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Prognostic significance of MALAT1 in clear cell

renal cell carcinoma based on TCGA and GEO
Kai Liu, MD?, Yingxue Gao, MDP, Quanwu Zhang, MD**

Abstract

Long noncoding RNAs metastasis-associated lung adenocarcinoma transcript 1 (MALATT1) can regulate tumorigenesis Q
progression of various cancers. However, there is little known about the tumor biology and regulatory mechanism of MALATT in
clear cell renal cell carcinoma (ccRCC). The objective of this study was to evaluate the prognostic value and potential functions of
MALAT1 in ccRCC based on the cancer genome atlas. Through bioinformatics research, we analyzed the expression of MALAT 1
in ccRCC, and the relationship with clinicopathological features, overall survival and infiltration of immune cells, and established
the prognostic models. The results showed that MALAT1 was highly expressed in ccRCC tissues and predicted poor ccRCC
patient outcome. The expression level of MALAT1 was significantly correlated with histologic grade, pathologic grade, T stage,
M stage. ROC curve showed that MALAT1 had a good diagnostic accuracy, area under the curve of 0.752. The univariate and
multivariate cox regression analysis showed that high MALAT1 expression was an independent prognostic factor for overall
survival in the cancer genome atlas (hazard ratio = 2.271, 95% confidence interval: 1.435-3.593, P < .001). Gene set enrichment
analysis revealed that MALAT1 expression was associated with the DNA methylation, epigenetic regulation of gene expression
signaling pathway. In addition, the prognostic models were established to predict 1-, 3- and 5-year survival. This study showed
that high expression of MALAT1 might be a potential diagnostic and prognostic biomarker.

Abbreviations: ccRCC = clear cell renal cell carcinoma, DEGs = differentially expressed genes, GEO = gene expression
omnibus, GO = gene ontology, GSEA = gene set enrichment analysis, KEGG = Kyoto encyclopedia of genes and genomes,
MALAT1 = metastasis-associated lung adenocarcinoma transcript 1, OS = overall survival, ssGSEA = single sample gene set
enrichment analysis, TCGA = the cancer genome atlas.
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1. Introduction Long noncoding RNAs (IncRNAs) are a class of RNAs with
over 200 nucleotides in length and nonprotein coding ability."!
As a major IncRNA, metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) plays an important role in tumorigen-
esis and the development of various tumors.!'”! Upregulation
of MALATT1 is identified as a hallmark of tumor progression
and metastasis.!">!? It has been found that high expression of
MALATT1 in lung cancer!'>'* and colorectal cancer!™’ is associ-
ated with increased tumor proliferation and metastasis. Zhang
et all'l showed that upregulation of MALAT1 promotes renal
cancer cell proliferation, migration, and invasion, associated
with tumor progression and poor prognosis. Despite these
advances, the exact mechanisms of MALAT1 in tumor progres-
sion and prognosis remain unclear.

DNA methylation is the predominant forms of epigene-
tic regulations, involved in cell differentiation, proliferation,
development. In non-small cell lung cancer, the effect of
MALAT1 on tumor invasion relies on DNA methylation.!'”!

Clear cell renal cell carcinoma (ccRCC) arises from renal tubular
epithelial cells and is the most common histological subtype of
renal cancer, accounting for nearly 75% of all renal malignan-
cies.!!! Each year, there are estimated to be 400,000 new cases
of ccRCC worldwide,?! and it is rising in incidence.’! ¢ccRCC
is not only the most aggressive subtype of kidney cancer, but
also one of the most resistant of solid tumors to conventional
chemotherapy.”! ccRCC is insensitive to radiotherapy and che-
motherapy,! and surgical resection remains the mainstay of
treatment for ccRCC patients.®! Despite significant progress in
using targeted therapies, the treatment of advanced or recurrent
ccRCC remains largely ineffective.”l Moreover, early ¢cRCC is
usually asymptomatic and 30% patients are diagnosed in the
advanced metastatic stage, with the 5-year survival rate <15%.!*!
Therefore, it is essential to explore novel and reliable prognostic
markers and therapeutic targets.
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Nevertheless, it remains unclear whether the progression
and poor prognosis of ccRCC is related to the regulation of
DNA methylation. Therefore, it is necessary to identify the
MALAT1 biomarker for the therapy and prognosis of ccRCC
patients.

