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Molecular alterations of the WWOX gene in nasopharyngeal carcinoma
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The WW domain-containing oxidoreductase (WWOX) gene is a candidate tumor suppressor gene. However, its exact
mechanism is unclear. This study aimed to investigate the role of the WWOX gene in the development of nasopharyngeal
carcinoma (NPC). Tissues were collected from 65 NPC patients. Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis and immunohistochemistry were performed on NPC tissues to determine the expression of WWOX in NPC. The
status of WWOX promoter methylation was analyzed by methylation-speciﬁc PCR. Moreover, a PCR-based loss of heterozygosity (LOH) assay was conducted to detect the presence of WWOX deletion in NPC. The expression of WWOX in NPC
tissues was signiﬁcantly downregulated compared with that in non-tumorous tissues (P<0.05). The low expression of WWOX
was signiﬁcantly correlated with clinical TNM stage (P<0.05). In addition, methylation of WWOX was detected in 27 (87%)
of 31 WWOX protein negative tissues, suggesting that methylation of the WWOX promoter may regulate its expression. We
found that a relatively high percentage of LOH was observed in NPC tissues. A signiﬁcant inverse correlation between WWOX
expression and methylation of its promoter was found in NPC tissue (rs=-0.582, P=0.001). However, LOH was not correlated
with WWOX expression and methylation of its promoter. Our results show that WWOX gene alteration is an early genetic
alteration and may contribute to tumorigenesis of NPC. WWOX may be an important prognostic marker in NPC.
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Nasopharyngeal carcinoma (NPC) is a malignant tumor
with remarkable geographic and racial distributions, and is
derived from epithelial cells. NPC is one of the most commonly
diagnosed cancers in South China, Southeast Asia areas, and
Latin America [1]. The incidence rate of NPC in South China
(e.g., Guangdong, Guangxi, Hainan, Hunan, Jiangxi, Fujian,
and other regions; almost 20–50/100,000 people per year) is
nearly 25-fold higher than that in North China and the Western
world [2]. Unfortunately, approximately 70% of patients with
the initial diagnosis of NPC present with a locally advanced
stage because of the diﬃculty of discovering it at early stages,
and it is highly metastatic and invasive [3]. Therefore, identiﬁcation of a new biomarker and novel therapeutic target is
urgently required for the early detection and eﬀective treatment of NPC.
The WW domain-containing oxidoreductase (WWOX)
gene is a candidate tumor suppressor gene. WWOX was ﬁrst
identiﬁed in 2000 in a common fragile site FRA16D (locus
16q23.3–24.1) using the shotgun sequencing technique [4].

