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ABSTRACT 
Background: Oral squamous cell carcinoma is the most prevalent malignant neoplasm of the oral cavity which 
results from accumulated genetic and epigenetic alterations. It is not always inexorable and may be reversible if 
early intervention in the process can occur to prevent further genetic mutation and disease progression. The FHIT 
gene is a tumor suppressor gene located in FRA3B region which is the most active common fragile site, where DNA 
damage leading to aberrant transcripts and translocations frequently occur. The WWOX is a tumor suppressor gene 
that plays a central role in tumor suppression through transcriptional repression and apoptosis, with its apoptotic 
function the more prominent of the two. This study aimed to evaluate and compare the immunohistochemical 
expression of FHIT and WWOX in normal oral mucosa, oral epithelial dysplasia and oral squamous cell carcinoma and 
to correlate the expression of the mentioned markers with the clinicopathological features and to show the 
expression of studied markers with each other. 
Materials and methods: Fifty formalin-fixed, paraffin embedded tissue blocks (10 cases of normal oral mucosa, 19 
cases of oral epithelial dysplasia, and 21 cases of oral squamous cell carcinoma) were included in this study. 
Immunohistochemical staining was performed using anti FHIT polyclonal antibody, and anti WWOX polyclonal 
antibody. 
Results: Positive IHC of FHIT was detected with high score in all cases of NOM, 16 cases (84%) of OED and 18 cases 
(86%) of OSCC. For WWOX expression   positive IHC detected with high score in all cases (100%) of NOM, 14 cases 
(74%) of OED and 15 cases (71%) of OSCC. There was statistically highly significant correlation of both markers   in 
OED and non significant correlation in OSCC, with significant differences among studied groups.  
Conclusions: These results signifying both markers cooperative tumor suppressive role and potential pathological 
transition from normal oral mucosa to dysplastic epithelium and subsequently cause malignant oral lesions.  
Keywords:  NOM, OED, OSCC, FHIT, WWOX. (J Bagh Coll Dentistry 2014; 26(4):102-107). 

  الخلاصھ 
ھذا التحول لیس بالعملیة . ةنتج من تراكم التغیرات الوراثیة والتغیرات المتعاقبة العارضیسرطان الفم الحرشفي ھو اكثر انواع الاورام الخبیثة حدوثا في التجویف الفمي : الخلفیھ

التي تعتبر ) FRA3B(ھو جین مثبط للورم ویقع في منطقة ) FHIT(ان جین  .تقدم المرض الصعبة حیث یمكن استرجاعھ اذا تم التدخل مبكرا لمنع الطفرات الوراثیة المتكررة ومنع 
ھو جین مثبط ) WWOX(ان جین .والتي یحصل فیھا اصابة الحامض النووي المؤدیة الى استنساخ وتبدل مواقع جینیة متكررة الحدوث  ةاكثر منطقة في الجین معروفة بالھشاش

  .اخماد الورم عن طریق تفعیل عملیة النسخ الجیني وتنظیم عملیة موت الخلایا المنظم والتي تعتبر الطریقة الاھم لتثبیط الورم  للورم و یلعب دورا مركزیا في
, سرطان الفم الحرشفي في الغشاء الفموي الطبیعي والحثل النموي الطلائي الفموي و) WWOX(و ) FHIT(یم ومقارنة الاظھار المناعي النسیجي الكیمیائي لـ یتق :اھداف الدراسھ

  .الاخر ربط الاظھار الخاص بھذه المؤشرات الحیاتیة مع الصفات السریریة المرضیة وكذلك الاظھار الخاص بالمؤشرات الحیاتیة  المدروسة مع بعضھاو
للحثل النموي الطلائي  اقالب 19, قوالب للغشاء الفموي الطبیعي  10.(في شمع البارافین ابالفورمالین ومطمور امثبت انسیجی اشملت ھذه الدراسة خمسین قالب :المواد وطرق العمل 

