *
5 60~
i x * T
5 H
Bl |
g 40
é .
20
_
" e -t =
21-40v1s 41-60vrs 61-80vrs 81- 100¥rs
(n=26) (n=238) (n=246) (n=23)
TCGA samples
Expression of ITGB2 in KIRC based on patient's age
300 1]
250 *
.=5 200 -
2
-E 150 -
§ 100
=
50 H 8
| | !
I i |
g —_
21-40vrs 41-60¥rs 61-80¥s  81-100Yrs
(n=26) (n=238) (n=246) n=23)
TCGA samples

Am J Transl Res 2023;15(9):5574-5593



Kidney cancer biomarkers

Figure 2. Expression profiling of TYROBP, PTPRC, LCP2, and ITGB2 in KIRC samples of different clinical variables
relative to controls by UALCAN. (A) Expression profiling of TYROBP in KIRC samples of different clinical variables, (B)
Expression profiling of PTPRC in KIRC samples of different clinical variables, (C) Expression profiling of LCP2 in KIRC
samples of different clinical variables, and (D) Expression profiling of ITGB2 in KIRC samples of different clinical
variables. KIRC = Kidney renal clear cell carcinoma, TYROBP = Transmembrane Immune Signaling Adaptor TYROBP,
PTPRC = Protein tyrosine phosphatase, receptor type, C, LCP2 = Lymphocyte cytosolic protein 2, ITGB2 = Integrin

Subunit Beta 2.

including GEPIA, OncoDB, and GENT2 to verify
the mRNA expression and for the survival anal-
ysis of the TYROBP, PTPRC, LCP2, and ITGB2 in
KIRC and control tissues. The results of mMRNA
expression verification analysis showed that
the levels of these four hub gene mRNAs were
significantly (P < 0.05) higher in KIRC samples
relative to the non-cancer samples (Figure 3A).
Moreover, this study also utilized the GEPIA
database for the survival analysis of the hub
genes. Outcomes of survival analysis showed
that higher expressions of TYROBP, PTPRC,
LCP2, and ITGB2 were correlated with the worst
overall survival (0OS) of KIRC patients. However,
the results were not significant (P > 0.05)
(Figure 3B). Additionally, ROC analysis was per-
formed to assess the diagnostic values of
TYROBP, PTPRC, LCP2, and ITGB2 expression
in KIRC patients. The observed AUCs (TYROBP
= 0.57, PTPRC = 0.575, LCP2 = 0.54, and
ITGB2 = 0.60) suggest that TYROBP, PTPRC,
LCP2, and ITGB2 expression have poor diag-
nostic value for KIRC (Figure 3C). Therefore,
further research work should be carried out to
explore accurate diagnostic values of TYROBP,
PTPRC, LCP2, and ITGB2 expression on a large
cohort of KIRC patients.

Subcellular localization and protein expression
validation analysis

With the help of HPA, the subcellular location of
the TYROBP, PTPRC, LCP2, and ITGB2 was visu-
alized in KIRC cells. TYROBP protein was mainly
enriched in plasma membrane (Figure 4A),
PTPRC localization was found nucleoplasm and
vesicles (Figure 4A), LPC2 localization was
enriched in vesicles (Figure 4A), and ITGB2
localization was seen in plasma membrane and
rods and ring (Figure 4A). Based on the HPA
data, obtained from the immunohistochemistry
(IHC) analysis, the protein expressions of the
TYROBP, PTPRC, LCP2, and ITGB2 were validat-
ed in KIRC samples relative to controls. Results
showed that the expressions of all four genes
were higher (staining = medium) in KIRC sam-
ples (Figure 4B) relative to control samples
(staining = low) (Figure 4B).
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Possible mechanisms behind hub gene ex-
pression dysregulation

