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Abstract

Objective: The protocadherin 8 (PCDH8) gene, located on chromosome 13q14.3 encodes an integral membrane protein. WWOX (frag-
ile site FRA16D oxido-reductase) is a tumor suppressor gene located in region 16q23.324.1. The aim of this study was to investigate the
staining pattern of protocadherin 8 andWWOX in adenomatous hyperplasia and prostate adenocarcinoma. Methods: Seventy adenoma-
tous hyperplasia and 70 prostate adenocarcinoma preparations stored at the pathology department from 2013–2016 were retrospectively
analyzed. Samples immunohistochemically stained with WWOX or protocadherin 8 were evaluated by two pathologists under a light
microscope. After pathological investigation of the samples, the expression of WWOX and protocadherin 8 was scored. WWOX and
PCDH8 expression was assessed semi-quantitatively according to staining intensity scored as none, mild, moderate, and strong (0 to 3+).
For analysis of the data, the mild, moderate and strong staining scores were combined (as positive) and the data were classified as negative
or positive. Differences in the WWOX or protocadherin 8 staining results between adenomatous hyperplasia and prostate adenocarci-
noma cases were examined using a two-way chi-square test and binary logistic regression analysis. Result: Statistical analysis showed
that WWOX expression was higher in adenomatous hyperplasia than in prostate adenocarcinomas. This difference was statistically sig-
nificant (p = 0.035). There was no difference in PCDH8 expression between adenomatous hyperplasia and prostate adenocarcinoma
samples (p = 0.217). Conclusion: In this study, the expression of WWOX decreased and the expression of PCDH8 remained unchanged
in PCa cases. In terms of prognostic significance, it can be concluded that WWOX is a good prognostic parameter, while PCDH8 was
an ineffective prognostic marker. In addition, the investigation of protocadherin 8 in larger series may provide more meaningful results.
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1. Introduction

The prostate gland consists of secretory ducts lined
with epithelial cells within a stroma rich in smooth mus-
cle tissue [1]. The prostate is the most common organ of
neoplastic transformation in the human body. Benign or
malignant transformation can be seen in prostate tissue [2]
(Fig. 1).

Prostate cancer is the second leading cause of cancer-
related deaths among males [3]. Furthermore, prostate can-
cer is the fourth most common malignancy among Euro-
pean males [4]. Protocadherin 8 (PCDH8) is composed of
six extracellular cadherin domains, a transmembrane do-
main, and different cytoplasmic domains [5]. PCDH8 is a
member of the cadherin family and has an important func-
tion in cell adhesion, differentiation, migration, and pro-
liferation [6], as well as in signal transduction and growth
control [7]. Various members of the protocadherin family
(PCDH10, 17 and 20) are usually suppressed by promoter
methylation in nasopharyngeal carcinoma, stomach can-
cer, non-small cell lung cancer and colorectal cancer [8,9].
PCDH8-10, PCDH17 and PCDH20 have been reported to
be candidate tumor suppressor genes [7]. The PCDH8 gene,
located on chromosome 13q14.3, encodes an integral mem-
brane protein [10]. Transcriptional suppression of PCDH8
can occur by genetic mutation [11] or epigenetic promoter

hypermethylation [5]. Inactivation of PCDH8 by promoter
methylation is an indicator of poor prognosis [12]. PCDH8
is usually inactivated by promoter methylation in bladder
cancer, renal cell carcinoma, nasopharyngeal carcinoma,
stomach cancer and breast cancer, which is associated with
poor prognosis [6,12].