  )WWOX(وكذلك ) FHIT(صبغ المقاطع بصبغة المناعة النسیجیة الكیمیائیة باستخدام المضادات الحیویة لل تم .)لسرطان الخلایا الحرشفیة  اقالب 21الفموي وكذلك 
للحثل النموي الطلائي %) 84(حالة ) 16(وفي , %) 100(ن ایجابیا وبتصنیف عال في جمیع حالات الغشاء الفموي الطبیعي كا) FHIT(ان الاظھار المناعي الصبغي لل : النتائج 

) 14(ي وفي جمیع حالات الغشاء الفموي الطبیع اایجابیا والتصنیف عالی) WWOX(بینما كان الاظھار المناعي الصبغي لل .للسرطان الحرشفي الفموي %) 86(حالة ) 18(الفموي و
احصائیا لكلا المؤشرین الحیویین في الحثل  عالیة كانت ھنالك علاقة معنویة من السرطان الفموي الحرشفي%) 71(حالة ) 15(من الحثل النموي الطلائي الفموي و%) 74(حالة 

 .لھما بین المجامیع المدروسةمع اختلافات معنویة ,النموي الطلائي الفموي وعلاقة غیر معنویة في سرطان الخلایا الحرشفیة الفموي 
بالنتیجة یؤدي الى  و على دورھما الممیز والمتلازم في تثبیط التحول الورمي من غشاء فموي طبیعي الى حثل نموي طلائي النتائج المذكوره لكلا المؤشرین الحیویین دلت :الاستنتاجات 

  .اورام فمویة خبیثة 
  
  

INTRODUCTION 
    The most common oral cancer of epithelial 
origin is oral squamous cell carcinoma (OSCC), 
corresponding to almost 95% of all lesions and to 
about 38% of malignant tumors of the head and 
neck (1). 
     It remains a lethal disease in over 50% of the 
cases diagnosed annually, due mostly to late 
detection of advanced stage cancer (2). 
    The transition from normal oral epithelium to 
oral dysplasia and cancer results from 
accumulated genetic and epigenetic alterations (3). 
(1) Master Student. Department of Oral Diagnosis, College of 
Dentistry, University of Baghdad. 
(2) Assistant Professor, Department of Oral Diagnosis, College of 
Dentistry, University of Baghdad. 

The best-known precursor lesion is epithelial 
dysplasia, which is histologically detectable and 
often presents clinically as white or red mucosal 
patches called leukoplakia and erythroplakia (4).  
     Oral squamous carcinogenesis is a multistep 
process in which multiple genetic events occur 
that alter the normal functions of oncogenes and 
tumor suppressor genes. This can result in 
increased production of growth factors or 
numbers of cell surface receptors, enhanced 
intracellular messenger signalling, and/or 
increased production of transcription factors.  

In combination with the loss of tumor 
suppressor activity, this leads to a cell phenotype 
capable of increased cell proliferation, with loss 
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of cell cohesion, and the ability to infiltrate local 
tissue and spread to distant sites (5). 
     Common fragile sites are chromosome regions 
which observed in metaphase chromosomes. 
Those genes in these regions are more susceptible 
to breakage, rearrangements and deletions than 
other genes and played an important role in the 
carcinogenesis (6-7).  
      The fragile histidine triad (FHIT) and the 
WW-domain oxidoreductase gene (WWOX) are 
tumor suppressor genes that encompass the 
FRA3B and FRA16D fragile sites at 
chromosomes 3p14.2 and 16q23.3, respectively 
(8). 
     Fragile histidine triad protein is knowing to 
play a role in the process of neoplastic 
transformation. It has been demonstrated that 
FHIT gene inactivation is manifested by a lack or 
very low concentration of Fhit protein in tissues 
collected from tumours in many organs, including 
head, neck, breast, lungs, stomach or large 
intestine (9). 
     It was indicated that loss of FHIT protein not 
only correlated with tumour aggressiveness but 
also was detected in pre-cancerous lesions, 
pointing out the possible importance of the FHIT 
gene in the initiation of cancer (10). 
     WWdomain-containing oxidoreductase is 
an enzyme that in humans is encoded by 
the WWOX gene. WW domain-containing 
proteins are found in all eukaryotes and play an 
important role in the regulation of a wide variety 
of cellular functions such as protein degradation, 
transcription, and RNA splicing. This gene 
encodes a protein which contains 2 WW domains 
and a short-chain dehydrogenase/reductase 
domain (SRD) ( 11). 

