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Exogenous WWOX enhances apoptosis and weakens
metastasis in CNE2 nasopharyngeal carcinoma cells
through the intrinsic apoptotic pathway
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Abstract: The WW domain containing oxidoreductase (WWOX) has been postulated to behave as a putative tumor
suppressor and that silencing of WWOX expression is linked to the carcinogenesis and progression of various carci-
nomas. The role of WWOX in nasopharyngeal carcinoma (NPC) remains unclear. Herein, we sought to evaluate the
biological feature of WWOX restoration in human CNE2 NPC cells. In vitro experiments manifested that transiently
overexpressed WWOX significantly suppressed proliferation as well as invasion and migration of the CNE2 cells. Of
note, WWOX-induced apoptosis could be partly reversed by the selective caspase inhibitor, Z-VAD-FMK. Furthermore,
immunoblotting analysis indicated that ectopic expression of WWOX could trigger the intrinsic apoptotic signaling
pathway characterized by a down-regulation of Bcl-2 and Bcl-xL, and up-regulation of Bax and Cytochrome ¢ along
with a remarkable activation of the caspase cascades. Taken together, our data reveal that WWOX behaves as a
potent tumor suppressor in CNE2 cells, possibly by enhancing apoptosis and weakening metastasis via the intrinsic

apoptotic pathway.
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Introduction

Nasopharyngeal carcinoma (NPC) is a kind of
malignant tumor occurs in nasopharyngeal
mucosa and is characterized by high motility
and frequent metastasis [1]. Distant metasta-
sis continues to be the culprit of death among
the NPC cases with stage Ill and IV [2]. In this
respect, itis in dire need of finding and develop-
ing new diagnostic and therapeutic targets for
NPC.

The WWOX gene has been proposed as a
potential diagnostic or therapeutic target for
multiple cancers. In human beings, expression
of the WWOX (WW domain containing oxidore-
ductase) protein is under control by the WWOX
gene that resides in 16923.3-24.1 locus, an
area designated as the highly affected chromo-
somal fragile site (FRA16D) [3]. The WWOX
gene possesses 9 coding exons and encodes
the WWOX protein consists of two WW domains

in N terminal and one short-chain dehydroge-
nase (SDR) domain in C terminal [4]. The immu-
nohistochemical analyses have identified the
positive expression of WWOX protein in normal
human organs and tissues, particularly in hor-
mone related organs, speculating that WWOX
may behave as an important regulator in ste-
roid-receptor cell pathways [5]. Since its discov-
ery, WWOX has been reported to function
as a putative oxidoreductase and implicate in
diverse biological processes, including cell
growth, differentiation, metabolism, autophagy,
and so forth [6-8]. Particularly, studies in recent
years have highlighted the distinct role of
WWOX in human cancers and suggest that
WWOX is able to serve as a potent tumor sup-
pressor in promoting apoptosis or cell death in
various cancers [4, 9-11]. Our previous studies
indicated that WWOX behaves as a driver in
accelerating apoptosis in leukemia cell lines
[12-14]. Notwithstanding, although WWOX
shows high loss of heterozygosity (LOH) in many
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cancer types, it is rare to see that WWOX only
impairs a single allele instead of both alleles
during inactivation [9]. Contradictory results
still hold the adverse points regarding the anti-
neoplastic effects of WWOX in some cancer
types [15]. In NPC, it is speculated that WWOX
is not likely to be a classical tumor suppressor,
as high percentage of LOH for WWOX has been
detected in NPC tissues [16]. In order to gain a
better understanding of the functional role of
WWOX in NPC, we assessed the biological fea-
ture of WWOX restoration in human CNE2 NPC
cells.