WWOX (fragile site FRA16D oxido-reductase) is a
tumor suppressor gene located in region 16q23.324.1 [13,
14]. Loss of WWOX expression has been observed in
ovarian, breast, testis, prostate, lung, pancreas, stomach,
and hepatocellular carcinomas [15]. WWOX is thought to
be a multifunctional protein associated with WW domain
protein-protein interaction [14]. The human tumor suppres-
sor gene encodes different mRNAs that are converted to
WWOX,WWOX/WOX1,WOX2, and other isoforms. The
role of WOX2 as a tumor suppressor is unknown [16,17].
Both WOX1 and its isoform WOX2 may be upregulated in
the early stages of progression of breast, prostate and other
cancers [18]. Changes in the human WWOX gene appear
intensively in prostate and breast carcinomas [16,17].

A reduced or undetectable level ofWWOX expression
caused by deletion or epigenetic changes has been reported
in approximately 70% of prostate cancer cases [19]. This
study aimed to investigate whether PCDH8 and WWOX
can be used as useful markers in the diagnosis and follow-
up of prostate cancer.
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Fig. 1. Prostate tissue. (A) Adenomatous hyperplasia. Note the hyperplastic prostate glands (H&E, ×200). (B) Prostate adenocarci-
noma. The cancerous glands in this image show nuclear enlargement, hyperchromasia, prominent nucleoli, and the absence of a basal
cell layer (H&E, ×200).

2. Material and methods
Before beginning the study, permission was granted

by the Clinical Research Ethics Committee on 02/11/2015,
numbered 2015/10. In the Ordu Training and Research
Hospital Pathology Department, 70 adenomatous hyper-
plasia (AH) and 70 prostate adenocarcinoma (PCa) prepa-
rations diagnosed from 2013–2016 were analyzed retro-
spectively. New 3-µm thick sections were obtained from
paraffin blocks of the collected prostate tissues, and im-
munohistochemical staining was performed with a Leica
Bond automatic tissue staining device for WWOX (poly-
clonal) C.Liq.0.1Ml (1:500) and protocadherin 8 (poly-
clonal) C.Liq.0.1Ml (1:1000). Samples stained with
WWOX or protocadherin 8 were assessed under a light mi-
croscope (BX51, Olympus, Tokyo, Japan). WWOX and
PCDH8 expression was assessed semi-quantitatively ac-
cording to staining intensity scored as none, mild, moderate,
and strong (0 to 3+). For analysis of the data, themild, mod-
erate and strong staining scores were combined (as positive)
and the data were classified as negative or positive.

Differences in the WWOX or PCDH8 staining results
(negative and positive) between AH and PCa cases were ex-
amined using a two-way chi-square test and binary logistic
regression analysis. The odds ratio (OR) with 95% confi-
dence interval was computed to assess the strength of the
association and statistical significance. A p value < 0.05
was accepted as significant. All statistical analyses were
performed using SPSS v26.0 (version 26.0, IBM Corp., Ar-
monk, NY, USA).

3. Results
First, pathological investigation of the samples taken

from the patients was performed. The distribution of the
WWOX staining results (negative and positive) in AH and
PCa cases is given in Table 1. Expression of WWOX was
higher in AH cases than in PCa cases. The chi-square test

indicated a statistically significant difference in WWOX
staining between AH and PCa cases (p = 0.035). In AH
and PCa cases, the relationship between WWOX and stain-
ing was investigated with binary logistic regression analy-
sis. The calculated OR showed that higher WWOX expres-
sion was 2.525 times more likely in AH compared to PCa
samples (Fig. 2).

Table 1. Frequency distributions of patients according to
WWOX staining results.
Staining

Total p
Negative Positive

AH 9 (12.9%) 61 (87.1%) 70 (100.0%) 0.035*
PCa 19 (27.1%) 51 (72.9%) 70 (100.0%) (χ2 = 4.464)
Total 28 (20.0%) 112 (80.0%) 140 (100.0%)
χ2: Chi-square test, *p < 0.05.
(AH, adenomatous hyperplasia; PCa, prostate adenocarci-
noma).

The distribution of the PCDH8 staining results (nega-
tive and positive) in AH and PCa cases is given in Table 2
(Fig. 3).

