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Abstract: Kank1, which was first described as a potential tumor suppressor for renal cell carcinoma (RCC), mapped
10 9p24.3 and encoded an ankyrin-repeat domain-containing protein. Its frequent deletion was found to be associ-
ated with several human malignant tumors, cerebral palsy, and neuronal and developmental diseases. However,
its functional role in nasopharyngeal cancer (NPC) was still unknown. In the present study, we found that Kank1l
expression was down-regulated in NPC cells than in human nasopharyngeal epithelial cell line NP69 and demeth-
ylating agent 5-aza-2’-deoxycytidine (5-aza-CdR) could improve its mRNA and protein expression level. Further stud-
ies demonstrated that DNA methylation might be the mainly cause for Kank1 decreased expression and restored
Kank1 expression mediated by 5-aza-CdR played a key role in suppressing NPC cells growth and inducing its apop-
tosis. Our primary results revealed new function of Kank1 for NPC and implied that epigenetic regulation especially
demethylation may have a potential value for NPC treatment.

Keywords: Kank1, nasopharyngeal carcinoma, 5-aza-CdR, methylation, proliferation, apoptosis

Introduction

Nasopharyngeal cancer (NPC) is a common
malignant tumor in southern China and
Southeast Asia [1]. According to the statistics,
there were 41503 new diagnosed cases and
20058 deaths of NPC patients in China in 2010
[2]. In addition to environmental factors (e.g.
Early-age Epstein-Barr virus (EBV) infection) [3,
4], genetic/epigenetic modification including
proto-oncogenes activation, tumor suppressor
genes inactivation, gene deletion, point muta-
tion, as well as DNA methylation all contribute
to the initiation and progression of NPC [5, 6].

The human Kankl gene (ANKRD15), located at
9p24.3, was first described as a potential
tumor suppressor for renal cell carcinoma
(RCC) [7]. It belongs to Kank family which con-
sists of other three members, Kank2, Kank3

and Kank4 [8]. The Kank family proteins share
a similar structure containing a coiled-coil
domain in the N-terminal region, an ankyrin-
repeats domain in the C-terminal region and a
KN motif at the N-terminus [8, 9]. It has been
proven that there were at least two types of
Kankl protein due to alternative splicing of
Kank gene at the first exon [10]. Kank1 has mul-
tiple biological functions in physiological and
pathological processes. It plays an important
role in cytoskeleton formation and cell motility
by regulating actin polymerization [11, 12].
Meanwhile, the deletions of Kankl have been
reported to be involved in many malignant
tumors, such as RCC [13, 14], bladder cancer
[15], hepatocellular carcinoma [16], pancreatic
carcinoma [17], lung cancer [18], cervical carci-
noma [19], breast cancer and acute lymphocytic
leukemia [20, 21]. However, the roles of Kankl
in NPC have not been reported yet.
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In this study, we firstly evaluated Kank1l mRNA
expression level in human nasopharyngeal epi-
thelial cell line NP69 and in four human NPC
cell lines (5-8F, 6-10B, CNE1, CNE2) and found
that Kank1 was significantly downregulated in
NPC cells. Loss of heterozygosity (LOH) and
aberrant hypermethylation of CpG islands in
promoters are known as the two leading causes
of tumor suppressor genes inactivation [22].
There are already some researches about LOH
of Kankl1 in many malignant tumors, but wheth-
er DNA methylation plays a vital role in deletion
of Kankl expression in NPC is still unknown.
Here, by treating NPC cells with 5-aza-2-deoxy-
cytidine (5-aza-CdR), a DNA methyltransferase
enzyme (DNMT) inhibitor, the expression level
of Kank1 was significantly elevated. Meanwhile,
the reexpression of Kankl induced by 5-aza-
CdR suppressed NPC cells proliferation and
facilitated its apoptosis. Therefore, we demon-
strated that the loss of function of Kankl in
NPC mainly attributed to DNA methylation. And
it shed lights on us that using demethylating
agents to improve Kank1 expression may have
a potential value in NPC treatment.

Materials and methods
Cell lines and drugs

NPC cell lines CNE-1, CNE-2, 5-8F, 6-10B and
non-cancerous human nasopharyngeal epithe-
lial cell line NP69 were provided by Key
Laboratory of Cancer Proteomics of Chinese
Ministry of Health. 5-aza-CdR (Sigma) was dis-
solved in dimethylsulfoxide (DMSO) to the con-
centration of 5 mol/L, the final concentration in
the culture medium was O, 1, 2, 5, 10 ymol/L.