Previous studies have corroborated the phenomenon that
reduced, or absent expression and or aberrant transcripts of
WWOX frequently occur in a number of tumors (e.g., breast
cancer and non-small cell lung cancer) [5-11]. The restoration
of WWOX expression may induce apoptosis and autophagy,
and it inhibits tumor growth, suggesting that WWOX functions as a tumor suppressor. Recently, some authors observed
a correlation between WWOX expression levels and methylation of its promoter [12, 13]. Methylation is probably an
important mechanism of WWOX gene silencing. Loss of
heterozygosity in the WWOX locus has also been reported
in many types of cancer [14-17]. Currently, the mechanism
is unclear and there is still some controversy regarding the
cancer-suppressing gene WWOX [18].
In this study, we measured the expression of WWOX in
NPC. We also analyzed the association between WWOX
expression and promoter methylation or loss of heterozygosity (LOH) to determine the role of WWOX in NPC and its
possible mechanism.
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Patients and methods
Patients and tissue samples. Tissues from 65 NPC patients
and 43 patients with chronically inﬂamed nasopharyngeal
mucosal tissue (as a control) were obtained from the Department of Otolaryngology and Head Surgery, First Aﬃliated
Hospital of Guangxi Medical University, China, from June
2010 to October 2010. The patients all had the initial diagnosis of NPC and did not have radiotherapy and chemotherapy
performed. NPC patients included 54 men and 11 women
with a mean age of 44 years (range: 30–72 years). A total of
30 men and 13 women with a mean age of 45 years (range:
26–69 years) had chronically inﬂamed nasopharyngeal mucosal tissue. Histopathological assessment and grading were
performed according to the 2003 edition of the American
Joint Committee of Cancer (AJCC) and International Union
Against Cancer (UICC) international tumor-node-metastasis
(TNM) staging method. The study was approved by the Ethical Review Board of the First Aﬃliated Hospital of Guangxi
Medical University.
Immunohistochemical staining. Paraﬃn-embedded
samples were deparaﬃnized with xylene and rehydrated with
graded ethanol. Antigen retrieval was carried out in EDTA
buﬀer at 95°C for 10 min. Endogenous peroxidase activity
was blocked with fresh 3% hydrogen peroxide for 10 min at
room temperature. After phosphate-buﬀered saline rinse,
tissues were blocked for 10 min with normal serum to block
nonspeciﬁc binding, and were then incubated overnight at
4°C with a 1:500 dilution of rabbit polyclonal anti-WWOX
antibody (Abcam Company, Abcam, Cambridge, UK).
Secondary antibodies were applied for 20 min. Tissues were
labeled for 60 min with two drops of avidin and two drops of
biotinylated enzyme. DAKO liquid 3, 30-diaminobenzidine
tetrahydrochloride (Maixin Biotechnology Corporation,
Fuzhou, China) was applied for 1 min and observed by
microscopy. Tissues were counterstained for 45–60 s with
Mayer’s hematoxylin, dehydrated with ethanol and xylene,
and a cover slip was applied. Human skin tissue was used
as the positive control according to the protocol. The same
concentrations of non-immune rabbit serum were used as
negative controls.
Immunohistochemical staining was evaluated and scored
for WWOX protein in tumor tissue and inﬂammation tissue by
two pathologists who were blinded to the clinical information.
The intensity of staining was graded as follows: none (score: 0);
weak (+, score: 1); moderate (++, score: 2); and strong (+++,
score: 3). The extent of staining was evaluated as the percentage of positive cells per 1000 or more cells (at least 100 cells
in 10 high-power ﬁelds) in each evaluated compartment, and
was graded into six classes as follows: negative (score: 0);
<10% (score: 1); 11%–25% (score: 2); 26%–50% (score: 3);
51%–75% (score: 4); and >75% (score: 5). A ﬁnal score was
calculated by multiplying intensity and extent scores for every
compartment, and we distinguished four classes: one with
positive (> a score of 3) and one with negative (< a score of 3)
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expression. The adjacent normal muscular and skeletal tissues
were scored 10–15 and were considered as normal expression
of WWOX protein.
Reverse transcriptase-polymerase chain reaction (RTPCR). RNA was isolated by Trizol (Takara Corporation,
Tokyo, Japan) according to the protocol supplied by the
manufacturer. The WWOX cDNA sequence was searched
from Gen bank from NCBI. The β-actin gene was selected
as the internal reference gene. The total amount of RNA was
quantitated and the amount in the sample was calculated.
Reverse transcription and PCR ampliﬁcation were carried
out according to the instructions as follows. Cycle conditions were one cycle of 95°C for 5 min, 33 cycles of 94°C for
60 s, 64°C for 60 s, and 72°C for 90 s. Gene sequences were
as follows: WWOX, sense 5’-GAGTTCCTGAGCGAGTGGAC-3’ and antisense 5’-CCCCAGGAATTCCCTGCTT-3’
(ampliﬁed product was 1490 bp); and β-actin, upstream
5’-AACAAGATGAGATTGGCA-3’ and downstream 5’AGTGGGGTGGCTTTTAGGAT-3’ (ampliﬁed product was
251 bp). The PCR product was identiﬁed with 1.5% agarose
gel electrophoresis. The photos of PCR products were taken
by automatic image analyzer under UV light. A corresponding length of the ampliﬁed bands would appear if the sample
had gene expression. Similarly, thinner or lighter bands
would appear if the sample had reduction in gene expression. Lastly, no speciﬁc ampliﬁcation bands would appear if
the sample had no gene expression. All the ampliﬁed bands
of the corresponding PCR products would be quantitatively
analyzed to get the relative expression quantity of target gene
by Gel-pro Analyzer 4.5 software. Considering the stable
mRNA expression of β-actin in various tissues, the relative
expression of target gene would be calculated by the ratio of
the optical density between target gene and β-actin.
Methylation-speciﬁc PCR (MSP). Genomic DNA
was treated with sodium bisulﬁte with the EZ DNA
Methylation-GOLD kit (Zymo Research Corp, Orange,
USA) according to the manufacturer’s instructions.
WWOX methylation levels were detected by a semi-nested
PCR. The primers for the ﬁrst methylated sequence of
WWOX were (F) 5’-AGGATTGGTTAGAATAACGC3’ and (R) 5’-AAAATACCTAAAAAATCGCG-3’, and
those for the second methylated sequence of WWOX
were (F) 5’-GTTCGAAATTGGATGCGTAC-3’ and (R)
5’-CCTACGATCGAAAACGACGCGAACG-3’. Primers for the ﬁrst un-methylated sequences were (F)
5’-GTTTTG- TAGTTTTTGGAGTTAGTGTTGTGT-3’
and (R) 5’-AAAAATACCTAAAAAATCACACT-3’, and
those for the second un-methylated sequences were (F)
5’-TGGTTTGAAATTGGATGTGTAT-3’ and (R) 5’CCTACGATCGAAAACGACGCGAACG -3’. For the ﬁrst
PCR ampliﬁcation, cycle conditions were one cycle of 95°C
for 5 min, 35 cycles of 95°C for 45 s, 48°C for 45 s, and 72°C
for 45 s. For the second PCR ampliﬁcation, cycle conditions
were one cycle of 95°C for 5 min, 35 cycles of 95°C for 50
s, 48°C for 45 s, and 72°C for 45 s. The PCR product was
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Figure 1. Representative photographs of immunohistochemical study of WWOX protein expression in NPC tissue specimens and chronically inﬂamed
nasopharyngeal mucosal tissues. A): Representative photograph showing negative expression of WWOX protein in NPC tissue (400×). B): Representative photograph showing positive expression of WWOX protein in chronically inﬂamed nasopharyngeal mucosal tissue (400×).