        The nature of the various proteins that the 
WWOX protein can interact with, such as c-Jun, 
TNF, p53, p73, AP- 2gamma, and E2F-1, 
suggests that WWOX plays a central role in tumor 
suppression through transcriptional repression and 
apoptosis, with its apoptotic function the more 
prominent of the two( 12). 
        Poor prognosis or unfavorable clinical 
outcome in patients is associated with low or 
absent expression of WW domain-containing 
oxidoreductase (WWOX) protein in cancer 
specimens (13). 

          This study aimed to evaluate and compare 
immunohistochemical expression of FHIT and 
WWOX in normal oral mucosa, oral epithelial 
dysplasia and oral squamous cell carcinoma, 
correlate the expression of the mentioned markers 
with the clinicopathological features and to show 
the expression of studied markers with each other. 

 

MATERIALS AND METHODS 
       Fifty formalin-fixed, paraffin embedded 
tissue blocks (10 cases of normal oral mucosa, 19 
cases of oral epithelial dysplasia, and 21 cases of 
oral squamous cell carcinoma) were included in 
this study dated from (1980 till 2013), were 
obtained from the archives of the department of 
Oral & Maxillofacial Pathology/ College of 
Dentistry/ University of Baghdad;  Al-Shaheed 
Ghazi Hospital/ Medical City / Baghdad; and Al 
Kadhimiya teaching Hospital. 
   After histopathological reassessment of 
haematoxylin and eosin stained sections for each 
block, an immunohistochemical staining was 
performed using anti FHIT polyclonal antibody, 
and anti WWOX polyclonal antibody. 
 
RESULTS 
        Positive FHIT Immunostaining was detected 
as brown cytoplasmic expression. 
Diffuse Positive immunostaining of FHIT was 
detected with high score in all cases (100%) of 
NOM. For OED result  showed that score IV 
(diffuse positive staining) was found in 16 cases 
(84.12%), while remaining cases distributed 
among score I (negative), II(sporadic positive 
staining ) and III(focal positive staining) with one 
case (5.26%) for each score. 
      Concerning the degree of FHIT expression in 
OSCC,  result showed that score IV was found in 
18 cases (85.71%) , followed by score I(negative) 
in 2 cases (9.52%) and one case (4.76%) with 
score II. fig (1,2,3). 

 

 
Figure 1: Positive cytoplasmic expression of 

FHIT in NOM(400x). 
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Figure2: Positive cytoplasmic expression of 

FHIT in mild OED (400x). 
 

 
Figure 3: Positive cytoplasmic expression of 
FHIT in moderate  differentiated OSCC 

(400x). 
 
      Positive WWOX Immunostaining was 
detected as brown cytoplasmic or cytoplasmic 
with nuclear expression. According to the degree 
of expression all cases (100%) of NOM showed 
score III (strong positive staining).For OED the 
result showed that Score I ( negative) was found 
in 2 cases (10.53%) ,Score II (weak positive)  3 
cases (15.79%) and Score III (strong positive) 14 
cases (73.68%). 
     Concerning degree of expression of WWOX in 
OSCC, result revealed that majority of cases were 
score III 15 cases (71.43%) followed by score I 
and II both found in 3cases (14.29%). fig (4,5,6). 
 

 
Figure 4: Positive cytoplasmic expression of 

WWOX in NOM (400x). 

 
Figure 5: Positive cytoplasmic and nuclear  
expression of WWOX in sever OED (400x). 

 

 
Figure 6: Positive cytoplasmic and nuclear 
expression of WWOX in well differentiated 

OSCC (400x). 
 