Quantitative real time fluorescence poly-
merase chain reaction (QRT-PCR)

The relative Kankl mRNA expression was
determined by gRT-PCR. The total RNA was
extracted from cells with trizol (Invitrogen).
cDNA was synthesized by reverse-transcription
using the All-in-One First-Strand Kit (Gene-
Copoeia). The gRT-PCR was subsequently per-
formed with SYBR Green PCR Master Mix
(GeneCopoeia) using an ABI ViiA 7 instrument
(Applied Biosystems) at 95°C for 10 min, fol-
lowed by 40 cycles of 95°C for 10 s, 60°C for
20 s and 72°C for 20 s. Reactions were per-
formed in triplicate with human B-actin as an
internal control. The primers used for qRT-PCR
are as follows: Kankl, forward 5-GCAAGA-
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AGAGAAAAGGCAGTTG-3/, reverse 5'-TCCTCACA-
CCACAGACATTGAT-3’; B-actin: forward 5-s
TGACGTGGACATCCGCAAAG-3’, reverse 5-CTG-
GAAGGTGGACAGCGAGG-3'. 224°T method was
used to calculate the relative gene expression.

Western blotting

The Kankl protein expression was determined
with western blotting. The cells were rinsed
with cold PBS before treated with RIPA lysis
solution at 4°C for 30 min. Then the mixture
was centrifuged at 12000 rpm for 30 min
under 4°C, and protein concentration was
assayed using BCA method. Total proteins were
separated by electrophoresis on SDS-PAGE gel
(6% separating gel, 5% stacking gel). Imm-
unodetection of Kankl and B-actin were car-
ried out by using anti-Kank1 antibody at a dilu-
tion of 1:1500 and anti-B-actin (1:1000). The
ECL kit (Millipore) and X-ray films were used for
visualization.

Bisulfite sequencing PCR

Bisulfite sequencing PCR (BS-PCR) was used to
examine the methylation status of Kankl1 gene
promoter. Genomic DNA from cells was extract-
ed for methylation status screening. Approxi-
mately 1 pg of genomic DNA was bisulfite-mod-
ified using the EN-EpiTect-Bisulfile (QianGen)
according to the manufacturer’s recommenda-
tions. Based on the functional promoter se-
quence of the Kankl gene, the primers (F:
5-AGTGTATTTTTTTGGAAGGTAAATT-3’; R: 5'-CA-
ACTACCAAATCCTCTCTATCTTC-3’) used for bisul-
fite-specific PCR (BSP) detection were designed
using MethPrimer (http://www.urogene.org/
methprimer/index.html), and the amplified frag-
ment was 173 bp which contains 9 CG sites.
The PCR reaction was performed in a 50 l
reaction system, the reaction procedure was as
follows: 95°C 4 min, (95°C 30 s, 60°C 34s,
72°C 30 s) x 42 cycles, 95°C 4 min. The BSP
products were then cloned into a pGEM-T-vec-
tor (Promega), and DH5a competent cells were
used for transformation. Positive clones were
selected by EcoR lIrestriction endonuclease
and sequenced by Shanghai Sangon Biotech-
nology.

MTT assay

Proliferation of the cell lines were detected by
MTT. CNE1 and 6-10B cells were seeded in
96-well culture plates with 100 pl of growth
medium, cells were treated with different con-
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Figure 1. Kank1 is down-regulated in NPC cells and 5-Aza-CdR can increase its expression. A. Relative mRNA ex-
pression of Kank1 was examined by gPCR in NPC cells and human nasopharyngeal epithelial cell line NP69. Values
are means + SD (**P < 0.01). B. Different concentration of 5-Aza-CdR elevated Kank1l mRNA expression in 6-10B
cell. Values are means + SD (*P < 0.05, ***P < 0.001). C. Kank1l mRNA expression in CNE1 cell can be enhanced
by treating with 1, 2, 5, 10 uM 5-Aza-CdR. Values are means + SD (**P < 0.01, ***P < 0.001). D. Western blotting
analysis of Kankl expression in NP69, 6-10B, CNE1 cells and in 6-10B, CNE1 cells which were treated with 10 yM
5-Aza-CdR. 6-10B-0 and 6-10B-10 respectively represent 6-10B cell treated with no 5-Aza-CdR or 10 uM 5-Aza-CdR.
Similarly, CNE1-0 and CNE1-10 represent CNE1 cell treated with no 5-Aza-CdR or 10 uM 5-Aza-CdR. Values are

means = SD (*P < 0.05, **P < 0.01, ***P < 0.001).

centrations (0, 1, 2, 5, 10 umol/L) of 5-aza-CdR
and cultured for 3 days. Subsequently, 20 ul
MTT was added to each well and incubated in
CO, at 37°C for 4 h. DMSO was added to termi-
nate the reaction and the absorbance value
was detected at 490 nm. Cellular growth curves
were constructed based on the results.