Materials and methods
Reagents

RPMI-1640 medium (Hyclone, Logan, UT, USA);
FBS (PAN-Biotech GmbH, Aidenbach, Germ-
any); ZLip2000 (Zoman Biotechnology, Beijing,
China); ZVAD-FMK (SelleckChem, Houston, TX);
rabbit anti-human WWOX monoclonal IgG, rab-
bit anti-human Bcl-2 monoclonal IgG, rabbit
anti-human Bax monoclonal 1gG, horseradish
peroxidase-conjugated goat anti-rabbit IgG and
anti-mouse 1gG were all purchases from Ab-
cam (Cambridge, MA, USA). Rabbit anti-human
cleaved PARP polyclonal IgG (for detection of
85 kDa apoptotic fragment of PARP) and rabbit
anti-human caspase-9 polyclonal IgG (Santa
Cruz Biotechnology, Inc., Dallas, TX, USA); Ann-
exin V PE/7-AAD apoptosis kit (KeyGEN Biotech,
Nanjing, China); RIPA lysis buffer, BCA Protein
Quantification kit, CCK-8 assay kit, DNA Frag-
mentation kit, mouse anti-human Cytochrome
¢ monoclonal IgG2b, mouse anti-human B-actin
monoclonal IgG2a, and rabbit anti-human
Bel-xL 1gG were all purchased from Beyotime
Institute of Biotechnology (Haimen, China).

Cell culture, transfection and caspase activity
blocking

Human CNE2 poorly differentiated nasoph-
aryngeal carcinoma cells (Chinese Academy of
Medical Sciences) were cultured using RPMI-
1640 medium plus 10% FBS without penicillin/
streptomycin. The CNE2 cells were transfected
using a recombinant expression vector, pCMV-
WWOX-EGFP that we previously constructed
[14]. A commercial transfection reagent, ZLip-
2000 was utilized according to its protocol: 2.5
x 10° cells/well were seeded and cultivated in
the 6-well plates till to reach a density of 60%
to 70% confluence before transfection. The
transfection mixture was prepared by adding 4
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pug pPCMV-WWOX-EGFP in 200 ul antibiotics-free
RPMI-1640, and 10 ul ZLip2000 in another
200 ul antibiotics-free RPMI-1640, followed by
mixing the mixture together to obtain the
ZLip2000-DNA complex. The ZLip2000-DNA
complex were subsequently supplemented to
the seeded cells (400 ul/well) with a total vol-
ume of 2 ml per well. The culture medium was
replaced with new RPMI-1640 media after
transfection for 4 to 6 h. Expression of the
tagged EGFP was observed via fluorescence
microscopy (Olympus) at 24 h after transfec-
tion. Additionally, cell caspase activity was
blocked with or without a broad caspase inhibi-
tor, ZVAD-FMK (20 pM).

Proliferation assay

Evaluation of cell proliferation was enabled by
using a CCK-8 assay kit. Briefly, 2.0 x 10° cells/
well was seeded in 96-well plates with a total
volume of 100 pl. Cell transfection followed the
procedures above (0.2 pg vector and 0.5 pl
ZLip2000 were utilized per well). Before test-
ing, 10 ul CCK-8 was supplemented to each
well followed by incubating at 37°C for 3 h. The
OD value for each well was monitored using a
microplate reader (BioTek Instruments, USA)
with double wavelength of 450 nm and 630
nm. The inhibition ratio (%) was calculated
according to the formula reported by our previ-
ously study [13]. Each test was repeated for 3
times.

Wound healing migration assay

The wound healing experiments were conduct-
ed utilizing the 6-well culture plates: monolayer
CNE2 cells (5 x 105/well) were raised in serum-
free RPMI-1640 media, and culturing to a den-
sity of 90% confluence. A 200 ul volume pipette
tip (Eppendorf Lab Technologies) was applied
to introduce a scratch through the cell mono-
layer. Images were captured at 48 h following
wounding.

Invasion assay

In vitro matrigel experiments were enabled by
using the cell invasion chambers with 8 uyM
pore filters (Millipore Corp., Billerica, MA, USA)
and followed the procedures we recently
described [17].

