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Abstract: Purpose: This study aimed to evaluate the expression of DNA methyltransferase (DNMT) family proteins in 
renal cell carcinoma (RCC) and to assess the clinical significance and prognostic value of their expression patterns. 
Methods: A total of 97 renal cell carcinoma and 52 no-tumor tissues were recruited for immunohistochemical analy-
sis of their expression. Results: DNMT1, DNMT3A and DNMT3B proteins were highly expressed in clear cell RCC, 
papillary RCC and chromophobe RCC tissues than that of no-tumor tissues (all P < 0.05). DNMT1, DNMT3A and 
DNMT3B expression was significantly associated with tumor size (P=0.003, 0.001 and 0.003, respectively), tumor 
pathology stage (P=0.039, 0.034 and 0.037, respectively), histopathological grading (P=0.042, 0.026 and 0.031, 
respectively), lymph node metastasis (P=0.022, 0.030 and 0.020, respectively) and vascular invasion (P=0.042, 
0.031 and 0.044, respectively). The Kaplan-Meier survival analysis demonstrated that expression of DNMTs protein 
in RCC was significantly associated with shorter over all survival and disease-free survival (all P < 0.05). Further-
more, multivariate analysis showed that the expression of DNMT1 was an independent prognostic factor for overall 
survival (OS) (P=0.036), and the expression of DNMT3A or DNMT3B was an independent prognostic factor for 
disease-free survival (DFS) in the patients (P=0.031 and P=0.023, respectively). Conclusions: DNMTs were higher 
expressed in RCC than no-tumor tissues, and the expression of DNMTs were strongly associated with RCC tumor 
size, tumor pathology stage, histological grading, lymph node metastasis, vascular invasion, recurrence, and prog-
nosis. DNMTs may thus serve as prognostic markers and novel therapeutic targets for RCC patients.
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Introduction

Renal cell carcinoma (RCC) is a common uro-
logic malignancy and accounts for about 3% of 
adult malignancies and causes about 90,000 
deaths worldwide annually [1]. The rate of RCC 
has increased by over 2% per year for the past 
3 decades [2]. Because RCC has a highly resis-
tant phenotype to conventional therapeutic 
modalities, including chemotherapy and radia-
tion, surgical resection of localized disease has 
been regarded as the only curative treatment. 
However, 20-30% of these patients experience 
local and/or distant disease recurrence [3]. 
Moreover, up to 30% of patients have metasta-
ses at the time of the initial diagnosis [4]. The 
prognosis of RCC is very poor, with the highest 
mortality rate among all the genitourinary tract 

tumors and a third of patients dying from their 
disease [5].

Epigenetics refers to stable alterations in gene 
expression with no underlying modifications in 
the genetic sequence. Several epigenetic me- 
chanisms regulate gene expression, including 
DNA methylation, chromatin remodeling, his-
tone variants, and the epigenetic function of 
non-coding RNA [6]. Among these, DNA methyl-
ation is a covalent modification of DNA that 
plays a significant role in the regulation of gene 
transcription [7]. Nevertheless, abnormal DNA 
methylation does also play an important role in 
human cancer development, and most cancer 
cells show a global hypomethylation of the 
genome that induces abnormal expression of 
genes but a local hypermethylation that silenc-
es tumor suppressor genes [6].
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Methylation changes to the epigenome are con-
trolled by DNA methyltransferases (DNMTs), 
which catalyze the transfer of a methyl group 
from the methyl donor S-adenosyl methionine 
onto the 5-position on the cytosine ring. Three 
catalytically active DNMTs have been identified 
in mammals, DNMT1, DNMT3A, and DNMT3B 
[8]. The levels of DNMT1, DNMT3A, and 
DNMT3B mRNA are reportedly elevated in vari-
ous malignancies, including breast, liver and 
prostate tumors [9-11].