FCM analysis

FCM analysis was used with annexin V-FITC and
Pl (ABI) combined staining to demonstrate the
apoptosisinduced by 5-Aza-CdR. Apoptosis
was observed after treatment with 10 ymol/L
5-aza-CdR for 72 hours. The samples were
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washed with PBS two times and adjusted to 1 x
1068 cells /mL. Then the cells were stained with
annexin V-FITC (10 pL) and PI (10 uL). After
incubation for 30 minutes in the dark at room
temperature, 400 pL 1x Binding buffer was
added to each tube and analyzed under FCM
(BD Biosciences) within 30 minutes.

Statistics

The SPSS 17.0 software was used for statisti-
cal analyses. The data were presented as mean
+ SD and comparison between two groups
used pair-t test. The statistical significance was
defined as a P value less than 0.05.
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Figure 2. 5-Aza-CdR decreases the methylation of Kank1 promoter, A. BS-PCR results of 6-10B cell treated with or
without 10 uM 5-Aza-CdR. Open circles indicate unmethylated and solid circles represent methylated CpG dinucleo-
tides. The total methylation rates of Kankl promoter was shown by histogram. Values are means + SD (***P <
0.001). B. The methylation status of Kank1 promoter in CNE1 cell treated with 10 uM 5-Aza-CdR compared to no

drug. Values are means + SD (***P < 0.001).

Results

5-aza-CdR increases the expression of Kank1
in NPC cells

To evaluate the kankl mRNA expression level,
we performed qRT-PCR in NPC cells and human
nasopharyngeal epithelial cell line NP69 and
the results showed that kankl mRNA expres-
sion significantly decreased in the NPC cell
lines (5-8F, 6-10B, CNE1, CNE2) comparing
with the control NP69 cell, especially for CNE1
and 6-10B cells (Figure 1A). Thus, we next
examined the impact of 5-aza-CdR on the
expression of Kankl in 6-10B and CNE1 cells
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and found that Kankl mRNA expression gradu-
ally enhanced by treating with increasing con-
centration of 5-aza-CdR (Figure 1B and 1C).
When the concentration of 5-aza-CdR reached
10 uM, the Kank1 protein level in 6-10B and
CNE1 cells were as well significantly evaluated
(Figure 1D). Therefore, we speculated that the
decreased expression of Kankl in NPC cells
was primarily mediated by DNA methylation.

5-aza-CdR ameliorates the methylation of
Kank1 promoter

To further detect the methylation status of
Kankl1 in NPC, we performed BS-PCR in 6-10B

Int J Clin Exp Pathol 2015;8(2):1658-1665



Kank1 suppresses nasopharyngeal carcinoma

p -]

6-10B

1.6 1
1.4 1
1.2 1
1.0 1
0.8 1
0.6 sk Hohe

ek

Absorbance value

0.2

0.0

sy)

1.6 1
1.4 1
1.2 1
1.0 1
0.8 1
0.6 1
0.4 4
0.2 1

*kk

Absorbance value

= 10 umol/l

0.0 L) L] Ll T T

Time(h)

Figure 3. 5-Aza-CdR suppresses 6-10B and CNE1 cells proliferation. A. MTT

5-aza-CdR induces the apop-
tosis of 6-10B and CNE1 cells

—— 0 ymol/l
—= 1 umol/l As an important physiological
2 umol/I phenomenon, apoptosis plays
—— 5 umol/l a key role during tumor pro-
~— 10 pumol/l gression. Therefore, we inves-
tigated whether 5-aza-CdR
had any effects on NPC cells
apoptosis. After treated with
10 pM b5-aza-CdR for 72
hours, 6-10B and CNE1 cells
all appeared cell shrinkage,
nuclear fragmentation etc.
apoptotic phenotype (Figure
—— (0 ymol/l 4A and 4B). To further confirm
~= 1 pymoll/l the promoting role of 5-aza-
2 pmol/l CdR to NPC cells, we stained
—— 5 pmolll 6-10B and CNE1 cells with an-

nexin V-FITC and PI after treat-
ing with 10 uM 5-aza-CdR, fol-
lowed by analyzing the cells
apoptosis via flow cytometry.
Consistent with the primary
observations, 5-aza-CdR sig-
nificantly facilitated 6-10B
and CNE1 cells apoptosis
compared with control (Figure
4C and 4D).

assays were used to investigate the effects of different concentration of

5-Aza-CdR on 6-10B cell proliferation. Values are means + SD (**P < 0.01,

Discussion

***P < 0.001). B. Cell proliferation analysis of different concentration of

5-Aza-CdR onCNE1 cell. The results shown are means + SD (*P < 0.05, **P

<0.01, ***P < 0.001).

and CNE1 cells. The results showed that all the
9 CG sites in the Kank1 promoter were hyper-
methylated in the two NPC cells. However, after
treated with 10 yM 5-aza-CdR, the methylation
rates of Kank1 in 6-10B and CNE1 cells were
obvious reduced (Figure 2A and 2B). All these
suggest that promoter methylation might be
one of the principal reasons of Kank1 inactiva-
tion in NPC.