Flow cytometry analysis

The apoptotic ratio (%) was measured using
Annexin V PE/7-AAD double colored fluorescent
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Figure 1. Effects of WWOX restoration on CNE2 cell proliferation. A, B: Expression of WWOX-EGFP fusion protein were
observed at 12 h after transfection (x 200) and measured by immunoblotting. C, D: Cell growth curve and inhibition
ration were plotted and calculated with or without a broader caspase inhibitor. **P<0.01 vs. pCMV-C-EGFP group

at 48 h and 72 h during transfection.

by flow cytometry [12]. Treated CNE2 cells
were harvested at 72 h after transfection and
washed 2 times with PBS buffer. Subsequently,
1-5 x 10° cells were suspended utilizing 500 pl
Binding Buffer, followed by adding 1 yl Annexin
V-PE and incubating at room temperature for
15 min away from light. Later, 5 pl of 7-AAD was
supplemented and placed in dark at room tem-
perature for 15 min. Stained cells were finally
analyzed using a Becton Dickinson FACSCalibur.

DNA ladder analysis

The “DNA ladder” analysis was performed with
a DNA Fragmentation kit according to its
instructions. A total of 2 ug extracted DNA for
each sample was subjected to the agarose gel
electrophoresis (1.0%) with a constant voltage
of 20 V for 4 h.

Western blot analysis
Cells were lysed using the RIPA buffer and spun

at 12,000 x g for 15 min. The protein lysates
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were further quantified utilizing a commercial
BCA Protein Quantification kit. Proteins were
separated and transferred onto PVDF mem-
branes (Millipore Corp., Billerica, MA, USA), fol-
lowed by incubating in TBS plus 5% blocking
serum. The blocked membranes were then
subjected to a serious of primary antibodies:
rabbit anti-human WWOX (1:1000), rabbit anti-
Bcl-2 (1:500), anti-Bcl-xL (1:300), anti-Bax
(1:150), anti-caspase-9 (1:500), anti-cleaved
PARP (1:300), and mouse anti-human Cytoch-
rome ¢ (1:300), and B-actin (1:1000). All the pri-
mary antibodies were incubating at 4°C over-
night, and washed 3 times with TBS plus 0.2%
Tween-20. The secondary antibodies were all
diluted at 1:10,000 and incubating at room
temperature for 2 h. Images of the protein
bands were quantified using Image J software
(version 1.43b).

Statistical analysis

Data were documented as the mean * stan-
dard deviation (SD), and group differences were
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Figure 2. Effects of WWOX restoration on CNE2 cell migration and invasion. A, C: Wound healing migration assay. B,
D: Migration and invasion ability of the CNE2 cells were assessed by Transwell assay, x 200. **P<0.01 vs. pCMV-

C-EGFP group.

analyzed via one-way analysis of variance
(ANOVA) based on the platform of SPSS 16.0
software. P<0.05 was regarded as data with
statistical differences.

Results

WWOX restoration suppresses proliferation in
CNE2 cells

Firstly, we examined whether the combined
plasmid was successfully transfected into
CNE2 cells (a kind of NPC cell line reveals unde-
tectable levels of endogenous WWOX) through
fluorescence microscope and immunoblotting.
Expression of WWOX-EGFP fusion protein was
observed and detected at 12 h after transfec-
tion (Figure 1A and 1B). As shown in Figure 1C
and 1D, proliferation was significantly inhibited
in pCMV-WWOX-EGFP-transfected CNE2 cells
as compared to the pCMV-C-EGFP contrast, all
with P<0.01 at 48 and 72 h during transfection,
whereas in ZZVAD-FMK supplemented pCMV-
WWOX-EGFP group, the inhibiting effects could
be partly inversed.

WWOX restoration reduces the migration and
invasion of CNE2 cells

To dissect the character of WWOX in the
metastasis of CNE2 cells, we performed in vitro
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cell migration and invasion experiments. The
migration and invasion ability were markedly
decreased in WWOX restored CNE2 cells when
versus the paired control transfected with
empty plasmid (Figure 2, P<0.01). Furthermore,
Z-VAD-FMK could partially rescue the inhibition
of migration and invasion in WWOX overexpres-
sion cells.