In this study, we evaluated the prognostic value of MALAT1
expression in patients with ccRCC using data from the cancer
genome atlas (TCGA). We further validated MALAT1 expres-
sion using data obtained from Gene Expression Omnibus (GEO).
In addition, we identified differentially expressed genes (DEGs)
between ccRCC and normal control. To gain further insight into
the biologic functions and molecular mechanisms of MALAT1
in ccRCC, we conducted single-gene gene set enrichment anal-
ysis (GSEA) on DEGs. Finally, GSEA and immune infiltrating
analyses were performed to explore the role of MALATT1 in the
tumor microenvironment.

2. Methods

2.1. Data acquisition

Data for RNA expression and clinical information of ccRCC
were obtained from TCGA project (https://portal.gdc.cancer.
gov/projects/ TCGA-KIRC) and GEO database (http:/www.
ncbi.nlm.nih.gov/geo/). The expression profile of MALAT1
was extracted from TCGA RNA-seq data of 602 samples
(530 ccRCC tissues and 72 normal tissues). TCGA and GEO
belong to public databases. The patients involved in the data-
base have obtained ethical approval. Users can download
relevant data for free for research and publish relevant arti-
cles. This study is based on open source databases, so there
are no ethical issues or other conflicts of interest. The level
3 high-throughput sequencing fragments per kilobase per
million data were transformed to transcripts per kilobase
million format for the following analyses. In this study, clin-
ical data and prognostic information of all available samples
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were extracted. Patients with ¢ccRCC were classified into
low- and high-expression groups according to their median
expression value of MALAT1. R statistical software was used
to download the MALAT1 expression data from GSE66270
(14 ccRCC tissues and 14 normal tissues) and GSE66272
(27 ccRCC tissues and 27 normal tissues) as an external
validation.

2.2. The expression of MALAT1 in the TCGA databases

TIMER2 website (http://timer.cistrome.org/) was used to query
the expression of MALAT1 in different tumor tissues and adja-
cent normal tissues in TCGA database.

2.3. Analysis of DEGs

Expression profiles were compared between the high and low
MALAT1 expression groups to identify the DEGs using the
limma package of R software.'8 A P < .05 and | log2 fold
change (FC) | > 1 were considered the threshold for the DEGs.
The volcano plot and heatmap were drawn using the ggplot2
package.!"”!

2.4. Establishment and validation of a prognostic
nomogram

Multivariate cox regression analysis was used to determine the
optimal prognostic model. A nomogram was constructed to pre-
dict the prognosis by R packages rms.! The nomogram-based
prediction model was evaluated by calibration plots and con-
cordance index. The patients were stratified into high- and low-
risk groups based on the median value of their risk scores. The
difference in survival outcomes between the high- and low-risk
group were performed by the survival curve. The Kaplan-Meier
curves analysis were performed by log-rank test in R packages

‘
A oo o p—

=]

MALAT1 Expression Level (log2 TPM)

[

0 SR S S S S S . S . S S S S v T v
T LT T T T s
gsgg§§sgag§ggge§EgggsEgggsgggggEgeggEegagegsggggggggsgag
BS 5SS 5228525225525 50035038 5885585852882 258528252253885828
2= : 3 S ] ] ] ] = ] 3
8333313 0F2228533838FC 838225383 8°388333802228335858%8
mc—-gcn%ﬂ,ﬂ‘-tEouguécmmwxgiézizgxE SE3s533d D-:Lu.go:xmmg"”ﬁ'—k?_h-:g
égé S b g
a2 22
o
109 34 . 3 . 1.0 4
] — —
— _ a — =
% 2
c 3 ]
< 8 = 24 = 24 0.8
Ed = c = f
== < < o /
g i [
5= = < £ 06 f
°oF 6 14 . S 14
(=] = = 2 J
$E 5 : 5 2
8 &
3= 5 s E 0.4 {
- B =
23 4 @ 0 2 04 o) |
@ w @ w T
2 : £ . s P
= x ) S MALAT1
@
2 o 11 o -1 . J AUC: 0.752
& . [ =] 4 €I 0.709-0.796
. . ; ; ; . 0.0 - . , :
Normal Tumer Normal Tumor Normal Tumor 00 02 04 06 08 10
GSE66270 GSEB6272 1-Specificity (FPR)

Figure 1. MALAT1 expression in ccRCC. MALAT1 expression in the pan-cancer cohort (A). In the TCGA cohort (B), MALAT1 expression levels were significantly
higher in ccRCC tissues than in normal tissues. In the GSE66270 (C) and GSE66272 (D), MALAT1 expression levels were significantly higher in ccRCC tissues
than in normal tissues. ROC curve (E) suggests the reliability of the prognostic model. *P < .05, **P < .01, ***P < .001. ccRCC = clear cell renal cell carcinoma,
MALAT1 = metastasis-associated lung adenocarcinoma transcript 1, ROC = receiver operating characteristic.
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(survminer and survival).?!! As sensitivity analysis, the ROC
curves and its area under the curve values were plotted by R
packages (pROC and ggplot2).?!