Effect of DNA mutation and promoter methyla-
tion on TYROBP, PTPRC, LCP2, and ITGB2 up-
regulation and KIRC patient survival: Since
TYROBP, PTPRC, LCP2, and ITGB2 hub gene
expressions were up-regulated and correlated
with the worst OS and different clinical mea-
sures of KIRC, the regulatory mechanisms
behind hub gene overexpression were explored.
For this purpose, we first detected genetic
mutations in hub genes across the TCGA KIRC
cohort by the cBioPortal database. The
extremely low genetic alteration frequencies of
TYROBP (0.2%), PTPRC (1.2%), and ITGB2
(1.2%) themselves explain their lower involve-
ment in the expression regulation of the hub
gene (Figure 5A). On the other hand, a much
higher genetic alteration frequency in the LCP2
(15%) hub gene was the only predicted altera-
tion that was associated with its overexpres-
sion in KIRC patients. Moreover, the observed
genetic alterations in the hub genes were also
found to be linked with the better OS and DFS
of KIRC patients (Figure 5B). Concerning the
effect of the genetic mutations on the overall
expression profile of the KIRC patients, the
overall mRNA and protein profiles of the hub
genes in mutated KIRC samples were higher
than in the non-mutated KIRC samples (Figure
5C). Genes co-expressed with TYROBP, PTPRC,
LCP2, and ITGB2 were explored through cBio-
Portal. Results revealed that TYROBP-FCER1G,
PTPRC-IK2F1, LCP2-IKZF1, and ITGB2-VAV1
were the top co-expressed genes (Figure 5D).
Finally, using UALCAN and OncoDB, promoter
methylation levels of the TYROBP, PTPRC,
LCP2, and ITGB2 genes were documented. As
shown in Figure 6, the promoter regions of the
hub genes were hypomethylated in KIRC sam-
ples relative to non-cancer samples (Figure 6).

GO and biological pathways analysis: Next, we
analyzed hub genes and their co-expressed
genes to find their GO and KEGG pathways in
KIRC. In the CC, “Fc-gamma receptor signaling
pathway, Fc receptor mediated stimulatory
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Figure 3. Expression validation, survival analysis, and diagnostic values of TYROBP, PTPRC, LCP2, and ITGB2. (A) Expression validation of TYROBP, PTPRC, LCP2,
and ITGB2 in KIRC and normal samples using GEPIA, OncoDB, and GENT2 databases, (B) Survival analysis of TYROBP, PTPRC, LCP2, and ITGB2 in KIRC and normal
samples via GEPIA database, and (C) Diagnostic values of TYROBP, PTPRC, LCP2, and ITGB2 in KIRC through ROC analysis. AUC = area under ROC curve, KIRC =
Kidney renal clear cell carcinoma, TYROBP = Transmembrane Immune Signaling Adaptor TYROBP, PTPRC = Protein tyrosine phosphatase, receptor type, C, LCP2 =
Lymphocyte cytosolic protein 2, ITGB2 = Integrin Subunit Beta 2.
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Figure 4. Subcellular localization and protein expression validation of TYROBP, PTPRC, LCP2, and ITGB2 by the HPA
database. (A) Subcellular localization prediction of TYROBP, PTPRC, LCP2, and ITGB2, and (B) Protein expression
analysis of TYROBP, PTPRC, LCP2, and ITGB2 in KIRC and normal samples. TYROBP = Transmembrane Immune
Signaling Adaptor TYROBP, PTPRC = Protein tyrosine phosphatase, receptor type, C, LCP2 = Lymphocyte cytosolic
protein 2, ITGB2 = Integrin Subunit Beta 2, HPA = Human Protein Atlas.

