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The clear cell renal cell carcinoma (ccRCC) is not only a malignant disease but also
an energy metabolic disease, we aimed to identify a novel prognostic model based on
glycolysis-related long non-coding RNA (IncRNAs) and explore its mechanisms. With the
use of Pearson correlation analysis between the glycolysis-related differentially expressed
genes and IncRNAs from The Cancer Genome Atlas (TCGA) dataset, we identified three
glycolysis-related INcRNAs and successfully constructed a prognostic model based on
their expression. The diagnostic efficacy and the clinically predictive capacity of the
signature were evaluated by univariate and multivariate Cox analyses, Kaplan—-Meier
survival analysis, and principal component analysis (PCA). The glycolysis-related INcCRNA
signature was constructed based on the expressions of AC009084.1, AC156455.1,
and LINC00342. Patients were grouped into high- or low-risk groups according to risk
score demonstrated significant differences in overall survival (OS) period, which were
validated by patients with ccRCC from the International Cancer Genome Consortium
(ICGC) database. Univariate Cox analyses, multivariate Cox analyses, and constructed
nomogram-confirmed risk score based on our signature were independent prognosis
predictors. The CIBERSORT algorithms demonstrated significant correlations between
three-glycolysis-related INcRNAs and the tumor microenvironment (TME) components.
Functional enrichment analysis demonstrated potential pathways and processes
correlated with the risk model. Clinical samples validated expression levels of three-
glycolysis-related IncRNAs, and LINC00342 demonstrated the most significant aberrant
expression. in vitro, the general overexpression of LINC00342 was detected in ccRCC
cells. After silencing LINC00342, the aberrant glycolytic levels and migration abilities
in 786-0O cells were decreased significantly, which might be explained by suppressed
Wnt/B-catenin signaling pathway and reversed Epithelial mesenchymal transformation
(EMT) process. Collectively, our research identified a novel three-glycolysis-related
INcRNA signature as a promising model for generating accurate prognoses for patients
with ccRCC, and silencing INcRNA LINC00342 from the signature could partly inhibit the
glycolysis level and migration of ccRCC cells.
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renal cell carcinoma; OS, overall survival.

FIGURE 2 | survival time of patients with ccRCC listed by risk scores. (D,F) The survival curve analysis of three-glycolysis-related IncRNAs signature, the OS period in
the low-risk group was longer than the high-risk group in both training and validation cohort. (E,G) Time-dependent ROC curves analysis exhibited the diagnostic
efficacy of our three-glycolysis-related INcCRNA signature in ccRCC of both training and validation cohort, for predicting the 1-, 3-, and 5-years OS. ccRCC, clear cell

M stage (M stage O vs. M stage 1, p < 0.001).

FIGURE 3 | The three-glycolysis-related INcRNA signature was in accordance with clinicopathological parameters. The risk scores of our three-glycolysis-related
INcRNA signature were closely related to clinicopathological parameters, such as (A) age (<60 vs. >60, p = 0.015), (B) grade (grade 1-2 vs. grade 3-4, p < 0.001),
(C) AJCC stage (stage -l vs. stage llI-IV, p < 0.001), (D) T stage (T stage 1-2 vs. T stage 3-4, p < 0.001), (E) N stage (N stage O vs. N stage >1, p < 0.001), and (F)

targeting 7 miRNAs, 7 mRNAs and constructed a co-expression
RNA network (Figure 9D).

LINC00342 was generally overexpressed in renal carcinoma
cell lines as compared with HK-2 cells, and the overexpression
was most obvious in 786-O cells (Figure 9E). Then we silenced
the expression of IncRNA LINC00342 in 786-O cells by two
sequences of siRNAs (Figure 9F). After efficient inhibition on
LINC00342 in contrast to wild type (WT) group or negative
control (NC) group, the glucose consumption and lactate
production rate in 786-O cells were decreased significantly (p
< 0.01) (Figures 9G,H). These results indicated that LINC00342
overexpression is closely related to the aberrantly glycolytic level
of ccRCC.