2.5. Gene ontology (GO) and Kyoto encyclopedia of genes
and genomes (KEGG) enrichment analysis

In this study, GO enrichment analysis was used to analyze the
enrichment of MALAT1 related DEGs for enriched GO terms.

GO and KEGG enrichment analysis were performed by R pack-
age clusterProfiler.1??!

Clear cell renal cell carcinoma patient characteristics.
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2.6. GSEA

GSEA is a computational method that determines whether a
priori defined set of genes shows statistically signiﬁcant con-
cordant differences between 2 biological states.**! In our study,
GSEA was performed using the R package clusterProfiler
(3.14.3).2% The significant function and pathways differences
between the low- and high-MALAT1 groups were elucidated
via GSEA. Gene set permutations were performed 1000 times
for each analysis. The expression level of MALAT1 was used
as phenotype label. The reference gene collection used in this
study was curated (c2.cp.v7.2.symbols.gmt) from MSigDB col-
lections. An adjusted P < .05 and false discovery rate < 0.25
were considered as statistically significantly.

2.7. Immune infiltration analysis

Clinical characteristics Levels Overalin (%)  1he marker of 24 immune cells was extracted from the research
of Bindea and colleagues.”?”! The single sample gene set enrich-
Age <60 264 (49.8%) ment analysis (ssGSEA) method from the GSVA package in R was
>60 266 (50.2%) used to analyze the infiltration of 24 types of immune cells in the
Gender Female 186 (35.1%) tumor, and Spearman correlation was used to analyze the correla-
Male 344 (64.9%) tion between the MALAT1 and these 24 types of immune cells./??!
T stage T 271 (51.1%)
T2 69 (13%)
E‘ 179 gi 30)") 2.8. Statistical analysis
0
N stage NO 239 (93.7%) The R software (version.3.6.3; http://www.Rproject.org) was
N1 6 (6.3%) used for all statistical analyses. Wilcoxon rank sum test was
M stage MO 420 (84.3%) used to analyze MALAT1 expression of the data from TCGA,
. M1 78 (15.7%) GSE66270, and GSE66272. Logistic regression analysis was
Pathologic stage Stage | 265 (50. 32%1) used to analyze the relationship between clinicopathological
Stage I 57(10.8 OA’) features and MALAT1. The uni- and multivariable regres-
giage :{ll 123 (ﬁg g;’) sions were performed with dichotomized MALAT1 expression
. age 82( N 0) scores. Survival analysis was performed using the survminer
Histologic grade G1 4(2.7%) d val Kk The | k d |
@ 227 (43.5%) and survival R packages. The log-rank test was used to analyze
&3 206 (39.5%) the differences between survival curves. The gene expression
G4 75 (14.4%) correlation was accessed by Spearman R package GSVA. An
adjusted P < .05 was considered to be statistically significant.
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Figure 2. The association of MALAT1 expression with clinicopathological characteristics in patients with ccRCC in TCGA cohort. This relationship between
MALAT1 expression and histologic grade (A). This relationship between MALAT1 expression and pathologic grade (B). This relationship between MALAT1
expression and T stage (C). This relationship between MALAT1 expression and M stage (D). *P < .05, **P < .01, **P < .001. ccRCC = clear cell renal cell car-

cinoma, MALAT1 = metastasis-associated lung adenocarcinoma transcript 1.
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3. Results

3.1. Expression of MALAT1 in ccRCC and normal tissues

In the TCGA databases, we applied the TIMER2 to analyze the
expression status of MALAT1 across various types of cancer.
Results showed that the expression level of MALAT1 was upreg-
ulated in most tumors, including kidney renal clear cell carcinoma
(Fig. 1A, P < .001). Clinical information and expression data of
530 cases of ccRCC were downloaded from TCGA data (Table 1).
In this study cohort, MALAT1 expression levels were significantly
higher in ccRCC tissues than in normal samples (Fig. 1B, P <.001).
Furthermore, we performed external validation by downloading
the full microarray dataset (GSE66270 and GSE66272; Fig. 1C

Medicine

and D). ROC curves showed that the area under the curve value
for prognostic risk-related signature was 0.752 (Fig. 1E). This may
indicate a good predictive effect for the prognostic risk model.