signaling pathway, neutrophil chemotaxis,
Fc-epsilon receptor signaling pathway, and neu-
trophil migration” were significantly associated
with the analyzed genes (Figure 7A). Concerning
MF, the “Fc receptor complex, Fc-epsilon recep-
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tor | complex, Bleb, Ficolin-1-rich granule mem-
brane, tertiary granule membrane, plasma
membrane raft, and secretory granule mem-
brane” were closely associated with the hub
genes (Figure 7B). In BP, some vital functions
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Figure 5. Exploration of genetic alteration frequencies, mutational hotspots, OS, DFS analyses, co-expressed genes, and effect of mutations on the overall expres-
sion profiling of TYROBP, PTPRC, LCP2, and ITGB2 in KIRC samples by cBioPortal. (A) Types, frequencies, and location of the genetic alterations in TYROBP, PTPRC,
LCP2, and ITGB2, (B) OS and DFS analysis of TYROBP, PTPRC, LCP2, and ITGB2 in genetically altered and unaltered HNSC groups, (C) Effect of mutations on the
overall mMRNA and protein expression profiling of TYROBP, PTPRC, LCP2, and ITGB2 in KIRC samples, and (D) Identification of co-expressed genes with TYROBP, PT-
PRC, LCP2, and ITGB2 in KIRC samples. KIRC = Kidney renal clear cell carcinoma, TYROBP = Transmembrane Immune Signaling Adaptor TYROBP, PTPRC = Protein
tyrosine phosphatase, receptor type, C, LCP2 = Lymphocyte cytosolic protein 2, ITGB2 = Integrin Subunit Beta 2, OS = Overall survival, DFS = Disease-free survival.
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Figure 6. Methylation status exploration of TYROBP, PTPRC, LCP2, and ITGB2 by UALCAN and OncoDB in KIRC and normal samples. (A) Methylation status explora-
tion of TYROBP, PTPRC, LCP2, and ITGB2 by UALCAN, and (B) Methylation status exploration of TYROBP, PTPRC, LCP2, and ITGB2 by OncoDB. KIRC = Kidney renal
clear cell carcinoma, TYROBP = Transmembrane Immune Signaling Adaptor TYROBP, PTPRC = Protein tyrosine phosphatase, receptor type, C, LCP2 = Lymphocyte
cytosolic protein 2, ITGB2 = Integrin Subunit Beta 2.

5585 Am J Transl| Res 2023;15(9):5574-5593



A Fc-gamma receptor signaling pathway
Fc receptor mediated stimulatory signaling pathway
Neutrophil chemotaxis
Fc-epsilon receptor signaling pathway
Neutrophil migration
Granulocyte chemotaxis
Fe receptor signaling pathway ~Hll
Granulocyte migration

Phagocytosis -l
Immune response-activating cell surface receptor signaling pathway
Immune response-activating signal transduction

Activation of immune response =
Immune response-regulating signaling pathway =l
0s. reg. of immune response =il

Reg. of cell activation =
Leukocyte activation
Reg. of immune response
Cell activation

050060

-log10(FDR)
4.00
4.25

4.50
4.75

Fold Enrichment

C ICAM-3 receptor activity = I
Complement component C3b binding = IR
IgE binding =
Phosphorylation-dependent protein binding =
IgG binding =
Opsonin binding =M
Immunoglobulin receptor activity =M
Transmembrane receptor protein tyrosine phosphatase activity =M
Ankyrin binding =M
Srectr‘\n binding =N
Complement binding =
Immunoglobulin binding =
Phosphotyrosine residue binding =
Protein kinase binding =
Kinase binding =
Protein-containing complex binding =
Transmembrane signaling receptor activity =
Signaling receptor activity =
Molecular transducer activity 3

O
0 5001000500

-log10(FDR)

1.65
1.70

1.75
1.80

Fold Enrichment

Ficolin-1-rich granule membrane

External side of plasma membrane

D

Kidney cancer biomarkers

Fc receptor complex
Fe-epsilon receptor | complex
Bleb

Tertiary granule membrane =
Plasma membrane raft =
Secretory granule membrane =
Membrane raft =

Memibrane microdomain =

Side of membrane
Anchoring junction
Focal adhesion
Cell surface =
Secretory vesicle =
Cytoplasmic vesicle membrane =
Vesicle membrane = |

