
 

 

Introduction 
 
Differentiated thyroid carcinoma (DTC: papillary 
and follicular carcinoma) is already the most 
common endocrine malignancy, with reported 
incidence rates still rapidly increasing in recent 
years [1, 2].  DTC is generally indolent and is 
characterized by low morbidity and mortality; 
however, some patients are at high risk of cervi-
cal metastases and recurrence.  The thyroid 
epithelium is the second most common tissue 
type, next to blood, where fusion gene products 
are critical for the early development of cancer 
[3].  Given that carcinogenesis is a multi-step 
process [4-7], the activation of carcinogenic 
pathways in DTC likewise involves many differ-
ent abnormalities both genetic and epigenetic. 
Epigenetic alterations, particularly hypermethy-
lation of promoter DNA regions with consequent 

gene silencing, which occur commonly in cancer 
[8-13] might be a common feature of DTC as 
well. 
 
The short arm of human chromosome 3 is one 
of the most common sites of chromosomal ab-
normality in malignant diseases.  One candidate 
for alterations at this location is the fragile his-
tidine triad (FHIT) gene, located on 3p14.2, 
spanning the FRA3B common fragile site [14]. 
The FHIT gene is composed of 10 exons encom-
passing 1.8 Mb genome regions, of which only 
exons 5 to 9 are the code for protein. It encodes 
a short 1.1 kb mRNA transcript, and a small 
16.8 kDa protein. Studies on the functional as-
pects of FHIT have indicated that it is a tumor 
suppressor gene. The FHIT gene and its protein 
may be involved in the regulation of proliferative 
and apoptotic cellular processes [15-18].  Loss 
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of heterozygosity on chromosome 3p involving 
the FHIT gene is frequently associated with both 
benign and malignant thyroid lesions, suggest-
ing that FHIT alterations might be an early event 
in thyroid carcinogenesis [19, 20]. However, 
some reports do not support an association 
between FHIT loss and developmental stages, 
histological grade or outcome in human thyroid 
cancer [21, 22]. Thus the role of FHIT in thyroid 
cancer progression remains controversial. 
 
DNA methylation is one of the main avenues for 
epigenetic modification in humans, and 
changes in methylation patterns play an impor-
tant role in tumorigenesis  [5, 23]. Methylation 
of the FHIT gene was found in several solid tu-
mors – such as in esophagus, bladder, lung and 
breast cancers [8, 11, 13, 18, 24].  In addition, 
it was reported that a reduced or total loss of 
expression of FHIT protein resulting from gene 
methylation was associated with disease pro-
gression in some solid tumors [24-28]. How-
ever, the mechanism of FHIT inactivation has 
not yet been defined in DTC. In this study, we 
compared the methylation status of the FHIT 
gene promoter as well as the expression of its 
protein in 65 cases of DTC against matched non
-cancerous epithelium (NCE) by using PCR-
based restriction enzyme assay and immunohis-
tochemical (IHC) technique, and investigated 
the correlation of the promoter methylation of 
FHIT gene with patho-clinical features of DTC. 
 
Materials and methods 
 
Patients and tissue specimens  
 
Sixty-five patients underwent surgical resection 
for DTC between January 2005 and July 2006 in 
the First Affiliated Hospital of Zhengzhou Univer-
sity, China. The patients comprised of 19 men 
and 46 women with ages ranging between 15 
and 75 years (mean age, 45 years).  All patients 
had no prior chemotherapy or radiotherapy. All 
specimens were obtained during routine sur-
gery. In each case, one block of tissue from the 
tumor and another block from non-cancerous 
tissue (non-cancerous epithelium, NCE) in the 
contralateral lobe away from the tumor was re-
sected.  The tissue samples were snap frozen in 
liquid nitrogen shortly after surgical removal and 
stored at −80 °C. A portion of each frozen tu-
mor sample was also embedded in paraffin. 
Sections of each paraffin block were stained 
with hematoxylin and eosin (H&E) to confirm the 

exact tissue analyzed.  Histological diagnosis of 
the tumors was made and confirmed individu-
ally by at least 2 experienced pathologists 
based on World Health Organization (WHO) cri-
teria [29]. The clinical staging of DTC was made 
based on the TNM classification introduced in 
2002 by the American Joint Committee on Can-
cer (AJCC) [30].  In this study, there were 42 
cases of papillary thyroid carcinoma and 23 
cases of follicular thyroid carcinoma. Amongst 
them, 43 had grade I carcinoma and 22 had 
grade II carcinoma according to histological 
grading. By clinical staging using TNM stan-
dards, 13 patients had stage I carcinoma, 35 
had stage II, 12 had stage III, and 5 had stage 
IV.  The presence of lymphatic metastasis in 
regional nodes was confirmed during surgery 
and was positive in 26 cancers.  The specimens 
collected and used in this study were obtained 
with each patient’s consent along with approval 
from the ethics committee of the First Affiliated 
Hospital of Zhengzhou University. 
 