Table 2. Frequency distributions of patients according to
PCDH8 staining results.
Staining

Total p
Negative Positive

AH 7 (10.0%) 63 (90.0%) 70 (100.0%) 0.217
PCa 12 (17.1%) 58 (82.9%) 70 (100.0%) (χ2 = 10.522)
Total 19 (13.6%) 121 (86.4%) 140 (100.0%)
χ2: Chi-square test.
(AH, adenomatous hyperplasia; PCa, prostate adenocarci-
noma).
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Fig. 2. Immunohistochemically stained with WWOX. (A) Adenomatous hyperplasia. Moderate cytoplasmic staining is observed
(WWOX, ×400). (B) Prostate adenocarcinoma. Mild cytoplasmic staining is seen (WWOX, ×400).

Fig. 3. Immunohistochemically stained with PCDH8. (A) Adenomatous hyperplasia. Moderate cytoplasmic, membranous and nuclear
staining is observed (PCDH8,×400). (B) Prostate adenocarcinoma. Moderate cytoplasmic, membranous and nuclear staining is observed
(PCDH8, ×400).

According to Table 2, there wasn’t significant differ-
ence in PCDH8 expression between AH and PCa cases by
the chi-square test (p = 0.217).

Binary logistic regression analysis showed that
PCDH8 staining was not a diagnostic parameter in PCa (Ta-
ble 3).

4. Discussion
Similar to studies reported in the literature, WWOX

expression was higher in AH than PCa in the present study.
PCDH8 was found to be an ineffective diagnostic param-
eter. Lzycka et al. [20] reported a significant decrease in
PCDH9 expression during progression to the advanced or
metastatic stage in prostatic cancer. He et al. [21] iden-
tified PCDH17 as a tumor suppressor of nasopharyngeal
carcinoma and suggested that its methylation can be used
as an epigenetic biomarker. PCDH10 has been shown to
be inactivated by promoter methylation in various types
of cancer [non-small cell lung cancer [22], gastric can-
cer [23], colorectal cancer [24], nasopharyngeal cancer,

esophageal cancer [25], endometrioid endometrial cancer
[26], and bladder cancer [27]. Furthermore, themethylation
of PCDH10 is believed to be associated with poor prog-
nosis in patients with gastric cancer [28]. Methylation of
PCDH8 was found to be significantly associated with high
Gleason score, advanced pathological stage, and positive
lymph node metastasis [12].

Researchers have reported that PCDH8 can also be
considered a risk factor for the progression of bladder can-
cer. In addition, PCDH8 methylation may be a useful
prognostic biomarker in bladder carcinomas without mus-
cle invasion. PCDH8 is frequently inactivated by pro-
moter methylation in bladder carcinoma, renal cell carci-
noma, nasopharyngeal carcinoma, stomach carcinoma and
breast carcinoma, and this inactivation is associated with
poor prognosis [6,29,30]. PCDH8 is a helpful prognos-
tic biomarker and may also serve as a potential therapeu-
tic target in patients with hypopharyngeal carcinoma [31].
However, its clinical significance in prostate cancer is still
unclear [32]. In another study, researchers reported that
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Table 3. Logistic regression analysis of predictive factor for predicting PCa.
B SE Wald p OR (95% CI)

WWOX Staining (Positive) 0.926 0.447 4.295 0.038* 2.525 (1.052–6.063)
PCDH8 Staining (Positive) 0.622 0.509 1.491 0.222 1.862 (0.686–5.052)
OR, Odds Ratio. *p < 0.05, Reference category: Negative.
(PCa, prostate adenocarcinoma).

PCDH8 methylation in PCa may be an important marker
for use in the early diagnosis and prediction of prognosis
in PCa [33]. Niu et al. [12] found that methylation of pro-
tocadherin 8 often occurs in PCa tissues but not in normal
prostate tissues. Unlike other studies, PCDH8 expression
was found to be an ineffective prognostic parameter in our
study.