' ' '
0 200 400 600

Fold Enrichment

Fc epsilon Rl signaling pathway - EEE—————
Asthma =

Natural killer cell mediated cytotoxicity ~ NN

T cell receptor signaling pathway = IEEE————
rimary immunodeficiency =

Fc gamma R-mediated phagocytosis =

alaria =

Leukocyte transendothelial migration =

or

Legionellosis =
Viral myocarditis =
Platelet activation =
Yersinia infection =
Rap1 signaling pathway - I
Cell adhesion molecules =
Pertussis =
Leishmaniasis =
Bcell recgptor signz_iling pathway =
p an ] -

Tuberculosis =
Reg. of actin cytoskeleton = !

1 1 1
0 50 100 150

Fold Enrichment

-log10(FDR)

25

I 3.0

-log10(FDR)

4
5
6

m

TYROBP

PTPRC

ITGB2

T cell D8+ TIMER

T cal CDa+ EC

] oo

03 06 03
Infitration Level

no = 03
b= 517e0

005 010 o
Infiltration Level

o, 27351
heer: X H

5
o

T cell CDB+_TINER.

T cell D4+ EPIC

— Teall | D8+ _TIMES

o - 0 4E1
5= 936005

2 o3 o4
In9tration Level

€3 06 09
Infiltration Level

o1 02
Infiltration Level

0.05 cio o
Infitration Level

Tcel CO8+ TINER

T cell D4+ EAC

Macrophage EPIC

15 oc o1 02
Infiltration Level

] | Macrophage EPIC I

g i

02 03 0
Infiltration Level

Rho-0203 | . e - 0.007
P

603 b1z 5= 370001

005 o0lo o
Infiltration Level

o1 02
Infiltration Level

Figure 7. Gene enrichment and immune cell infiltration analyses of TYROBP, PTPRC, LCP2, and ITGB2. (A) TYROBP, PTPRC, LCP2, and ITGB2 associated CC terms,
(B) TYROBP, PTPRC, LCP2, and ITGB2 associated BP terms, (C) TYROBP, PTPRC, LCP2, and ITGB2 associated MF terms, (D) TYROBP, PTPRC, LCP2, and ITGB2 associ-
ated KEGG terms, and (E) Immune cell infiltration analyses of the TYROBP, PTPRC, LCP2, and ITGB2 in KIRC. TYROBP = Transmembrane Immune Signaling Adaptor
TYROBP, PTPRC = Protein tyrosine phosphatase, receptor type, C, LCP2 = Lymphocyte cytosolic protein 2, ITGB2 = Integrin Subunit Beta 2. CC = Cellular Component,

MF = Molecular Function, BP = Biological Process, KEGG = Kyoto Encyclopedia of Genes and Genomes.
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including “ICAM-3 receptor activity, comple-
ment component C3b binding, IgE binding,
phosphorylation-dependent activation of pro-
teins, IgG binding, and opsonin binding” were
significantly associated with hub genes (Figure
7C). Hub genes and their co-expressed genes
associated KEGG pathways include “Fc epsilon
RI signaling pathway, asthma, natural cell killer
mediated cytotoxicity, T cell receptor signaling
pathway, primary immunodeficiency, Fc gamma
R-mediated phagocytosis, malaria, leukocyte
transendothelial migration, and legionellosis”
(Figure 7D).