DNA isolation and preparation 
 
Genomic DNA was isolated using standard tech-
niques described previously with modification 
[10]. Briefly, tissue samples of 0.3–0.5 g were 
homogenized in liquid nitrogen and lysed in 
buffer containing 10 mM Tris–HCl (pH 8.0), 
0.1 M EDTA, and 0.5% SDS for 20 min.  
 
Lysates were incubated with proteinase K (final 
concentration 100 μg/ml) at 50 °C for 3 h, and 
extracted twice with phenol and twice with chlo-
roform. The genomic DNA was precipitated with 
0.2 volume of 10 M ammonium acetate and 2.5 
volumes of 100% ethanol. The DNA was washed 
with 70% ethanol and dissolved in TE buffer. 
The concentration of the DNA was determined 
by spectrophotometry and its integrity was 
checked by 1.5% agarose gel electrophoresis. 
 
PCR-based methylation assay 
 
The methylation status of the 5′-CpG island of 
the FHIT gene was checked by using a PCR-
based methylation assay as described by Iwase 
et al [31] with minor modifications [25, 32, 33]. 
Briefly, 1.0 micrograms of genomic DNA was 
digested overnight at 37°C with 20 units of the 
methylation-sensitive restriction enzyme HpaII 
under conditions specified by the manufacturer 
(Roche Molecular Biochemicals, Mannheim, 
Germany).  The sense and antisense primers 
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used were 5’-CGG TCA CAG GAC TTT TTG-3’ and 
5’-GTG GGG CGG AAG ATA CTC-3’ for the FHIT 
gene promoter region. The primer set amplifies 
a 282bp DNA fragment. The PCR reaction vol-
ume was 50 µl, containing 0.2 mM of each 
dNTP, 0.5 µM of each primer, 1 x reaction 
buffer, 2.5 mM MgCl2, 1.5 U Taq DNA poly-
merase (Fermentas Tamro Corp., Vantaa, 
Finland), and 50 ng template DNA.  Conditions 
were as follows: 94°C for 5 min, followed by 32 
cycles at 94°C for 40 Sec, 56°C (annealing 
temperature) for 40 Sec and 72°C for 1 min; 
and then followed by incubation at 72°C for 5 
min.  
 
PCR conditions were determined by cycle curve 
and DNA concentration curve. To rule out the 
possibility of false positives due to incomplete 
digestion and over-cycling of the PCR amplifica-
tions, the digestions of each sample and the 
PCR amplification were performed at least twice 
in independent experiments. Undigested DNA 
and MspI-digested DNA samples were amplified 
as positive and negative controls respectively. 
PCR products were resolved on 1.8% agarose 
gel. Loss of the PCR products following diges-
tion by HpaII was assessed as demethylation 
(Figure 1). 
 
Immunohistochemical analysis  
 
Paraffin sections of thyroid samples (4 μm) 
were deparaffinized in three 10-minute xylene 
washes and rehydrated through a series of 
graded alcohols. Antigen retrieval was done by 
incubating tissue sections in sodium citrate 
buffer (10 mmol/L, pH 6.0) at 95°C for 20 min-
utes. Endogenous peroxidase was inactivated 
by treatment with 3% hydrogen peroxide in 
methanol. Slides were incubated in 2% bovine 
serum albumin blocking solution, followed by 
incubation with a polyclonal rabbit anti-human 
FHIT antibody at a 1:50 dilution (Zymed Labora-
tories Inc., San Francisco, CA) overnight at 4°C.  
The bound antibody was detected by a strepta-
vidin-biotin-peroxidase complex and visualized 
by 3,3-dinminobenzidine tetrahydrochloride 
supplemented with 0.01% hydrogen peroxide. 
Finally, the slides were lightly counterstained 
with Mayer’s hematoxylin. All series include 
positive controls, and omission of the primary 
antibodies served as negative control.  The ex-
pression of the investigated antigens was evalu-
ated in a semi-quantitative manner [32, 34].  
The immunoreaction was calculated as the per-

centage of positive cell × staining intensity. The 
percentage of positive cells was graded: < 10% 
as 0; 10% – 30% as 1; 31% – 60% as 2; and > 
60% as 3, and the staining intensity was graded 
as 0, absent; 1, faint; 2, moderate; and 3, 
strong staining (Figure 2). Levels of immunore-
action were graded into three groups: (–): score 
0; (+): score 1 – 4; (++): score > 4. 
 