The WWOX gene is mapped to chromosomal region
16q23.324.1. Changes in WWOX expression are associ-
ated with very different cancers such as breast [34], ovary
[35], prostate [19], stomach [36], and hepatocellular carci-
noma [37]. The WWOX gene is known to play a role in
breast cancer. Increased WWOX expression inhibits cell
proliferation and reduces tumor growth rates in xenografts
[38]. A reduction in WWOX protein expression can be de-
tected early during cancer development [16,17]. Low ex-
pression alleles of WWOX were observed in patients with
lung cancer [39] and glioma [40]. Also, acquisition of
chemoresistance in squamous cell carcinoma, breast can-
cer, and osteosarcoma cells was found to be associated with
WWOX deficiency [41]. Hughes et al. [42] reported re-
duced WWOX mRNA and protein expression in PCa cells
and tissues. Again, Wen et al. [43] found that WWOX
can inhibit invasion and angiogenesis in osteosarcoma. Re-
searchers noted that WWOX expression differs between
cell lines with varying degrees of tumorigenicity andmetas-
tasis [44]. In addition, Fabbri et al. [45] observed that
WWOX-deficient mice developed osteosarcoma, an ag-
gressive bone tumor with a poor prognosis. Another study
found decreased expression of WWOX in pancreatic intra-
ductal mucinous neoplasm [46]. A decrease in WWOX
gene expression was observed in 35% of oral leukoplakias
[47]. It is known that WWOX expression is reduced in dif-
ferent types of cancer [36], and this protein has also been
shown to participate in various cellular events, including
cancer cell apoptosis and tumor suppression [17].

In our study, WWOX expression was higher in AH
than in PCa, suggesting that it may be a useful parameter in
this cancer. Similar to the results of this study, Hong et al.
[48] reported that WWOX suppresses tumor formation by
inducing apoptosis in prostate cancer and breast cancer. In
addition to prostate cancer cells, C1q/WOX1 has also been
shown to induce the death of breast and neuroblastoma cells
[49].

5. Conclusions
In this study, the expression of WWOX decreased

and the expression of PCDH8 remained unchanged in PCa
cases. In terms of diagnostic significance, it can be con-
cluded that WWOX is a useful parameter, while PCDH8
was an ineffective diagnostic marker. To fully clarify this
issue, comparison of PCDH8 with other useful parameters
in larger series may provide more meaningful results.

Author contributions
MAÇ—Creating a Hypothesis, Article writing, Mate-

rial supply (biological, technical), Data collecting; HE—
Planning and organization, Creating a Hypothesis; SÇ,
YKA—Data analysis, Statistics. All authors contributed to
editorial changes in the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
This study was by the Ordu University Clinical Re-

search Ethics Committee (2015/10).

Acknowledgment
Not applicable.

Funding
This study was supported by the Scientific Research

Projects Commission of Ordu University (Project No: AP-
1517).

Conflict of interest
The authors declare no conflict of interest.

References
[1] Abate-Shen C, ShenMM.Molecular genetics of prostate cancer.

Genes & Development. 2000; 14: 2410–2434.
[2] Berry SJ, Coffey DS, Walsh PC, Ewing LL. The development

of human benign prostatic hyperplasia with age. The Journal of
Urology. 1984; 132: 474–479.

[3] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal
A. Global cancer statistics 2018: GLOBOCAN estimates of in-
cidence andmortality worldwide for 36 cancers in 185 countries.
CA: A Cancer Journal for Clinicians. 2018; 68: 394–424.

[4] Ferlay J, Colombet M, Soerjomataram I, Dyba T, Randi G, Bet-
tio M, et al. Cancer incidence and mortality patterns in Europe:
Estimates for 40 countries and 25 major cancers in 2018. Euro-
pean Journal of Cancer. 2018; 103: 356–387.

[5] Lin Y, Ma J, Luo X, Guan T, Li Z. Clinical significance of
protocadherin-8 (PCDH8) promoter methylation in bladder can-

4

https://www.imrpress.com


cer. The Journal of International Medical Research. 2013; 41:
48–54.