      Regarding the correlation between both 
markers and clinicopathological parameters of 
oral epithelial dysplasia and oral squamous cell 
carcinoma there was non significant correlation 
except for the correlation between WWOX and 
clinical presentation of oral epithelial dysplasia 
which was statistically significant. 
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The correlation between FHIT and WWOX 
expression 
     In OED cases, the results of the present study 
revealed statistically a highly significant 
correlation between the two studied markers (p-
value= 0.000) according to Spearman's 
Correlation Table 1. In OSCC cases, the results 
revealed statistically a non significant correlation 
between the two markers (p-value= 0.59). Table 2 

 
Table 1: Correlation between FHIT and 

WWOX markers in OED 
Markers  WWOX 

FHIT r 0.86 
p-value 0.000 (HS)* 

 
Table 2: Correlation between FHIT and 

WWOX markers  in OSCC 
Markers  WWOX 

FHIT r 0.12 
p-value 0.59 (NS) 

 
Differences of FHIT and WWOX markers 
between each two groups 
       Regarding the correlation of FHIT and 
WWOX between each two   groups and according 
to Mann-Whitney U test, the results of this study 
revealed statistically highly significant difference 
between NOM and OSCC for FHIT expression 
(p-value=0.002), while for WWOX expression 
results showed highly significant difference 
between NOM and OED and between NOM with 
OSCC (p-value=0.000). Non-significant 
difference was found between OED and OSCC 
for both markers. Table 3 
 
Table 3: Mann-Whitney U test between each 

two groups 

Markers Groups 
Mann-

Whitney 
U test 

P-value 

FHIT 
NOM 

OED 53.5 0.054 
(NS) 

SCC 34.5 0.002 
(HS) 

OED SCC 176.5 0.529 
(NS) 

WWOX 
NOM 

OED 13 0.000 
(HS) 

SCC 9.5 0.000 
(HS) 

OED SCC 184.5 0.683 
(NS) 

 
 
 

DISCUSSION 
Clinicopathological findings of OED 
          Regarding the epidemiological parameters, 
including age, gender, site, and clinical 
presentation, studies showed variable results; in 
the present study most of OED cases were in 
patients over 40 years of age, such finding 
showed that the incidence of dysplastic changes 
increase with age, and this finding is in agreement 
with the finding of previous studies (14,15). 

       Regarding clinical presentation of OED, 
white lesion (leukoplakia) represent the most 
predominant clinical presentation (47.37%), 
which came in accordance with the findings of (14, 

15). 

 
Clinicopathological findings of OSCC: 
    Concerning site distribution of OSCC, the 
tongue represented the most predominant site in 
this study, this is in agreement with the results of 
(15, 16) and disagree with (17, 18). 

         Intraoral squamous cell carcinoma 
predominates in the ventrolateral tongue, floor of 
mouth and mandibular alveolus regions. These 
areas have been postulated to form a ‘gutter zone’ 
into which soluble carcinogens may pool and 
exert their neoplastic influence (19). 

    Concerning clinical presentation the most 
predominant presentation recorded in this study 
was a mass presented in 12 cases (57.14 %), 
followed by ulcerative lesion 8 cases (38.10%). 
 
Assessment of FHITimmunohistochemistry 
    As we expected, all cases of NOM (100%) 
showed score IV (diffuse positive staining),this 
finding was in agreement with previous studies 
by(20-21) who showed strong positive 
immunoreactivity for FHIT in normal oral 
epithelium. 
    The FHIT gene is expressed at low levels in 
most tissues of the body but interestingly the 
highest expression was detected in epithelial cells 
and tissues. Fragile histidine triad gene is 
inactivated in epithelial tumors and specifically 
those exposed to environmental carcinogens . 
This loss of expression seems to occur early in the 
development of these cancers while, in other 
cancers, it may be a later event corresponding to 
progression and aggressiveness (22). 

      Concerning OED cases, the results of this study 
showed that score IV(diffuse positive staining) of  
FHIT was observed in 16 cases (84%), and one 
case (5%) for each  negative (score I),score II and 
score III. Regarding correlation between FHIT 
and clinicopathological features, there was 
statistically non significant correlation of FHIT 
with age, gender, site and clinical presentation. It 
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was indicated that loss of Fhit protein not only 
correlated with tumor aggressiveness but also was 
detected in pre-cancerous lesions, pointing out the 
possible importance of the FHIT gene in the 
initiation of cancer (10). 

