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Abstract
Our previous study revealed that CRB3 protein expression was reduced in clear cell renal cell carcinoma (ccRCC) and was 
associated with TNM stage, pathological grade, and poor prognosis of ccRCC. This study aimed to investigate if DNA meth-
ylation of CRB3 decreases its expression, subsequently leading to the progression and poor prognosis of ccRCC. Data for 
DNA methylation of CRB3, CRB3 mRNA expression, and ccRCC clinicopathological parameters were extracted from the 
cancer genome atlas (TCGA) database. The relationships among DNA methylation of CRB3, CRB3 mRNA expression, and 
ccRCC clinicopathological parameters were analyzed using UALCAN, MethHC, LinkedOmics, and Wanderer. We found that 
CRB3 mRNA levels were lower in ccRCC compared to normal tissues. Methylation of CRB3 increased in ccRCC, with all 
probes showing differences between ccRCC and normal tissues. Furthermore, CRB3 DNA methylation negatively correlated 
with CRB3 mRNA expression. CRB3 DNA methylation was also related to pathologic stage, T stage, N stage, and M stage 
of ccRCC. Overall survival was shorter in ccRCC patients with high CRB3 DNA methylation compared to ccRCC patients 
with low CRB3 DNA methylation. Methylation of cg24798010, a CRB3 probe, was related to laterality, pathologic stage, 
T stage, M stage, neoplasm-histologic-grade without N stage, and race. Furthermore, treatment with the DNA methylation 
inhibitor Decitabine resulted in the upregulation of CRB3 mRNA in ccRCC cell lines. These results indicate that DNA 
methylation of CRB3 may be both a prognostic marker and therapeutic target for ccRCC.
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Introduction

Renal tumors are one of the ten most common cancers, 
accounting for 3.8% of all new cancer cases. In 2018, 2.5% 
of all cancer-related mortality in the United States was 
attributed to renal tumors [1]. Clear cell renal cell carcinoma 
(ccRCC) is the most common subtype of renal cell carci-
noma (RCC), accounting for 90% of all renal tumors [2]. 

About 65% of RCC are localized tumors, which can be effec-
tively treated with surgery. However, 30% of non-metastatic 
ccRCC recur after (partial) nephrectomy. In contrast, 35% 
of RCC are metastatic RCC (mRCC), and 5-year survival 
of metastatic ccRCC is only 12% [3]. RCC is not sensitive 
to chemoradiotherapy, so therapeutic agents (kinase and 
immune checkpoint inhibitors) are the first-line treatment 
for patients with mRCC and for patients who relapse after 
surgery [4–7]. However, some therapeutic agents are associ-
ated with varying toxicities, drug resistance, and financial 
burden [2]. Thus, there is a clinical urgency to identify tumor 
markers for preliminary screening, early detection of metas-
tasis, and guidelines for drug development and clinical use 
for ccRCC.

Epigenetic modification refers to heritable changes in 
gene expression levels that do not alter the DNA sequence 
[8]. DNA methylation is an epigenetic modification that has 
been extensively studied [9], and which can contribute to 
renal tumorigenesis by silencing tumor suppressor genes 
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[10, 11]. Furthermore, DNA methylation is associated with 
clinicopathological features and poor prognosis [11, 12].

Cell polarity protein CRB3, a member of the Crumbs 
family, is found in mammalian epithelia [13]. CRB3 deter-
mines epithelial cell polarity at the apical surface and plays 
a role in the formation of tight junctions [14, 15]. CRB3 is 
also highly expressed in the kidneys, where it establishes and 
maintains the polarity of kidney embryos [16]. Overexpres-
sion of CRB3 in renal epithelial Hela cells improves cell to 
cell cohesion and changes the cytoskeleton [17]. Further-
more, knockout of CRB3 causes polycystic kidney disease 
in mice [18, 19].

CRB3 acts as a tumor suppressor in renal tumors [20, 
21]. CRB3 protein expression was reduced in ccRCC tissues 
compared to adjacent normal kidney tissue samples, and was 
negatively associated with TNM stage, pathological grade, 
and poor prognosis of ccRCC patients [21]. Repression 
of CRB3 mRNA and protein led to immortality of mouse 
kidney epithelial cells; rescued CRB3 expression restored 
cell junctions, cell polarity, and contact inhibition, and sup-
pressed migration and metastasis of tumor cells [20].

DNA methylation is stable compared to gene expres-
sion [22] and is a key DNA modification that stabilizes 
gene silencing and defines cell fate [23]. Given that DNA 
methylation has been suggested to silence tumor suppressor 
genes [10, 11], we postulated that CRB3 DNA methylation 
down-regulates CRB3 protein expression and serves as a 
prognostic marker for ccRCC. In this study, the relation-
ship among DNA methylation of CRB3, CRB3 expression 
levels, and clinical pathological parameters in ccRCC were 
investigated utilizing TCGA datasets.

Materials and methods

mRNA expression of CRB3

UALCAN (http://ualca n.path.uab.edu/index .html) is a web 
tool that can be used to analyze tumor transcriptome data. 
The web tool provides: (1) publicly accessible cancer tran-
scriptome data (e.g.: TCGA mRNA sequencing), and (2) 
published graphs and plots depicting gene expression and 
patient survival information [24]. mRNA expression of 
CRB3 in normal and tumor specimens of ccRCC was com-
paratively analyzed using the UALCAN web tool.

CRB3 methylation analysis

Wanderer (http://mapla b.imppc .org/wande rer/) is a web tool 
that can be used to analyze gene expression and DNA meth-
ylation profiles from TCGA. The web tool provides the DNA 
methylation levels of Illumina Human Methylation 450 Bead 
Chip loci within or close to the queried gene [25].

Differences in CRB3 methylation were obtained through 
analysis of the TCGA ccRCC cancer (KIRC, Kidney renal 
clear cell carcinoma) dataset. Correlations between methyla-
tion and CRB3 gene expression were tested using the Spear-
man (r) correlation method. Correlations were also exam-
ined between individual probes with methylation changes 
and mRNA expression. A correlation was considered either 
strong (r = 0.5 to 1.0 or − 0.5 to − 1.0), moderate, (r = 0.3 
to 0.5 or − 0.3 to − 0.5), or weak (r = 0.1 to 0.3 or − 0.1 to 
− 0.3) [26].

MethHC (http://methh c.mbc.nctu.edu.tw/php/index .php) 
is a web-based resource that focuses on DNA methylation. 
MethHC integrates data including gene expression, DNA 
methylation, microRNA expression, microRNA methylation, 
and the correlation of methylation and gene expression from 
TCGA.

Association of CRB3 DNA methylation 
with pathological features and overall survival 
in ccRCC 

We used the web tool, LinkedOmics (http://www.linke domic 
s.org/login .php) to analyze the multi-omics data from all 
32 TCGA cancer types. Using LinkedOmics three analyti-
cal modules, we identified and analyzed information about 
mRNA or protein expression signatures, biomarkers of clini-
cal attributes, and putative target genes of transcriptional 
factors, microRNAs, or protein kinases; analysis results can 
be depicted by plots [27]. The association of CRB3 DNA 
methylation with pathological features and overall survival 
in ccRCC was analyzed using the LinkedOmics web tool 
with Methylation450 and clinical data with non-parametric 
analysis.

Cell culture

Human clear cell renal cell carcinoma (ccRCC) cell lines 
Caki-1 and Caki-2 were obtained from the National Infra-
structure of Cell Line Resource (Beijing, China). Caki-1 and 
Caki-2 cells were cultured in McCoy’5A Media (Hyclone) 
supplemented with 10% FBS (Hyclone) in a humidified 
atmosphere containing 5%  CO2 at 37 °C.

DNA methylation inhibitor treatment

The same numbers of cells were seeded in each well of 
6-well plates and cultured at 37 °C in the medium contain-
ing 1, 5, or 10 μM Decitabine (Selleck, Houston, TX, USA) 
or vehicle (DMSO). The medium was refreshed every 24 h 
during a 72-h period. Cells were then harvested for quanti-
fication of the mRNA level of CRB3.

http://ualcan.path.uab.edu/index.html
http://maplab.imppc.org/wanderer/
http://methhc.mbc.nctu.edu.tw/php/index.php
http://www.linkedomics.org/login.php
http://www.linkedomics.org/login.php
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Quantitative real time RT‑ PCR (RT‑qPCR)

Total RNA was isolated from cells using the RNA Fast 200 
(#220010, Fastagen Biotech, Shanghai, China) and reversely 
transcribed into cDNA using the PrimeScript™ RT Master 
Mix (#RR036A, TaKaRa Biotechnology (Dalian) Co., Ltd. 
Liaoning, China) according to the manufacturers’ proto-
cols. qPCR was performed using the TB Green™ Premix 
Ex Taq™ II (#RR820A, TaKaRa) in Bio-Rad CFX96 sys-
tem (Hercules, CA) according to the manufacturer’s instruc-
tions. The primers used were: CRB3, 5′-CTT CTG CAA 
ATG AGA ATA GCA CTG-3′ and 5′-GAA GAC CAC GAT 
GAT AGC AGT GA-3′; β-actin, 5′-CAT GTA CGT TGC 
TAT CCA GGC-3′ and 5′-CTC CTT AAT GTC ACG CAC 
GAT-3′. The experiment was performed in triplicate and 
level of CRB mRNA was normalized to β-actin using the 
 2−ΔCt method.

Statistical analysis

GraphPad Prism Version 7.00 was used for statistical analy-
ses. Statistically significant differences between two groups 
were tested by the Mann–Whitney test; significant differ-
ences among three groups were compared using one-way 
analysis of variance (ANOVA) followed by Dunnett’s mul-
tiple comparisons test; four groups were determined by the 
Kruskal–Wallis test. Correlation of the overall survival with 
CRB3 DNA methylation was tested using the Cox Regres-
sion test.

Results

CRB3 mRNA expression in ccRCC 

CRB3 mRNA expression was analyzed in normal and 
ccRCC tumor specimens using the UALCAN web tool. We 
found that CRB3 mRNA levels were significantly (P < 0.05) 
reduced in the ccRCC tissues compared to the normal tissues 
(normal n = 72, tumor n = 533) (Fig. 1).

CRB3 methylation in ccRCC 

We analyzed CRB3 methylation in normal and ccRCC tumor 
specimens using the Wanderer web tool. We found that 
CRB3 methylation was significantly (P < 0.05) increased in 
ccRCC (normal n = 160, tumor n = 324), and all of the CRB3 
probes in the 450 Methylation array showed significant dif-
ferences between ccRCC and normal specimens (Fig. 2). 
DNA methylation of the CRB3 probes is shown in Table 1.

The correlation between DNA methylation and CRB3 
mRNA expression in ccRCC was analyzed using the 
MethHC web tool. The specific P values are shown in 

Table 2. CRB3 DNA methylation was negatively correlated 
with CRB3 mRNA expression (Table 3).

Association of CRB3 DNA methylation 
and pathological features in ccRCC 

We analyzed the association of CRB3 DNA methylation 
(all probes) and pathological features in ccRCC using the 
LinkedOmics web tool (Fig. 3). CRB3 DNA methylation (all 
probes) correlated with pathologic stage (P = 2.134e−04, 
n = 318), T stage (P = 1.004e−04, n = 319), N stage 
(P = 2.383e−02, n = 141), and M stage (P = 1.488e−02, 
n = 287) (Fig. 3). These results indicate that DNA methyla-
tion of CRB3 correlates with ccRCC progression.

Association of CRB3 DNA methylation and ccRCC 
prognosis

We analyzed the association of CRB3 DNA methylation and 
ccRCC prognosis using the LinkedOmics web tool (Fig. 4). 
CRB3 DNA methylation significantly (P < 0.05) affected the 
overall survival of ccRCC patients. Overall survival was sig-
nificantly shorter for ccRCC patients with high CRB3 DNA 
methylation compared to ccRCC patients with low CRB3 
DNA methylation (Logrank P = 5.799e−07, n = 307). These 
results indicate that CRB3 DNA methylation related with 
poor ccRCC prognosis.

Correlation between individual probe methylation 
and CRB3 mRNA

All of the CRB3 probes in the 450 Methylation array were 
further analyzed for their correlations with CRB3 mRNA 
expression (Table  3). There was a moderate or weak 

Fig. 1  CRB3 mRNA expression in ccRCC (kidney renal cell carci-
noma, KIRC). Box plot and P value were produced using UALCAN 
(http://ualca n.path.uab.edu/index .html). P = 2.00894856305922e−12

http://ualcan.path.uab.edu/index.html
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correlation between every methylation probe and CRB3 
mRNA expression in ccRCC. The highest correlation was 
between CRB3 mRNA expression and probe cg24798010 
(Table 3), which resides in the CRB3 gene region without 
CpG islands (Table 4). The target of probe cg24798010 
is shown in Table  4. Using the UCSC website (http://
genom e.ucsc.edu/), we found that cg24798010 resides 
in the transcription factor EZH2 binding domain (chr19: 
6464129-6465140).

Association of cg24798010 methylation 
and pathological features in ccRCC 

We analyzed the association of cg24798010 methylation 
and pathological features of ccRCC using the TCGA data 
(Table S1). The results showed that cg24798010 methylation 

correlated with laterality, pathologic stage, T stage, M stage, 
and neoplasm-histologic-grade, but did not correlate with N 
stage, race, or ethnicity (Fig. 5).

Restoration of CRB3 mRNA by DNA methylation 
inhibitor decitabine in ccRCC cell lines

To validate the association of methylation and CRB3 mRNA 
levels, we tested the effect of Decitabine, a methyltransferase 
inhibitor, on the expression of CRB3. The test showed that 
the CRB3 mRNA level was higher in the cells treated with 
Decitabine than the control cells (Fig. 6a, b). With the con-
centration of Decitabine increased, the mRNA levels of 
CRB3 increased (Fig. 6a, b). These results support that there 
is a relationship between the decreased expression of CRB3 
mRNA and high methylation of CRB3 in ccRCC.

Fig. 2  Mean CRB3 DNA methylation in ccRCC. Green font represents CpG islands; the adj.pval represents adjusted P-value and * represents 
adjusted P-value < 0.05. Plot and P values were produced using Wanderer (http://mapla b.imppc .org/wande rer/)

Table 1  CRB3 DNA methylation in normal tissues vs ccRCC tumor 
specimens

The ‘adj.pval’ represents adjusted P-value

Probe Gene name Wilcox_stat Adj.pval

cg03258472 CRB3 4653.5 9.47E−48
cg11715228 CRB3 9663.5 4.17E−29
cg05384271 CRB3 5234.5 1.63E−45
cg14782015 CRB3 5469 1.10E−44
cg25637722 CRB3 6051 2.30E−42
cg17826168 CRB3 6831 2.70E−39
cg27072749 CRB3 11007 8.94E−25
cg26644059 CRB3 14770.5 1.34E−14
cg17799295 CRB3 12853.5 2.09E−19
cg09761352 CRB3 13378 4.92E−18
cg01216308 CRB3 7806 1.17E−35
cg24798010 CRB3 7717 6.26E−36
cg24007193 DENND1C 42180 4.17E−29

Table 2  Correlation of CRB3 probe DNA methylation with CRB3 
mRNA expression

P values were generated using Linear Regression

Probe P value

cg03258472 8.8817841970013E−16
cg11715228 2.2204460492503E−16
cg05384271 − 2.2204460492503E−16
cg14782015 − 6.6613381477509E−16
cg25637722 0
cg17826168 1.1102230246252E−16
cg27072749 − 2.2204460492503E−16
cg26644059 2.2204460492503E−16
cg17799295 6.6613381477509E−16
cg09761352 4.4408920985006E−16
cg01216308 0
cg24798010 0
cg24007193 3.3306690738755E−16

http://genome.ucsc.edu/
http://genome.ucsc.edu/
http://maplab.imppc.org/wanderer/
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Discussion

In this study, we found that CRB3 mRNA expression 
decreased in ccRCC. We also demonstrated that increased 
CRB3 DNA methylation was negatively correlated with 
CRB3 mRNA expression. These findings indicate that 
CRB3 DNA methylation reduces CRB3 mRNA expres-
sion in ccRCC, which might be the mechanism underly-
ing the reduction in CRB3 protein expression in ccRCC 
[21]. CRB3 protein expression in ccRCC was negatively 
associated with TNM stage, pathological grade, and poor 

prognosis of ccRCC patients [21]. CRB3 DNA methylation 
correlated with pathologic stage, T stage, N stage, M stage, 
and poor prognosis in ccRCC patients. Methylation of the 
CRB3 probe cg24798010 correlated with laterality, patho-
logic stage, T stage, M stage, and neoplasm histologic grade, 
but not with N stage or race. Collectively, these results sug-
gest that CRB3 DNA methylation decreases CRB3 mRNA 
and protein expression, promotes ccRCC progression, and 
reduces overall survival of ccRCC patients.

Table 3  Correlation of CRB3 DNA methylation with CRB3 mRNA 
expression

‘Meth’ represents methylation

Probe Spearman coefficient (Meth vs 
mRNA)

Correlation

Normal Tumor
cg03258472 − 0.337 0.037
cg11715228 − 0.383 − 0.079
cg05384271 − 0.381 0.023
cg14782015 − 0.403 − 0.138 Weak
cg25637722 − 0.364 − 0.121 Weak
cg17826168 0.017 − 0.165 Weak
cg27072749 0.055 − 0.249 Weak
cg26644059 − 0.151 − 0.266 Weak
cg17799295 0.118 − 0.318 Moderate
cg09761352 − 0.076 − 0.089 Weak
cg01216308 − 0.465 − 0.369 Moderate
cg24798010 − 0.3 − 0.472 Moderate
cg24007193 0.363 0.011

Fig. 3  Association of CRB3 DNA methylation and pathological fea-
tures in ccRCC. a: CRB3 DNA methylation with pathologic stage 
(P = 2.134e−04, n = 318), b: CRB3 DNA methylation with T stage 
(P = 1.004e−04, n = 319); c: CRB3 DNA methylation with N stage 
(P = 2.383e−02, n = 141); d: CRB3 DNA methylation with M stage 

(P = 1.488e−02, n = 287). Box plots were produced using LinkedOm-
ics (http://www.linke domic s.org/login .php). a and b Statistically 
tested using the Kruskal–Wallis test, and c and d were tested using 
the Wilcox test

Fig. 4  Correlation of overall survival with CRB3 DNA methylation 
in ccRCC. Kaplan–Meier plots were produced using LinkedOmics 
(http://www.linke domic s.org/login .php) (P = 5.799e−07). P-values 
were generated by Kaplan–Meier plots

http://www.linkedomics.org/login.php
http://www.linkedomics.org/login.php
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DNA methylation often represents a potential biomarker 
for early detection, prognosis, and therapeutic response in 
ccRCC [3]. Nineteen CpG methylation sites for ccRCC, 
which were identified using TCGA and gene expres-
sion omnibus (GEO), can be used to distinguish between 
high- and low-risk patients and improve the predictive 
ability of the tumor node metastasis staging system [28]. 
Some potential prognostic methylation markers for RCC 
have been identified, including BNC1, SCUBE3, GATA5, 
SFRP1, GREM1, RASSF1A, PCDH8, LAD1, and NEFH 
[3]. Furthermore, Lin et al. found that PCDH17 methylation 
in serum was a frequent event in RCC and associated with 
poor outcomes [29].

DNA methylation is an early event in the process of 
carcinogenesis and gradually increases during tumor pro-
gression. Therefore, DNA methylation levels of precancer-
ous lesions or early tumors is one of the most promising 

Table 4  The specific 
information of cg24798010

Probe Chr cg_start cg_end probe_start probe_end gene_start gene_end

cg24798010 chr19 6464885 6464886 6464837 6464886 6463788 6467232

Fig. 5  Association of cg24798010 methylation and pathological fea-
tures in ccRCC. a, cg24798010 methylation was higher in the left 
kidney compared to the right kidney (P = 0.0149); b, cg24798010 
methylation increased as the pathological stage increased from stage 
I, II, III, to IV (P = 0.0393); c, cg24798010 methylation increased as 
the pathological stage increased from T1, T2, T3, to T4 (P = 0.004); 
e, cg24798010 methylation was higher at M1 compared to M0 

(P = 0.0201); f, cg24798010 methylation increased as the pathologi-
cal stage increased from stage G1, G2, G3, to G4 (P < 0.001). There 
was no difference in cg24798010 methylation with regards to N stage 
and race (d, N0 and N1; g, black and white; H, Hispanic or Latino 
and non-Hispanic or Latino). P-values were generated using the 
Mann–Whitney test (a, d, e, g and h) and Kruskal–Wallis test (b, c 
and f)

Fig. 6  Restoration of CRB3 mRNA by DNA methylation inhibi-
tor Decitabine in ccRCC cell lines. Cakl-1(a) and Cakl-2(b) cells 
were incubated with 1, 5, 10  µM Decitabine for 48  h or 72  h, and 
the mRNA levels of CRB3 were detected by Real-time PCR. All 
data was represented as mean ± SEM (n = 3, *P < 0.05, **P < 0.01, 
***P < 0.001)
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methods for early diagnosis of cancer. In this study, we 
found that high CRB3 DNA methylation levels decreased 
CRB3 mRNA expression, and further increased the malig-
nancy, invasion, and metastasis of renal tumors, as well as 
decreased the survival time of ccRCC patients. These find-
ings indicate that DNA methylation of CRB3 can be both a 
prognostic marker and therapeutic target for ccRCC.
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