Silencing IncRNA LINC00342 Inhibited
786-0 Cells Migration Abilities

According to the aforementioned results, we speculated that
the poor prognosis of high-risk patients with ccRCC, based
on our three-glycolysis-related IncRNA signature, might be
caused by a high risk of metastasis (Figures 7B-E). After
silencing IncRNA LINC00342, we found that the longitudinal
and lateral migration abilities in 786-O cells were diminished
significantly in comparison with 786-O cells that transfected
scrambled sequence as NC group, which were demonstrated
by transwell assays and wound healing assays respectively
(Figures 10A,B). It was reported that EMT is a critical step for
ccRCC metastasis and relapse; consequently, western-blotting
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FIGURE 4 | The three-glycolysis-related IncRNA signature could be an independent factor in ccRCC. (A) Univariate Cox regression analyses were used to explore the
correlation between OS and clinicopathological parameters, and risk score. (B) Multivariate Cox regression analysis demonstrated that the age, grade, stage, and risk
score were independent prognostic indicators for ccRCC patient’s OS. (C) ROC curve analysis showed the prognostic accuracy of clinicopathological parameters and
the glycolysis-related INcRNA prognostic risk score. ccRCC, clear cell renal cell carcinoma; OS. Overall survival.

was employed to explore the effect of LINC00342 on EMT-
associated proteins. Results were demonstrated that epithelial
marker protein E-cadherin was increased after silencing
LINC00342, while mesenchymal marker protein N-cadherin,
Vimentin, and Slug were obviously decreased (Figure 10C).
As DEGs mostly enriched in the Wnt signaling pathway
and bound by MYC gene set were enriched in high-
risk group (Figures 7A,B,F), we further detected effects of
silencing LINC00342 on the Wingless (Wnt)/p-catenin pathway,
which is reported as a crucial mechanism that promotes
the occurrence of EMT. With the use of western-blot,
we found P-catenin and c-MYC decreased a lot while

phosphorylated f-catenin increased significantly in 786-O
cells after silencing LINC00342 (Figure 10C). These results
manifested that silencing the expression of IncRNA LINC00342
inhibited 786-0O cells migration abilities. Mechanically, inhibiting
LINC00342 overexpression could obstruct the EMT process in
786-0 cells, partly by interfering Wnt/p-catenin pathway.

DISCUSSION

The ccRCC is not only a malignant disease among kidney cancer
but also an energy metabolic disease, metabolic reprogramming
has attracted extensive attention in the diagnosis and treatment

Frontiers in Medicine | www.frontiersin.org 9

January 2022 | Volume 8 | Article 777507


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Lietal

Glycolysis-Related IncRNA of ccRCC

A age =k <60(n=226) =+ >60(n=263) B age<60 =+ high risk(n=112) == low risk(n=114) c age>60 =+ high risk(n=126) == low risk(n=137)
1.00 1.00 1.00
2075 2075 2075
3 = =
© © ©
8 8 8
&0.50 S.0.50 5050
2 2 2
2 2 2
3 - =3
D025 ® 0.25 @ 0.25
p<0.001 p<0.001 p<0.001
0.00 0.00 0.00
0 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 9 10
Time(years) Time(years) Time(years)
D E F
grade =k G1-2(n=221) == G3-4(n=268) grade1-2 == high risk(n=88) == low risk(n=133) grade3-4 == high risk(n=150) == low risk(n=118)
1.00 1.00 1.00
>075 2075 2075
= 3 3
© © @
: 8 8
5.0.50 S.0.50 S 0.50
S N g
@ 025 @ 025 @ 025
p<0.001 p<0.001 p<0.001
0.00 0.00 0.00
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Time(years) Time(years) Time(years)
G H |
stage = Stage I-II(n=288) == Stage Ill-IV(n=201) Stage I-Il == high risk(n=114) == low risk(n=174) Stage lll-IV === high risk(n=124) == low risk(n=77)
1.00 1.00 1.00
2075 2075 2075
: : 3
8 ° g
& 0.50 S.0.50 G050
kS T S
2 2 2
z e s
=3 3 3
® 025 ® 0.25 A 025
p<0.001 p=0.003 p<0.001
0.00 0.00 0.00
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 T 8
Time(years) Time(years) Time(years)
FIGURE 5 | Stratification analyses of various clinicopathological parameters by Kaplan-Meier curves for the patients with ccRCC. (A,D,G) Survival curve analysis
showed the OS rates of different groups stratified by age, grade, and stage. (B,C) Kaplan-Meier curves of OS in <60 or >60 patients stratified by high- and low-risk
groups. (E,F) Kaplan-Meier curves of OS in grade 1-2 or grade 3-4 patients stratified by high- and low-risk groups. (H,l) Kaplan-Meier curves of OS in stage |-l or
stage IlI-IV patients stratified by high- and low-risk groups. ccRCC, clear cell renal cell carcinoma; OS, overall survival.

