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Epithelial–mesenchymal transition (EMT), a reversible cellular program, is critically
important in tumor progression and is regulated by a family of transcription factors,
induction factors, and an array of signaling pathway genes. The prognostic role and
biological functions of EMT-related lncRNAs in ccRCC are largely unknown. In the present
study, we analyzed the gene expression data and clinical information retrieved from The
Cancer Genome Atlas (TCGA) database (N=512) and International Cancer Genome
Consortium (ICGC) database (N=90) which served as training and external validation
dataset, respectively. Then, we constructed an EMT-related lncRNA risk signature based
on the comprehensive analysis of the EMT-related lncRNA expression data and clinical
information. The Kaplan-Meier curve analysis revealed that patients in the low-risk and
high-risk groups exhibited significant divergence in the overall survival (OS) and disease-
free survival (DFS) of ccRCC, as was confirmed in the validation dataset. The Cox
regression analysis of the clinical factors and risk signature in the OS and DFS
demonstrated that the risk signature can be utilized as an independent prognostic
predictor. Moreover, we developed an individualized prognosis prediction model relying
on the nomogram and receive operator curve (ROC) analysis based on the independent
factors. The Gene Set Enrichment Analysis (GSEA) indicated that patients in the low-risk
group were associated with adherens junction, focal adhesion, MAPK signaling pathway,
pathways in cancer, and renal cell carcinoma pathway. In addition, we identified three
robust subtypes (named C1, C2 and C3) of ccRCC with distinct clinical characteristics
and prognostic role in the TCGA dataset and ICGC dataset. Among them, C1 was
associated with a better survival outcome, whereas C2 and C3 was associated with a
worse survival outcome and have more advanced-stage patients. Moreover, C2 was
more likely to respond to immunotherapy and was sensitive to chemo drugs, this may
provide insights to clinicians to develop an individualized treatment. Collectively, this work
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developed a reliable EMT-related lncRNA risk signature that can independently predict the
OS and DFS of ccRCC. Besides, we identified three stable molecular subtypes based on
the EMT-related lncRNA expression, which may comprehensively be vital in elucidating
the underlying molecular mechanism of ccRCC.
Keywords: clear cell renal cell carcinoma, epithelial–mesenchymal transition, lncRNA, prognostic model,
nomogram, molecular subtype
INTRODUCTION

Clear cell renal cell carcinoma (ccRCC) is the most common type
of renal cell carcinoma, accounting for 70–80% of RCC cases (1).
Surgical resection is the major treatment for localized ccRCC,
however, it is associated with a poor prognosis, and approximately
30–40% of ccRCC patients develop to metastatic recurrence
during the follow-up (2). Currently, immunotherapies such as
programmed death-1 (PD-1)/programmed death-ligand 1 (PD-
L1) or cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
inhibitors have been approved for managing ccRCC (3). Also,
such therapies have proved to inhibit immune checkpoints, thus
show efficacy and achieve some progress. However, a percentage of
patients remain response poorly, and developed to resistance or
progression (4). Consequently, there is an urgent need to identify
new biomarkers or therapeutic targets to predict ccRCC
progression, prognosis, and response to treatment.

Epithelial–mesenchymal transition (EMT) refers to a
biological process in which epithelial cells dedifferentiate to
mesenchymal cells (5, 6). During the EMT process, the
epithelial cells lose their polarity, cytoskeletal structure, and
cell-cell adhesion but retrieved the migratory properties typical
from mesenchymal cells (7). Moreover, a report showed that
EMT linked to fibrosis exhibited a prominent feature in ccRCC,
which is closely related to a worse survival outcome (8). Thus, the
EMT-related genes may serve as a promising target for future
therapeutic interventions. However, the expression profile of
EMT-related lncRNA, the diverse pathological features of
ccRCC and their prognostic value have not been systematically
explored. EMT involves substantial molecular reprogramming of
cells which endows several clinical features to cancer cells and
significantly impact in tumor cell interactions within the tumor
microenvironment (9). In addition, EMT is also known to play a
crucial role in drug resistance, whereas massive EMT-associated
pathways contribute to the drug resistance in tumor cells (10).
The cells which are subjected to the EMT process exhibit similar
functions to cancer stem cells (CSC), for example, increased drug
efflux pumps and anti-apoptotic effects (10). Thus, targeting
EMT is regarded as a potential treatment strategy to overcome
drug resistance.

