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1. Abstract

1.1. Objective: Fructose bisphosphate aldolase (ALDOB) is a gly-
colytic metabolic enzyme, which is considered to be a therapeutic
target for many cancers. However, ALDOB expression level and
its regulatory mechanism in renal clear cell carcinoma is not clear.
To explore ALDOB expression level and its regulatory mechanism
in renal clear cell carcinoma we downloaded gene expression data
sets and analyzed them by bioinformatics.

1.2. Methods: The gene expression data sets of GSES53757,
GSE40435 and GSE105261 about human renal clear cell carcino-
ma were downloaded from the GEO database and analyzed by us-
ing the Venn diagram. We analyzed and screened out the relation-
ship network of the interested target genes through GeneMANIA
and STRING online software. These 6 target genes obtained were
analyzed by Kaplan-Meier curve. GO enrichment analysis of the
target gene ALDOB was performed by DAVID, and the relation-
ship between the expression of ALDOB and immune infiltration
in clear cell renal cell carcinoma was analyzed by means of TIM-
ER and TISIDB databases. Finally, a prognostic nomogram was
constructed to predict the individual’s 3-year and 5-year survival
probabilities.

1.3. Results: ALDOB gene is positively correlated to the surviv-
al and prognosis of patients with renal clear cell carcinoma. Fur-
thermore, the overexpression of ALDOB can prolong the survival
time of ccRCC patients. In addition, ALDOB can affect the ratio
of CD4+T/CD8+T cells to influence renal clear cell carcinoma.
Finally, the main mechanism of its overexpression prolonging the
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survival time of renal clear cell carcinoma may be involved in gly-
colysis.

1.4. Conclusions: These data showed that ALDOB gene could be
a biomarker and therapeutic target for renal clear cell carcinoma

2. Introduction

Renal cancer, also known as renal cell carcinoma, is a tumor that
originates from the renal epithelium, of which clear cell renal cell
carcinoma (ccRCC) is the main type [1]. It is one of the diseas-
es with the highest diagnosis rate in urinary system tumors. The
number of diagnoses can reach 300,000 people every year, and
it causes nearly 100,000 deaths [2]. It has a major impact on hu-
man health, because kidney cancer can cause fatal metastasis in
the brain and lungs [3]. The 5-yr cancer-specific survival (CSS),
disease-free survival (DFS) and overall survival (OS) were 97.5%,
90.9% and 95.1%, respectively [4]. Because renal cancer is not
sensitive to treatments such as radiotherapy and chemotherapy,
therefore surgical resection of the lesion has become a typical
treatment for renal cancer. In recent years, the development of mo-
lecularly targeted drugs has provided an additional option for the
treatment of renal cell carcinoma. Therefore, molecular markers
(such as the expression of specific genes) can improve the accura-
cy of prognosis prediction [5]. The systematic identification of ear-
ly diagnostic markers and prognostic molecular biomarkers will
enhance the diagnosis of early renal clear cell carcinoma, thereby
providing information for early and aggressive treatment.