Statistical analysis 
 
Two-tailed statistical analysis was performed 
using SPSS computer software (Version 13, 
SPSS Inc, Chicago, IL, USA).  The correlation 
between frequency of FHIT promoter methyla-
tion and expression of FHIT gene protein or the 
clinicopathologic parameters was analyzed with 
the Pearson correlation method. A P-value of 
less than 0.05 was considered statistically sig-
nificant. 

Figure 1.   Representative results from PCR based 
HpaII restriction enzyme assay. A 282 bp PCR prod-
uct is seen following incubation with HpaII in a me-
thylated DTC (B: H), but not in an unmethylated DTC 
(A: H), as the methylated restriction site (CCGG) is 
resistant to digestion by the enzyme. All 65 NCE 
were unmethylated in the FHIT promoter region, 
while 16 of 65 DTC were methylated. MW: molecular 
weight ladder; W, water; U, undigested; H, incubated 
with HpaII; M, incubated with MspI.   
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Results 
 
Promoter methylation and protein expression of 
FHIT gene in NCE and DTC 
 
Methylation status of the FHIT promoter was 
assessed by PCR-based methylation assay in 65 
cases of DTC and their paired NCE. FHIT gene 
promoter was found to be methylated in 24.5% 
of DTC samples (16/65), but not at all in NCE 
samples (Figure 1). This difference was signifi-
cant between these two groups (P < 0.01).  The 
methylation appeared to suppress expression of 
FHIT protein in DTC (Table 1).  This is evidenced 
by the fact that normal thyroid tissues showed 
strong cytoplasmic staining by anti-FHIT, 
whereas DTC samples were moderately to 
weakly stained (Figure 2).  While 100% of the 
NCE samples (65/65) expressed high levels of 
FHIT protein in the cytoplasm of epithelial cells, 
only 41.5% of DTC samples (27/65) expressed 
even just moderate or low levels of FHIT pro-
teins (p < 0.01). Additionally, 58.5% of DTC 
samples (39/65) did not express any FHIT at all 
(Figure 3). The results suggest that hypermethy-
lation of FHIT’s promoter region leading to sig-
nificant suppression of its protein expression 
occurs in some cases of DCT.  
 
Inverse correlation of promoter methylation of 
FHIT gene with its protein expression in DTC 
 
Theoretically, increased promoter methylation of 
FHIT gene could contribute to decreased FHIT 
protein expression in DTC. In agreement with 
this notion, FHIT protein expression was only 
detected in only 18.7% (3/16) of DTC with FHIT 
promoter methylation, whereas about 48.9% 
(24/49) of DTC with unmethylated FHIT pro-
moter were expressed with FHIT proteins. Alter-
natively, FHIT promoter methylation was only 
detected in 11.1% (3/27) of DTC expressing 
FHIT proteins; while 34.2% (13/38) of DTC with-
out expression of FHIT proteins were methylated 
in FHIT promoter (Table 2). Therefore, the pro-
moter methylation of FHIT gene is inversely cor-
related with its proteins expression in DCT (P < 
0.05). This correlation appeared not to be af-
fected by the gender and classification of DTC, 
pathological changes and clinical manifesta-
tions (Table 1).  
 
The correlation of promoter methylation and 
protein expression of FHIT gene with pathologi-
cal grades of DTC 

As a tumor suppressor, increased promoter me-
thylation or decreased protein expression of 
FHIT gene may promote pathological changes in 
DTC. In agreement with this notion, the positive 
incidence of FHIT protein expression decreased 
significantly from 53.5 % (23/43) in well-
differentiated cancers (grade I) DTC to 18.2 % 
(4/22) in poorly differentiated cancers (grade II) 
(P < 0.01); and consistently, the percentage of 
FHIT gene promoter methylation was increased 
from 16.3% (7 of 43) in grade I to 40.9 % (9 of 
22) in grade II.  (P < 0.05). Therefore, FHIT gene 
promoter methylation and decreased FHIT pro-
tein expression is associated with DTC progres-
sion in pathology (Figure 4A).   
  