5-aza-CdR suppresses the proliferation of NPC
cells

To check the effect of 5-aza-CdR on the growth
of NPC cells, MTT assay was used after treating
6-10B and CNE1 cells with different concentra-
tion of 5-aza-CdR for 72 hours. The results in
Figure 3A and 3B exhibited that 10 yM 5-aza-
CdR strikingly restrained the proliferation of
6-10B and CNE1 cells.
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NPC is a high-incidence malig-
nancy and tends to be one of
the most serious public health
problems in southern China and Southeast
Asia [23]. Though great advancement has been
reached in diagnosing and treatment of NPC,
the 5-year survival rate remains unsatisfactory
due to the complicated etiology and high
metastasis [24]. Therefore, it is extremely cru-
cial to explore the key gene involved in NPC ini-
tiation and progression.

Kank1 initially was identified as a tumor sup-
pressor in RCC [7] and afterward its deletion
was found to have a close relationship with sev-
eral human cancers such as bladder cancer,
hepatocellular cancer, lung cancer et al [15-
18]. However, there is no report about its func-
tion in NPC. In the present study, we found that
Kank1 was significantly down-regulated in NPC
cells compared to human nasopharyngeal epi-
thelial cell line NP69 and its expression can be
elevated in 6-10B and CNE1 cells by treating

Int J Clin Exp Pathol 2015;8(2):1658-1665
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Figure 4. 5-Aza-CdR
promotes 6-10B and
CNE1 cells apopto-
sis. A. Representa-
tive images of 6-10B
cells treated with 10
UM 5-Aza-CdR for 72
hours or DMSO as
control. B. The sur-
vival status of CNE1
cells which were
treating with 10 yM
5-Aza-CdR or not. C.
FCM analysis of the
effects of 5-Aza-CdR
on 6-10B cells apop-
tosis. Apoptotic cells
rates were shown on
the right panel. Val-
ues are means * SD
(**P < 0.01). D. 10
. UM  5-Aza-CdR sig-
nificantly  facilitated
. CNEZ1 cells apoptosis,
as measured by FCM.
Values are means +
SD (***P < 0.001).
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with a DNA methyltransferase enzyme (DNMT)
inhibitor 5-aza-CdR. Through BS-PCR assays,
we primarily confirmed that the methylation of
CpG island in promoter was the leading cause
for Kankl decreased expression in NPC cells.
Furthermore, we demonstrated that 5-aza-CdR
can suppresses 6-10B and CNE1 cells prolifer-
ation and promote them apoptosis. All these
results suggest us Kankl may act as a sup-
pressor in NPC and enhanced Kankl expres-
sion by 5-aza-CdR may have a potential value
for NPC treatment.

It is demonstrated that dysregulated gene
expression caused by aberrant DNA methyla-
tion contributes to the progression of several
human cancers [25]. The human Kankl gene
was firstly found by a LOH analysis based on
microsatellite markers using candidate loci
obtained by a genomic subtraction method [7].
Sarkar et al. also revealed the LOH of Kankl
occurred in 25% of RCC tissues [14] and meth-
ylation might be the most likely mechanism of
inactivation of Kankl gene expression [7].
Though there are many reports about LOH of
Kankl gene in several human cancers and
other diseases [26, 27], there have rare
researches about the methylation of Kankl.
Through BS-PCR method we first demonstrated
the Kankl was hypermethylated in NPC cells.
Therefore, Kankl reexpression in NPC induced
by 5-aza-CdR could have an inhibition effect for
NPC progression. Recent studies shed light on
the epigenetic therapy including numerous
drugs targeted specific enzymes involved in the
epigenetic regulation of gene expression for
cancers [28]. 5-aza-CdR, as a DNMT inhibitor,
whether can be used for NPC treatment needs
a further study.

Recent studies revealed Kank1 protein not only
localized in the cytoplasm but also acts as a
nucleo-cytoplasmic shuttling molecule respon-
sible for relocalization of B-catenin to the nucle-
us to activate B-catenin-dependent transcrip-
tion [29]. In addition, Kank1 plays an important
role in inhibiting the activation of RhoA through
PI3K/Akt/14-3-3 and Racl signaling via its
binding to IRSp53, resulting in the inhibition of
actin polymerization at the cell periphery and
cell migration [11, 12, 30]. Thus, more function-
al analysis of Kankl is ongoing to confirm the
importance of it in NPC development.
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