Through databases such as TCGA, GEO, GeneMANIA, UAL-
CAN and TIMER, we found that fructose bisphosphate aldolase
1
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(ALDOB) is differentially expressed in clear cell renal cell car-
cinoma and plays important roles in the development of renal
cell carcinoma. ALDOB is known for its role in metabolism and
glycolysis and its main function is to catalyze the conversion of
fructose-1,6-diphosphate into dihydroxyacetone phosphate and
glyceraldehyde-3-phosphate [6]. Metabolomics and 13C-labeled
fructose tracing studies indicate that ALDOB promotes fructose
metabolism to fuel glycolysis, gluconeogenesis, and the pentose
phosphate pathway [7]. It shows that ALDOB is mainly expressed
in liver cancer, and the expression level in it is significantly re-
duced [8]. In humans, the absence of functional ALDOB enzyme
due to mutations in the ALDOB gene cause hereditary fructose
intolerance, characterized by metabolic disturbances [9]. Loss of
hepatic ALDOB leads to a paradoxical up-regulation of glucose
metabolism to favor hepatocellular carcinogenesis (HCC) [10].
It had been reported that the glycolytic enzyme ALDOB in HCC
through directly binding to G6PD and inhibiting its activity, act-
ing as a metabolic switch in glucose metabolism and regulating
the metabolic reprogramming [11]. However, the role of ALDOB
in ccRCC is still basically unknown. There has evidence showed
that overexpression of ALDOB does not affect proliferation, but
impairs the DNA matrix metalloproteinase receptor and induces
apoptosis [12]. This study aims to evaluate the expression level of
ALDOB in ccRCC and determine its value in predicting the sur-
vival outcome of ccRCC patients through multiple databases (in-
cluding TCGA, GEO, GeneMANIA and TIMER). To further ex-
plore the possible regulatory mechanism of ALDOB in ccRCC, we
used GeneMANIA, Metascape and DAVID to study the functional
network involving ALDOB and the biological processes involv-
ing ALDOB interacting genes. At the same time, we assessed the
expression of ALDOB in pan-carcinoma and ccRCC through the
TIMER database, and further analyzed the relationship between
the expression of ALDOB in clear cell renal cell carcinoma and
immune infiltration. This study clarified the correlation between
the expression level of ALDOB and the prognosis of ccRCC, and
provided potential early diagnostic biomarkers and therapeutic tar-
gets for ccRCC.

3. Materials and Methods

Database The gene expression data set (RNA-seq) of patients with
renal clear cell carcinoma (ccRCC) were download from the Can-
cer Genome Atlas (TCGA) project (https://portal.gdc.cancer.gov/),
the GSE53757, GSE40435, GSE105261 data sets from UCSC
xena browser (https://xenabrowser.net/),and the relevant survival
data of ccRCC from Gene expression omnibus (https://www. ncbi.
nlm.nih.gov/geo/).

Screening of key genes Download the GSE53757, GSE40435 and
GSE105261 data sets related to renal clear cell carcinoma from the
GEO database. We specify (FDR) < 0.05 and | log fold Change|
(log FC) > 2 as differentially expressed genes, and then obtain
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differentially expressed genes from 3 data sets by drawing the
Venn diagram. The differentially expressed genes shared by the 3
data sets are analyzed by using STRING online software, and the
role relationship network of the target gene we are interested in is
screened through GeneMANIA. Kaplan-Meier curve analysis of
the obtained genes revealed that the high expression of ALDOB
has a positive effect on the prognosis of clear cell renal cell carci-
noma. We suppose that ALDOB may be a tumor suppressor gene
for clear cell renal cell carcinoma.

R software 4.0.3 analysis Using R software 4.0.3 to perform ID
conversion on the GSE53757 data set, based on the prognostic sur-
vival data of renal clear cell carcinoma contained in the “survival”
package, a prognostic nomogram was constructed to predict the
individual’s 3- and 5-year survival probabilities.

GEPIA GEPIA (http://gepia.cancer-pku.cn/) uses TCGA and
GTEx databases to generate gene expression profiles of multiple
cancer types and normal samples. GEPIA is used to determine the
effect of the expression level of ALDOB gene in ccRCC on the
survival curve of patients.

GeneMANIA GeneMANIA (http://genemania.org/) is used to es-
tablish the interaction between genes. In this study, the ALDOB
gene interaction network was determined by gene chip.

Metascape Metascape (http://metascape.org/gp/index.html) is an
effective tool for comprehensive genomics analysis in the period of
big data. It integrates functional enrichment, gene annotation and
interactive group analysis. We input the differentially expressed
genes into the official website to obtain the functional enrichment
and gene annotation .

STRING STRING (https://www.string-db.org/) is an online data-
base of protein interaction relationships that have been searched
online. The shared differentially expressed genes were input into
the official website to obtain the differentially expressed gene in-
teraction relationships picture.

TIMER TIMER (https://cistrome.shinyapps.io/timer/) is a simple
and practical cancer web server that allows users to evaluate the
immunological, genomics and clinical characteristics of tumors by
inputting target genes. In this study, TIMER was used to deter-
mine the expression level of ALDOB in various cancers, as well as
ALDOB and B cells, CD8 + T cells, CD4 + T cells, macrophages,
neutrophils and dendritic cells and evaluate the relationship be-
tween ALDOB in ccRCC and normal tissues.

TISIDB TISIDB (http://cis.hku.hk/TISIDB/) is a portal site for tu-
mor and immune system interaction, which integrates a variety of
heterogeneous data types. Use TISIDB to determine the relation-
ship between ALDOB and B cells, CD8+ T cells, CD4+ T cells,
macrophages, neutrophils and dendritic cells, and ALDOB tran-
scription expression/DNA methylation and receptors, The correla-
tion of lymphokines, MHC molecules and chemokines.
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4. Results
4.1. Screening of target genes

In the GSES3757, GSE40435 and GSE105261 data sets, we speci-
fy (FDR) < 0.05 and | log fold Change| (log FC) > 2 as differential-
ly expressed genes, and then draw the Venn diagram to obtain 32
differentially expressed genes (Figure 1A), using STRING online
software to analyze the gene interactions of 32 differential genes
(Figure 1B), and use GeneMANIA to screen out the relationship
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network of the target genes we are interested in. Then we obtained
6 target genes include ALDOB, CLCNKB, AQP2, NPHS2, KCNIJ1
and SCNNI1A. Using R software to draw differential gene volca-
no maps for the three data sets (Figure 2). Further Kaplan-Meier
curve analysis of 6 target genes showed that the high expression of
ALDORB has a significant positive effect on the prognosis of clear
cell renal cell carcinoma (Figure 3). Therefore, we supposed that
ALDOB may be a cancer suppressor gene for clear cell renal cell
carcinoma.

Figure 1: (A) The requirement (FDR) < 0.05 and | log2 fold Change| (1og2FC) > 2 are differentially expressed genes. The differentially expressed genes

of the three data sets are drawn by a Venn diagram (B) Protein-protein interaction The network consists of 25 differentially expressed proteins and is

produced by the STRING online server.

Figure 2: Gene expression of the three data sets. (A) The volcano map and mean variance trend of the up-regulated and down-regulated genes in the
GSE53757 data set. (B) The volcano map and the mean variance trend of the up-regulated and down-regulated genes in the GSE40435 data set. (C)
The volcano map and mean variance trend of the up-regulated and down-regulated genes in the GSE105261 data set.
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Figure 3: Using the GEPIA database to compare the effects of high and low expression levels of differentially expressed genes on the survival time of

KIRC patients. (A) For ccRCC patients, elevated ALDOB expression levels are associated with longer OS results. (B) For ccRCC patients, elevated

CLCNKB expression levels are associated with longer OS results. (C) For ccRCC patients, elevated AQP2 expression levels are associated with longer
OS results. (D) For ccRCC patients, elevated NPHS2 expression levels are associated with shorter OS results. (E) For ccRCC patients, elevated KCNJ1
expression levels are not significantly associated with shorter OS results. (F) For ccRCC patients, elevated SCNN1A expression levels are not signifi-

cantly associated with shorter OS results.
4.2. The expression of ALDOB in ccRCC and different cancers

TIMER online analysis software was used to determine the expres-
sion level of ALDOB in various cancers. Compared with normal
tissues, it was found that the expression level of ALDOB increased
in colon adenocarcinoma and rectal cancer, but the expression
level in kidney cancer, liver cancer, gastric cancer,and pancreatic
cancer was suppressed (Figure 4A). The RNA sequencing data of
ALDOB was analyzed by GEPIA. Comparing each tumor tissue
with the matched normal tissue, the level of ALDOB inhibition
in ccRCC was also the most significant (Figure 4B). In kidney
cancer, the above data shows that the expression level of ALDOB
in ccRCC is significantly down-regulated. Therefore, we supposed
that ALDOB acts as a tumor suppressor gene in ccRCC, and its
value for the treatment and prognosis of ccRCC deserves further
discussion.

4.3. Analysis of the prognostic value of ALDOB in ¢ccRCC

We used GEPIA to analyze the shared differentially expressed
genes and found that ALDOB was significantly related to the over-
all survival and prognosis of ccRCC. By drawing the Kaplan-Mei-
er curve, it is found that the overexpression of ALDOB can pro-
long the survival time of patients compared with normal tissues.
(Supplementary Figure S1A). In addition, we analyzed the sur-
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vival prognosis of ALDOB in ccRCC through the UALCAN da-
tabase. The result showed that the overexpression of ALDOB can
also prolong the survival time of patients (Supplementary Figure
S1B). The results obtained by the GEPIA and UALCAN databases
are basically the same. Therefore, it can be concluded that the ex-
pression level of ALDOB has important potential prognostic value
for ccRCC, and its overexpression can prolong the survival time
of patients.

The overexpression of ALDOB in different grates and genders of
¢cRCC can prolong the survival time of patients.

In order to clarify the prognostic correlation between ALDOB and
ccRCC, we used the UALCAN database to analyze the correlation
between the expression level of ALDOB gene and G1, G2, G3 and
G4 in ccRCC. It was found that in different grates of clear cell re-
nal cell carcinoma, the prognosis of ccRCC patients with ALDOB
overexpression was significantly better than that of patients with
low expression (Supplementary Figure S1C). Further analysis of
different genders showed that the prognosis of patients with high
expression of ALDOB was better than that of patients with low
expression (Supplementary Figure S1D). These results mean that
ALDOB gene plays a role of tumor suppressor gene in ccRCC, and
has great value as a potential biomarker of ccRCC.
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Figure 4: (A) The expression level of ALDOB gene in different cancer types compared with the corresponding normal tissues in the DriverDBV3 and
TIMER databases. (B) Expression profiles of the ALDOB transcript in different cancer types and paired of normal tissues from the GEPIA database.

Supplementary Figure S1:
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4.4. PPI Network of ALDOB

The functional network connection between the ALDOB gene and
the relevant genes were analyzed by GeneMANIA (Figure 5). The
function of ALDOB gene is mainly focused on the glycolysis pro-
cess of glucose catabolism to produce pyruvate, fructose-6-benzo-
ate, glycolysis process of glucose-6-benzoate and NADH regen-
eration.

4.5. Functional enrichment analysis of ALDOB

The biological process of ALDOB interacting genes was analyz-
ed by Metascape (Figure 6A). Kidney development, multicellular
homeostasis, excretion, response to xenogeneic stimuli, nephro-
calcinosis, and renal insufficiency were found to be significantly
regulated by these genes (Figure 6B). This means that ALDOB
plays a very important role in kidney development, biological ho-
meostasis and kidney function.

4.6. Correlation between ALDOB expression level and immune
cell infiltration level in ccRCC
We used the TIMER database to visually analyze the correlation

between the expression level of ALDOB and the level of immune
cell infiltration in renal clear cell carcinoma, and found that the
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expression level of ALDOB was positively correlated with the lev-
el of infiltration of CD4+ T cells and dendritic cells. There was
a weak negative correlation with the infiltration level of B cells,
CD8+ T cells, macrophages and neutrophils (Figure 7A). The cor-
relation between the expression level of ALDOB and the level of
immune cell infiltration above was verified by the TISIDB data-
base (Figure 7B-G). The level of immune cell infiltration varies
with the copy number of ALDOB gene. Some immune cell infil-
tration levels seem to be related to changes in the copy number of
the ALDOB gene, including B cells, CD4+ T cells, macrophages,
neutrophils, and dendritic cells (Figure 7H). ALDOB transcrip-
tion expression was significantly positively correlated with CCR4,
CXCR1, CXCR2, and negatively correlated with CXCR4, CCRS,
CXCR10, and ALDOB DNA methylation was significantly neg-
atively correlated with most chemokines and receptors listed in
TISIDB (Supplementary Figure S2).

4.7. Constructing ALDOB prognostic nomogram
We are building an ALDOB prognostic nomogram through the
“survival” and “recession modeling strategy (rms)” packages of

the R software, and predict the survival probability of an individ-
ual by weighing the risk score, stage, age, and gender (Figure 8).

Figure 5: The PPI network of ALDOB is constructed by gene chip. PPI: protein-protein interaction.

clinicsofoncology.com
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Figure 6: Biological processes involved in ALDOB interaction genes. (A) A heat map from Metascape, showing the main biological processes involv-
ing ALDOB interacting genes. (B) Heat map from Metascape, showing the function of proteins involved in ALDOB interacting genes.

Supplementary Figure S2:

clinicsofoncology.com 7
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Figure 7 (A): TIMER database: the relationship between the expression level of ALDOB and the level of immune cell infiltration in ccRCC population. (B-D) TISIDB
database: The relationship between the expression level of ALDOB and the level of immune cell infiltration in ccRCC population. (G) The relationship between the copy

number of ALDOB gene and the level of immune cell infiltration. The relationship between the copy number of ALDOB in ccRCC and the level of immune cell infiltration.

clinicsofoncology.com 8
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Figure 8: The nomogram of the gene signature and its performance in the training set and internal and external validation sets. The predictive model

was presented with a nomogram.
5. Discussion

Renal cell carcinoma is one of the malignant tumors with the high-
est incidence in the world [12], and it is also one of the 3% can-
cers with the highest incidence in Western countries [13]. In the
past two decades, the mortality rate of renal cell carcinoma in the
world has increased by 2% every year [3]. The main pathological
type of renal cell carcinoma is renal clear cell carcinoma, which is
named due to its microscopic characteristics of clear cytoplasm,
The prognosis of ccRCC is worse than that of chromophobe cell
carcinoma, and it is harmful to humans [14, 15]. Due to the lack
of effective biomarkers, many patients have been diagnosed in the
middle and advanced stage [16]. At present, the main treatment for
renal clear cell carcinoma is surgery [17]. With the research of tar-
geted drugs, the research on ideal targets has also been intensified.
The so-called ideal targets have high specificity and attack tumor
cells without harming normal tissues. Therefore, it is particular-
ly important to explore biomarkers for early diagnosis and target
therapy of ccRCC.

Aldolase family members are the fourth enzyme in the glycolysis
process. They include ALDOA, ALDOB, and ALDOC. There are
three different genes that encode aldolase A, B, and C, and these
three isoenzymes are expressed in the specific human organs [18].
ALDOA is expressed in embryos and is abundantly available in
adult muscle tissue [19, 20]. ALDOB is a glycolytic metabolic
enzyme, mainly expressed in the gastrointestinal tract, liver and
kidney [21]. ALDOC, the third type of aldolase, is abundant in
the central nervous system, including in Purkinje cells of the cer-
ebrum, hippocampus and in Schwann cells [22, 23]. Cancer orig-
inates from imbalances between DNA damage and DNA repair
[24]. Studies have found that ALDOB not only regulates glyco-
lysis, but also plays a regulatory role by participating in the reg-
ulation of DNA damage repair [25]. Increased glycolysis, a hall-
mark of malignant cancers,correlates with invasive potential and
poor prognosis. As we know,ALDOB is an important glycolytic
enzymes. In renal cell carcinoma, the downregulation of ALDOB
can maintain high levels of fructose 1,6-bisphosphate (FBP) which
were required for cancer growth because of its ability to affect the
redox status [26]. Therefore, we consider whether the low expres-
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sion of ALDOB portended significantly worse disease-free surviv-
al and overall survival in ccRCC patients.