      In oral squamous cell carcinoma,the results of 
this study showed that the highest score of FHIT 
was observed in 18/21 cases (85%), negative or 
low expression was found in 15%, this come in 
agreement with the data of (20). 

      Previous studies showed a range of 4% to 
68% absent or markedly reduced FHIT expression 
in OSCC (23, 25). 

       This discrepancy may depend on the 
specificity and sensitivity related to different 
FHIT antibodies, staining protocol, scoring 
system, and tissue collection (21). 

 
Assessment of WWOX immunohistochemistry 
       In NOM, all cases (100%) showed score III 
(strong positive staining), agreed with the result of 
(26) by using RT-PCR. 
    Concerning OED cases, the results of this study 
showed that score III of WWOX was observed in 
14 cases (73.68%), reduced expression was found 
in 5 cases (26.32%). 
     Regarding correlation between WWOX and 
clinicopathological features, there was statistically 
non significant correlation of  WWOX with age, 
gender and  site, while there was significant 
correlation with the clinical presentation of OED 
(white lesion), which was the most clinical 
presentation in this study. 
     Concerning OSCC cases the results of this 
study showed that score III of WWOX was 
observed in 15 cases from 21with loss of 
expression in about 30%,this finding come  in 
agreement with (26). 
    Many studies have also shown that WWOX 
protein expression is reduced or lost in tumor cells 
compared with normal cells and that finding could 
be associated with certain clinical or pathological 
parameters (27, 28). 

 
Correlation between FHIT and WWOX IHC 
expression in OED and OSCC: 
     Fragile histidine triad gene exhibits many 
features similar to WWOX. Both of them are 
most active fragile genes and they are large genes 
with the length of more than 1 Mb. Both genes are 
located in common fragile sites and lie in a region 
of homozygous deletions and present a high 
frequency of aberrant RT-PCR products in tumors 
(29).  
    The result of the present study showed a high 
expression rate of both markers in NOM, with 
parallel reduction of the expression in OED and 

OSCC. It was difficult to find previous studies 
correlate FHIT and WWOX 
immunohistochemical expression in OED and 
OSCC, however we compared our results with 
other close results. Regarding the correlation 
between FHIT and WWOX expression in each 
group, the result revealed a statistically highly 
significant correlation in OED and non significant 
correlation in OSCC. 
       In accordance with previous reports, lost or 
reduced FHIT and WWOX expression has been 
shown to be an important step in the initiation of 
tumorigenesis in a variety of tumors, including 
breast, lung, esophagus, kidney, cervix and other 
organs (30, 31). 

 

Studied groups’ comparison between FHIT 
and WWOX 

The result of the present study showed highly 
significant difference between NOM and OSCC 
concerning FHIT expression, For WWOX 
expression, results showed highly significant 
difference between NOM and OED and between 
NOM and OSCC. 

In nasopharyngeal carcinoma (NPC) study by 
(32) showed that significant difference was found 
in FHIT and WWOX mRNA expression levels 
between (NPC) tissues and non cancerous tissues, 
and FHIT mRNA expression was strongly 
correlated with WWOX (NPC) patient.  

These results support the concept that both 
markers are tumor suppressor and reduce in 
premalignant or malignant lesions. 

Therefore, we speculate that statistically 
significant difference between FHIT and WWOX 
among groups of NOM, OED and OSCC cases 
observed in this study suggest their close and 
synergistic, cooperation and coactivation in the 
malignant potential of oral lesion and can be use 
as early diagnostic markers for evaluating these 
lesions. 

Finally, FHIT and WWOX could be use as 
target for gene therapy in patients with malignant 
oral lesions through its tumor suppressive role. 
 

REFERENCES 
1. Spíndula-Filho S, Aparecido D , Elismauro FM. Oral 

squamous cell carcinoma versus oral verrucous 
carcinoma: an approach to cellular proliferation and 
negative relation to human papillomavirus (HPV). 
Tumor Biol 2011; 32:409–416. 

2. Warnakulasuriya S. Global epidemiology of oral and 
oropharyngeal cancer. Oral Oncol 2009; 45: 309–16. 

3. Mithani SK, Mydlarz WK, Grumbine FL, Smith      
IM, Califano JA. Molecular genetics ofpremalignant 
oral lesions. Oral Dis 2007; 13(2):126-33. 

4. Warnakulasuriya S, Johnson NW, van der Waal I. 
Nomenclature and classification of potentially 



J Bagh College Dentistry               Vol. 26(4), December 2014                    Immunohistochemical  
   

Oral Diagnosis  107 
 

malignant disorders of the oral mucosa. J Oral Pathol 
Med 2007; 36(10): 575–80. 

5. Williams H K. Molecular pathogenesis of oral 
squamous carcinoma. J Clinical Pathology 2000; 
53(4): 165–72.  

6. Ilsley JL, Sudol M, Winder SJ. The WW domain: 
linking cell signaling to the membrane cytoskeleton. 
Cell Signaling 2002; 513, 30-7. 

7. Nunez MI, Ludol-Meyer J, Abba MC, et al. Frequent 
loss of WWOX expression in breast cancer correlation 
with estrogen receptor status. Breast Cancer Res Treat 
2005; 89: 99-150. 

8. Richards RI. Fragile and unstable chromosomes in 
cancer: causes and consequences. Trends in Genetics 
2001; 17(6): 339-45. 

9. Czyzewska J, Guzińska-Ustymowicz K, Pryczynicz 
A, Kemona A, Bandurski R.  Immunohistochemical 
assessment of Fhit protein expression in advanced 
gastric carcinomas in correlation with Helicobacter 
pylori infection and survival time. Clinical Laboratory 
Diagnostics, Medical University of Białystok  2009; 
47(1): 47-53. 

10. Mori M, Mimori K, Shiraishi T, et al. Altered 
expression of Fhit in carcinoma and precarcinomatous 
lesions of the esophagus. Cancer Res 2000; 60: 1177-
82. 

11. Persson B, Kallberg Y, Bray JE, Bruford E, Dellaporta 
SL, Favia AD, Duarte RG, Jornvall H, Kavanagh KL, 
Kedishvili N, Kisiela M, Maser E, Mindnich R, 
Orchard S, Penning TM, Thornton JM, Adamski J, 
Oppermann U "The SDR (Short-Chain 
Dehydrogenase/Reductase and Related Enzymes)    
2009;178(1–3): 94. 

12. Pollard KS, Salama SR, Lambert N, Lambot MA, 
Coppens S, Pedersen JS, Katzman S, King B, Onodera 
C, Siepel A, Kern AD, Dehay C, Igel H, Ares M Jr, 
Vanderhaeghen P, Haussler D. An RNA gene 
expressed during cortical development evolved rapidly 
in humans 2006; 443 (7108): 167–72.  

13. Jenner MW, Leone PE, Walker BA, Ross FM, 
Johnson DC, Gonzalez D et al. Gene mapping and 
expression analysis of 16q loss of heterozygosity 
identifies WWOX and CYLD as being important in 
determining clinical outcome in multiple myeloma. 
Blood 2007; 110: 3291–300. 

14. Yass NS. Glycoconjucates profile in hyperplastic, 
dysplastic and neoplastic lesions of the oral mucosa. A 
Ph.D. thesis, Department of Oral Diagnosis, College 
of Dentistry, University of Baghdad, 2006. 

15. Ahmed SA. Immunohistochemical expression of P16 
and HER2/neu in normal oral mucosa, oral epithelial 
dysplasia, and oral squamous cell carcinoma. A master 
thesis, Department of Oral Diagnosis, University of 
Baghdad, 2013. 

16. Jubair KK. A Comparative study of 
immunohistochemical expression of moesin, 
cytokeratin 14, MMP7 in oral squamous cell 
carcinoma and oral verrucous carcinoma. A master 
thesis, Department of Oral Diagnosis, College of 
Dentistry, University of Baghdad, 2013. 

17. Jabur SAW. Immunohistochemical expression caspase 
7 and annexin v as apoptosis markers in oral squamous 
cell carcinoma. A master thesis, Department of Oral 

Diagnosis, College of Dentistry, University of 
Baghdad, 2010. 

18. Ali DR. Immunohistochemical expression of 
Cyclooxygenase-2 and Heparenase enzymes in oral 
squamous cell carcinoma. A master thesis, Department 
of Oral Diagnosis, College of Dentistry, University of 
Baghdad, 2010. 

19. Thomson P. Oral Precancer: diagnosis and 
management of potentially malignant disorders.1st ed. 
UK: Wiley-Blackwell; 2012. 

20. Yin C, Shen LJ, Xie SM, Ruan P, Yao X. Expression 
and significance of fragile histidine triad in oral cancer 
and precancerous lesions. Di Yi Jun Da Xue Xue Boa 
2005; 25(5):584-6. 

21. Kujan O, Oliver R, Roz L, et al. Fragile Histadine 
Tried expression in oral squamous cell carcinoma and 
precursor lesions. Clin Cancer Res 2006; 12(22): 
6723-9. 

22. Brown J, Stafne A, Engelbrecht S, Veale R, Willem P. 
Oesophageal cancer in South Africa: Possible 
involvement of FHIT. Chromosome Res 2004; 12 
(Supplement 1):133. 

23. Lee JI, Soria JC, Hassan K, et al. Loss of Fhit 
expression is a predictor of poor outcome in tongue 
cancer. Cancer Res 2001; 61: 837–41. 

24. Mineta H, Miura K, Takebayashi S, et al. Low 
expression of fragile histidine triad gene correlates 
with high proliferation in head and neck squamous cell 
carcinoma. Oral Oncol 2003; 39: 56–63. 

25. Tai SK, Lee JI, Ang KK, et al. Loss of Fhit expression 
in head and neck squamous cell carcinoma and its 
potential clinical implication. Clin Cancer Res 2004; 
10: 5554–7. 

26. Li Y J, The expression of WWOX in oral 
premalignant lesions and squamous cell carcinomas. A 
master thesis, Oral and clinical medicine, Jilin 
university, 2011. 

27. Aqeilan RI, Pekarsky Y, Herrero JJ, Palamarchuk A, 
Letofsky J, Druck T, Trapasso F, Han SY, Melino G, 
Huebner K. and Croce C.M.. Functional association 
between WWOX tumor suppressor protein and p73, a 
p53 homolog. Proc Natl Acad Sci 2004; 101: 4401-6. 

28. Gourley C, Paige AJ, Taylor KJ, Scott D, Francis NJ, 
Rush R, Aldaz CM, Smyth JF, Gabra H. WWOX 
mRNA expression profile in epithelial ovarian cancer 
supports the role of WWOX variant 1 as a tumour 
suppressor, although the role of variant 4 remains 
unclear. Int J Oncol 2005; 26: 1681-9. 

29. 29-Qin HR, Iliopoulos D, Nakamura T, et al. WWOX 
suppresses prostate cancer cell growth through 
modulation of ErbB2-mediated androgen receptor 
signaling. Mol Cancer Res 2007; 5: 957-65. 

30. Guler G, Uner A, Guler N, et al. Concordant loss of 
fragile gene expression early in breast cancer 
development. Pathol Int 2005; 55: 471-8. 

31. Aqeilan RI, Hagan JP, Aqeilan HA, et al. Inactivation 
of the WWOX gene accelerates forestomach tumor 
progression in vivo. Cancer Res 2007; 67: 5606-10. 

32. Chen  Xu ,Ping Li, Zheng Yang, Wu-Ning Mo,   
Expression of Fragile Histidine Triad (FHIT) and 
WW-Domain Oxidoreductase Gene (WWOX) in 
Nasopharyngeal Carcinoma.  Asian Pacific J Cancer 
Prev 2013; 14(1): 165-71. 

 