[6] Lin Y, Wang Y, Ma J, Li W. Clinical significance of protocad-
herin 8 (PCDH8) promoter methylation in non-muscle invasive
bladder cancer. Journal of Experimental and Clinical Cancer Re-
search. 2014; 33: 68.

[7] Kim S, Yasuda S, Tanaka H, Yamagata K, KimH. Non-clustered
protocadherin. Cell Adhesion & Migration. 2011; 5: 97–105.

[8] Chen T, Long B, Ren G, Xiang T, Li L, Wang Z, et al. Proto-
cadherin20 Acts as a Tumor Suppressor Gene: Epigenetic Inac-
tivation in Nasopharyngeal Carcinoma. Journal of Cellular Bio-
chemistry. 2015; 116: 1766–1775.

[9] Imoto I, Izumi H, Yokoi S, Hosoda H, Shibata T, Hosoda F, et al.
Frequent silencing of the candidate tumor suppressor PCDH20
by epigenetic mechanism in non-small-cell lung cancers. Cancer
Research. 2006; 66: 4617–4626.

[10] Strehl S, Glatt K, Liu QM, Glatt H, Lalande M. Characterization
of two novel protocadherins (PCDH8 and PCDH9) localized on
human chromosome 13 and mouse chromosome 14. Genomics.
1998; 53: 81–89.

[11] Yu JS, Koujak S, Nagase S, Li C, Su T, Wang X, et al. PCDH8,
the human homolog of PAPC, is a candidate tumor suppressor
of breast cancer. Oncogene. 2008; 27: 4657–4665.

[12] NiuW, Gui S, Lin Y, Fu X, Ma J, Li W. Promoter methylation of
protocadherin8 is an independent prognostic factor for biochem-
ical recurrence of early-stage prostate cancer. Medical Science
Monitor. 2014; 20: 2584–2589.

[13] NunezMI, Ludes-Meyers J, Aldaz CM.WWOX protein expres-
sion in normal human tissues. Journal of Molecular Histology.
2006; 37: 115–125.

[14] Baryła I, Styczeń-Binkowska E, Bednarek AK. Alteration of
WWOX in human cancer: a clinical view. Experimental Biol-
ogy and Medicine. 2015; 240: 305–314.

[15] Hezova R, Ehrmann J, Kolar Z. WWOX, a new potential tumor
suppressor gene. Biomedical Papers of the Medical Faculty of
the University Palacky, Olomouc, Czechoslovakia. 2007; 151:
11–15.

[16] Aqeilan RI, Croce CM. WWOX in biological control and tu-
morigenesis. Journal of Cellular Physiology. 2007; 212: 307–
310.

[17] Chang N, Hsu L, Lin Y, Lai F, Sheu H. WW domain-containing
oxidoreductase: a candidate tumor suppressor. Trends in Molec-
ular Medicine. 2007; 13: 12–22.

[18] Watanabe A, Hippo Y, Taniguchi H, Iwanari H, Yashiro M, Hi-
rakawa K, et al. An opposing view on WWOX protein function
as a tumor suppressor. Cancer Research. 2003; 63: 8629–8633.

[19] Qin HR, Iliopoulos D, Nakamura T, Costinean S, Volinia S,
Druck T, et al. Wwox suppresses prostate cancer cell growth
through modulation of ErbB2-mediated androgen receptor sig-
naling. Molecular Cancer Research. 2007; 5: 957–965.

[20] Izycka N, Sterzynska K, Januchowski R, Nowak-Markwitz
E. Semaphorin 3A (SEMA3A), protocadherin 9 (PCDH9),
and S100 calcium binding protein A3 (S100A3) as potential
biomarkers of carcinogenesis and chemoresistance of differ-
ent neoplasms, including ovarian cancer- review of literature.
Ginekologia Polska. 2019; 90: 223–227.