identiﬁed with 1.5% agarose gel electrophoresis. Cases were
deﬁned as methylated when a PCR product was present with
the appropriate primer pair.
LOH analysis. Allelic losses were analyzed by PCR ampliﬁcation with three sets of primers for the micro satellites
D16S518 (intron 1 of the WWOX gene), D16S3096, and
D16S504 (intron 8). The primer sequences were obtained from
the Genome database. PCR cycling programs included one
cycle with 95°C for 10 min followed by 35 cycles consisting
of 94°C for 30 s, 56°C (for D16S3096 and D16S504) or 55°C
(for D16S518) for 30 s, and 72°C for 60 s. After ampliﬁcation,
5 μl of PCR product was mixed with 5 μl of loading dye (95%
formamide, 20 mmol/L EDTA, 0.05% bromophenol blue,
and 0.05% xylene cyanol), heated at 90°C for 3 min, and then
chilled on ice, and applied onto an 8% polyacrylamide gel
with 5% glycerol. Last was carried out silver staining. LOH
was scored if one of the heterozygous alleles showed at least
50% reduced intensity in tumor DNA compared with the corresponding normal DNA.
Statistical analysis. All statistical calculations were carried
out using SPSS 13.0 statistical software (SPSS Corporation,
Chicago, USA). The relationship between the transcription
level of the WWOX gene and clinicopathological features was
analyzed by the chi-square test. Spearman’s (nonparametric)
correlation was used to correlate WWOX expression with
transcription levels of the WWOX gene, promoter methylation
status, and the level of WWOX loss of heterozygosity. P<0.05
was considered statistically signiﬁcant.

Results
Frequent loss of WWOX protein expression in NPC.
To evaluate whether WWOX protein expression is altered
in NPC, we performed immunohistochemical staining of
WWOX expression. WWOX protein was signiﬁcantly lower
(26/65 [40%]) in NPC tissue samples than in chronically inﬂamed nasopharyngeal mucosal tissue samples (30/43 [70%],
P=0.002, Figure 1).
Aberrant WWOX gene transcripts in NPC. Thirty-one
of 65 patients (48%) showed altered or absent expression of
WWOX gene transcription in NPC tissue. All of the patients
with chronically inﬂamed nasopharyngeal mucosal tissue
had normal-sized transcripts without aberrant transcripts.
There was a signiﬁcant diﬀerence in the expression of WWOX
gene between the two groups (P<0.001, Figure 2). Expression
of WWOX mRNA in NPC tissue and chronically inﬂamed
nasopharyngeal mucosal tissue has been shown in Table 1.
These results suggest that low expression of WWOX may be
associated with the development of NPC.
We then determined the correlations between WWOX
mRNA expression and clinicopathological variables. WWOX
mRNA expression was not associated with clinical characteristics, including sex, age, and histological subtype. However,
low expression of WWOX in NPC was related to TNM stage
(Table 2).
Methylation of the WWOX gene promoter in NPC. We
found that the WWOX promoter was methylated in 56.9%