of ccRCC. For cancer cells that survived in a TME of
intermittently hypoxia and starvation, glucose metabolism
transforms to glycolysis even in an aerobic environment is
ubiquitous (5, 12). Metabolites produced by glycolysis support
the excessive proliferation and metastasis of cancer cells, such
as secreted lactate creates an acidic microenvironment which
promoted cancer cells invasion abilities and absconding from
chemotherapy (13, 14). Therefore, aberrantly elevated glycolysis
in cancer cells was thought to be closely related to poor prognosis
in malignancies, including ccRCC (6, 15). The mechanisms
are still unclear, while there are emerging studies which tried
to explore epigenetic modifications and transforms during the
Warburg effect happens.

Though advances in surgery, radiotherapy, and
chemotherapy, ccRCC as the most common pathologically
subtype of RCC is still with a poor prognosis (16). The unpleasant
outcomes may ascribe to an insufficient understanding of
molecular heterogeneities. In addition to searching for effective
treatment, it is vital important to make a reliable prediction. The
AJCC staging system is the gold standard for evaluating ccRCC
prognosis, but this criterion comes to be less comprehensive
as understanding of the heterogeneity of tumor cells increased
(15). In our present study, we focused on the abnormal
glycolytic level in ¢ccRCC and took an intersection between
DEGs and glycolysis-related genes. With the use of selected
35 glycolysis-related different expression mRNAs and Pearson
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correlation analysis, we finally identified a novel prognostic
model based on the expression of three-glycolysis-related
IncRNAs, which were constructed by IncRNA AC156455.1,
IncRNA AC009084.1, and IncRNA LINC00342. According to
our three IncRNAs signature, we sorted patients with ccRCC
into high- and low-risk groups. Kaplan-Meier analysis showed
a shorter OS period in patients with high-risk scores both in
the training and testing cohort. The three IncRNAs signature
was confirmed by ROC curve analysis as a highly sensitive

and specific prognostic marker in ccRCC. In addition, our
signature was also associated with poor OS of patients with
ccRCC in different subgroups especially age, tumor grade, and
clinical stage. We also built a nomogram based on clinical
features and glycolysis risk scores, which had better prognostic
value and higher potential for clinical application than a single
parameter. Therefore, our three-glycolysis-related IncRNA
signature could be regarded as a complement to clinical patient
prognosis prediction.
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LncRNAs are untranslated RNAs but are crucial in several key
molecular and biologic processes. There is increasing evidence