Immune cells analysis of the hub genes: Using
TIMER, we then identified relationships among
different immune cell infiltration (CD8+ T, CD4+
T, and macrophages) and hub genes (TYROBP,
PTPRC, LCP2, and ITGB2) expression. The
TYROBP, PTPRC, LCP2, and ITGB2 expressions
were positively correlated (P < 0.05) with the
infiltration level of CD8+ T, CD4+ T cells, and
macrophage cells (Figure 7E).

miRNA network of the hub genes: Using EN-
CORI and Cytoscape, we constructed the
INncRNA-miRNA-mRNA co-regulatory networks
of TYROBP, PTPRC, LCP2, and ITGB2. In the
constructed networks, the total count of
IncRNAs, miRNAs, and mRNAs were 68, 10,
and 4, respectively (Figure 8A, 8B). Based on
the constructed networks, we identified one
mMiRNA (has-mir-27a-3p) that targets all hub
genes simultaneously. Therefore, we speculate
that the identified IncRNAs, has-mir-27a-3p,
and hub genes (TYROBP, PTPRC, LCP2, and
ITGB2) (Figure 8C) as an axis, may also be
inducers of KIRC.

Drug prediction analysis of the hub genes: For
patients suffering from KIRC, medical treat-
ment is the first option for treatment. Therefore,
a selection of appropriate candidate drugs is
required. In the current study, by DrugBank
database, we explored drugs that might reverse
the gene expressions of identified hub genes
for the treatment of KIRC. We noted that
Methotrexate and Calcitriol along with many
other drugs were negative expression regula-
tors of TYROBP, PTPRC, LCP2, and ITGB2 mRNA
expression (Table 1).

In vitro validation of the hub genes expression
and methylation levels: By performing RNA-
seq, RT-gPCR, and targeted bisulfite-seq analy-
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ses of one RCC cell line (786-0) and one nor-
mal renal tubular epithelial cell line (HK-2), the
expression and methylation levels of the
TYROBP, PTPRC, LCP2, and ITGB2 were validat-
ed. As shown in Figure 8D, 8E, TYROBP, PTPRC,
LCP2, and ITGB2 genes were expressed in both
normal and RCC cell lines, and expressions of
TYROBP, PTPRC, LCP2, and ITGB2 were notably
higher, in the RCC cell line (786-0) as compared
to a normal cell line (HK-2) (Figure 8D, 8E).
Moreover, it was also noted that the beta val-
ues of TYROBP, PTPRC, LCP2, and ITGB2 were
lower in the RCC cell line as compared to the
normal cell line (Figure 8F).

Discussion

Kidney carcinomas are a heterogeneous group
of diseases characterized by a variety of genet-
ic alterations that are usually resistant to
chemo or radiotherapy [34]. There are clear
signs and symptoms of this disease, and nearly
30% of kidney cancer patients had metastasis
at the time of diagnosis [35]. To discover novel
markers for diagnosis, prognosis, and treat-
ment, we analyzed GSE66272 gene expression
datasets to uncover molecular mechanisms
underpinning KIRC.

Through integrative analysis, we pinpoint four
hub genes including TYROBP, PTPRC, LCP2,
and ITGB2. We surprisingly noted that the
MRNA expressions of those genes were signifi-
cantly increased across KIRC samples relative
to normal controls in the GSE66272 dataset.
Further expression validation on TCGA datas-
ets through bioinformatic analysis and on KIRC
cell lines by in vitro analysis further confirmed
the up-regulation of TYROBP, PTPRC, LCP2, and
ITGB2 in KIRC cell lines and TCGA KIRC sam-
ples of different clinical variables. Of note, the
TYROBP, PTPRC, and ITGB2 genes were the
least mutated, while the LCP2 gene was rela-
tively highly mutated in KIRC samples. More-
over, the TYROBP, PTPRC, LCP2, and ITGB2
genes were hypomethylated and insignificantly
correlated with worseOS of the KIRC patients.