The correlation of FHIT gene promoter methyla-
tion with manifestations of DTC 
 
Since FHIT gene promoter methylation or re-
duced expression of FHIT was associated with 
pathological progression of DTC, we further ana-
lyzed whether these changes were associated 
with clinical manifestations of DTC, such as 
TNM stages and metastasis. As shown in Table 
1 and Figure 4B & C, the presence of FHIT pro-
moter methylation was increased from 14.6% (7 
of 48) in stages I and II to 52.9% (9 of 17) in 
stages III and IV; and the FHIT protein expres-
sion was decreased from 47.9% (23/43) in 
stages I and II to 23.5% (4/22) in stages III and 
IV. The correlations are statistically significant (P 
< 0.05).  The results suggest that FHIT promoter 
methylation or down-regulation of FHIT proteins 
is significantly associated with advanced clinical 
stages (Figure 4B). Moreover, the promoter me-
thylation and protein expression were also asso-
ciated with tumor metastasis Figure 4C). The 
rate of promoter methylation of the FHIT gene 
was 38.5% (10 of 26), and 15.4% (6 of 39), 
respectively, in DTC with metastasis and in DTC 
without metastasis (P < 0.05); and the rate of 
FHIT protein expression was 15.4% (4 of 26) of 
DTC with metastasis and in 59.0% (23 of 39) of 
DTC without metastasis (P < 0.05) (Table 1 & 
Figure 4C).  Taken together, these results sug-
gest that FHIT gene promoter methylation is 
associated with clinical stage and metastasis of 
DTC.  
 
The effects of gender, age and classification of 
DTC on FHIT gene promoter methylation 
 
The FHIT gene promoter methylation in DTC was 
affected by gender and classification of DTC but 



FHIT methylation in thyroid carcinoma  

 
 
486                                                                                                       Int J Clin Exp Pathol 2010;3(5):482-491 

 

Figure 2. Representative micro-
graphs of IHC staining intensity 
of FHIT protein in the thyroid 
tissue  A, Normal thyrocyte 
shows strong cytoplasmic stain-
ing intensity (score 3; x 200). B, 
Normal thyrocyte shows moder-
ate cytoplasmic IHC staining 
intensity (score 2; x 400). C, 
Follicular thyroid carcinoma 
shows weak cytoplasmic IHC 
staining intensity (score 1; x 
400). D, Papillary thyroid carci-
noma shows no FHIT-specific 
IHC staining (score 0; x 400). 

 
Table1. Promoter methylation and protein expression of FHIT gene and clinicopathologic factors in DTC 

FTC: follicular thyroid carcinoma;    PTC: papillary thyroid carcinoma 

 P<0.01；* P<0.05, as compared between groups of pathological grade, TNM stages or metastasis. 

Characteristics n 
 Methylation  Protein expression 

- + 
Positive rate 

（%） 
  - + ++ Positive rate （%） 

Gender         

  

        
Male 19 16 3 15.8 9 6 4 52.6 
Female 46 33 13 28.3 29 12 5 37.0 
Age                 

＜45 30 23 7 23.3 17 10 3 43.3 
≥45 35 26 9 25.7 21 8 6 40.0 
Classification                 
FTC 23 15 8 34.8 15 7 1 34.8 
PTC 42 34 8 19.0 23 11 8 45.2 
TNM stage                 

Ⅰ～Ⅱ 48 41 7 14.6  25 14 9 47.9 

Ⅲ～Ⅳ 17 8 9 52.9 13 4 0 23.5 
 grade                 
Ⅰ 43 36 7 16.3* 20 15 8 53.5  
Ⅱ 22 13 9 40.9 18 3 1 18.2 

Lymph node metastasis                 

Yes 26 16 10 38.5* 22 4 0 15.4  

No 39 33 6 15.4 16 14 9 59.0 
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not gender, although the effects were not statis-
tically significant (Table 1 & Figure 5). While the 
percentage of FHIT gene promoter methylation 
in the female patient with DTC (28.3%) was 
higher than that in the male (15.8%), no differ-
ence could be found between ages (23.3% at < 
45 versus 25.7% at ≥ 45) in the FHIT gene pro-
moter methylation (P > 0.05). Moreover, the 

Figure 3. FHIT gene promoter methylation and its 
protein expression in DTC and NEC. FHIT gene pro-
moter methylation and its protein expression were 
shown in DTC (n=65) and NEC (n=65). **, p < 0.01, 
as compared between DTC and NEC.  Methylation: 
FHIT gene promoter methylation determined by PCR-
based methylation analysis; Expression: FHIT proteins 
expression determined by IHC staining.  