indicating that IncRNA affects the occurrence and development
of cancers mainly by regulating gene expression (17). LncRNA
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FIGURE 9 | regulation network based on differentially expressed miRNAs and DEGs. (E) The expression of LINCO0342 was detected in HK-2 cells and other 4 kinds
of ccRCC cells. LINC00342 expression levels were higher in all ccRCC cells than in HK-2, among which 786-O was the highest (student’s t-test, pns > 0.05, p** <
0.01). (F) After being transfected by siRNAs, we detected the knockdown efficiency of si-LINC00342s in 786-O. (G,H) Glucose consumption and lactate production
ratio were detected in 786-0 cells with different treatments. We found that after being silenced by two sequences of si-LINC00342s the glycolytic level in 786-O
decreased a lot. ccRCC, clear cell renal cell carcinoma.
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FIGURE 10 | Silencing IncRNA LINC00342 inhibited migration abilities of 786-O cells. (A) Transwell assays were demonstrated that the longitudinal migration abilities
of 786-0 cells decreased significantly after silencing LINC0O0342 (student’s t-test, pns > 0.05, p* < 0.05, p** < 0.01). (B) Wound healing assay was certified that the
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(N-cadherin, Vimentin, and Slug), and Wnt/B-catenin signaling pathway (B-catenin, phosphorylated p-catenin, and c-Myc) in 786-O cells transfected with
si-LINC00342s or Vector. B-actin was taken as an internal control.
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could regulate glycolysis metabolic reprogramming in several
ways. LncRNAs may enhance the expression of glycolytic key
enzymes to promote glycolytic level and progression in cancer
cells. They interacted with transcription factor receptors, such
as aryl hydrocarbon receptor, then promoted the transcriptional
expression of glycolytic key enzymes, such as hexokinase 2
or pyruvate kinase M2, facilitated cancer cells progression
(18, 19). LncRNA inhibited enzymes degradation by reducing
the modification of key enzymes, such as ubiquitination (20).
LncRNAs could also modulate glycolytic levels by interfering
with micro-RNAs (miRNAs) and had further regulations on
glycolysis-related pathways. Most IncRNAs acted as competing
endogenous RNA or miRNA sponges to inhibit the functions
of targeted miRNAs, then further affect downstream processes
of glycolysis, and even form a positive feedback circuit between
glycolytic reprogramming and metastasis in colorectal cancer
(21). In our study, we constructed a ceRNA network to predict
capable miRNAs and mRNAs related to LINC00342, which might
be attributed to glycolytic reprogramming and the progression
of ccRCC cells. LINC00342 was reported as an oncogene
and correlated with cancer progression in various cancers. It
regulated NPEPL1 expression by sponging miR-19a-3p and
contributed to the growth and metastasis in colorectal cancer
cells (22). LINC00342 could also promote the proliferation
abilities of infantile hemangiomas by competitively binding miR-
3619-5p with hepatoma-derived growth factors (23). However,
the role of LINC00342 in ccRCC remained unknown. Our group
found the overexpression of LINC00342 was in keeping with
the poor prognosis of patients with ccRCC based on data from
TCGA. In vitro, the expression of LINC00342 in ccRCC cell
lines was generally higher than that in human renal tubular
epithelial cells, in which 786-O expressed the highest. Silencing
LINCO00342 by siRNA inhibited the glycolytic level and migration
abilities of 786-O cells, these results indicated the crucial role
of LINC00342 in ccRCC glucose metabolic reprogramming and
metastasis. EMT indicates the transformation from epithelial
cells to mesenchymal cells, which attributes to enhancing the
migration and motility of cancer cells (24). By detecting markers
of epithelial cells and mesenchymal cells, the blocked EMT
process could partially explain decreased migration abilities in
786-0 cells after LINC00342 knockdown.