Therefore, in this study, we used various databases, including
TCGA, GEO, GeneMANIA, and TIMER, to explore the corre-
lation between ALDOB expression and ccRCC. Through these
databases, we found that the expression of ALDOB in renal cell
carcinoma was significantly lower than the expression in normal
tissues, but the effect of its low expression on ccRCC is still un-
clear. Then, we used the GEPIA database to analyze the impact
of ALDOB expression on the survival time of ccRCC, and found
that the overexpression of ALDOB can prolong the survival time
of ccRCC patients. Then we used the UALCAN database to verify
that the results were consistent. These results showed that ALDOB
can be used as an important prognostic indicator for ccRCC pa-
tients. In addition, we utilized the UALCAN database to analyze
the correlation between the expression level of ALDOB gene and
different grates in ccRCC. It was found that in G1, G2, G3, and G4
of clear cell renal cell carcinoma, the prognosis of ccRCC patients
with overexpression of ALDOB was significantly better than that
of patients with low expression. Further analysis of gender showed
that patients with high expression had better prognosis than those
with low expression. The above results all indicate that ALDOB
can be used as a prognostic biomarker for ccRCC.

The interaction between tumor cells and the tumor microenviron-
ment (TME) plays a key role in tumorigenesis, progression, me-
tastasis, and drug resistance [27, 28]. Various cellular phenomena
such as alterations in the tumor microenvironment, inflammation,
oxidative stress, and hypoxia promote tumor initiation, progres-
sion, and metastasis [29]. Dendritic cells are antigen-presenting
cells that have specific roles in initiating and regulating immunity
[30, 31], and can activate CD4+ T cells and CD8+ T cells. The
ratio of CD4+ T/CD8+ T cells can directly reflect the cellular im-
mune function of the body. The decreased ratio of CD4+ T/CD8+
T cells is mainly seen in immunodeficiency and malignant tumors.
In this study, we found that the expression level of ALDOB was
positively correlated with the infiltration levels of CD4+ T cells
and dendritic cells, and was weakly correlated with the infiltration
levels of B cells, CD8+ T cells, macrophages and neutrophils neg-

9
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ative correlation. However, ALDOB is in a state of low expression
in ccRCC, resulting in a decrease in the expression level of CD4+
T cells, which in turn leads to a decrease in the ratio of CD4+ T/
CD8+ T cells. From the perspective of immunity, it is further clar-
ified that the low expression of ALDOB in ccRCC has an adverse
effect on its prognosis.

Some studies have found that MYC is the nuclear protein carci-
noid gene, including four types of c-MYC, n-MYC, I-MYC and
r-MYC. It is a transcription factor with a wide range of functions.
Regulates cell differentiation and proliferation. MYC overexpres-
sion leads to the progression and metastasis of multiple cancer
types including prostate cancer [32-37], and MYC gene knock-
out can significantly inhibit prostate cancer metastasis [38-40].
However, the c-MYC proto-oncogene is one of the most activated
genes, which can transcribe ALDOB, and its transcription level is
regulated by Set7/9. Set7/9 is a lysine-specific methyl-transferase
that regulates histone and non-histone substrates, thereby positive-
ly regulating the transcription level of c-MYC. Therefore, the role
of ¢-MYC in renal clear cell carcinoma needs further study.

6. Conclusions

We used a variety of databases to find that the expression level of
ALDOB in ¢ccRCC was suppressed. Through survival analysis of
the effect of ALDOB expression on the survival time of ccRCC,
we found that overexpression of ALDOB can significantly prolong
the survival time of ccRCC patients. The above results show that
ALDOB is an important renal cancer biomarker and a potential
high-specific therapeutic target. The main mechanism of its over-
expression prolonging the survival time of renal clear cell carcino-
ma may be involved in glycolysis, but more studies are needed to
confirm our findings and promote the clinical application of AL-
DOB as a prognostic marker or therapeutic target of ccRCC.
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