WWOX overexpression enhances apoptosis in
CNE2 cells

In order to validate whether the growth inhibit-
ing effects of WWOX restoration is due to apop-
tosis, we employed flow cytometric analysis
and DNA degradative fragments assay. As the
transfecting plasmid was EGFP tagged, we
stained cells using Annexin V PE/7-AAD (orange
red fluorescence) [12]. In comparison to pCMV-
C-EGFP control, pCMV-WWOX-EGFP transfect-
ed CNE2 cells exhibited higher apoptosis ratios
(%) (Figure 3A and 3B, P<0.01, when vs. pCMV-
C-EGFP group) as well as increased apoptotic
‘DNA ladders’ with time lapse (Figure 3C).
Importantly, WWOX re-expression cells revealed
decreased apoptosis ratios (%) and inconspicu-
ous ‘DNA degradative fragments’ after treated
by Z-VAD-FMK (Figure 3). These results strongly
suggested that the caspase cascade is linked
to WWOX-induced apoptosis in CNE2 cells.

Int J Clin Exp Pathol 2017;10(10):10343-10351
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WWOX re-expression triggers the mitochondrial
pathway in CNE2 cells

Lastly, in order to address whether exogenous
WWOX promotes cell apoptosis via the mito-
chondrial signaling pathway, we assessed the
levels of apoptosis-associated proteins by
immunoblotting. Endogenous levels of Bcl-2
and Bcl-xL were down-regulated, whereas Bax
and Cytochrome c were elevated after re-
expression of WWOX in CNE2 cells (Figure 4A).
As expected, WWOX restoration promoted the
cleave effects of Caspase-9, Caspase-3 and
PARP in CNE2 cells (Figure 4A), whereas block-
ing caspase activity using Z-VAD-FMK displayed
contradict effects to apoptosis by preventing
the alteration of Bcl-2, Bcl-xL, Bax and Cyto-
chrome ¢ expression levels as well as the acti-
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vation of Caspase-9 and Caspase-3 proteins in
the caspase cascade (Figure 4A).

Discussion

Inactivation of the tumor suppressor genes is a
hallmark of most of malignant neoplasms [18],
including nasopharyngeal carcinoma (NPC).
Reduced or loss of WWOX expression is linked
to the tumorigenesis and development of
tumors of various origins (reviewed in [7, 8, 11].
Additionally, several studies have documented
that exogenous WWOX could inhibit cancer cell
growth in vitro and reduce tumor burden in vivo,
revealing a more aggressive tumor behavior in
diverse carcinomas [4, 19, 20]. We have previ-
ously shown that WWOX expression is reduced
or absent in the majority of leukemia cases and

Int J Clin Exp Pathol 2017;10(10):10343-10351
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Figure 4. Expression level of apoptosis related proteins in WWOX-mediated apoptosis in CNE2 cells. A: The apop-
totic proteins were analyzed by immunoblotting. B: Expression of apoptotic proteins were quantified using ImageJ
software. C: Schematic diagram of WWOX-mediated apoptosis in CNE2 cells via the mitochondrial pathway. Casp-9:
caspase-9; Casp-3: caspase-3; Cyt C: Cytochrome c¢. *P<0.05, **P<0.01 vs. pCMV-C-EGFP group.

that restoring WWOX levels resulted in a block- from our recent study was that some NPC cases
age of tumorigenicity in leukemia cell lines [12, express little even no WWOX/WWOX in blood or
13, 21]. An interesting finding that emerged tumor lesions (unpublished data), which further

10348 Int J Clin Exp Pathol 2017;10(10):10343-10351
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prompted us to hypothesize that WWOX might
implicate in the tumorigenesis of NPC. Herein,
we restored WWOX expression in CNE2 NPC
cells (a cell line lacks endogenous WWOX) by
transfecting with the pCMV-WWOX-EGFP plas-
mid [14]. In agreement with most of the pub-
lished studies supporting the antineoplastic
effects of WWOX in tumors [13, 14, 20, 22, 23],
we observed distinct suppression effects of
WWOX in CNE2 cell proliferation and metasta-
sis.