3.2. The association of MALAT1 expression with
clinicopathological characteristics in ccRCC patients

To better understand the relevance of MALAT1 in ccRCC,
we examined the relationship between MALAT1 expression
and clinicopathological characteristics of 530 ccRCC sam-
ples (Fig. 2). We observed that high MALAT1 expression was
positively correlated with indicators of tumor aggressiveness:
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Figure 3. The effect of the high- and low-risk subgroups on overall survival (OS) in ccRCC patients clinicopathological features. The high expression of MALAT1
can predict the lower survival rate (A) in ccRCC patients. The high-risk subgroups showed worse survival in patients with pathologic grade (B), histologic grade
(©), T stage (D), M stage (E). ccRCC = clear cell renal cell carcinoma, MALAT1 = metastasis-associated lung adenocarcinoma transcript 1.

Association with overall survival and clinicopathologic characteristics in patients with clear cell renal cell carcinoma.

Univariate analysis Multivariate analysis

Characteristics Total HR (95% CI) P HR (95% CI) P
Age <60 264 1 1
>60 266 1.753 (1.290-2.383) <.001 1.829 (1.190-2.813) .006
Gender Female 186 1
Male 344 0.951 (0.697-1.296) .750
T stage T1+T2 340 1 1
T3+T4 190 3.160 (2.332-4.283) <.001 1.374 (0.602-3.134) 450
N stage NO 239 1 1
N1 16 3.426 (1.818-6.456) <.001 1.408 (0.689-2.878) .348
M stage MO 420 1 1
M1 78 4.333 (3.170-5.922) <.001 2.713 (1.587-4.639) <.001
Pathologic stage [+l 322 1 1
I+ 1v 205 3.860 (2.809-5.305) <.001 1.640 (0.639-4.207) .304
Histologic grade G1 +G2 241 1 1
G3 + G4 281 2.660 (1.888-3.748) <.001 1.688 (1.026-2.777) .039
MALATA Low 265 1 1
High 265 1.593 (1.173-2.163) .003 2.271 (1.435-3.593) <.001

95% Cl = 95% confidence interval, HR = hazard ratio.
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histologic grade (P = .002), pathologic grade (P < .001), T stage
(P <.001) and M stage (P < .001).

3.3. The relationship between MALAT1 expression and
clinicopathological features correlated with prognosis

To assess the predictive ability of MALAT1 prognostic sig-
nature, we conducted a stratified analysis to predict overall

www.md-journal.com

survival (OS) in high-and low-risk subgroups based on clini-
copathological features (Fig. 3), including pathologic grade
(stage III + IV), histologic grade (G3), T stage (T3 + T4) and
M stage (M1). For OS, high MALAT1 expression predicted a
much worse prognosis (Fig. 3A). Survival analysis showed that
the high-risk subgroups had a poorer prognosis than those
with low-risk subgroups in different clinical characteristics (all
P < .05; Fig. 3B-E).

A . 0 20 40 60 80 100 B
POIn‘S | PSPPI S EFEFEE EPEEr B B ST EPEEr B S |
N1 1.04
N stage
NO =
M1 8
M stage — 8 084
Mo & a e
2 4 a
Histologic grade r L — =
G1 G3 % 0.64
High ’
MALAT1 ami ®
Low 5
Total Points r : - . T r , : . T 04
0 40 80 120 160 £
Linear Predictor r T T T T T T T T 1 3
-6 -4 2 0 2 Z 024
g 0.
. - ] — 1-Year
1-year Survival Probability —r—r 8 —— 3-Year
08 060402 —— 5.Year
3-year Survival Probability — 0.0 Ideal line
08 060402 T T T T T T
0.0 02 04 06 08 1.0

5-year Survival Probability

T
08 060402

Nomogram predicted survival probability

Figure 4. Establishment and validation of prognostic model. Establishment of a prognostic model (A) was used to evaluate the survival probability. Performance

of the nomogram was assessed by calibration curve (B).

A

90

MALAT1

Log, (TPM+1)
o N & O

MSHS
EGFL8
MAK
CCDC180
YJEFN3
LEFTY1
ORS52E8
BIRCS
AQP9
NAT1

60 4

-Log 10 (P.adj)

30 A

-2..5 BjO 2l.5
Log, (Fold Change)

Neuroactive ligand-receptor interaction -
Systemic lupus erythematosus -
serine hydrolase activity -
growth factor activity -
endopeptidase inhibitor activity -
extracellular ligand-gated ion channel activity 4 @
protein-DNA complex -
transmembrane transporter complex -
nuclear nucleosome - @
cellular process involved in reproduction in multicellular organism =
protein-DNA complex assembly -
nucleosome assembly -
chromatin silencing at rDNA @
negative regulation of megakaryocyte differentiation ®

M Low
M High

Z- 2
score

p.adjust

0.0075
0.0050
0.0025

Counts
O 10
O =

@
QO =0

1
0.02 0.04 0.06 0.08 0.10
GeneRatio

Figure 5. Differentially expressed genes (DEGs) of MALAT1 in ccRCC. (A) Volcano plot of DEGs. (B) Heatmap of DEGs. (C) GO and KEGG enrichment analysis
of DEGs. **P < .01, **P < .001. GO = gene ontology, KEGG = kyoto encyclopedia of genes and genomes.