Table 1. Expression of WWOX mRNA in NPC tissue and chronically inﬂamed nasopharyngeal mucosal tissue by relative expression
Comparison

N

x±S

t

P

NPC tissue
chronically inﬂamed nasopharyngeal mucosal tissue

61
20

0.69±0.34
0.89±0.49

-2.01

0.048
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Figure 2. Expression of WWOX mRNA in NPC tissue and chronically inﬂamed nasopharyngeal mucosal tissue. M: DNA marker; 1-5: NPC tissues; 6-7:
chronic inﬂammation tissues of the nasopharyngeal mucosa.

Figure 3. Methylation of the WWOX gene in NPC tissue. The methylation status of the WWOX gene promoter was determined by MSP analysis. T1 and
T2 were methylated. M: methylated; U: un-methylated; B: blank; C: control; T1, T2, and T3: NPC tissues.

(37/65) of NPC tissue samples, while all of the chronically
inﬂamed nasopharyngeal mucosal tissue samples were unmethylated (Figure 3).
LOH of the WWOX gene in NPC. We studied LOH using three micro satellite markers within the WWOX gene.
The three micro satellites are located adjacent to the end
of the WWOX gene, in intron 8. We observed a relatively
high percentage of LOH in NPC tissue samples. LOH was

signiﬁcantly higher in NPC tissue samples (29/65) than in
chronically inﬂamed nasopharyngeal mucosal tissue samples
(2/43, P=0.001, Figure 4).
Relationships among WWOX mRNA expression, promoter methylation, and LOH in NPC. A total 31 of 65 NPC
tissue samples demonstrated loss of WWOX expression.
WWOX gene promoter methylation was detected in 27 of 31
(87%) WWOX protein negative tissues, whereas it was detected

Table 2. Relationship between WWOX mRNA deletion in 65 NPC tissue samples and clinicopathological characteristics
Variables
Age at diagnosis
Sex
histological subtype
TNM stage
Tumor stage
Lymph node status
Metastasis

<40
40~50
>50
male
female
poorly diﬀerentiated squamous-cell carcinoma
Squamous cell carcinoma III
Non cornifying carcinoma
I~II
III~IV
T1~T2
T3~T4
N0
N1~N3
M0
M1

deletion %
50.0 (8/16)
47.0 (16/34)
46.7 (7/15)
48.1 (26/54)
45.5 (5/11)
48.0 (24/50)
50.0 (1/2)
46.2 (6/13)
25.0 (5/20)
57.8(26/45)
34.5(10/29)
58.3(21/36)
25.0 (3/12)
52.8 (28/53)
48.4( 30/62)
33.3 (1/3)

χ2

P values

0.046

0.977

0.027

0.870

0.019

0.991

5.963

0.015

3.662

0.056

3.038

0.081

0.260

0.610
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Figure 4. LOH of WWOX in NPC tissue. The band of D16S3096 is missing in the NPC tissue T6. T6 and T7: NPC tissues; B6 and B7: NPC blood
specimens.

in 10 of 37 (27%) WWOX protein positive tissues. Further
analyses revealed that the methylation state of the distal
promoter region had a notable eﬀect on WWOX expression
(rs=-0.582, P=0.001, Table 3). However, there was no correlation between LOH and a reduction in WWOX expression
(rs=–0.196, P=0. 117, Table 4).
Discussion
The WWOX gene, encompassing FRA16D, is the second
most actively common fragile site in the human genome.
This gene region is prone to breakage with an increased risk
for carcinogen-induced damage, and has been extensively
reported as a common abnormality in various cancers and cancer-derived cell lines [19]. Accumulating evidence has shown
that WWOX is a potential tumor suppressor. The WWOX
protein interacts with p53, p73, AP-2k, YAP, erbB4, truncated
c-met, and others by the WW domain in the regulation of cell
growth and apoptosis [20-26]. The loss of WWOX has been
observed in a variety of cancer cell lines and human cancers,
including breast, ovarian, esophageal, lung, pancreatic, and
Table 3. Correlation between WWOX mRNA expression and promoter
methylation in NPC
WWOX m RNA

Methylation
+
+
10
–
27
Total
37
Correlation value: rs = -0.582, P=0.001

Total
–
24
4
28

34
31
65

Table 4. Correlation between WWOX mRNA expression and LOH in NPC
WWOX m RNA

LOH
+

+
12
–
17
Total
29
Correlation value: rs = –0.196, P=0. 117

Total
–
22
14
36

34
31
65

gastric carcinomas, and is associated with the development and
progression of malignant tumors [5-11]. However, Watanabe
et al. suggested that WWOX protein levels are not decreased,
but are elevated instead in gastric and breast carcinoma, challenging the notion of WWOX as a classical tumor suppressor
[27]. Therefore, it is controversial whether the WWOX gene is
a tumor suppressor gene. There are no reports on the WWOX
gene and protein in NPC. The present study was designed to
determine expression of WWOX in NPC and gain insight into
the role of the WWOX gene in the pathogenesis of NPC.
In our study, we showed a loss of WWOX protein expression
in 26 of 65 tissue samples (40%) from NPC patients. RT-PCR
showed a loss of transcripts or aberrant transcripts in 31 of 65
(48%) tissue samples from NPC patients. Therefore, alteration
of WWOX gene expression is common in NPC. Our result is
consistent with previous reports showing that low expression
of WWOX might play an important role in the occurrence
and development of malignant tumors. We also found that low
levels of WWOX expression were associated with TNM stage
in NPC. Other clinical characteristics, including age, sex, and
histological subtype, did not show any signiﬁcant association
with the expression of WWOX. Therefore, abnormal expression of WWOX may be an early molecular phenomenon of
NPC.
Recent previous studies have suggested that the loss of gene
expression is due, at least in part, to epigenetic alterations, such
as DNA methylation at the CpG sites within the promoter
region [13, 28]. DNA methylation at CpG dinucleotides in
promoter regions is frequently associated with transcriptional
silencing of tumor suppressor genes in cancer cells [29]. In
the current study, we investigated the promoter methylation status of WWOX in NPC. Methylation at the WWOX
promoter was frequently detected, and low expression of
the WWOX gene had a signiﬁcant correlation with WWOX
promoter methylation. These results suggested that WWOX
methylation and subsequent loss of expression occurred in the
early stage of carcinogenesis and played an important role in
cancer development in NPC. Additionally, we found that LOH
of WWOX was frequent in NPC. These results are consistent
with other previous reports that showed LOH in the WWOX
gene in a number of cell lines and primary tumors, including
the breast, prostate, lung, pancreas, and others [30-33]. In our
study, WWOX expression and LOH were not correlated. We
speculate that in NPC, LOH of the WWOX gene may be an
independent event.
The development of NPC involves multiple steps and is mediated by many genes. Although the current study found that
alteration of the WWOX gene may be related to development
of NPC, the genetic regulation mechanisms are still unclear.
The WWOX gene may interact with p53, p73, erbB4, bcl-2,
and other transcription factors taking part in the generation,
development and metastasis of the tumor. Recent research
suggests that reactivation of WWOX by DNA methylation
inhibitors restores the sensitivity of cancer cells to apoptosisinducing agents. Therefore, further study is necessary to clarify
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the mechanism. Through reversal of epigenetic alteration of the
WWOX gene, enhancement of WWOX levels could provide
a promising strategy for cancer therapy.
In conclusion, this is the ﬁrst report to demonstrate that
inactivation of the WWOX gene is a common event in NPC. Additionally, genetic changes of the WWOX gene, such as promoter
methylation and LOH, might be involved in the pathogenesis of
NPC. We conclude that the gene silencing of WWOX is related
to methylation of its promoter. These data suggest that WWOX
is a potential biomarker for NPC patients.
Acknowledgements: This research was supported by grants
from the National Natural Science Foundation of Guangxi (No.
2010GXNSFA013184).
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