An important finding from our study is that
WWOX is likely to enhance apoptosis and weak-
en metastasis in CNE2 through the caspase-
dependent mechanism. Before this, several
studies have provided evidence upholding that
WWOX is a caspase-linked tumor suppressor
which suppresses cancer cell viability and pro-
motes apoptosis by triggering the caspase cas-
cade [13, 14, 22, 23]. In order to verify whether
the caspase-dependent mechanism is involved
in WWOX-mediated cell death, we blocked the
caspase activity in WWOX restored CNE2 cell
utilizing a broader caspase inhibitor (Z-VAD-
FMK). Our data showed that inhibiting effects
of WWOX on cell viability could be partly invers-
ed by the supplement of ZVAD-FMK. It is there-
fore convincible that WWOX suppresses CNE2
proliferation likely through the regulation of the
caspase cascade.

On the other hand, deregulation of WWOX is
connected with carcinogenesis and cancer
metastasis, as WWOX is barely detectable in
nearly all of metastatic tumor tissues [4]. Some
study had highlighted that reduced protein level
of WWOX contributes to lymph node metasta-
sis [24, 25]. Our findings now further show that
WWOX also plays a critical role in NPC cell
metastasis: the transiently overexpressed
WWOX could weaken migration and invasion of
the CNE2 cells. As reported, recent study has
demonstrated that WWOX suppresses osteo-
sarcoma metastasis by modulating RUNX2
transactivation function [26]. Here, we further
blocked the caspase activity in WWOX restored
CNE2 cells utilizing Z-VAD-FMK, and observed
that ZVAD-FMK could partially rescue the inhi-
bition of migration and invasion of the WWOX
overexpressed cells. Consistent with the above-
mentioned notion, our results suggest that
WWOX suppresses the metastasis of CNE2
also through the caspase-dependent mechan-
ism.
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Nevertheless, the classic apoptosis pathways
all converge on the activation of the caspase
protease family [27]. Indeed, emergence evi-
dence has revealed that WWOX exerts its anti-
neoplastic effects through the intrinsic apop-
totic pathways [7, 13, 14, 22]. We therefore
deeply assessed the expression levels of apop-
tosis-associated factors involved in mitochon-
drial signaling pathway. Bcl-2 is one of the criti-
cal regulators of the apoptotic process and
regulates apoptosis by controlling the mito-
chondrial membrane permeability [28], yet Bcl-
xL controls outer mitochondrial membrane
channel (VDAC) opening and thus regulates the
mitochondrial Cytochrome c¢ released from
mitochondria to cytosol [29, 30]. Bax acceler-
ates programmed cell death by antagonizing
the apoptosis repressor Bcl-2 and forms het-
erodimers with Bcl-xL or Bcl-2[31]. The released
Cytochrome ¢ induces the binding effects of
Caspase-9 to the apoptosis-activating factor
(Apalf-1) into Caspase-9-Apalf-1 complex, which
further induces the cleaving procedure and
activate Caspase-3 (Figure 4C) [30]. Subsequ-
ently, the spliced Caspase-3 sequentially clea-
ves PARP between Aspl124 and Gly215 and
finally leads to apoptosis. Our study demon-
strated that WWOX overexpression resulted in
a down-regulation of Bcl-2 and Bcl-xL, and up-
regulation of Bax and Cytochrome c. Further-
more, both procaspase-3 and -9 were cleaved
and activated by presenting their spliceosomes
in WWOX restored CNE2 cells. Notably, Z-VAD-
FMK partly blocked the alteration of Bcl-2, Bcl-
xL, Bax and Cytochrome c as well as the activa-
tion of Caspase-9 and Caspase-3 proteins dur-
ing WWOX re-expression. These data provide
evidence that the intrinsic apoptotic pathway is
involved in the WWOX-mediated apoptosis in
CNEZ2 cells.

In summary, re-expression of WWOX is a potent
inducer of apoptosis in CNE2 NPC cells and
restored WWOX promotes apoptosis in CNE2
cells possibly by triggering the mitochondrial
signaling pathway. Our results may offer better
understanding of the biological features of
WWOX in NPC, thereby paving the way for find-
ing and developing novel biomarkers and thera-
peutic targets for NPC. Despite the promising
results, the current dose has many flaws. For
example, we only assessed the functional role
of WWOX in vitro and only one kind of cell line
was evaluated. Additionally, the clinical charac-

Int J Clin Exp Pathol 2017;10(10):10343-10351
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terization of WWOX in NPC also warranted fur-
ther investigation.
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