Liu et al. ® Medicine (2023) 102:37

3.4. Cox regression analysis of MALAT1 expression and OS
for patients with ccRCC in the TCGA cohort

We found that the poor OS in ¢cRCC was associated with
other clinicopathological features, including T stage, N stage,
M stage, age, pathologic stage, histologic grade (Table 2).
Univariate (hazard ratio 1.593, 95% confidence interval
1.17-2.16, P = .003) and multivariate Cox regression analysis
(hazard ratio 2.271, 95% confidence interval 1.44-3.59, P <
.001) showed that high MALAT1 expression was an important
and independent predictor of worse overall survival in patients
with ccRCC.

3.5. Establishment of the prognostic models for ccRCC

The above results indicated that MALAT1 might be an inde-
pendent prognostic factor in ccRCC. In order to confirm this,
we established a predictive model for OS by fitting MALAT1
expression and other clinicopathological features from the
TCGA data.

We established a nomogram for OS via integrating MALAT1
expression and other prognostic factors, including N stage, M
stage, histologic grade (Fig. 4A). The prognostic score was
based on the total number of points obtained from the nomo-
gram and the higher the prognostic score, the lower the survival
probability. To validate the prediction model, the performance
of the nomogram was assessed using the calibration plot of the
model for the 1-, 3- and 5-year survival. Calibration curve of
the nomogram indicated that the predictive accuracy of the
nomogram was well-calibrated and the C-index of was 0.749
(Fig. 4B).

Medicine

3.6. Functional enrichment analysis of low- and high-
MALAT1 expression samples

To further study how MALAT1 promotes tumor progression,
we analyzed DEGs in ¢ccRCC samples of the low- and high-
MALAT1 expression. Differential gene expression analysis iden-
tified 258 and 51 genes up- and down-regulated, respectively
(Fig. SA). Genes significantly associated with MALAT1 co-ex-
pression were identified and shown in the heatmap (Fig. 5SB).
To investigate the molecular functions and possible mechanism
of co-expressed genes in ccRCC, we performed GO term and
KEGG pathway enrichment analysis (Fig. 5C). In GO biolog-
ical analysis, enriched genes were associated with cell growth
and proliferation. In KEGG pathway analysis, the most signifi-
cantly enriched pathways were related to systemic lupus erythe-
matosus and neuroactive ligand-receptor interaction. We also
utilized GSEA to identify the key regulatory pathways related
to MALAT1. GSEA analysis found 61 gene sets were enriched
at false discovery rate < 0.25 and P < .05. Pathway enrichment
analysis showed that enriched genes were mainly involved in
DNA methylation (Fig. 6A), positive epigenetic regulation of
rRNA expression (Fig. 6B), epigenetic regulation of gene expres-
sion (Fig. 6C), systemic lupus erythematosus (Fig. 6D).

3.7. The correlation between MALAT1 expression and
infiltration of immune cells

Using GO enrichment, we found that MALAT1 might be
involved in the immune responses. To further confirm this, we
evaluated the relationship between MALAT1 expression and
immune infiltrates using ssGSEA (Fig. 7A). The results showed
that MALAT1 expression was negatively correlated with Th2
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tion of immune cells. (B) In the high expression group of MALAT1, the enrichment score of Th2 cells was lower. (C) MALAT1 expression was negatively correlated
with Th2 cells. (D) In the high expression group of MALAT1, the enrichment score of Tgd cells was lower. (E) MALAT1 expression was negatively correlated with
Tgd cells. **P < .001. ccRCC = clear cell renal cell carcinoma, MALAT1 = metastasis-associated lung adenocarcinoma transcript 1.

cells (R = -0.398, P < .001, Fig. 7B and C), Tgd (R = -0.390, P
<.001, Fig. 7D and E).