Similar to other malignancies, aberrant DNA 
methylation on CpG islands is also an impor-
tant mechanism for human renal cell carcino-
ma development. Recently in vitro studies have 
shown DNMTs inhibitor can induce apoptosis in 
RCC cells [12]. In addition, another study sug-
gest that DNMTs inhibitor could suppress RCC 
cell proliferation by inducing G2/M cell cycle 
arrest and strikingly increase the susceptibility 
of RCC to paclitaxel [13], leading to using DNMT 
inhibitors in clinical trials of renal cancers [14-
16]. Surprisingly, the specific role of the differ-
ent DNMT isoforms in carcinogenesis and 
tumor progression of renal cell carcinoma is not 
well understood.

In this study, we collected 97 cases of renal cell 
carcinoma samples and 52 cases of adjacent 
non-tumor tissues for detection of DNMT family 
protein expressions in order to determine the 
role of DNMT proteins in renal cancer and clini-
cal significance.

Patients and tissue specimens

Renal cell carcinoma tissue was collected from 
radical nephretomy specimens performed 
between January 2004 and January 2012 at 
Department of Urology, Shengjing Hospital of 
China Medical University. The tumor cases 
included 97 cases with histologically confirmed 
malignant carcinoma and 52 cases of adjacent 
non-tumor tissues. The criteria for study enroll-
ment were as follows: patients with histopatho-
logically diagnosed RCC who were newly diag-
nosed, untreated without a history of other 
tumors, and subsequently underwent radical 
nephrectomy. Histological diagnosis was estab-
lished according to the guidelines of the World 
Health Organization [17]. Cases were selected 
according to tissue availability and were not 
stratified for any known preoperative or prog-
nostic factor. None of the patients underwent 
chemotherapy, radiotherapy, or adjuvant treat-
ment before surgery. We obtained the written 
informed consent from all the patients. The 

Institutional Review Board of China Medical 
University approved the research protocol. The 
patients were carefully followed up by consult-
ing their case documents and through tele-
phone monitoring.

Immunohistochemistry

Formalin-fixed and paraffin-embedded tissue 
samples were cut into 4-mm thick sections and 
mounted onto poly-L-lysine-coated glass slides. 
For immunohistochemical staining, the sec-
tions were deparaffinized in xylene, rehydrated 
in a series of alcohol, and washed in the tap 
water. The sections were then cooked in 10 
mM sodium citrate buffer, pH 6.0, for 10 min in 
an autoclave for antigen retrieval. Endogenous 
peroxidase activity was blocked by incubating 
the sections in 3% H2O2 at 37°C for 20 min. 
After that, the sections were blocked to avoid 
nonspecific binding by addition of a 10% nor-
mal goat serum at 37°C for 30 min and then 
incubated for 4°C overnight with the polyclonal 
antibody against DNMTs (DNMT1, sc-20701, 
1:250 dilution; DNMT3a, sc-20703, 1:250 dilu-
tion; DNMT3b sc-130740, 1:250 dilution; Santa 
Cruz Biotechnology, USA). The specificity of 
antibodies had been confirmed by using 
Western blot analysis (data not shown). In the 
next day, the sections were washed five times 
with 0.01 mol/L phosphate-buffered saline 
(PBS; pH 7.4) for 15 min and then incubated 
with a biotinylated secondary antibody for 30 
min at 37°C in the dark. After that, the sections 
were incubated with a streptavidin horseradish 
peroxidase solution for another 30 min (LSAB 
kit; Dako, Glostrup, Denmark), washed in PBS, 
and stained with DAB (3, 3-diaminobenzidine). 
Finally, the sections were counterstained with 
Mayer’s hematoxylin, dehydrated, and mount-
ed. Negative controls were run in parallel, and 
were generated by PBS replacing the anti-
DNMTs antibody.