[21] He Y,WangZ, Liu C, Gong Z, Li Y, Lu T, et al. Protocadherin 17
is a tumor suppressor and is frequently methylated in nasopha-
ryngeal carcinoma. Cancer Management and Research. 2019;
11: 1601–1613.

[22] Tang X, Yin X, Xiang T, Li H, Li F, Chen L, et al. Protocad-
herin 10 is frequently downregulated by promoter methylation
and functions as a tumor suppressor gene in non-small cell lung
cancer. Cancer Biomarkers. 2013; 12: 11–19.

[23] Li Z, Chim JCS, Yang M, Ye J, Wong BCY, Qiao L. Role
of PCDH10 and its hypermethylation in human gastric cancer.

Biochimica Et Biophysica Acta. 2012; 1823: 298–305.
[24] Zhong X, Shen H, Mao J, Zhang J, Han W. Epigenetic silenc-

ing of protocadherin 10 in colorectal cancer. Oncology Letters.
2017; 13: 2449–2453.

[25] Ying J, Li H, Seng TJ, Langford C, Srivastava G, Tsao SW, et al.
Functional epigenetics identifies a protocadherin PCDH10 as a
candidate tumor suppressor for nasopharyngeal, esophageal and
multiple other carcinomaswith frequentmethylation. Oncogene.
2006; 25: 1070–1080.

[26] Zhao Y, Yang Y, Trovik J, Sun K, Zhou L, Jiang P, et al. A novel
wnt regulatory axis in endometrioid endometrial cancer. Cancer
Research. 2014; 74: 5103–5117.

[27] Lin YL, Li ZG, He ZK, Guan TY, Ma JG. Clinical and prognos-
tic significance of protocadherin-10 (PCDH10) promotermethy-
lation in bladder cancer. The Journal of International Medical
Research. 2012; 40: 2117–2123.

[28] Yu J, Cheng YY, Tao Q, Cheung KF, Lam CNY, Geng H, et al.
Methylation of protocadherin 10, a novel tumor suppressor, is
associated with poor prognosis in patients with gastric cancer.
Gastroenterology. 2009; 136: 640–651.e1.

[29] He D, Zeng Q, Ren G, Xiang T, Qian Y, Hu Q, et al. Protocad-
herin8 is a functional tumor suppressor frequently inactivated by
promoter methylation in nasopharyngeal carcinoma. European
Journal of Cancer Prevention. 2012; 21: 569–575.

[30] Zhang D, ZhaoW, Liao X, Bi T, Li H, Che X. Frequent silencing
of protocadherin 8 by promoter methylation, a candidate tumor
suppressor for human gastric cancer. Oncology Reports. 2012;
28: 1785–1791.

[31] Li Y, Liu C, Wang Z, Hu G. Expression of protocadherin8:
Function as a tumor suppressor in hypopharyngeal carcinoma.
Cancer Biomarkers. 2018; 22: 495–502.

[32] Park JY. Promoter hypermethylation in prostate cancer. Cancer
Control. 2010; 17: 245–255.

[33] Zhang P, Wang H, Wang J, Liu Q, Wang Y, Feng F, et al. As-
sociation between protocadherin 8 promoter hypermethylation
and the pathological status of prostate cancer. Oncology Letters.
2017; 14: 1657–1664.

[34] Nunez MI, Ludes-Meyers J, Abba MC, Kil H, Abbey NW, Page
RE, et al. Frequent loss of WWOX expression in breast can-
cer: correlation with estrogen receptor status. Breast Cancer Re-
search and Treatment. 2005; 89: 99–105.

[35] Gourley C, Paige AJW, Taylor KJ, Ward C, Kuske B, Zhang
J, et al. WWOX gene expression abolishes ovarian cancer tu-
morigenicity in vivo and decreases attachment to fibronectin via
integrin alpha3. Cancer Research. 2009; 69: 4835–4842.

