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Abstract
Backgrounds: Kidney renal clear cell carcinoma (KIRC) is a major pathological 
type of renal cell carcinoma (RCC), and the prognosis of advanced KIRC patients 
is often unsatisfactory. Some lysine oxidase (LOX) family genes have been proven 
to be upregulated in some malignancies and play pivotal roles in the carcinogenesis. 
However, their roles in KIRC remain unclear.
Materials and Methods: Here, we used some online databases (eg, ONCOMINE, 
GEPIA, UALCAN, c-BioPortal, Human Protein Altas) to comprehensively explored 
the expression levels and the prognostic values of LOX family genes in KIRC using 
bioinformatic methods.
Results: The results revealed that lysyl oxidase (LOX) and lysyl oxidase-like 2 
(LOXL2) were significantly overexpressed in KIRC at the level of mRNA expres-
sion, protein expression, and RCC cell lines. Further analysis demonstrated that 
higher mRNA expression of LOX and LOXL2 were significantly correlated with 
poor survival, tumor grade, individual cancer stages, and nodal metastasis status. 
DNA copy number amplifications and mRNA upregulation, DNA deep deletion, and 
mRNA upregulation were the main genetic mutations of LOX and LOXL2, respec-
tively. Prognostic analysis showed that the altered group had significantly poorer 
overall survival (OS) compared to the unaltered group (p =  .0387). Co-expression 
analysis showed CP, PLOD2, and COL5A1 were significantly correlated with LOX, 
and COL1A2 was positively correlated with LOXL2. Further analysis confirmed that 
these co-expressed genes were significantly upregulated and predicted unfavorable 
prognosis in KIRC.
Conclusion: Multi-level analysis demonstrated that LOX and LOXL2 were signifi-
cantly upregulated and predicted poor survival in KIRC, which may apply as promis-
ing biomarkers for diagnosis and therapy of KIRC in the future.
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1 |  INTRODUCTION

Renal cell carcinoma (RCC), also known as renal adenocar-
cinoma, is one of the most common malignant tumors in the 
kidney.1 It was estimated that there were 403,262 new cases 
and 175,098 deaths in 185 countries according to global 
cancer statistics 2018.2 KIRC is the main pathological type 
of RCC, which accounting for 80%.3 The 5-year overall 
survival rate (OS) of early stage KIRC could reach 96%, 
but it is no more than 10% for advanced stages.1 In addition 
to surgical resection, chemotherapy, and radiotherapy were 
once the main adjuvant therapy after surgery.4,5 However, 
with the development of medical research, targeted ther-
apy combined with immunotherapy has gradually become 
the main treatment for postoperative RCC patients, espe-
cially for advanced stage disease and relapsed patients.6,7 
Therefore, it is crucial to explore genomic mutation charac-
teristics and identify biomarkers of RCC, which will make 
contributions to the early diagnosis and targeted therapy 
of RCC.

The LOX family gene is a class of genes encoding 
copper dependent amine oxidase, which plays pivotal 
role in catalyzing the oxidative deamination of E-amino 
group in collagen and elastin to promote their crosslink-
ing in extracellular matrix (ECM), thereby enhancing 
the structural integrity and tensile strength of connec-
tive tissue.8-10 It consists of five members, namely lysyl 
oxidase (LOX) and four lysyl oxidase-like genes (lysyl 
oxidase-like 1, LOXL1; lysyl oxidase-like 2, LOXL2; 
lysyl oxidase-like 3, LOXL3; and lysyl oxidase-like 4, 
LOXL4) respectively.11-14 Researchers found that some 
LOX family genes are differently expressed and are in-
volved in the occurrence and development of certain 
malignancies. It has been further noted that these genes 
are significantly related to patient prognosis. Hiroaki 
Kasashima et al found LOXL1, LOXL3, and LOXL4 are 
significantly correlated with distant metastasis in gastric 
cancer.15 Cao Canhui et al found that over-expression of 
LOXL2 significantly predicts poor survival in cervical 
cancer via remolding epithelial-mesenchymal transition 
(EMT).16

Before carrying out the research, we have found that 
some LOX family genes, such as LOX and LOXL2, were 
significantly correlated with poor prognosis in many 
types of solid tumors (eg, bladder urothelial carcinoma, 
lung squamous cell carcinoma, and skin cutaneous car-
cinoma) using the online web tool ESurv, which was a 
user-friendly web tool for survival analysis.17 Here, we 
aimed to comprehensively explore the expression level, 
prognostic values, and mutation characteristics of LOX 
family genes in KIRC, and identify promising biomarkers 
that may play key roles in the occurrence and develop-
ment of KIRC.

2 |  MATERIALS AND METHODS

2.1 | Oncomine database analysis

Oncomine (https://www.oncom ine.org/resou rce/login.html#) 
is the world's largest cancer gene chip database and integrated 
database mining platform. At present, 729 gene expression 
data sets, more than 90,000 cancer tissue and normal tissue 
sample data have been collected. Oncomine can be used to 
compare the different expression of cancer types and their 
normal expression tissues.18 We used the Oncomine database 
to determine the expression levels of LOX family genes in 
human cancers, especially in RCC. We also performed meta-
analyses on related KIRC studies to further confirm LOXs ex-
pression levels. The thresholds were as follows: fold change 
>1.5, p < .05, and the top gene rank was 10%.

2.2 | GEPIA analysis

The online database Gene Expression Profiling Interactive 
Analysis (GEPIA) (http://gepia.cance r-pku.cn/detail.php) 
is an open public database, which contains the expres-
sion data of 9736 tumors and 8587 normal samples from 
TCGA and GTEX projects. The expression data of TCGA 
and GTEX are recalculated under the same pipeline, and 
can be directly analyzed.19 First, we used it to explore the 
expression levels of LOX and LOXL2 in KIRC, kidney 
renal papillary cell carcinoma (KIRP), and kidney chro-
mophobe (KICH). Second, we used it to measure the rela-
tionships between LOXs and 10 hub genes using Pearson's 
Correlation Coefficient. Finally, we used it to explore the 
prognostic values of LOX and LOXL2 in KIRP and KICH.

2.3 | UALCAN analysis

UALCAN (http://manua lcan.path.uab.edu/index.html) is an 
effective website for online analysis and mining of cancer data, 
mainly based on the analysis of relevant cancer data in TCGA 
database. It aids medical researchers to identify the relevant 
genes, analyze the expression spectrum, analyze the survival, 
etc, and also query the relevant information in other databases 
through relevant links.20 We used this database to explore the 
prognostic values of LOX and LOXL2 in KIRC, and further 
measured the relationships between their mRNA transcrip-
tional levels and clinicopathological parameters in KIRC.

2.4 | c-BioPortal database analysis

The c-Bio Cancer Genomics Portal (c-BioPortal) (https://www.
cbiop ortal.org/) integrates and simplifies the contents of several 

https://www.oncomine.org/resource/login.html#
http://gepia.cancer-pku.cn/detail.php
http://manualcan.path.uab.edu/index.html
https://www.cbioportal.org/
https://www.cbioportal.org/
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F I G U R E  1  Upregulated mRNA transcriptional levels of LOX and LOXL2 in KIRC. A, The numbers in each table represented the studies with 
statistically significant tumor tissue mRNA over-expression (red) or down-expression (blue) in Oncomine, and LOX and LOXL2 were significantly 
upregulated in kidney cancer. B,C, Overexpressed expression levels of LOX and LOXL2 at the level of tumor tissue mRNA (n = 523) compared to 
normal tissues in KIRC (n = 100) were further confirmed using GEPIA
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F I G U R E  2  Overexpression levels of LOX and LOXL2 at the level of KIRC cell lines and tumor tissue protein. A, Meta-analyses of related 
studies in KIRC demonstrated LOX and LOXL2 were significantly upregulated in tumor tissues compared to normal tissues using the Oncomine. B, 
LOX and LOXL2 mRNA expression levels in kidney cancer cell lines were higher than most other human cancer types using the CCLE. C, Protein 
expression levels of LOX and LOXL2 in KIRC tumor tissues were significantly overexpressed than normal tissues in CPTAC samples using the 
UALCAN
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cancer genome databases including TCGA, ICGC, and Geo. 
It mainly shows the somatic mutation spectrum, copy number 
change, mRNA miRNA expression change, DNA methylation, 
and protein expression of the gene. Combined with the clinical 
data of patients, it shows the survival curve of KM.21 We used 
it mainly to obtain mutation data of LOX, and LOXL2 in KIRC. 
We also explored their prognostic values in altered KIRC pa-
tients. Co-expressed genes of LOX and LOXL2 were identified 
by the column of “Co-expression” in c-BioPortal.

2.5 | TIMER analysis

TIMER (https://cistr ome.shiny apps.io/timer/) is an online 
database that can be used to systematically analyze the im-
mune infiltration status of various cancer types. It uses the 
TIMER algorithm to estimate the abundance of six immune 
infiltration fluids (B cells, CD4+ T cells, CD8+ T cells, 
neutrophils, macrophages, and dendritic cells) in various 
cancers.22,23 In our research, we mainly use it to explore the 
relationship between LOX, LOXL2, and immune infiltration.

2.6 | Functional enrichment analysis

Metascape (http://metas cape.org) is an easy-to-operate online 
web tool that can be used for gene annotation and analysis to 
help biologists understand one or more gene lists. Metascape 
provides automated meta-analysis tools to understand a set of 
common and unique approaches in orthogonal target discovery 
research.24 In this study, we used it to perform enrichment anal-
ysis of LOX, LOXL2 and their identified co-expressed genes.

2.7 | Identification of hub genes of 
LOX and LOXL2

Cytoscape is a software that focuses on open source network 
visualization and analysis. Its core is to provide the basic 
function layout and query network, and to combine the basic 
data into a visual network. We can integrate these biologi-
cal networks with gene expression, genotype, and other mo-
lecular state information in a visual environment, and link 
these networks with functional annotation database through 
Cytoscape.25 In our study, hub genes of LOXs and their in-
teraction networks were identified according to the degree 
scores using cytoHubba tool kits in Cytoscape.

2.8 | HPA database analysis

The Human Protein Altas (HPA) (https://www.prote inatl 
as.org/) provides information on the tissue and cell distri-
bution of all 24,000 human proteins. It uses special anti-
bodies and immunohistochemistry technology to check the 
distribution and expression of each protein in 48 kinds of 
normal human tissues, 20 kinds of tumor tissues, 47 cell 
lines and 12 kinds of blood cells. These tissues come from 
144 different individuals and 216 tumor tissues, which en-
sure that the staining results are fully representative.26 We 
used this database to confirm prognostic significance and 
protein expression levels of the most potential hub genes 
in KIRC.

3 |  RESULTS

3.1 | Over-expression levels of LOX and 
LOXL2 at the level of mRNA, protein, and 
cancer cell lines in RCC

We used the online database ONCOMINE to explore the 
expression profiles of LOX family genes in certain human 
cancers. As shown in Figure 1A, LOX, LOXL1, and LOXL2 
were upregulated in certain kinds of cancers, and only LOX 
and LOXL2 were significantly elevated in RCC. These find-
ings were further confirmed by other online databases at 
the level of mRNA, protein, and RCC cell lines. As shown 
in Figure  1B,C, LOX and LOXL2 were significantly over-
expressed in KIRC tumor compared to normal tissue using 
GEPIA. Meta- analysis of related KIRC studies contained in 
ONCOMINE were also consistent with the above findings 
(Figure 2A). We also used CCLE to explore their expression 
levels in RCC cell lines using the broad institute cancer cell 
line encyclopedia (CCLE). As shown in Figure 2B, LOX and 
LOXL2 were significantly upregulated in RCC cell lines than 
other cancers. More importantly, protein expression levels of 
LOX (p  =  1.012E- 40) and LOXL2 (p  =  2.359E-52) were 
also significantly elevated in CPTAC samples (normal = 80, 
primary tumor = 110) using UACLAN (Figure 2C). We also 
further explored the expression levels of LOX and LOXL2 in 
KIRP and KICH. As shown in Figure S1A,B, neither LOX 
nor LOXL2 was differentially expressed in KICH or KIRP tis-
sues compared to normal tissues. Collectively, all these find-
ings strongly confirmed the high expression status of LOX and 
LOXL2 in KIRC.

F I G U R E  3  Relationship between LOX and LOXL2 mRNA expression levels and patients’ survival and clinicopathological characteristics 
in KIRC using the UALCAN. A, Over-expression of LOX significantly correlated with poor disease-specific survival (DSS) and progression-free 
survival (PFS) in KIRC. B, Upregulated LOXL2 also predicted poor DSS and PFS in KIRC. D-F, higher mRNA expression of LOX and LOXL2 were 
significantly correlated with tumor grade, individual cancer stages and nodal metastasis status in KIRC, respectively. G,H, over-expressed protein 
expression levels of LOX and LOXL2 were significantly closed to tumor grade and individual cancer stages. *p < .05; **p < .01; ***p < .001

https://cistrome.shinyapps.io/timer/
http://metascape.org
https://www.proteinatlas.org/
https://www.proteinatlas.org/
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3.2 | Upregulation of LOX and LOXL2 
were significantly related to poor survival and 
clinicopathological parameters in KIRC

We downloaded the expression levels of LOX and LOXL2 of 
TCGA patients from c-BioPortal, and obtained clinical data 
of TCGA (KIRC) from an integrated clinical data resource, 
which provide an unprecedented sale to perform high-quality 
prognostic analysis.21,27 As shown in Figure  3A,B, Over-
expression of LOX significantly correlated with poor disease-
specific survival (DSS) (p  =  .0270) and progression-free 
survival (PFS) (p < .0001) in KIRC, and upregulated LOXL2 
also predicted poor DSS (p  =  .0016) and PFS (p  <  .0001) 
in KIRC. We then further explored the significance of the 
higher expression of LOX and LOXL2 regarding clinicopatho-
logical parameters in KIRC using UALCAN. As shown in 
Figure  3C,D,E, overexpressed mRNA of LOX and LOXL2 
were significantly correlated with tumor grade, individual can-
cer stages and nodal metastasis status in KIRC from TCGA 
samples. Tumor grade and individual cancer stages in KIRC 
were also significantly affected by higher protein expression 
of LOX and LOXL2 from CPTAC samples (Figure  3F,G). 
We also explored the prognostic values of LOX and LOXL2 
in KIRP and KICH. As shown in Figure S1C,D, higher ex-
pression of LOX was significantly correlated with poor OS 
(HR  =  9.3, p  =  .035) and disease-free survival (HR  =  11, 
p = .023) in KICH, and upregulated LOX predicted poor OS in 
KIRP (HR = 2.3, p = .012), respectively (Figure S1C). Over-
expression of LOXL2 significantly predicted poor disease-free 
survival in KICH (HR = 9.5, p = .033) (Figure S1D).

3.3 | Genetic mutations analysis of LOXs and  
their association with poor OS in KIRC

We also explored mutation characteristics of LOX and 
LXOL2 in KIRC using c-BioPortal. As shown in Figure 4A, 
LOX and LOXL2 shared the same high mutation frequencies 
(7%) in KIRC (TCGA, PanCancer Atlas). DNA copy number 
amplifications and mRNA upregulation, DNA deep deletion 
and mRNA upregulation were the main genetic mutations of 
LOX and LOXL2, respectively (Figure 4B). Further analysis 
revealed that altered group (n  =  52) shared a significantly 
poor OS compared to unaltered group (n = 52) (Figure 4C).

3.4 | Correlation analysis of 
LOX and LOXL2 expression and immune 
infiltration of immune cells in KIRC using the 
TIMER database

It was reported that the number and activity of tumor infiltrat-
ing lymphocytes could significantly affect the prognosis of 

cancers. Here, we aimed to explore the relationships between 
the expression levels of LOX and LOXL2 and immune infil-
tration of immune cells. As shown in Figure 5A, LOX was 
positively corelated with CD8+ T cell (partial. Cor = 0.11, 
p  =  2.14E-02), Macrophage (partial. Cor  =  0.187, 
p = 6.53E-05), Neutrophil (partial. Cor = 0.24, p = 1.97E-
07), and Dendritic cell (partial. Cor  =  0.149, p  =  1.46E-
03) in KIRC LOXL2 was positively correlated with CD8+ 
T cell (partial. Cor  =  0.125, p  =  8.73E-03), CD4+ T cell 
(partial. Cor = 0.309, p = 1.20E-11), Macrophage (partial. 
Cor = 0.135, p = 4.16E-03), Neutrophil (partial. Cor = 0.22, 
p  =  1.94E-06), and Dendritic cell (partial. Cor  =  0.136, 
p = 3.58E-03) (Figure 5B).

3.5 | Enrichment analysis of genes that 
positively correlated with LOX and LOXL2

The c-BioPortal was used to identify top 300 co-expressed 
genes with LOX and LXOL2 in two different studies from 
TCGA (TCGA, Nature 2013; TCGA, Firehorse Legacy). 
As shown in Figures 6A and 7A, LOX and LOXL2 had 230 
and 250 positively co-expressed genes, which were duplicate 
genes in two TCGA studies. The values of Spearman's cor-
relation were shown in Figures 6B and 7B. In order to fur-
ther explore enrichment function of co-expressed genes, we 
performed the analyses of Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway using 
the Metascape. As shown in Figure 6C, co-expressed genes of 
LOX were significantly correlated with extracellular structure 
organization, and got involved in the pathway of NABA ECM 
REGULATORS. LOXL2 and its co-expressed genes were 
closely correlated with extracellular matrix organization, skel-
etal system development, and collagen metabolic process, and 
they were got involved in the pathway of collagen formation 
and crosslinking of collage fibrils (Figure 7C). The networks 
of enrichment terms of LOX and LOXL2 according by cluster 
ID were displayed in Figures 6D and 7D. In summary, these 
results indicated that LOX and LOXL2 may play pivotal roles 
in KIRC through mediating the formation of ECM.

3.6 | LOX and LOXL2 PPI networks 
construction and identification of hub genes

230 co-expressed genes of LOX and 250 co-expressed genes of 
LOXL2 were imported into STRING to construct their own PPIs 
(Figures 8A and 9A). The top 10 hub genes of each PPI were iden-
tified according to the degree scores using cytoHubba tool kits in 
Cytoscape. As shown in Figure 8B, SERPINE1, COL1A1, P4HB, 
CP, HSP90B1, COL5A1, COL5A2, PLOD2, COL3A1, and 
COL11A1were the top 10 hub genes of LOX. MMP2, COL1A1, 
COL4A1, COL5A2, COL3A1, COL1A2, FN1, POSTN, ITGB1, 
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and COL5A1 were the top 10 hub genes of LOXL2 (Figure 9B). 
We then further measured their prognostic values in KIRC and 
relationships with LOX and LOXL2 using the GEPIA among 
TCGA patients. As shown in Figure 8C,D, over-expression of 
CP (HR = 1.7, p = .016), COL11A1 (HR = 2.3, p = .00024), 

PLOD2 (HR = 1.9, p = .0018), COL5A1 (HR = 2.1, p = .0011), 
and COL1A1 (HR = 1.7, p = .017) were positively correlated 
with poor OS in KIRC CP (R = .36, p = 0) and PLOD2 (R = .64, 
p = 0) were selected as the most potential hub genes of LOX 
after excluding genes with R value of Pearson's correlation <.2. 

F I G U R E  4  Genetic mutations and their association with KIRC prognosis of LOX and LOXL2. A, OncoPrint of c-BioPortal showed the 
mutation types and proportions of LOX and LXOL2 from TCGA samples, respectively. B, Cancer types summary of c-BioPortal displayed the types 
of mutations and their proportions contained in each cancer type of this selected study (TCGA, Firehose Legacy). C, Higher mutations of LOX plus 
LOXL2 significantly predicted poor overall survival in KIRC
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After the same process, COL1A2 (HR = 1.6, p = .037; R = 0.21, 
p = 1.1E-06) was considered as the most potential hub gene of 
LOXL2 (Figure 9C,D). All these findings indicated that these 
potential hub genes may play pivotal roles in KIRC by cooperat-
ing with LOX and LOXL2.

3.7 | Prognostic values and protein 
expression levels of hub genes in KIRC from 
TCGA samples

We further confirmed prognostic values and protein ex-
pression levels of these selected hub genes in KIRC using 
the HPA. As shown in Figure S2A, high expression levels 
of CP (p = 1.1E-07), PLOD2 (p = 5.0E-11), and COL1A2 
(p = 1.5E-09) significantly correlated with poor overall sur-
vival in KIRC, respectively. Protein expression levels of 
these selected hub genes in KIRC were validated using im-
munohistochemical staining (IHF) from HPA (Figure S2B). 
All these findings demonstrated that these co-expressed hub 
genes may play essential role in KIRC by cooperating with 
LOX and LOXL2.

4 |  DISCUSSION

KIRC is the most common type of RCC, but its prognosis is 
poor. For postoperative KIRC patients, recurrence or distant 
metastasis occurs in 30% of patients. Therefore, it is of great 
significance to identify unique therapeutic targets of KIRC to 
improve the prognosis of patients.28 In recent years, molecular 
biology technology and bioinformatics have rapidly developed. 
Some potential RCC therapeutic targets have been identified 
using bioinformatics, such as ALOX5, METTL14, et al.29,30

For the first time, we used multiple online databases to 
comprehensively investigate the expression levels of the 
LOX family genes in KIRC at the levels of tumor tissue 
mRNA, tumor tissue protein and RCC cell lines mRNA, and 
further explored their significance on prognosis and molecu-
lar mechanism in KIRC. LOX family genes have been shown 
to play key roles in the formation and remodeling of ECM, 
which could affect biological processes such as cell differ-
entiation, proliferation, adhesion, morphogenesis and pheno-
typic expression.31,32 Finally, we found that LOX and LOXL2 
were significantly upregulated and predicted poor survival 
in KIRC. Furthermore, enrichment analyses of LOX, LOXL2 
and their co-expressed genes revealed that they were closely 
correlated with extracellular matrix, extracellular space and 
ECM structuration.

Previous studies demonstrated that LOX and LOXL2 were 
over-expressed in KIRC.33,34 LOX was reported to promote 
tumor progression and distant metastasis via enhancing ma-
trix stiffness in KIRC.34 Upregulated LOXL2 was also sig-
nificantly correlated with higher pathological stages, cancer 
cell survival, invasion, and metastasis in KIRC.34 Recent 
studies have shown that the tumor microenvironment was 
closely related to the prognosis of tumor patients. LOXL2 
was reported to play pivotal roles in the formation of tumor 
microenvironment and metastatic niche in hepatocellular 
carcinoma.35,36 LOXL2 derived by cancer-associated fibro-
blasts has also been confirmed to be an important mediator 
of intercellular communication in prostate tumor.37 In our 
study, we also found that the expression of LOX and LOXL2 
were significantly correlated with immune infiltration of im-
mune cells (eg, CD8+ T cell, Macrophage, Neutrophil, and 
Dendritic cell). Based on these findings, we hypothesized 
that remolding the tumor microenvironment via blocking 
LOXL2 may be an effective treatment for KIRC.

F I G U R E  5  Correlation analysis of LOX and LOXL2 expression and immune infiltration of immune cells in KIRC using the TIMER database. 
A, LOX expression positively correlated with CD8+ T cell, Macrophage, Neutrophil, and Dendritic cell in KIRC tissues. (B) LOXL2 significantly 
correlated with CD8+ T cell, CD4+ T cell, Macrophage, Neutrophil, and Dendritic cell in KIRC tissues
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F I G U R E  6  Functional enrichment analysis of co-expressed genes of LOX. A, The Venn diagram represents the 230 genes co-expressed 
with LOX found in two other TCGA studies on KIRC. B, The heat map represents the correlation between LOX and its 230 co-expressed genes 
according to the values of Pearson Correlation Coefficient. C, Heatmap of enriched terms regarding Gene Ontology across LOX and its co-
expressed genes constructed by Metascape. D, Interactive network of the top 20 enriched terms colored by cluster ID. Each color represents one 
enrichment pathway
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F I G U R E  7  Enrichment analysis of co-expressed genes of LOXL2. A, The Venn diagram represents the 230 genes co-expressed with LOXL2 
found in two other TCGA studies on KIRC. B, The heat map represents the correlation between LOXL2 and its 250 co-expressed genes according 
to the values of Pearson Correlation Coefficient. C, Heatmap of enriched terms regarding Gene Ontology across LOXL2 and its co-expressed genes 
constructed by Metascape. D, Interactive network of the top 20 enriched terms colored by cluster ID. Each color represents one enrichment pathway
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F I G U R E  8  Identification of hub genes among the co-expressed genes of LOX. A, protein-protein interaction network of 230 co-expressed 
genes of LOX constructed by STRING. B, Ten hub genes of LOX were identified using cytoHubba tool kits in Cytoscape. C, Overall survival 
analyses of 10 hub genes in KIRC using the GEPIA among TCGA patients. D, Correlations between LOX and 10 hub genes mRNA expression 
determined using the GEPIA
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It is undeniable that there are some limitations in our re-
search. First of all, our results were all based on database 
analysis, and lack further experimental confirmation. In our 
future research, we need to construct cell lines that differ-
ently expressed LOX and LOXL2 to verify our research re-
sults from the aspects of in vivo, in vitro and KIRC tumor 
tissue. Secondly, our analysis indicated that CP and PLOD2, 
COL1A2 were co-expressed genes of LOX and LOXL2, re-
spectively. However, how they cooperate with LOX and 
LOXL2 in KIRC are unclear. Whether they can be used as 
gene panels in the diagnosis and treatment of KIRC also re-
quire further research.

In summary, we have confirmed the upregulation of LOX 
and LOXL2 in KIRC, and further validated prognostic sig-
nificance of LOX, LOXL2 and their co-expressed genes in 
KIRC. We hypothesize that these differently expressed genes 
may be promising molecular targets for the early diagnosis 
and targeted therapy of KIRC.
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