Evaluation of immunohistochemistry

The immunostained sections were evaluated 
by two investigators who were blinded to the 
patients’ clinicopathological characteristics. 
For each slide, the number of DNMTs positive 
cells was counted in 10 fields at ×200 magnifi-
cation, and the percentage of positively stained 
cells was determined. The percentage of posi-
tively stained cells was graded semi-quantita-
tively according to a four-point scoring system 
as follows: negative (-), 0; weakly positive (+), < 
25%; moderately positive (++), 26-50%; and 
strongly positive (+++), > 50%.
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Statistical analysis

Statistical analyses were performed with SPSS 
19.0 (SPSS Inc., Chicago, USA). Comparison of 
DNMTs expression between samples was ana-
lyzed by using the Mann-Whitney U-test. Chi-
square tests were applied to assess associa-
tions between expression of DNMTs and 
clinicopathological parameters. Univariate sur-
vival analysis was carried out according to 

U-test, all P < 0.05). Briefly, The positive rates 
for DNMT1, DNMT3A, and DNMT3B expression 
in the ccRCC tissues were 56.7%, 63.3%, and 
65.0%, respectively, which were significantly 
higher than those of no-tumor tissues (27.3, 
31.8%, and 36.4%, respectively); the positive 
rates for DNMT1, DNMT3A, and DNMT3B 
expression in the pRCC tissues were 60.9%, 
65.2%, and 69.6%, respectively, which were 

Table 1. Patient characteristics
Feature Categories Number %
Gender

Female 37 38.1
Male 60 61.9

Age, years
≤ 55 59 60.8
> 55 38 39.2

Histological type
Clear cell RCC 60 61.9
Papillary RCC 23 23.7

Type1 10 10.3
Type2 13 13.4

Chomophobe RCC 14 14.4
Tumor size (cm)

≤ 4 20 20.6
> 4 77 79.4

Tumor pathology stage
pT1a 20 20.6
pT1b 25 25.8
pT2a 17 17.5
pT2b 11 11.3
pT3a 16 16.5
pT3b 2 2.1
pT4 6 6.2

Grading
G1 25 25.8
G2 33 34.0
G3 27 27.8
G4 12 12.4

Lymph node metastasis
pNx 21 21.6
pN0 62 63.9

pN1/2 14 14.4
Vascular invasion

No 91 93.8
Yes 6 6.2

Tobacco smoking
No 41 42.3
yes 56 57.7

Kaplan-Meier, differences in survival curves 
were assessed with the log rank test. Cox 
regression analysis was used for the multi-
variate analysis. P-values < 0.05 were con-
sidered significant.

Results

Patient characteristics

The clinicopathological data from the pa- 
tients are shown in Table 1. The mean age of 
the patients at surgery was 53 years (rang 
15-84), and 59 (60.8%) of the patients were 
diagnosed before 55 years old. 60 (61.9%) 
were male. 60 (61.9%) patients had clear 
cell RCC (ccRCC), 23 (23.7%) papillary RCC 
(pRCC) and 14 (14.4%) chromophobe RCC 
(chRCC). Clinical follow-up data, as annually 
assessed survival time was available for all 
patients. The median follow-up time of all 
cases was 50 months, ranging from 12 to 
118 months. 38 (39.2%) patients exhibited 
recurrence and 29 (29.9%) patients died 
from renal cancer during follow up. The pT 
status was as follows: pT1a-20 (20.6%), 
pT1b-25 (25.8%), pT2a-17 (17.5%), pT2b-11 
(11.3%), pT3a-16 (16.5%), pT3b-2 (2.1%), 
and pT4-6 (6.2%). 14 patients (14.4%) had 
pathologically confirmed nodal metastases. 
62 (63.9%) patients had no nodal metasta-
ses (pN0). In 21 (21.6%) patients lymph 
nodes were not examined (pNx). Tumor 
grades, according to Fuhrman, were G1-25 
(25.8%), G2-33 (34%), G3-27 (27.8%) and 
G4-12 (12.4%), respectively.

Expression of DNMTs in renal cell cancer 
and no-tumor tissues

Differential expression of DNMT proteins in 
renal cell carcinoma and no-tumor tissues 
according to histological type is summarized 
in Table 2. In our study, DNMT proteins were 
significantly highly expressed in different 
subtypes of renal cell cancer tissues than 
that of no-tumor tissues (Mann-Whitney 
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significantly higher than those of no-tumor tis-
sues (27.8%, 27.8%, and 22.2%, respectively); 
and the positive rates for DNMT1, DNMT3A, 
and DNMT3B expression in the chRCC tissues 
were 64.3%, 78.6%, and 78.6%, respectively, 
which were significantly higher than those of 
no-tumor tissues (16.7%, 33.3%, and 25.0%, 
respectively). Representative expression pat-
terns of immunohistochemical staining of 
DNMTs in RCC and non-tumor tissues were 
shown in Figures 1-3, respectively.

Association between expression of DNMT pro-
teins and clinicopathological parameters

The correlation analysis of DNMTs protein with 
clinicopathological factors in RCC was shown in 
Table 3. Our data showed that DNMT1, DNMT3A 
and DNMT3B expression was significantly 
associated with tumor size (P=0.003, 0.001 

and 0.003, respectively), tumor pathology 
stage (P=0.039, 0.034 and 0.037, respective-
ly), histopathological grading (P=0.042, 0.026 
and 0.031, respectively), lymph node metasta-
sis (P=0.022, 0.030 and 0.020, respectively), 
and vascular invasion (P=0.042, 0.031 and 
0.044, respectively). However, there were no 
association between DNMT1, DNMT 3A and 
DNMT3B expression with gender (P=0.244, 
0.533 and 0.155, respectively), age (P=0.889, 
0.975 and 0.949, respectively), or tobacco 
smoking (P=0.481, 0.095 and 0.980, res- 
pectively).

Association of DNMT protein expressions with 
survival of the patients

The correlation between DNMTs protein expres-
sion and prognosis in RCC patients was ana-
lyzed with the Kaplan-Meier method. We 

Table 2. DNMTs expression in RCC and non-tumor tissues
- + ++ +++

n N (%) N (%) N (%) N (%) PR, % P-value
Clear cell RCC DNMT1

Tumor 60 26 (43.3) 22 (36.7) 9 (15.0) 3 (5.0) 56.7 0.019
non-Tumor 22 16 (72.7) 3 (13.6) 2 (9.1) 1 (4.5) 27.3
DNMT3A

Tumor 60 22 (36.7) 20 (33.3) 13 (21.7) 5 (8.3) 63.3 0.012
non-Tumor 22 15 (68.2) 4 (18.2) 2 (9.1) 1 (4.5) 31.8
DNMT3B

Tumor 60 21 (35.0) 24 (40.0) 11 (18.3) 4 (6.7) 65.0 0.021
non-Tumor 22 14 (63.6) 4 (18.2) 3 (13.6) 1 (4.5) 36.4

Papillary RCC DNMT1
Tumor 23 9 (39.1) 7 (30.4) 4 (17.4) 3 (13.0) 60.9 0.037

non-Tumor 18 13 (72.2) 2 (11.1) 2 (11.1) 1 (5.6) 27.8
DNMT3A

Tumor 23 8 (34.8) 7 (30.4) 5 (21.7) 3 (13.0) 65.2 0.019
non-Tumor 18 13 (72.2) 3 (16.7) 2 (11.1) 0 (0) 27.8
DNMT3B

Tumor 23 7 (30.4) 6 (26.1) 7 (30.4) 3 (13.0) 69.6 0.003
non-Tumor 18 14 (77.8) 3 (16.7) 1 (5.6) 0 (0) 22.2

Chomophobe RCC DNMT1
Tumor 14 5 (35.7) 4 (28.6) 3 (21.4) 2 (14.3) 64.3 0.041

non-Tumor 12 10 (83.3) 1 (8.3) 1 (8.3) 0 (0) 16.7
DNMT3A

Tumor 14 3 (21.4) 5 (35.7) 5 (35.7) 1 (7.1) 78.6 0.022
non-Tumor 12 8 (66.7) 2 (16.7) 1 (8.3) 1 (8.3) 33.3
DNMT3B

Tumor 14 3 (21.4) 6 (42.9) 3 (21.4) 2 (14.3) 78.6 0.007
non-Tumor 12 9 (75.0) 2 (16.7) 1 (8.3) 0 (0) 25.0

-, negative; +, weak; ++, moderate; +++, strong staining; PR, positive rate. P-value obtained from Mann-Whitney U test.
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observed that the expression of DNMT1, 
DNMT3A and DNMT3B proteins in RCC was sig-

nificantly correlated with DFS and OS (all P < 
0.05; Table 4). The log-rank test further demon-

Figure 1. Representative immunohistochemical staining of DNMT1 protein in tissue samples (original magnification, 
×400 in A-H).
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Figure 2. Representative immunohistochemical staining of DNMT3A protein in tissue samples (original magnifica-
tion, ×400 in A-H).

strated that the OS and DFS time were both sig-
nificantly different between groups with and 

without expression of DNMTs protein, which 
indicated expression of DNMTs protein was cor-
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Figure 3. Representative immunohistochemical staining of DNMT3B protein in tissue samples (original magnifica-
tion, ×400 in A-H).

related with a shorter survival time (Figure 4). 
Other clinicopathologic parameters, including 

histological type (P=0.003 and 0.026, respec-
tively), tumor size (P=0.006 and 0.021, respec-
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tively), tumor pathology stage (P=0.000 and 
0.000, respectively), histological grade (P= 
0.024 and 0.004, respectively), lymph node 
metastasis (P=0.000 and 0.001, respectively), 
and vascular invasion (P=0.019 and 0.006, 
respectively) were also significantly correlated 
with overall survival and disease-free survivals 

MT protein in RCC. A report in 2006 [21] found 
that the incidence of nuclear immunoreactivity 
for DNMT1 tended to be higher in proximal 
tubules from nontumorous renal tissues than in 
those from normal renal tissues, and was sig-
nificantly higher in ccRCCs. However, there 
were no DNMT3A and DNMT3B. In our study, 

Table 3. Correlation between DNMTs expression and clinicopathological 
factors of RCC
Parameter n DNMT1 n (%)a DNMT3a n (%) DNMT3b n (%)
Gender
    Female 37 19 (51.4) 23 (62.2) 22 (59.5)
    Male 60 38 (63.3) 41 (68.3) 44 (73.3)

Pb 0.244 0.533 0.155
Age at diagnosis
    ≤ 55 59 35 (59.3) 39 (66.1) 40 (67.8)
    > 55 38 22 (57.9) 25 (65.8) 26 (68.4)

P 0.889 0.975 0.949
Tumor size
    ≤ 4 20 6 (30.0) 7 (35.0) 8 (40.0)
    > 4 77 51 (66.2) 57 (74.0) 58 (75.3)

P 0.003 0.001 0.003
Tumor pathology stage
    pT1 45 20 (44.4) 23 (51.1) 24 (53.3)
    pT2 28 18 (64.3) 21 (75.0) 22 (78.6)
    pT3 18 14 (77.8) 15 (83.3) 15 (83.3)
    pT4 6 5 (83.3) 5 (83.3) 5 (83.3)

P 0.039 0.034 0.037
Grading
    G1 25 9 (36.0) 12 (48.0) 13 (52.0)
    G2 33 20 (60.6) 20 (60.6) 21 (63.6)
    G3 27 19 (70.4) 21 (77.8) 21 (77.8)
    G4 12 9 (75.0) 11 (91.7) 11 (91.7)

P 0.042 0.026 0.031
Lymph node metastasis
    pNx 21 16 (76.2) 17 (81.0) 18 (85.7)
    pN0 62 30 (48.4) 35 (56.5) 36 (58.1)
    pN1/2 14 11 (78.6) 12 (85.7) 12 (85.7)

P 0.022 0.030 0.020
Vascular invasion
    No 84 46 (54.8) 52 (61.9) 54 (64.3)
    Yes 13 11 (84.6) 12 (92.3) 12 (92.3)

0.042 0.031 0.044
Tobacco smoking
    No 69 39 (56.5) 42 (60.9) 47 (68.1)
    yes 28 18 (64.3) 22 (78.6) 19 (67.9)

P 0.481 0.095 0.980
aNumbers in parentheses are percentage. bP-value obtained from Chi-Square test.

in univariate analysis (Ta- 
ble 4). In addition, multi-
variate analysis using the 
Cox proportional hazards 
model showed that the 
expression of DNMT1 was 
an independent prognos-
tic factor for over all sur-
vival (P=0.036), and the 
DNMT3A or DNMT3B ex- 
pression were indepen-
dent predictors of dis-
ease-free survival in pa- 
tients with RCC (P=0.031 
and 0.023, respectively), 
the traditional tumor size, 
tumor pathology stage, 
lymph node metastasis, 
and vascular invasion we- 
re independent predictors 
of both over all survival 
and disease-free survival 
(all P < 0.05) (Table 5).

Discussion

In the present study, we 
immunohistochemically 
determined the expres-
sion of DNMT family pro-
teins in RCC and adjacent 
non-tumor tissues, addi-
tionally, we analyzed the 
association with expres-
sion of DNMTs protein to 
the survival. The data 
showed that DNMT1 fami-
ly protein expression was 
higher in the subtype of 
ccRCC, pRCC and chRCC 
than that in adjacent non-
tumor tissues, which was 
consistent with the previ-
ous studies in other types 
of cancer [10, 18-20]. 
Until now, there is minimal 
amount of report on DN- 
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Table 4. Univariate analysis of OS and DFS in patients with RCC (months, 
mean ± SE)

Variable n Overall survival time P Disease-free 
survival time P

Gender
    Female 37 70.527±5.960 0.461 67.001±6.542 0.811
    Male 60 84.772±6.662 73.614±6.481
Age, years
    ≤ 55 59 83.286±6.505 0.810 75.783±6.511 0.709
    > 55 38 72.984±5.755 63.374±6.242
Histological type
    Clear cell RCC 60 82.807±6.102 0.003 74.754±6.219 0.026
    Papillary RCC 23 58.625±8.444 53.610±8.642
    Chomophobe RCC 14 92.333±7.893 82.833±8.982
Tumor size (cm)
    ≤ 4 20 104.778±7.894 0.006 91.703±8.859 0.021
    > 4 77 67.498±4.322 61.987±4.609
Tumor pathology stage
    pT1a 20 96.489±8.586 0.000 83.074±9.445 0.000
    pT1b 25 81.086±6.106 73.404±6.367
    pT2a 17 70.261±7.119 55.833±6.716
    pT2b 11 57.659±5.723 52.773±5.175
    pT3a 16 50.500±4.450 45.269±4.621
    pT3b 2 48.000±8.000 29.500±0.500
    pT4 6 28.500±5.374 24.167±7.295
Grading
    G1 25 83.484±9.098 0.024 77.446±9.586 0.004
    G2 33 80.976±5.847 75.247±6.307
    G3 27 70.065±7.626 61.312±7.579
    G4 12 37.661±4.288 34.333±4.667
Lymph node metastasis
    pNx 21 72.742±7.890 0.000 68.129±8.470 0.001
    pN0 62 89.848±6.287 78.247±6.116
    pN1/2 14 47.449±6.461 32.643±4.840
Vascular invasion
    No 91 84.366±5.300 0.019 75.496±5.276 0.006
    Yes 6 48.625±10.085 31.333±4.148
Tobacco smoking
    No 41 91.782±6.990 0.082 76.597±7.049 0.440
    yes 56 66.319±4.705 63.857±5.480
DNMT1 expression
    Positive 57 61.117±4.768 0.004 82.823±6.375 0.004
    Negative 40 92.260±6.174 57.251±5.098
DNMT3A expression
    Positive 64 73.291±8.061 0.016 68.915±8.213 0.034
    Negative 33 85.291±4.383 76.700±5.095
DNMT3B expression
    Positive 66 71.837±7.326 0.011 63.623±7.690 0.003
    Negative 31 87.223±4.534 80.382±5.157

we revealed for the first 
time that the expres-
sion of DNMT1, DN- 
MT3A and DNMT3B are 
highly expressed in cc- 
RCC, pRCC and chRCC, 
and demonstrated that 
the expression of DNMT 
proteins is associated 
with a more aggressive 
behavior of RCC. In ad- 
dition, we validated the 
expression of DNMTs 
was the independent 
risk factor of prognosis 
for RCC. Collecting duct 
RCC was a significant 
and important group of 
epithelial tumor of the 
RCC. We have also col-
lected collecting duct 
RCC but the number of 
collecting duct RCC av- 
ailable in our study 
were only 2, so we do 
not analyzed the col-
lecting duct RCC in this 
study, and we will con-
tinue to collect more 
collecting duct RCC for 
future study.

Our current study fur-
ther associated the rel-
evance of DNMT family 
protein expressions wi- 
th clinicopathological 
features from RCC pa- 
tients. We found that 
the DNMTs protein ex- 
pression was positively 
linked to tumor size, 
pathological stage, his-
tological grade, lymph 
node metastasis, and 
vascular invasion in 
RCC. Moreover, in our 
univariate analysis sh- 
owed that the expres-
sion of DNMT1, DNMT- 
3A or DNMT3B protein, 
tumor size, histological 
type, tumor pathology 
stage, lymph node me- 
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tastasis, and vascular invasion were associat-
ed with prognosis in RCC patients. The Overall 
survival (OS) and disease-free survival (DFS) of 
RCC patients were worse with expression of 
DNMT1, DNMT3A or DNMT3B compared with 
the patients with out expression of DNMT pro-
teins. In addition, our multivariate analysis 
showed that the expression of DNMT1 was an 
independent prognostic factor of OS, and the 
expression of DNMT3A or DNMT3B was inde-
pendent risk factor of DSF for RCC patients. In 
a variety of cancers, DNMT1, DNMT3A, and 
DNMT3B were reported to be highly expressed 
and associated with poor prognosis, including 
bladder, prostate, breast, lung, liver, cervical 
cancers  [9, 10, 18, 22-24]. The prognostic 
association between DNMT family and RCC 
patients may be because of the function role of 
“maintenance methylation” of DNMT1 and the 
“de nove methylation” of DNMT3A and DN- 
MT3B.

Hypermethylation of some tumor suppress 
gene (TSG) promoters that affect the prognosis 
can also explain the poor prognosis associated 

with patients with DNMT overexpression [25-
27]. In RCC, a series of investigations about the 
identification of methylated tumor suppressor 
gene candidates have been carried out. The 
tumor suppressor genes silenced by methyla-
tion in RCC include RASSF1A [28], VHL [29]. In 
addition, a recent report demonstrated that 
BNC1, PDLIM4, RPRM, CST6, SFRP1, GREM1, 
COL14A1 and COL15A1 showed frequent 
tumor-specific promoter region methylation 
and hypermethylation was associated with 
transcriptional silencing of TSG [30]. DNA meth-
ylation and histone modifications are intricately 
connected with each other. Histone deacety-
lase may play an important role in cooperation 
with DNA methyltransferases, in maintaining 
tumor suppressor gene silencing [31]. Thus, 
the use of a combination of inhibitors of DNMTs 
and histone deacetylase is an attractive thera-
peutic strategy in cancer [32]. In addition, 
microRNAs are also involved in regulation of 
DNMT expression [33, 34]. Recent evidence 
showed that microRNA (miRs), which are non-
coding RNAs, can be involved in the promoter 

Figure 4. Kaplan-Meier estimates of patients with renal cell carcinoma stratified by DNMTs protein expression.
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methylation of CpG islands by targeting DNMTs 
3’UTR [33-35]. In any events, due to the com-
plex mechanisms responsible for regulation of 
DNMT expressions and functions of DNMTs in 
carcinogenesis, the altered expression and 
effects of DNMTs should be further investigat-
ed in RCC. 

The development of molecular biomarkers is 
clinically important in that they can help identi-
fying tumors and predicting the recurrence and 
progression of tumors, which could potentially 
be benefit for effective treatments. Our data 
suggested that the expression of DNMT pro-
teins is correlated with more aggressive 
tumors. Moreover, DNMTs could potentially be 
added to the current prognostic methods to 
improve the accuracy of clinical outcome pre-
dictions and the choice of appropriate therapy 
for RCC patients who might have disease recur-
rence and progression. The findings are poten-
tially important in practice, because the expres-
sion of DNMTs could be a potential indicator for 
the use of DNMT inhibtor in the treatment of 
metastatic RCC.

dence about the role and significance of DNMTs 
in renal cell carcinoma.
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