Herein, we analyzed the RNAseq data and corresponding clinical
information retrieved from TCGA (N=512) and ICGC (N=90 )
database to comprehensively explore the prognostic role of EMT-
related lncRNA in ccRCC. Moreover, we assessed the potential
molecular subtypes of EMT-related lncRNA in ccRCC patients and
analyzed the association between subtypes and immunotherapy, as
well as drug sensitivity and tumor microenvironment.
2

MATERIALS AND METHODS

Data Acquisition
The RNAseq reads count and clinical information were obtained
from the TCGA database (https://portal.gdc.cancer.gov/) and
ICGC database (https://dcc.icgc.org/), respectively. To ensure
high-quality analyses, we retained the samples with a survival
time of ≥30 days. Subsequently, 512 ccRCC patients from the
TCGA and 90 ccRCC patients from the ICGC database were
included in downstream analysis. Moreover, information on the
disease-free survival was retrieved from the cbioportal database
(https://www.cbioportal.org/). Moreover, the RNAseq
transcriptome data were transformed in transcript per million
(TPM) value.
Correlation Analysis
Here, we downloaded 200 EMT-related genes from the
Molecular Signature Database v7.1 (MSigDB) (http://www.
broad.mit.edu/gsea/msigdb/). To identify the EMT-related
lncRNAs, we firstly extracted all lncRNA expression data in
the TCGA database based on the GENCODE project (http://
www.gencodegenes.org). Then, Pearson correlation analysis was
performed between EMT-related genes and all lncRNA
expression data in samples to identify the EMT-related
lncRNA on the basis of the correlation coefficient and p values
(|Cor pearson| > 0.3 and p value < 0.01).
Constructing a Risk Signature
A univariate Cox regression analysis was performed to select
significant EMT-related lncRNAs associated with the survival of
ccRCC (p < 0.05). Then, we selected the lncRNAs with significant
clinical variables and conducted on feature selection using the
randomForestSRC software package (https://cran.r-project.org/
package=randomForestSRC). The randomSurvivalForest
algorithm was employed to rank the prognostic genes
(ntree=1000) based on their importance. The lncRNAs with a
relative importance > 0.4 were subjected to a multivariate Cox
regression analysis, after which we constructed a risk signature
using the Akaike information criterion for stepwise
backward/forward model selection. The risk score for each
patient was calculated using the risk formula:

Riskscore =oN
i=1(Exp i * b i), (1)

where Exp i represent the expression of each prognostic lncRNA
and b i represent the coefficient of each prognostic lncRNA.
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GSEA Enrichment Analysis
To identify the potential KEGG pathway that involved in the
lncRNA risk signature, Gene Set Enrichment Analysis (GSEA)
was performed to find the significant enriched term in the high-
risk and low-risk group The pathways with p < 0.05 and FDR <
0.05 were considered as statistically significantly.

Independence of the EMT-Related lncRNA
Signature
The lncRNA signature and corresponding clinical information of the
DFS and OS were exploited to identify the independence using the
univariate Cox regression analysis and multivariate cox regression
analysis. p < 0.05 was considered as statistically significant.

Nomogram Construction and Validation
The nomogram was established based on the all independent
prognostic factors using the rms R package (https://cran.r-
project.org/web/packages/rms/index.html). The calibration plot
curve analysis was applied to evaluate the discrimination and the
calibration of the nomogram.

Non-Negative Matrix Factorization
(NMF) Clustering
To explore the potential molecular subtype, a non-negative
matrix factorization (NMF) clustering algorithm was applied to
cluster the ccRCC sample via the “NMF” R package (11). The
number of cluster k was set from 2 to 7. Then, we selected the
optimal k value based on the cophenetic coefficient. The gene
mutation for each subtype was calculated, from which we
selected the top 20 genes to visualized using the maftools
R package.

Tumor Microenvironment Analysis
To assess the tumor microenvironment in ccRCC, we
determined the infiltration levels of 22 immune cells using the
CIBERSORT algorithm based on the all gene expression levels.
We uploaded the gene expression data the to the CIBERSORTx
web portal. Then, the algorithm was run using the LM22
signature for 1000 permutations (12). The ccRCC samples with
an output P-value < 0.05 were selected for further analysis.
Moreover, the immune core, and the stromal score were
calculated using the “estmate” R package (http://r-forge.r-
project.org).

Predicting Chemotherapeutic Response
We predicted the chemotherapeutic response for each ccRCC
patient based on information retrieved from the Genomics of
Drug Sensitivity in Cancer (GDSC) database (13). Two common
chemo drugs, sorafenib and sunitinib, which have been approved
for treating of metastatic RCC cases were selected to predict the
chemotherapeutic response (14). The prediction procedure was
conducted using the R package “pRRophetic” where the half-
maximal inhibitory concentration (IC50) of the samples was
predicted by ridge regression. The accuracy was calculated
through 10-fold cross-validation based on the GDSC training
dataset (15).
Frontiers in Oncology | www.frontiersin.org 3
Statistical Analysis
All statistical data were analyzed in the R environment
(R version: 3.6.2). We applied the Wilcoxon test (Mann-
Whitney test) to analyze continuous variables, whereas the
Fisher’s exact test or chi-square test was used to analyze the
categorical data. The survival difference was calculated using
the K-M analysis methods and the log-rank test. For all
statistica analyses, a P-value less than 0.05 was regarded as
statistically significant.
RESULTS

EMT-Related lncRNA Identification
The EMT-related genes were retrieved from the MSigDB
database with the hallmark gene sets name: HALLMARK_
EPITHELIAL_MESENCHYMAL_TRANSITION. As a result, a
total of 200 EMT-related genes were collected (Table S1). We
characterized the EMT-related lncRNAs through correlation
analysis. According to the screening criteria, a total of 2019
EMT-related lncRNAs were identified with the absolutely
Pearson coefficient > 0.3 and P-value < 0.01 (Table S2). The
clinical information and data on lncRNA expression were
merged for the downstream analysis.

Constructing the EMT-Related lncRNA
Signature
Here, 512 ccRCC patients with survival time ≥ 30 days, and 2019
EMT-related lncRNAs were included in the TCGA-ccRCC cohort
to identify the prognostic risk model. Through univariate Cox
regression analysis, we obtained 491 lncRNAs with a significant
prognostic difference. Then, the randomSurvivalForest algorithm
was adopted to make a feature selection. The selected genes with a
relative importance > 0.4 were further applied for multivariate
stepwise Cox regression analysis. The relationship between the
error rate and the number of tree is shown in Figure 1A, while the
relative importance of genes based on the criteria is shown in
Figure 1B. We then established an 11-lncRNA signature model by
through a multivariate stepwise Cox regression analysis. The risk
score for each patient in the TCGA cohort and ICGC cohort was
calculated on the basis of the risk formula:

Riskscore = LINC01507 � (� 0:035217972) + LINC00957 � 2(� 0:049374676)

+LINC02532 � (0:002113896) + DOCK9�DT � (� 0:151293526) + AL357140:2

� (� 0:649088683) + THUMPD3�AS1 � (0:066728022) + AC063948:1 � (0:123695894)
+CD27 − AS1 � (0:011624065) + APCDD1L�DT � (0:021343717) + LINC01559

� (0:004140941) + AC002070:1 � (� 0:061693196)

Prognostic Value of the EMT-Related
lncRNA in ccRCC
We determined the potential of using the EMT-related lncRNA
signature to predict the overall survival (OS) and disease-free
survival (DFS) to predict the prognosis of ccRCC patients. Patients
were categorized into high-risk group and low-risk group based on
the median risk score. Then. the Kaplan-Meier curve analysis was
November 2020 | Volume 10 | Article 591254
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conducted to assess the OS and DFS outcomes between two risk
groups. As depicted in Figures 2A, B, the OS and DFS rate of
patients in the low-risk group were significantly higher than those
in the high-risk group (P < 0.001). Similarly, patients in the ICGC
dataset exhibited a prolonged survival time in the low-risk group
when compared to the high-risk group (Figure 2C). Additionally,
it was found the OS and DFS patients in the high-risk group were
corresponded to more death cases, and high expression of
APCDD1L−DT, LINC01559, AC063948.1, THUMPD3−AS1,
and CD27−AS1, whereas, more alive cases and high expression
level of LINC00957, LINC01507, LINC02532, AL357140.2,
DOCK9−DT and AC002070.1 were reported in the low-risk
group (Figure S1). Based on the ROC analysis results generated
by the risk model, the AUC value in the TCGA cohort and ICGC
cohort was reached 0.761 and 0.742, indicating a good 5-year
prediction prognostic accuracy (Figures 3A, B). In addition, we
performed a univariate cox regression and multivariate cox
regression analyses to determine whether the EMT-related
lncRNA signature can serve as an independent prognostic
Frontiers in Oncology | www.frontiersin.org 4
predictor for OS and DFS in ccRCC patients. As showed in
Figures 4A–D, we observed that the lncRNA signature, stage
and grade were listed as an independent predictor for OS and DFS.
To further explore the prognostic value of the EMT-lncRNA
signature in ccRCC patients stratified by clinical variables, we
assigned the patients into different groups based on age, gender,
stage and grade. Considering the different stratified analysis
results, ccRCC patients in the low-risk group were characterized
by a significantly prolonged OS time than patients in the high-risk
group (P < 0.05) (Figure 5). These findings demonstrated that
EMT-related lncRNA signature for OS can predict the prognosis
of ccRCC without considering the impact of clinical factors.
Besides, we evaluated the ability of the EMT-related lncRNAs to
promote the progression of ccRCC. Of note, we found that the risk
score presented a significantly increasing trend in the stage, grade
(Kruskal–Wallis P < 0.05). Furthermore, the risk score in males
was significant higher than in females, whereas no significant
difference was observed with age (Figure 6). These findings
suggested a higher the risk score, and a higher malignancy of
A B C

FIGURE 2 | Kaplan-Meier curve analysis for the OS (A) and DFS (B) of the EMT-related signature in the TCGA dataset, and OS in the ICGC dataset (C).
A B

FIGURE 1 | Random forest analysis for the gene selection. (A) The association between error rate distribution and number of trees. (B) Out-of-bag importance
values for the genes based on the screening criterion.
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the ccRCC. Therefore, the EMT-lncRNA signature could
accurately predict the progression of ccRCC.

Construction and Validation of Nomogram
in the TCGA Cohort
The nomogram was established based on the independent
factors, including EMT-related lncRNA signature, stage and
grade (Figure 7A). The calibration plots present high
performance in predicting 1-year, 3-year and 5-year OS in
ccRCC (Figures 7B–D). Furthermore, the prediction accuracy
of the nomogram was evaluated via ROC analysis. Results
showed that the AUC value for the 1-year, 3-year and 5-year
in ccRCC was 0.846, 0.807, and 0.751, respectively (Figure 7E),
suggesting that our nomogram was highly accurate.

GSEA Enrichment Analysis Result of the
EMT-Related lncRNA Signature
The Gene Set Enrichment Analysis (GSEA) analysis was applied
to identify the significant pathway associated with the high-risk
group and low-risk group in the TCGA cohort and ICGC cohort.
Patients in the low-risk group were mainly enriched in focal
adhesion, MAPK signaling pathway, pathways in cancer and
renal cell carcinoma pathway (Figures 8A, B). However, no
significantly pathway was enriched in the high-risk group.

Three Molecular Subtypes of ccRCC
Identified by NMF Clustering
To explore the potential molecular subtypes of ccRCC based on
the EMT-related lncRNAs, the lncRNAs with significant survival
differences were selected following results from the univariate
Cox regression analysis result. After screening, a total of 491
lncRNA with 512 patients in the TCGA cohort were included in
the NMF consensus clustering analysis. The cophenetic
correlation coefficients were calculated to determine the
optimal k value, and k=3 was selected as the optimal k value
after a comprehensively consideration (named C1, C2 and C3)
(Figure 9A). The consensus heatmap showed a sharp and crisp
boundary for each subtype, suggesting that the robustness and
Frontiers in Oncology | www.frontiersin.org 5
reliability of the subtype (Figure S2). Moreover, the principal
component analysis (PCA) results indicated that there is a
significant difference between C1, C2, and C3 (Figure 9B).
Further, the K–M curve analysis results suggested that subtype
C1 had a better overall survival than subtype C2 and C3 (P <
0.001) (Figure 9C). To further validate the stability of molecular
subtype, we conducted an NMF clustering analysis in the ICGC
cohort. Notably, similar results were obtained, except for the
survival analysis results which could be attributed to the small
sample size (Figure S3).

Landscape of Genomic Profiling and
Immune Infiltration Level in Subtypes
To explore the relationship between subtype of ccRCC and its
clinical factors in the TCGA dataset, we generated a heatmap to
depict the association between the lncRNA expression, molecular
subtype and clinical factors (Figure 10). It was found that the
lncRNA expression is highly specific in subtypes, indicating that the
different subtypes exhibit different functions. Moreover, we revealed
that C1 was highly associated with more stage I, stage II, grade 1,
and grade 2 patients, while C2 highly corresponded to more stage
III, stage IV, grade 3, and grade 4 patients, demonstrating that the
C2 subtype is related to the progression of ccRCC. Similarly,
findings were reported in the ICGC result (Figure S4). Also, the
VHL and PBRM1 were found to be the most common mutation
genes among the subtype, which is consistent with the previously
reported (Figure S5). Previously studies found that the EMT-
related genes are associated with the tumor microenvironment,
whereas they were not discovered in the ccRCC. This prompted us
to further explore the relationship between molecular subtype,
immune checkpoint, and immune cell infiltration level. We found
that the immune cell infiltration level including CD8 T cell,
follicular helper T cells, CD4 memory activated T cells and
gamma delta T cells were higher in C2 when compared to C1
and C3, whereas high levels of resting Dendritic cells, CD4 memory
resting T cells and M1 Macrophages were found in subtype C1
(Figure 11). In addition, the overall expression levels of known
immune checkpoints including IL6, CXCR4, CD276, TGFB1,
A B

FIGURE 3 | The receive operator curve (ROC) analysis for the EMT-related lncRNA signature in the TCGA dataset (A) and ICGC dataset (B).
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CCL2, CTLA4, LAG3, CD274, and CD 4 were relatively higher in
subtype C2 compared to subtype C1 and subtype C3 (Figure 11).

More Sensitivity to Immuno/
Chemotherapies for C2 Subtype
To assess the likelihood of how the three subtypes respond to
immunotherapy, we used the TIDE algorithm. Results
demonstrated that subtype C2 (30.3%, 44/145) was more likely
to respond to immunotherapy than C3 (28.0%, 52/186) and C1
(16.0%, 29/181) (Kruskal–Wallis P < 0.001). In addition,
sorafenib and sunitinib chemo drugs were applied to the
treatment of metastatic RCC cases. Therefore, we further
evaluated the response of three subtypes to two chemo drugs
using the GDSC cell line data set. As shown in Figures 12A, B, it
was evident that subtype C2 was more sensitive to sorafenib
chemo drug compared to subtype C1 and C3. However, no
significant difference was observed in the sunitinib drugs among
the subtypes. Notably, subtype C2 was associated with more
advanced patients and was susceptible to local recurrence or
distant metastasis. In a nutshell, we concluded that the C2
subtype can benefit from the sorafenib therapy.
DISCUSSION

ccRCC is the most frequently subtype of renal cancer, which is
highly associated with poor prognosis and distant metastasis
(16). Exploring potential biomarkers is vital to the management
and prognosis of ccRCC. Accumulated evidence shows that EMT
is associated with the progression and metastasis of cancer (17).
However, a majority of the studies focused on the impact of the
EMT in tumor development and treatment, whereas fewer
studies addressed the prognostic value of EMT-related genes or
lncRNAs in cancer, especially in ccRCC.

In the present study, we constructed a novel and efficient EMT-
related lncRNA signature based on the TCGA dataset and
validated its efficiency in the ICGC dataset. The ROC analysis
result in the TAGC dataset and ICGC dataset confirmed the high
prognostic value of our signature. Moreover, the signature showed
a significant correlation with clinical factors, further supporting the
robustness of its prognostic value. We also demonstrated that the
EMT-related lncRNAs can potentially be utilized as an
independent predictor for the OS and DFS in the TCGA dataset.
The nomogram constructed by the stage, grade and our signature
showed a high performance in the 1-, 3- and 5-year, which may
contribute to promote the individualized treatment of ccRCC
patients. Collectively, these findings demonstrated that a great
prognostic value of our EMT-related lncRNA signature, thus
may provide a theoretical basis for EMT-related targeted
therapies. In addition, our GSEA results indicated that numerous
pathways were significantly enriched in the low-risk group,
suggesting that EMT exerts more regulatory roles in the low-risk
group compared to the high-risk group.

Furthermore, most of the lncRNAs in our signature had been
reported in the cancer types. For instance, LINC00957 was
proved to be a potential biomarker and therapeutic target for
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colorectal cancer patients (18); LINC02532 was demonstrated to
act as an oncogene in gastric cancer (GC) and promoted the GC
cell proliferation, migration, and invasion (19); DOCK9-DT was
revealed to play a protective role in the prognosis of thyroid
carcinoma (20); THUMPD3-AS1 regulated non-small cell lung
cancer cell self-renewal via the expression of miR-543 and
ONECUT2, and THUMPD3-AS1 can serve as a potential
biomarker or therapeutic target in non-small cell lung cancer
(21). Additionally, APCDD1L-DT exhibits a significant
prognostic value in lung squamous cell carcinoma (LUSC) and
can independently predict the overall survival in LUSC patients
(22). LINC01559, which can promote the pancreatic cancer (PC)
cell proliferation and migration via the YAP-mediated pathway,
providing a novel target therapy for clinical treatment of patients
with PC (23). Moreover, the LINC01559 can act as an potential
oncogene, thereby accelerating the resistance of hepatocellular
carcinoma to oxaliplatin by sponging miR-6783-3p (24).
Frontiers in Oncology | www.frontiersin.org 11
Currently, the molecular mechanism or prognostic value of
other lncRNAs including LINC01507, AL357140.2 ,
AC063948.1, CD27-AS1, and AC002070.1 are elusive. Despite
important prognostic value of lncRNAs, future experiments are
necessary to elucidate their role in ccRCC.

Although numerous ccRCC molecular subtypes based on
gene expression have been proposed in recent years, those
associated with the EMT-related lncRNAs are yet to be fully
explored. Herein, we assessed the ccRCC subtypes associated
with EMT, using the NMF algorithm to perform a consensus
clustering to the ccRCC samples based on EMT-related lncRNA.
Of note, three molecular subtypes (C1, C2 and C3) were
identified and validated in the TCGA and ICGC datasets. The
PCA findings confirmed the robustness and reliability of the
subtypes identified in the present study. Furthermore, the K–M
curve result suggested that subtype C1 was was associated with
better survival outcomes and in a majority of early-stage patients,
A B

C

FIGURE 9 | Identification of molecular subtype of ccRCC based on the EMT-related lncRNA expression in the TCGA dataset. (A) NMF clustering using 491 NMF-
related lncRNAs. The cophenetic correlation coefficients were shown when k = 2 to k = 7. (B) Principal components analysis (PCA) for the EMT-related lncRNA
expression. (C) Kaplan-Meier curve analysis for the two subtypes.
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whereas subtype C2 was associated with worse survival outcomes
and in more advanced-stage patients. Previous investigations
reported that tumor microenvironment is associated with EMT.
Thus, the relationship between tumor microenvironment and
subtype were further explored. In the present work, we found
that the CD8 + T cell, follicular helper T cells, CD4 memory
activated T cells and gamma delta T cells were presented high
expression level in subtype C2, interestingly, the overall
expression level of immune checkpoints also showed a high
expression level in subtype C2. These results can be interpreted
that the anti-tumor effect of high level of T cell infiltration is
offset by the strong immunosuppressive pathway activated by
over-expressed immune checkpoint proteins, and might provide
the likelihood of immunotherapy for C2 patients (25, 26). We
further evaluated the likelihood of response to immunotherapy
in the three subtypes using the TIDE algorithm. Notably, subtype
C2 was found to be more likely to respond to immunotherapy. In
Frontiers in Oncology | www.frontiersin.org 12
addition, we demonstrated that sorafenib was more sensitive to
the subtype C2. The sorafenib has been used in the treatment of
metastatic RCC cases, with considerable progress (27). Since the
subtype C2 corresponded to more advanced stage patients,
therefore, we inferred that subtype C2 could more likely be
utilized for treatment by the sorafenib.

This study has a few limitations: Firstly, our risk signature was
constructed based on the public dataset, some important clinical
information was not complete and unavailable for analysis, this
could introduce potential basis or errors. Secondly, the ICGC
dataset sample size was small compared to the TCGA dataset,
and may have contributed to the non-significant results, such as
in three molecular subtype survival analysis. Thirdly, the EMT-
related lncRNA signature should be validated in future studies
through in vivo and in vitro experiments.

In conclusion, the present work developed and validated an
EMT-related lncRNA signature that can be utilized as a reliable
FIGURE 10 | A heatmap was shown for the relationship between clinical factors, subtype and EMT-related lncRNA expression in the TCGA dataset.
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FIGURE 11 | The landscape of immune cell infiltration and immune check point in the three subtypes.
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tool for predicting individualized prognosis and for decision-
making when treating ccRCC patients. In addition, three
molecular subtypes were revealed, which may contribute to
understanding the molecular mechanism of ccRCC and
provide references for clinicians to develop an individualized
treatment for ccRCC patients.
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November 2020 | Volume 10 | Article 591254

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://dcc.icgc.org
https://www.frontiersin.org/articles/10.3389/fonc.2020.591254/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.591254/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhong et al. Identification of Prognostic EMT-Related lncRNA
REFERENCES
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA: A Cancer J Clin

(2019) 69(1):7–34. doi: 10.3322/caac.21551
2. Ghatalia P, Gordetsky J, Kuo F, Dulaimi E, Cai KQ, Devarajan K, et al.

Prognostic impact of immune gene expression signature and tumor
infiltrating immune cells in localized clear cell renal cell carcinoma.
J Immunother Cancer (2019) 7(1):139. doi: 10.1186/s40425-019-0621-1

3. Hahn AW, Drake C, Denmeade SR, Zakharia Y, Maughan BL, Kennedy E,
et al. A Phase I Study of Alpha-1,3-Galactosyltransferase-Expressing
Allogeneic Renal Cell Carcinoma Immunotherapy in Patients with
Refractory Metastatic Renal Cell Carcinoma. Oncologist (2020) 25(2):121–
e213. doi: 10.1634/theoncologist.2019-0599

4. Stein JE, Lipson EJ, Cottrell TR, Forde PM, Anders RA, Cimino-Mathews A,
et al. Pan-Tumor Pathologic Scoring of Response to PD-(L)1 Blockade. Clin
Cancer Res (2020) 26(3):545–51. doi: 10.1158/1078-0432.CCR-19-2379

5. Zhang L, Min W. Bioorthogonal chemical imaging of metabolic changes
during epithelial–mesenchymal transition of cancer cells by stimulated
Raman scattering microscopy. J Biomed Optics (2017) 22(10):1–7.
doi: 10.1117/1.JBO.22.10.106010

6. Jung AR, Jung C-H, Noh JK, Lee YC, Eun Y-G. Epithelial-mesenchymal
transition gene signature is associated with prognosis and tumor
microenvironment in head and neck squamous cell carcinoma. Sci Rep
(2020) 10(1):3652. doi: 10.1038/s41598-020-60707-x

7. Serrano-Gomez SJ, Maziveyi M, Alahari SK. Regulation of epithelial-
mesenchymal transition through epigenetic and post-translational
modifications. Mol Cancer (2016) 15(1):18. doi: 10.1186/s12943-016-0502-x

8. Landolt L, Eikrem Ø, Strauss P, Scherer A, Lovett DH, Beisland C, et al. Clear
Cell Renal Cell Carcinoma is linked to Epithelial-to-Mesenchymal Transition
and to Fibrosis. Physiol Rep (2017) 5(11):e13305. doi: 10.14814/phy2.13305

9. Chockley PJ, Keshamouni VGJJOI. Immunological Consequences of
Epithelial-Mesenchymal Transition in Tumor Progression. J Immunol
(2016) 197(3):691–8. doi: 10.4049/jimmunol.1600458

10. Bowen D, Joong SJM. Targeting Epithelial–Mesenchymal Transition (EMT)
to Overcome Drug Resistance in Cancer. Molecules (2016) 21(7):965.
doi: 10.3390/molecules21070965

11. Gaujoux R, Seoighe C. A flexible R package for nonnegative matrix
factorization. BMC Bioinf (2010) 11(1):367. doi: 10.1186/1471-2105-11-367

12. Newman AM, Steen CB, Liu CL, Gentles AJ, Chaudhuri AA, Scherer F, et al.
Determining cell type abundance and expression from bulk tissues with digital
cytometry. Nat Biotechnol (2019) 37(7):773–82. doi: 10.1038/s41587-019-
0114-2

13. Yang W, Soares J, Greninger P, Edelman EJ, Lightfoot H, Forbes S, et al.
Genomics of Drug Sensitivity in Cancer (GDSC): a resource for therapeutic
biomarker discovery in cancer cells. Nucleic Acids Res (2012) 41(D1):D955–
D61. doi: 10.1093/nar/gks1111

14. Lu J, Zhu L, Zheng L-P, Cui Q, Zhu H-H, Zhao H, et al. Overexpression of
ULK1 Represents a Potential Diagnostic Marker for Clear Cell Renal
Carcinoma and the Antitumor Effects of SBI-0206965. EBioMedicine (2018)
34:85–93. doi: 10.1016/j.ebiom.2018.07.034

15. Geeleher P, Cox N, Huang RS. pRRophetic: an R package for prediction of
clinical chemotherapeutic response from tumor gene expression levels. PloS
One (2014) 9(9):e107468. doi: 10.1371/journal.pone.0107468
Frontiers in Oncology | www.frontiersin.org 15
16. WangW, HuW,Wang Y, Yang J, Yue Z. MicroRNA−508 is downregulated in
clear cell renal cell carcinoma and targets ZEB1 to suppress cell proliferation
and invasion. Exp Ther Med (2019) 17(5):3814–22. doi: 10.3892/
etm.2019.7332

17. Tao C, Huang K, Shi J, Hu Q, Li K, Zhu X. Genomics and Prognosis Analysis
of Epithelial-Mesenchymal Transition in Glioma. Front Oncol (2020) 10:183.
doi: 10.3389/fonc.2020.00183

18. Zhang L, Li L, Zhang P, Cai Y, Hua D. LINC00957 Acted as Prognostic
Marker Was Associated With Fluorouracil Resistance in Human Colorectal
Cancer. Front Oncol (2019) 9:776. doi: 10.3389/fonc.2019.00776

19. Zhang C, Ma M-H, Liang Y, Wu K-Z, Dai D-Q. Novel long non-coding RNA
LINC02532 promotes gastric cancer cell proliferation, migration, and invasion
in vitro. World J Gastrointestinal Oncol (2019) 11:91–101. doi: 10.4251/
wjgo.v11.i2.91

20. Zhang Y, Jin T, Shen H, Yan J, Guan M, Jin X. Identification of Long Non-
Coding RNA Expression Profiles and Co-Expression Genes in Thyroid
Carcinoma Based on The Cancer Genome Atlas (TCGA) Database. Med Sci
Monit (2019) 25:9752–69. doi: 10.12659/MSM.917845

21. Hu J, Chen Y, Li X, Miao H, Li R, Chen D, et al. THUMPD3-AS1 is correlated
with non-small cell lung cancer and regulates self-renewal through miR-543
and ONECUT2. Onco Targets Ther (2019) 12:9849–60. doi: 10.2147/
OTT.S227995

22. Zhao Q, Zhong W, He W, Li Y, Li Y, Li T, et al. Genome-wide profiling of the
alternative splicing provides insights into development in Plutella xylostella.
BMC Genomics (2019) 20(1):463. doi: 10.1186/s12864-019-5838-3

23. Lou C, Zhao J, Gu Y, Li Q, Tang S, Wu Y, et al. LINC01559 accelerates
pancreatic cancer cell proliferation and migration through YAP-mediated
pathway. J Cell Physiol (2019) 235:3928–38. doi: 10.1002/jcp.29288

24. Dong S, Fu Y, Yang K, Zhang X, Miao R, Long Y, et al. linc01559 Served as a
Potential Oncogene and Promoted Resistance of Hepatocellular Carcinoma to
Oxaliplatin by Directly Sponging miR-6783-3p. Anti-Cancer Agents Med
Chem (2020) 20:1–9. doi: 10.2174/1871520620666200721122317

25. Yao Y, Wang Z-C, Yu D, Liu Z. Role of allergen-specific T-follicular helper
cells in immunotherapy. Curr Opin Allergy Clin Immunol (2018) 18:1.
doi: 10.1097/ACI.0000000000000480

26. Liu Y, Zhang C. The Role of Human gd T Cells in Anti-Tumor Immunity and
Their Potential for Cancer Immunotherapy. Cells (2020) 9:1206. doi: 10.3390/
cells9051206

27. Hutson TE, Bellmunt J, Porta C, Szczylik C, Staehler M, Nadel A, et al. Long-
term safety of sorafenib in advanced renal cell carcinoma: Follow-up of
patients from phase III TARGET. Eur J Cancer (2010) 46(13):2432–40.
doi: 10.1016/j.ejca.2010.06.121

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Zhong, Zhang, Huang, Lin and Huang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
November 2020 | Volume 10 | Article 591254

https://doi.org/10.3322/caac.21551
https://doi.org/10.1186/s40425-019-0621-1
https://doi.org/10.1634/theoncologist.2019-0599
https://doi.org/10.1158/1078-0432.CCR-19-2379
https://doi.org/10.1117/1.JBO.22.10.106010
https://doi.org/10.1038/s41598-020-60707-x
https://doi.org/10.1186/s12943-016-0502-x
https://doi.org/10.14814/phy2.13305
https://doi.org/10.4049/jimmunol.1600458
https://doi.org/10.3390/molecules21070965
https://doi.org/10.1186/1471-2105-11-367
https://doi.org/10.1038/s41587-019-0114-2
https://doi.org/10.1038/s41587-019-0114-2
https://doi.org/10.1093/nar/gks1111
https://doi.org/10.1016/j.ebiom.2018.07.034
https://doi.org/10.1371/journal.pone.0107468
https://doi.org/10.3892/etm.2019.7332
https://doi.org/10.3892/etm.2019.7332
https://doi.org/10.3389/fonc.2020.00183
https://doi.org/10.3389/fonc.2019.00776
https://doi.org/10.4251/wjgo.v11.i2.91
https://doi.org/10.4251/wjgo.v11.i2.91
https://doi.org/10.12659/MSM.917845
https://doi.org/10.2147/OTT.S227995
https://doi.org/10.2147/OTT.S227995
https://doi.org/10.1186/s12864-019-5838-3
https://doi.org/10.1002/jcp.29288
https://doi.org/10.2174/1871520620666200721122317
https://doi.org/10.1097/ACI.0000000000000480
https://doi.org/10.3390/cells9051206
https://doi.org/10.3390/cells9051206
https://doi.org/10.1016/j.ejca.2010.06.121
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Identification of Epithelial–Mesenchymal Transition-Related lncRNA With Prognosis and Molecular Subtypes in Clear Cell Renal Cell Carcinoma
	Introduction
	Materials and Methods
	Data Acquisition
	Correlation Analysis
	Constructing a Risk Signature
	GSEA Enrichment Analysis
	Independence of the EMT-Related lncRNA Signature
	Nomogram Construction and Validation
	Non-Negative Matrix Factorization (NMF) Clustering
	Tumor Microenvironment Analysis
	Predicting Chemotherapeutic Response
	Statistical Analysis

	Results
	EMT-Related lncRNA Identification
	Constructing the EMT-Related lncRNA Signature
	Prognostic Value of the EMT-Related lncRNA in ccRCC
	Construction and Validation of Nomogram in the TCGA Cohort
	GSEA Enrichment Analysis Result of the EMT-Related lncRNA Signature
	Three Molecular Subtypes of ccRCC Identified by NMF Clustering
	Landscape of Genomic Profiling and Immune Infiltration Level in Subtypes
	More Sensitivity to Immuno/Chemotherapies for C2 Subtype

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