4. Discussion

Because of the limitations of traditional therapy and the develop-
ment of molecular level, it is urgent to find the new therapeutic

targets and the effective biomarkers for assessing ccRCC prog-
nosis. LncRNAs are associated with tumorigenesis and progres-
sion of cancer. Li et al?! showed that DNA methylation was an
important epigenetic regulator of IncRNA expression in colon
adenocarcinoma. Several studies have described that MALAT1
was associated with the biological behavior and poor prognosis
and of ccRCC."?7281 While the mechanisms by which MALAT1



Liu et al. ® Medicine (2023) 102:37

played important roles in tumorigenesis and prognosis of ccRCC
are less well known. To better understand the role of MALAT1
in ¢ccRCC, we performed the functional enrichment analysis of
ccRCC samples in TCGA database.

This study found that MALAT1 was highly expressed in
ccRCC tissues, and its overexpression is associated with adverse
OS in ccRCC. We also validated the results of TCGA dataset
using a GEO database, and this finding was consistent with pre-
vious results. We also found that MALAT1 was highly expressed
in a variety of cancers, such as cholangiocarcinoma, colon ade-
nocarcinoma, head and neck squamous cell carcinoma, kidney
renal papillary cell carcinoma, liver hepatocellular carcinoma,
lung adenocarcinoma, prostate adenocarcinoma, stomach ade-
nocarcinoma. The multivariate Cox regression analysis demon-
strated that high MALAT1 expression, M stage, age, histologic
grade, were independently prognostic for OS. These results
demonstrate that MALAT1 has the potential as a diagnostic
marker in ¢ccRCC, which is consistent with previous studies.!®!
Moreover, our findings demonstrate that MALAT1 is associ-
ated with histologic grade, pathologic grade, T stage, M stage
of ccRCC, and high MALAT1 expression is a marker of poor
prognosis for patients with ccRCC, which further suggestes that
the expression of MALAT1 may be associated with the malig-
nancy of ccRCC.

Considering the poorer prognosis of high MALAT1 expres-
sion, we constructed a nomogram to estimate the survival of
ccRCC patients. The nomogram as prognostic tool shows better
prognostic performance and may better estimate an individual
risk using specific clinical variables.*”! The identification of high-
risk patients is conducive to the implementation of more effec-
tive interventions. Furthermore, we explored the mechanism
of MALAT1 in ¢cRCC, and our results found that MALAT1
may be associated with DNA methylation. DNA methylation is
an important and stable epigenetic regulator of gene transcrip-
tion.’% DNA methylation mainly occurs in cytosine-guanine
dinucleotides (CpG), involving DNA methylation and DNA
demethylation. In malignant tumors, CpG island hypermethyl-
ation is often observed.’!! As a tumor suppressor gene, hyper-
methylation of the VHL promoter silences the VHL gene, which
is an important driving factor for the occurrence of ccRCC.5*?
The ras association domain family 1 isoform A (RASSF1A) is a
tumor suppressor gene involved in the development of various
malignancies. Studies have shown that RASSF1A methylation
is significantly associated with RCC risk and tumor grade.3*34
DNA methylation of tissue inhibitor of metalloproteinase-2
(TIMP2) can promote bone metastasis of RCC.35! The available
evidence has shown that epigenetic changes in DNA methylation
can interfere with IncRNA expression pattern and contributes
to carcinogenesis.’®l A recent study reported that IncRNAs can
recruit DNA methyltransferases directly or indirectly to regulate
DNA methylation of target gene, thereby regulating the biolog-
ical behavior of cancer cells.’”l A study provided solid evidence
that MALATT1 as an epigenetic messenger was involved in met-
abolic reprogramming in HCC cells.’¥ Furthermore, ssGSEA
also showed that the expression level of MALAT1 is negatively
correlated with the infiltration of Th2 cell and Tgd. No posi-
tive correlation was found between immune infiltrate and high
MALAT1 expression in ccRCC in this study. The relationship
between MALAT1 and immune infiltrates in ccRCC might fur-
ther explain the clinical heterogeneity.

In the present study, we showed that MALAT1 was signifi-
cantly associated with poor prognosis in ccRCC, and clarified
the biological function of MALATT1 and further investigated the
molecular mechanism by which MALAT1 contributed to the
progression of ccRCC. Despite the extensiveness of our inves-
tigation, there is still room for development. First, this study
lacks in vivo and in vitro experiment verification. Second, key
molecular pathways and mechanisms associated with MALAT1
may be missed due to design limitations. The relevant work will
require future validations in future.

Medicine

5. Conclusions

Altogether, MALAT1 expression was upregulated in ccRCC
tissues, and high expression of MALAT1 was correlated with
poor prognosis for OS of ccRCC. In addition, high expression of
MALAT1 may affect gene expression in ccRCC through epigen-
etic mechanisms such as DNA methylation. MALAT1 might be
a diagnostic and prognostic marker in ccRCC and likely plays a
crucial part, but need further research.

Acknowledgements

This work was supported by Henan Medical Science and
Technology Research Program Joint Construction Project (No.
LHGJ20200769).

Author contributions

Funding acquisition: Kai Liu.

Methodology: Yingxue Gao.

Supervision: Quanwu Zhang.

Writing — original draft: Kai Liu.

Writing — review & editing: Quanwu Zhang.

References

[1] LiY, Lih TM, Dhanasekaran SM, et al. Histopathologic and proteog-
enomic heterogeneity reveals features of clear cell renal cell carcinoma
aggressiveness. Cancer Cell. 2023;41:139-163.e17.

[2] Yong C, Stewart GD, Frezza C. Oncometabolites in renal cancer. Nat
Rev Nephrol. 2020;16:156-72.

[3] Jilaveanu LB, Puligandla M, Weiss SA, et al. Tumor microvessel den-
sity as a prognostic marker in high-risk renal cell carcinoma patients
treated on ECOG-ACRIN E2805. Clin Cancer Res. 2018;24:217-23.

[4] Vuong L, Kotecha RR, Voss MH, et al. Tumor microenviron-
ment dynamics in clear-cell renal cell carcinoma. Cancer Discov.
2019;9:1349-57.

[5] Wang Q, Tang H, Luo X, et al. Immune-associated gene signatures serve
as a promising biomarker of immunotherapeutic prognosis for renal
clear cell carcinoma. Front Immunol. 2022;13:890150.

[6] Naito S, Kato T, Tsuchiya N. Surgical and focal treatment for
metastatic renal cell carcinoma: a literature review. Int J Urol.
2022;29:494-501.

[7] Courtney KD, Infante JR, Lam ET, et al. Phase I dose-escalation trial
of PT2385, a first-in-class hypoxia-inducible factor-20. antagonist in
patients with previously treated advanced clear cell renal cell carci-
noma. ] Clin Oncol. 2018;36:867-74.

[8] Ochocki JD, Khare S, Hess M, et al. Arginase 2 suppresses renal carcinoma
progression via biosynthetic cofactor pyridoxal phosphate depletion and
increased polyamine toxicity. Cell Metab. 2018;27:1263-1280.¢6.

[9] Choi SW, Kim HW, Nam JW. The small peptide world in long noncod-
ing RNAs. Brief Bioinform. 2019;20:1853-64.

[10] Liu J, Peng WX, Mo YY, et al. MALAT 1-mediated tumorigenesis. Front
Biosci (Landmark Ed). 2017;22:66-80.

[11] Zong X, Nakagawa S, Freier SM, et al. Natural antisense RNA pro-
motes 3" end processing and maturation of MALAT1 IncRNA. Nucleic
Acids Res. 2016;44:2898-908.

[12] Li N, Ouyang Y, Chen S, et al. Integrative analysis of differential
IncRNA/mRNA expression profiling in helicobacter pylori infec-
tion-associated gastric carcinogenesis. Front Microbiol. 2020;11:880.

[13] Gutschner T, Himmerle M, Eissmann M, et al. The noncoding RNA
MALATT1 is a critical regulator of the metastasis phenotype of lung
cancer cells. Cancer Res. 2013;73:1180-9.

[14] Yan F, Zhao W, Xu X, et al. LncRNA DHRS4-AS1 inhibits the stemness
of NSCLC cells by sponging miR-224-3p and upregulating TP53 and
TETT1. Front Cell Dev Biol. 2020;8:585251.

[15] Luan C, Li Y, Liu Z, et al. Long noncoding RNA MALAT1 promotes
the development of colon cancer by regulating miR-101-3p/STC1 axis.
Onco Targets Ther. 2020;13:3653-65.

[16] Zhang HM, Yang FQ, Chen S]J, et al. Upregulation of long non-coding
RNA MALAT1 correlates with tumor progression and poor prognosis
in clear cell renal cell carcinoma. Tumour Biol. 2015;36:2947-55.

[17] Guo E, Guo L, Li Y, et al. MALATT1 is an oncogenic long non-coding
RNA associated with tumor invasion in non-small cell lung cancer reg-
ulated by DNA methylation. Int J Clin Exp Pathol. 2015;8:15903-10.



Liu et al. ¢ Medicine (2023) 102:37

[18] Ritchie ME, Phipson B, Wu D, et al. limma powers differential expres-
sion analyses for RNA-sequencing and microarray studies. Nucleic
Acids Res. 2015;43:e47.

[19] Zhang MY, Huo C, Liu JY, et al. Identification of a five autophagy
subtype-related gene expression pattern for improving the prognosis of
lung adenocarcinoma. Front Cell Dev Biol. 2021;9:756911.

[20] Chen S, Liu S, Xu S, et al. Naples prognostic score is an independent
prognostic factor in patients with small cell lung cancer and nomogram
predictive model established. J Inflamm Res. 2022;15:3719-31.

[21] Zhao W, Liu M, Zhang M, et al. Effects of inflammation on the immune
microenvironment in gastric cancer. Front Oncol. 2021;11:690298.

[22] Zhao K, Ma Z, Zhang W. Comprehensive analysis to identify SPP1 as a
prognostic biomarker in cervical cancer. Front Genet. 2022;12:732822.

[23] Yu G, Wang LG, Han Y, et al. clusterProfiler: an R package for compar-
ing biological themes among gene clusters. OMICS. 2012;16:284-7.

[24] Wang K, Feng X, Zheng L, et al. TRPV4 is a prognostic biomarker that
correlates with the immunosuppressive microenvironment and chemo-
resistance of anti-cancer drugs. Front Mol Biosci. 2021;8:690500.

[25] Bindea G, Mlecnik B, Tosolini M, et al. Spatiotemporal dynamics of
intratumoral immune cells reveal the immune landscape in human can-
cer. Immunity. 2013;39:782-95.

[26] Li Z, Tan H, Yu H, et al. DNA methylation and gene expression pro-
files characterize epigenetic regulation of IncRNAs in colon adenocar-
cinoma. ] Cell Biochem. 2020;121:2406-15.

[27] Zhang H, Li W, Gu W, et al. MALAT1 accelerates the development
and progression of renal cell carcinoma by decreasing the expres-
sion of miR-203 and promoting the expression of BIRCS. Cell Prolif.
2019;52:e12640.

[28] Wang Z, Chang X, Zhu G, et al. Depletion of IncRNA MALATT1 inhib-
ited sunitinib resistance through regulating miR-362-3p-mediated
G3BP1 in renal cell carcinoma. Cell Cycle. 2020;19:2054-62.

www.md-journal.com

[29] Merath K, Chen Q, Bagante F, et al. A multi-institutional international

analysis of textbook outcomes among patients undergoing cura-
tive-intent resection of intrahepatic cholangiocarcinoma. JAMA Surg.
2019;154:190571.

Lorente-Sorolla C, Garcia-Gomez A, Catala-Moll F, et al. Inflammatory
cytokines and organ dysfunction associate with the aberrant DNA
methylome of monocytes in sepsis. Genome Med. 2019;11:66.
Lasseigne BN, Brooks JD. The role of DNA methylation in renal cell
carcinoma. Mol Diagn Ther. 2018;22:431-42.

Cancer Genome Atlas Research Network. Comprehensive molec-
ular characterization of clear cell renal cell carcinoma. Nature.
2013;499:43-9.

Huang YQ, Guan H, Liu CH, et al. Association between RASSF1A pro-
moter methylation and renal cell cancer susceptibility: a meta-analysis.
Genet Mol Res. 2016;15:gmr6994.

Yu GS, Lai CY, Xu Y, et al. Aberrant methylation of RASSF1A gene
contribute to the risk of renal cell carcinoma: a meta-analysis. Asian
Pac ] Cancer Prev. 2015;16:4665-9.

Wang J, Ren Y, Guo X, et al. Alterations in enhancer of zeste homolog
2, matrix metalloproteinase-2 and tissue inhibitor of metalloprotein-
ase-2 expression are associated with ex vivo and in vitro bone metasta-
sis in renal cell carcinoma. Mol Med Rep. 2015;11:3585-92.

Li Q, Wang P, Sun C, et al. Integrative analysis of methylation and tran-
scriptome identified epigenetically regulated IncRNAs with prognostic
relevance for thyroid cancer. Front Bioeng Biotechnol. 2020;7:439.
Al-Imam M]J, Hussein UA, Sead FF, et al. The interactions between
DNA methylation machinery and long non-coding RNAs in tumor pro-
gression and drug resistance. DNA Repair (Amst). 2023;128:103526.
ZhaoY, Zhou L, Li H, et al. Nuclear-encoded IncRNA MALAT1 epige-
netically controls metabolic reprogramming in HCC cells through the
mitophagy pathway. Mol Ther Nucleic Acids. 2020;23:264-76.