The protein encoded by the TYROBP gene is
involved in activating various receptors found
on the surfaces of different immune cells for
mediating a variety of biologically important
signaling pathways [36, 37]. Previous studies
also highlighted that TYROBP may act as an
activator or inhibitor of different immune cells

Am J Transl Res 2023;15(9):5574-5593
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Figure 8. InNcRNA-miRNA-mRNA co-regulatory network and validating TYROBP, PTPRC, LCP2, and ITGB2 expressions and promoter methylation levels in RCC cell line
(786-0), and the normal renal tubular epithelial cell line (HK-2) by RNA-seq, RT-gPCR, and targeted bisulfite-seq analysis. (A) A PPl of miRNAs targeting hub genes,
(B) PPI highlighting most important miRNA (hsa-mir-27a-3p) targeting all hub genes, and (C) A PPI of IncRNAs targeting hsa-mir-27a-3p, (D) FPKM values based
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promoter methylation based validation of TYROBP, PTPRC, LCP2, and ITGB2. Blue nodes: miRNAs, green nodes: mRNAs, Yellow node: hsa-mir-27a-3p, and Red
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Table 1. DrugBank-based hub gene-associated drugs

Sr. No Hub gene Drug name Effect Reference Group

1 TYROBP Calcitriol Decrease expression of TYROBP mRNA A22299 Approved
Methotrexate A23201

2 PTPRC Calcitriol Decrease expression of PTPRC mRNA A22299 Approved
Methotrexate A23202
Tamibarotene A20516
Silicon dioxide A24195

3 LCP2 Estradiol Decrease expression of LCP2 mRNA A21098 Approved
Acetaminophen A20420
Methotrexate A23199

4 ITGB2 Cyclosporine Decrease expression of ITGB2 mRNA A20661 Approved
Azacitidine A20985
Simvastatin A24273
Hydroquinone A23008
Methotrexate A23202

TYROBP = Transmembrane Immune Signaling Adaptor TYROBP, PTPRC = Protein tyrosine phosphatase, receptor type, C, LCP2

= Lymphocyte cytosolic protein 2, ITGB2 = Integrin Subunit Beta 2.

such as natural killer cells, granulocytes, mono-
cytes, myeloid cells, and many others. When
TYROBP acts as an activator, it is involved in
activating natural Killer cells by mediating sig-
naling between PI3K-Akt, MAPK, PLCy, and
their other downstream pathways. However,
when TYROBP acts as an inhibitor, it is involved
in the inhibition of Toll-like receptor-mediated
activation, which is very important for stimulat-
ing DNA damage response pathways [38-40].
Recently, the overexpression of the TYROBP
gene has been established as an oncogenic
factor in gastric cancer [41]. Besides this, other
studies in the medical literature showed that
overexpression of TYROBP in breast cancer
(BC) is correlated with worse prognosis and
bone metastasis [42]. However, little is report-
ed about the function of TYROBP in KIRC.

The PTPRC gene encodes for a highly con-
served protein tyrosine phosphatase CD45,
which may be a regulator of B and T cell recep-
tor signaling pathways [43-45]. The role of
CD45 protein in cancer initiation, progression,
and metastasis is still contradictory. Chen et al.
in their study showed that CD45 and CD71+
erythroid cells accusation in liver cancer cells
may play a vital role in tumor growth [46]. More
studies demonstrated that the higher expres-
sion of CD45 protein was significantly associ-
ated with the worst prognosis of non-small cell
lung cancer (NSCLC) patients [47]. However, on
the other hand, CD45 overexpression was also
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correlated with a better prognosis of different
other cancer patients [48]. For example, a
study by Wei et al. revealed the significant
down-regulation of PTPRC in LUAD and corre-
lated it with a better prognosis of LUAD patients
[49].

LCP2 is an actin-binding protein that is involved
in numerous cell signaling pathways [50]. LCP2
is an activator of T cells, whose activation is
linked with the secretion of IL-2 and IFN-y [51,
52]. The lymphocyte cytoplasmic protein family
is largely expressed by hematopoietic cells
under normal conditions. Recently, the higher
expression of LCP2 has been documented
across different types of malignant tumors [53,
54]. It was observed by previous studies that
LCP2 was correlated with worse prognosis in
gastric cancer BC patients [55]. However, noth-
ing was reported about the function of LCP2 in
KIRC.