[36] Aqeilan RI, Kuroki T, Pekarsky Y, Albagha O, Trapasso F, Baffa
R, et al. Loss of WWOX expression in gastric carcinoma. Clin-
ical Cancer Research. 2004; 10: 3053–3058.

[37] Li Y, Wu C, Chen W, Huang Y, Chai C. The expression and sig-
nificance of WWOX and β-catenin in hepatocellular carcinoma.
Acta Pathologica Microbiologica Et Immunologica Scandinav-
ica. 2013; 121: 120–126.

[38] Pospiech K, Płuciennik E, Bednarek AK. WWOX Tumor Sup-
pressor Gene in Breast Cancer, a Historical Perspective and Fu-
ture Directions. Frontiers in Oncology. 2018; 8: 345.

[39] Yang L, Liu B, Huang B, Deng J, Li H, Yu B, et al. A functional
copy number variation in the WWOX gene is associated with
lung cancer risk in Chinese. Human Molecular Genetics. 2013;
22: 1886–1894.

[40] Yu K, Fan J, Ding X, Li C, Wang J, Xiang Y, et al. Associa-
tion study of a functional copy number variation in the WWOX
gene with risk of gliomas among Chinese people. International
Journal of Cancer. 2014; 135: 1687–1691.

[41] Lo J, Chou Y, Lai F, Hsu L. Regulation of cell signaling and
apoptosis by tumor suppressor WWOX. Experimental Biology
and Medicine. 2015; 240: 383–391.

5

https://www.imrpress.com


[42] Hughes C, Murphy A, Martin C, Sheils O, O’Leary J. Molecu-
lar pathology of prostate cancer. Journal of Clinical Pathology.
2005; 58: 673–684.

[43] Wen J, Xu Z, Li J, Zhang Y, Fan W, Wang Y, et al. De-
creased WWOX expression promotes angiogenesis in osteosar-
coma. Oncotarget. 2017; 8: 60917–60932.

[44] Kurek KC, Del Mare S, Salah Z, Abdeen S, Sadiq H, Lee S,
et al. Frequent attenuation of the WWOX tumor suppressor in
osteosarcoma is associated with increased tumorigenicity and
aberrant RUNX2 expression. Cancer Research. 2010; 70: 5577–
5586.

[45] Fabbri M, Iliopoulos D, Trapasso F, Aqeilan RI, Cimmino A,
Zanesi N, et al. WWOX gene restoration prevents lung can-
cer growth in vitro and in vivo. Proceedings of the National
Academy of Sciences of the United States of America. 2005;
102: 15611–15616.

[46] Nakayama S, Semba S, Maeda N, Matsushita M, Kuroda Y,
Yokozaki H. Hypermethylation-mediated reduction of WWOX
expression in intraductal papillary mucinous neoplasms of the
pancreas. British Journal of Cancer. 2009; 100: 1438–1443.

[47] Pimenta FJ, Cordeiro GT, Pimenta LGGS, Viana MB, Lopes J,
Gomez MV, et al. Molecular alterations in the tumor suppressor
gene WWOX in oral leukoplakias. Oral Oncology. 2008; 44:
753–758.

[48] Hong Q, Sze C, Lin S, Lee M, He R, Schultz L, et al. Comple-
ment C1q activates tumor suppressor WWOX to induce apopto-
sis in prostate cancer cells. PLoS ONE. 2009; 4: e5755.

[49] Hong Q, Hsu LJ, Schultz L, Pratt N, Mattison J, Chang NS. Zfra
affects TNF-mediated cell death by interacting with death do-
main protein TRADD and negatively regulates the activation
of NF-kappaB, JNK1, p53 and WOX1 during stress response.
BMC Molecular and Cell Biology. 2007; 8: 50.

6

https://www.imrpress.com

	1. Introduction
	2. Material and methods
	3. Results
	4. Discussion
	5. Conclusions
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest

