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Abstract: Objective: The anti-neoplastic effects of decitabine, an inhibitor of DNA promoter methylation, are beneficial for the treatment of renal cell carcinoma (RCC); however, the mechanism of action of decitabine is unclear.
We analyzed gene expression profiling and identified specific pathways altered by decitabine in RCC cells. Methods:
Four human RCC cell lines (ACHN, Caki-1, Caki-1, and A498) were used in this study; growth suppression of RCC
cells by decitabine was analyzed using the WST-1 assay. Apoptosis and cell cycle arrest were examined using flow
cytometric analysis. Gene expression of RCC cells induced by decitabine was evaluated with cDNA microarray, and
potential biological pathways were selected using Ingenuity Pathway Analysis. The activity of the p38-NF-κB pathway regulated by decitabine was confirmed by Western blotting. Results: Decitabine suppresses the proliferation of
RCC cells in vitro. Although decitabine did not significantly induce apoptosis, decitabine caused cell cycle arrest at
G2/M in a dose-dependent manner. Gene expression regulated by decitabine in RCC cells was investigated using
microarray analysis. Ubiquitin carboxyl terminal hydrolase 1 (UCHL1), interferon inducible protein 27 (IFI27), and
cell division cycle-associated 2 (CDCA2) may be involved in growth suppression of RCC cells by decitabine. The
phosphorylation of p38-NF-κB pathway was suppressed by decitabine in RCC cells. Conclusions: We investigated
gene expression profiling and pathways modulated by decitabine in RCC cells. Decitabine was shown to suppress
the growth of RCC cells via G2/M cell cycle arrest and the p38-NF-κB signaling pathway may play a role in the antineoplastic effect of decitabine in RCC cells.
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Introduction
Renal cell carcinoma (RCC) is the most common tumor involving the adult kidney. RCC
is characterized by diverse histologic features
and clinical phenotypes, including clear cell
RCC (ccRCC), chromophobe RCC, and papillary
RCC (PRCC), which originate from the epithelium of renal tubules [1, 2]. ccRCC is the major
histologic sub-type, accounting for > 75% of all
cases [3]. Due to technologic advances, an
increased number of patients with RCC are
diagnosed at an early stage and < 10% will succumb due to this malignancy [4]. Approximately
30% of patients diagnosed with localized RCC
will undergo relapse after nephrectomy. Moreover, patients with metastatic RCC have a poor
5-year survival rate, ranging from 0-20% [5].

Hypermethylation of cancer-associated genes
has been observed in various malignancies,
and DNA methylation plays a critical role in
human carcinogenesis [6]. Frequently, gene
methylation, such as death-associated protein
kinase (DAPK) 1, von Hippel-Lindau (VHL) tumor
suppressor, tumor suppressor protein RDA32
(RASSFIA), and tissue inhibitor of metalloproteinase (TIMP) 3, have been confirmed in
human RCC [7, 8]. The anti-neoplastic effects of
5-aza-2’-deoxycytidine (decitabine), an inhibitor
of DNA promoter methylation, appear to be beneficial for treatment of different tumors [9, 10].
Moreover, the effects of concomitant inhibition
with decitabine and chemotherapeutic drugs
were also examined in human tumors. Lou et al.
[11] suggested that the gefitinib and decitabine combination exerts synergistic anti-cancer
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activity and might be considered as a novel
therapeutic regimen for treating colon cancer.
Another study indicated that the combination
of decitabine and panitumumab is well-tolerated and has activity against metastatic colorectal cancer [12]. We also investigated the growth
suppression of decitabine and chemotherapeutic drugs in urinary tract carcinoma, and showed
that combination decitabine and paclitaxel
(PTX) caused synergistic growth suppression of
RCC and prostate carcinoma (PC), suggesting
that decitabine and PTX might be a novel
strategy to improve the clinical response rate of
RCC and PC [13, 14]. In addition, we found that
decitabine could significantly increase the
susceptibility of transitional cell carcinoma to
cisplatin, and synergistic growth suppression
by two agents was confirmed in all TCC cell
lines tested [15].
The mechanism of action of decitabine is
complicated and controversial. Even though
decitabine, a DNA methylation inhibitor, has
been reported to suppress tumor cell proliferation by inducing genome-wide demethylation or
reactivating the expression of specific methylated genes [16, 17], another study indicated
that decitabine enhances anti-neoplastic activity by causing DNA damage [18]. A recent study
showed that decitabine treatment can significantly increase CD80 gene expression, and the
CTL response elicited by the overexpression of
CD80 in a variety of human cancer cells suggests that decitabine is also involved in cancer
immunotherapy [19]. Another study reported
that combined chemotherapy with decitabine
and vorinostat could sensitize the tumor cell to
Fas-mediated apoptosis and CTL immunotherapy in colon cancer metastasis [20]. Our study
indicated that combination treatment with
decitabine and PTX causes significant downregulation of LEF1/phospho-β-catenin expression, and the LEF1/β-catenin complex plays a
vital role in the synergy of two agents against
RCC [21]. The mechanism of action of decitabine in RCC is unclear and should be further
investigated.
In this study we analyzed gene-expression
profiling and identified specific pathways
altered by decitabine in RCC cells. Our results
suggest that complex networks and numerous
pathways linked to decitabine induce growth
inhibition of RCC cells. Moreover, these data
confirmed that the p38/NF-κB pathway is
involved in G2/M cell cycle arrest of RCC cells
induced by decitabine.
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Materials and methods
All procedures followed were in accordance
with the Ethics Committee of Friendship
Hospital, Capital Medical University and with
the Helsinki Declaration. Informed consent was
obtained from all patients for being included
in the study.
Cell culture and agents
Four human ccRCC cell lines (ACHN, Caki-1,
Caki-2, and A498) were obtained from the
American Type Culture Collection (Manassas,
VA, USA), and all RCC cell lines were cultured
with complete medium consisting of RPMI1640 (Gibco, Bio-cult, Glasgow, Scotland), 25
mM HEPES, 1% non-essential amino acids,
100 units/ml of penicillin, 100 μg/ml of streptomycin, 2 mM L-glutamine, and 10% heatinactivated fetal bovine serum. Cells were
maintained as monolayers in 10-cm plastic
dishes and incubated at 37°C in a humidified
incubator containing 5% CO2. RCC cells were
detached using 0.25% trypsin/0.01% EDTA.
Decitabine was purchased from Sigma (St.
Louis, MO, USA).
Cell proliferation assay
Cell proliferation was analyzed using the WST-1
assay according to the manufacturer’s instructions. RCC cells were planted into 96-well
plates and cultured for 24 h, and then the cells
were treated with decitabine (1, 2, 4, 8, and 16
μM) for 72 h. After incubation, the cells were
treated with 10 μl of WST-1 (Roche, Penzberg,
Germany) and the incubation was continued
for 2 h. Finally, the absorbance of each well was
measured at 450 nm using a microculture plate
reader (Immunoreader, Tokyo, Japan). Three
independent experiments were performed and
untreated cells were used as blank controls.
Flow cytometric analysis
RCC cells were detached using 0.25% trypsin/0.01% EDTA, and 2×105 RCC cells were
treated with decitabine for 72 h. Cells were
collected and fixed with 70% ethanol at -20°C
for 8 h, then washed with phosphate-buffered
saline and incubated for 30 min with 7-AAD
staining solution (BD Biosciences Pharmingen,
San Diego, CA, USA). The cells in each phase of
the cell cycle were counted with FACSCalibur
(Becton Dickinson and analyzed using Cell
Quest (version 3.0;).
Int J Clin Exp Pathol 2015;8(9):11140-11148

Growth suppression of RCC by decitabine

Figure 1. The growth inhibitory effect of decitabine was analyzed in RCC cell lines.

cDNA microarray
Total RNA from the four RCC cell lines treated
with decitabine was isolated using Trizol according to the manufacturer’s instructions. After
RNA measurement and denaturing gel electrophoresis, the RNA samples were amplified and
labeled with Cy5 and Cy3 fluorescent dye using
the Agilent Quick Amp labeling kit. Hybridizations
were performed with Agilent whole genome
oligo microarray, and the slides were scanned
by the Agilent DNA microarray scanner. We performed sort analysis after pre-treatment to
11142

select good spots for scanning or normalization
of the array data, and a number of genes potentially relevant to decitabine treatment were
identified from our gene array screens.
Western blotting
Western blot was performed according to the
manufacturer’s instructions. Total protein was
isolated from RCC cells treated with decitabine
for 72 h. The total protein concentration was
measured using a BCA protein assay kit (Pierce,
USA). One hundred micrograms of protein was
Int J Clin Exp Pathol 2015;8(9):11140-11148
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Figure 2. Decitabine did not induce apoptosis in RCC cell lines, rather caused cell cycle arrest in the G2/M phase.

separated by SDS-PAGE and transferred onto
PVDF membranes (Amersham, Buckinghamshire, UK). Antibodies against p38 and phospho-p38, NF-κB, and phospho-NF-κB were
purchased from Cell Signaling Technology
(Danvers, MA, USA). An anti-β-actin monoclonal
antibody (Abcam, Cambridge, UK) was applied
as a loading control. The immune reaction
complexes were visualized with an ECL system
(Amersham, Aylesbury, UK).
Statistical analysis
Statistical analysis was determined using SPSS
(version 19.0; SPSS, Inc., Chicago, IL, USA). All
data were calculated in triplicate and the results are represented as the mean ± standard
deviation. Measurement data was investigated
11143

using an independent two-tailed t test and a
value of P < 0.05 was considered statistically
significant.
Results
Growth inhibition by decitabine in RCC cells
The growth inhibitory effect of decitabine on
RCC cells was analyzed in the four RCC cell
lines using the WST-1 assay. RCC cells treated
with decitabine had low proliferative ability
compared to untreated control cells (Figure
1A). Moreover, decitabine inhibited the growth
of RCC cells in a dose-dependent manner
(Figure 1B). Thus, targeting DNA methylation
with decitabine may be a novel therapy by
which to improve prognosis of patients with
advanced RCC.
Int J Clin Exp Pathol 2015;8(9):11140-11148
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Table 1. Gene expression regulated by decitabine in RCC cells was investigated using microarray
analysis
TOP 10 up-regulated genes by decitabine
Probe location
A_23_P132956
A_23_P48513
A_23_P148541
A_23_P73429
A_23_P16523
A_23_P133408
A_23_P15542
A_23_P216501
A_23_P146946
A_23_P76078
Probe location
A_24_P916585
A_24_P347458
A_24_P323434
A_24_P105283
A_24_P310946
A_24_P922261
A_23_P84872
A_23_P76145
A_23_P154217
A_23_P143143

Gene bank No. Gene location
NM_004181
NM_005532
NM_139250
NM_005335
NM_004864
NM_000758
NM_000413
NM_213674
NM_001323
NM_016584

Gene name

chr4: 40965097..40965156
UCHL1
chr14: 93652682..93652741
IFI27
chrX: 153468202..153468261
CTAG1A
chr3: 122833026..122832969
HCLS1
chr19: 18360890..18360949
GDF15
chr5: 131439351..131439410
CSF2
chr17: 37960565..37960624
HSD17B1
chr9: 35672147..35672088
TPM2
chr11: 65537414..65537473
CST6
chr12: 55020350..55020409
IL23A
TOP 10 down-regulated genes by decitabine

Gene bank No. Gene location
AF058296
NM_022474
NM_152562
NM_005066
NM_007357
BC029919
NM_024077
AF256215
NM_000888
NM_002166

Gene name

chr20: 25155371..25155312
chr14: 66849057..66849116
chr8: 25393501..25396834
chr1: 35427247..35426276
chr1: 228892485..228893774
chr12: 62761461..62761520
chr9: 91163819..91163878
chr12: 27465419..27465477
chr2: 160672479..160666576
chr2: 8740093..8740481

Apoptotic properties of RCC cells treated by
decitabine
We analyzed the induction of apoptosis and
cell cycle arrest by decitabine in four RCC cell
lines. Flow cytometric analysis indicated that
decitabine did not significantly induce apoptosis, even at 8 μM, in all RCC cell lines; however,
decitabine caused cell cycle arrest at G2/M in
a dose-dependent manner (Figure 2 [the ACHN
and Caki-1 data are shown]).

ENTPD6
MPP5
CDCA2
SFPQ
COG2
SRGAP1
SECISBP2
ARNTL2
ITGB6
ID2

Log2 ratio
[Decitabine vs. Control]
5.64
5.33
3.91
3.49
3.18
3.17
3.16
3.14
2.98
2.74
Log2 ratio
[Decitabine vs. Control]
-4.45
-3.83
-3.33
-3.8
-3.72
-3.63
-3.59
-3.51
-3.47
-3.36

in RCC cells using Ingenuity Pathway Analysis
(IPA, version 3.0; Table 2). The probable pathways induced by decitabine in RCC cells were
ranked following the P value; a low P value represents that the pathway is closely correlated
with the effect of decitabine against RCC cells.
Our results indicated that the NF-κB pathway,
hypoxia, and p53 in the cardiovascular system
may be involved in anti-proliferation of decitabine in RCC cells.

cDNA microarray analysis

Suppression of p38-NF-κB activity by
decitabine in RCC cells

Gene expression regulated by decitabine in
RCC cells was investigated using microarray
analysis. Top 10 up- or down-regulated genes
by decitabine are shown in Table 1. The expression of each gene was determined by calculating the average of four RCC cell lines and represented as fold changes compared to untreated
control cells. We also selected the possible
biological pathways modulated by decitabine

To demonstrate that the NF-κB signaling pathway is associated with the effect of decitabine
on RCC cells, the activity of the p38-NF-κB
signaling pathway was investigated after stimulation with decitabine. In four RCC cell lines,
although decitabine did not regulate the total
expression of p38 or NF-κB, it suppressed the
phosphorylation of p38 and NF-κB (Figure 3).
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Table 2. Pathways modulated by decitabine in RCC cells were selected by Ingenuity pathway analysis
TOP 10 pathways modulated by decitabine
NF-κB pathway
Hypoxia and p53 in the cardiovascular system
amb2 integrin signaling
TRAIL signaling pathway
Class I PI3K signaling events
PDGF signaling
IL2-mediated signaling events
eNOS activity regulation
mTORC1-mediated signaling
IL23-mediated signaling events

Genes in the
pathway
214
27
56
633
449
45
179
27
12
99

Genes in the
chip
191
16
20
246
181
35
64
7
7
40

Matched with
microarray
19
4
5
20
15
5
9
2
2
5

P value
0.008
0.009
0.012
0.013
0.02
0.025
0.026
0.035
0.035
0.036

tified specific pathways altered by decitabine in RCC
cells. Our results indicated
that decitabine inhibits the
proliferation of RCC cells.
Even though decitabine
cannot significantly induce
apoptosis in RCC cells,
decitabine causes cell
cycle arrest at G2/M in a
dose-dependent manner.
Gene expression regulated
by decitabine in RCC cells
was also analyzed using
Figure 3. Decitabine suppressed the phosphorylation of p38 and NF-κB.
microarray analysis. Several up- or down-regulated
These results suggest that the p38-NF-κB siggenes were identified and will be investigated
naling pathway was suppressed by decitabine
in the future. Our results indicated that ubiquiand p38-NF-κB may play a vital role in the
tin carboxyl terminal hydrolase (UCHL) 1 and
action of decitabine against RCC cells.
interferon inducible protein (IFI) 27 are significantly up-regulated by decitabine in RCC cells.
Discussion
Although UCHL1 may contribute to colorectal
cancer progression by activating the β-catenin/
The prognosis of RCC is poor because most
TCF pathway [26], UCHL1 has been reported as
patients are at an advanced stage at the time
a tumor suppressor and promoter methylation
of diagnosis and current treatments are not
has been detected in ovarian and prostate caneffective [22]. Thus, finding new anti-neoplastic
cers [27, 28]. Aberrant CpG methylation of the
drugs for RCC therapy has the potential to
UCHL1 promoter is also significantly associatimprove the clinical strategy and outcomes in
ed with transcriptional silencing in breast canpatients with RCC. Decitabine, a DNA methylcer tissues [29]. Interferons (IFNs) manifest
transferase inhibitor, has been shown to have
their functions by regulating the expression of
anti-tumor activities in human carcinoma [23].
target genes, knownas IFN-stimulated genes
Clinical trials with decitabine have also been
(ISGs). IFI27 (ISG12) is commonly induced by
conducted in patients with RCC [24, 25]; howIFNs and sensitizes cells to apoptotic stimuli by
ever, the mechanism of action of decitabine
mitochondrial membrane destabilization [30].
against RCC is not entirely clear.
IFI27 has been reported to have low expression
In this study we investigated the effect of
in leiomyomas and plays a role in the IFN pathway during leiomyoma development [31].
decitabine on the growth of RCC cells and iden11145
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Another study indicated that IFI27 is involved in
the proliferation of skin keratinocytes and that
IFI27 might be a new target for development of
a novel anti-psoriasis therapy [32]. Our results
also indicated that the expression of cell division cycle-associated (CDCA) 2 is significantly
down-regulated by decitabine in RCC cells.
CDCA2 plays a critical role in the DNA damage
response and regulates the activation of p53. A
recent study indicated that the expression of
CDCA2 is over-expressed in oral squamous cell
carcinoma and is associated with tumor progression [33]. Low expression of CDCA2 can
suppress proliferation in the G1 phase [33];
however, the expression of UCHL1, IFI27, and
CDCA2 in RCC is unclear, thus, the role of these
genes in RCC and growth inhibition induced by
decitabine should be further investigated.
In this study we further investigated the biological pathways regulated by decitabine in RCC
cells using IPA analysis. Our results indicated
that the NF-κB pathway is suppressed significantly and is involved in the anti-proliferative
effect of decitabine on RCC cells. To evaluate
the role of the NF-κB pathway in RCC cells treated with decitabine, the activity of the p38-NFκB signaling pathway was analyzed after stimulation with decitabine. Although decitabine cannot modulate the expression of p38 or NF-κB, it
decreased the phosphorylation of p38 and
NF-κB. Our results suggest that the p38-NF-κB
pathway is suppressed by decitabine and p38NF-κB may play a critical role in the anti-proliferative effect of decitabine against RCC cells.
In conclusion, our study demonstrated that
decitabine suppresses the proliferation of RCC
cells via G2/M cell cycle arrest by suppressing
p38-NF-κB activity. Moreover, targeting DNA
methylation with decitabine may be a useful
approach for improving prognosis in patients
with advanced RCC.
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