ITGB2 gene encodes for the B2 integrins that
are important for immune cell trafficking [56].
According to earlier reports, ITGB2 dysregula-
tion was associated with the development of
various diseases, such as carotid atherosclero-
sis and different types of cancer [57]. ITGB2
was overexpressed across atheroma plaque
samples compared to intact tissue samples
and was a risk factor for carotid atherosclerosis
development [58]. Moreover, the down-regula-
tion of this gene results in the hyperresponsive-
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ness of the Toll-like receptor and causes the
pathogenesis of necrotizing enterocolitis [59].
In cancer-based studies, the expression of
ITGB2 was overexpressed in malignant gliomas
and was correlated with worse prognosis of
cancer patients [60]. Overexpressed ITGB2
was proven to be linked to the enhanced inva-
sion and metastatic abilities of breast cancer
cells [61]. In addition to this, ITGB2 higher
expression was associated with worse progno-
sis in patients with acute myeloid leukemia
[62]. In sum, the outcomes of all these studies
indicate that ITGB2 dysregulation is a key alter-
ation in cancer development and progression.

Immune cell infiltration, particularly of CD8+ T
cells, CD4+ T cells, and macrophages, is critical
in tumor growth and successful immunothera-
py [63]. In the present study, the TYROBP,
PTPRC, LCP2, and ITGB2 expressions were pos-
itively correlated with the infiltration levels of
CD8+ T, CD4+ T, and macrophage cells. Earlier,
the increased infiltration levels of CD8+ T cells,
CD4+ T, and macrophages cells were correlat-
ed with the worse prognosis of cancer patients
[64]. Therefore, we speculate that the increased
infiltration levels of CD8+ T, CD4+ T, and macro-
phage cell with respect to TYROBP, PTPRC,
LCP2, and ITGB2 gene expression may also
participate in the development and worse prog-
nosis of KIRC. We further noticed that TYROBP,
PTPRC, LCP2, and ITGB2 hub genes’ expres-
sion were regulated simultaneously by hsa-mir-
27a-3p miRNA in KIRC patients. Previously, the
dysregulation of hsa-mir-27a-3p in multiple
human cancers has been reported in published
studies, for example in breast cancer, bladder
cancer, glioblastoma, and esophageal cancer
[65, 66]. However, no tumor suppressor or
tumor-causing role of hsa-mir-27a-3p in KIRC
has been reported. Therefore, to the best of our
knowledge, this study is the first to report a
probable cancer-driving role of the hsa-mir-27a-
3p miRNA with respect to the TYROBP, PTPRC,
LCP2, and ITGB2 hub genes in KIRC.

To further enhance the understanding of molec-
ular pathways underpinning KIRC initiation and
progression, we conducted the KEGG analysis
of hub genes and their co-expressed genes.
Through this analysis, it was revealed that hub
genes and their co-expressed genes were
enriched in “Fc epsilon Rl signaling pathway,
asthma, natural cell killer mediated cytotoxici-
ty, T cell receptor signaling pathway, primary
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immunodeficiency, Fc gamma R-mediated
phagocytosis, malaria, leukocyte transendo-
thelial migration, and legionellosis”. Previously,
a number of studies had shown the involve-
ment of these pathways in tumor development
and metastasis [67-71].

Conclusion

Use of GEO expression dataset and high
throughput RNA-seq and bisulfite-seq analy-
ses, enabled us to explore TYROBP, PTPRC,
LCP2, and ITGB2 hub genes as diagnostic, and
adverse prognostic biomarkers of KIRC. This
study also discovered some important KIRC-
associated pathways, such as “Fc epsilon RI
signaling pathway, asthma, natural cell killer
mediated cytotoxicity, T cell receptor signaling
pathway, primary immunodeficiency, Fc gamma
R-mediated phagocytosis, malaria, leukocyte
transendothelial migration, and legionellosis”.
In addition, TYROBP, PTPRC, LCP2, and ITGB2
hub genes may also become novel therapeutic
targets for KIRC therapy.
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