Aberrant glycolytic level of tumor cells could affect the
interaction of cancer cells with the TME, leading to immune
resistance or even escaping immune surveillance (25, 26).
Recent studies have shown that IncRNAs play crucial roles in
regulating immunity (27), which may be partly explained by the
IncRNA interfering glycolysis process. Some IncRNAs brought
by extracellular vesicles promoted cancer aerobic glycolysis
and enhance their resistance to immune immunotherapy (28).
LncRNA PVT1 could positively regulate glycolytic level elevation
and CD4" T cell activation (29). Hence, we speculated the
correlations between the subtype of infiltrating immune cells and
glycolysis-related IncRNAs. We found three-glycolysis-related
IncRNA signature was significantly attributed to memory B cells,
follicular helper T cell, regulatory T cells, MO macrophages
infiltration and suppressed naive B cells, monocytes, resting
dendritic cells, MO macrophages, activated dendritic cells, resting

mast cells distribution in the high-risk group. The ssGSEA
analysis pointed out immune signatures T cell co-stimulation
activated and type II IFN response inactivated in a high-
risk group. Results indicating our signature might involve
in tumor immune microenvironment of ccRCC, works by
arresting immune response and might be a contributor to
ccRCC progression.

To explore potential mechanisms these three IncRNAs
involved in glycolysis and poor progression, functional
enrichment analysis were employed. In the present study, the
GO term demonstrated DEGs mainly affected the catabolic-
related processes and regulators of the Wnt signaling pathway.
KEGG pathway enrichment analysis showed that DEGs were
highly enriched in the Wnt signaling pathway, focal adhesion,
and RCC. We also employed GSEA to conduct key oncology
genes and pathways enrichment analysis of high-risk score
ccRCC samples. As a result, the gene sets about metastasis
and Wnt-related pathway regulators attracted our attention.
Wnt/B-catenin signaling pathway was shown to be mainly
involved in the Warburg effect and malignant progression
of cancer cells (30, 31). It was reported that Wnt/B-catenin
signaling induced an increase in glucose uptake and suppressed
mitochondrial respiration, mechanically activating pyruvate
carboxylase to support cancer cells proliferation (32). The
Wnt pathway disruption led to inhibit mitochondrial oxidative
phosphorylation of cancer cells, which was realized by down-
regulating the expression and activity of pyruvate dehydrogenase
kinase 1 (33). LncRNAs could suppress or elevate cancer cells
glycolytic level through the Wnt/-catenin signaling pathway, to
sensitive cancer cells to chemotherapy or regulate their apoptosis
(34, 35). Though there were few studies that reported Wnt/p-
catenin signaling involved in glucose metabolic reprogramming
in ccRCC, we found some connections between decreased
glycolytic level and suppressed Wnt/B-catenin signaling pathway
after silenced LINC00342.

However, we acknowledge that this research has significant
limitations, these phenomenal were just observed by us and lack
of sufficient interferes to make the conclusions more reliable.
The low expression of IncRNA AC009084.1 in ccRCC tissue
was insignificant in our real-world validation, which might be
blamed for the insufficient sample size we collected. Herein,
larger clinical trials are needed for further validation and longer
observation, aiming to validate the different expressions of the
three glycolysis-related IncRNAs and the prognostic value of our
signature. Moreover, we only drew our attention to LINC00342
while ignoring the crucial role of AC009084.1 and AC156455.1,
aimed to make an initial exploration but the current study
is far from enough. Is there any relationship among these
three IncRNAs or co-regulatory role, in regulating the aerobic
glycolytic process and progression of ccRCC are still questions
worth further investigation.

In conclusion, we identified a three-glycolysis-related IncRNA
signature as a novel prognostic model. Our model exhibited
superior predictive performance and could be utilized to
independently predict the prognosis of patients with ccRCC or as
a complement to clinical prognosis prediction for subgrouping
patients with ccRCC. The relationships between the risk model
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and TIICs in ccRCC were also evaluated. By validation of clinical
samples and ceRNA network constructing, we drew our attention
to aberrant overexpression of IncRNA LINC00342 and the poor
prognosis of ccRCC. For the first time, we found that after
silencing LINCO00342, glycolytic level and migration abilities in
786-0 cells decreased a lot, which were explained by suppressed
Wnt/B-catenin signaling pathway and reversed EMT process.
Collectively, understanding the roles of the signature and the
relationship between glycolysis and potential mechanisms can
provide valuable insights for intensive research and the potential
individualized treatment of patients with ccRCC.
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