 
Figure 4.  Association of FHIT gene promoter methyla-
tion and its protein expression with pathological and 
clinical manifestations in DTC. FHIT gene promoter 
methylation and its protein expression in DTC with 
grand I (n = 43) and grade II (n = 22) pathological 
changes (A), TNM stage I/II (n = 48) and TNM stages 
III/IV (n = 17) (B), and metastasis (n = 26) and non-
metastasis (n = 39) (C) were determined by PCR-
based methylation analysis and IHC staining, respec-
tively. *, p < 0.05; ** p < 0.01, as compared be-
tween two groups. 

Figure 5. Association of FHIT gene promoter methyla-
tion and its protein expression with gender, age and 
tumor classification in DTC. FHIT gene promoter me-
thylation and its protein expression in DTC of (A) 
male (n = 19) and female (n = 46), (B) the patients 
at < 45 years old (n = 30) and ≥ 45 years old (n = 
35), and (C) FTC (n = 23) and PTC (n = 42) (C) were 
determined by PCR-based methylation analysis and 
IHC staining, respectively. There is no statistical sig-
nificance between the groups. FTC: follicular thyroid 
carcinoma; PTC: papillary thyroid carcinoma. 

Table 2. Correlation between FHIT gene promoter 
methylation and its protein expression in DTC 

x2=4.539,   P<0.05 

Expres-
sion 

Methylation 
Total 

+ - 
+ 3 24 27 

- 13 25 38 

Total 16 49 65 
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rate of FHIT gene promoter methylation in the 
follicular thyroid carcinoma (FTC) (34.8%) was 
higher than that in the papillary thyroid carci-
noma (PTC) (Table 1 & Figure 5).  
 
Discussion 
 
Defects involving the FHIT gene - such as abnor-
mal transcripts containing deletions of one or 
more coding exons, intragenic homozygous de-
letions, or genomic DNA rearrangement - have 
been found frequently in many cancer cell lines, 
as well as in many primary tumors including that 
of the lung, breast, esophagus, stomach, Merkel 
cell, and head and neck [11, 24, 35].  FHIT’s 
role as a possible tumor suppressor has been 
postulated based on the ability of FHIT to elimi-
nate or reduce the tumorigenicity of tumor cells 
in nude and knockout mice [36]. Genes are of-
ten defined and identified as tumor suppressor 
genes if they conform to the ‘two-hits’ or  
“multiple hits” hypothesis which postulates that 
loss of both alleles of such genes is required via 
mutation, deletion, or rearrangement to confer 
a growth advantage and subsequently contrib-
ute to cancer development [4, 37, 38].  How-
ever, in contrast to many other tumor suppres-
sor genes, inactivating point mutations are 
rarely observed in FHIT. While chromosomal 
rearrangements and deletions might be pre-
dominant in genetic alterations [39, 40], aber-
rant methylation causing FHIT promoter silenc-
ing was observed in several human solid cancer 
[41, 42]. In this study, we show that FHIT gene 
promoter methylation occurred in DTC but not in 
ECE, suggesting that aberrant epigenetic 
changes of FHIT may contribute to the develop-
ment of DTC.  
 
The methylation status of FHIT’s promoter re-
gion in 65 cases of DTC along with their 
matched NCE was determined by PCR-based 
restriction enzyme assay. In all 65 NCE samples 
examined, there was no promoter methylation 
of the FHIT gene; whereas methylation was ob-
served in 16 (24.5%) cases of DTC. This differ-
ence is significant (P<0.05).  In esophageal 
squamous cell carcinomas, Tanaka et al. [43] 
found FHIT hypermethylation in 5 of 35 (14%) 
primary tumors while corresponding normal 
tissue showed no methylation - which is consis-
tent with our results. Hypermethylation of the 5' 
-CpG island of the FHIT gene was observed in 
three out of four structurally unaltered but tran-
scriptionally repressed cell lines, and all methy-

lated cell lines exhibited re-expression of the 
FHIT gene along with demethylation in the CpG 
island after treatment with the demethylating 
agent 5-aza-2'-deoxycytidine.  These findings 
suggest that methylation of the 5'-CpG island of 
the FHIT gene is closely associated with tran-
scriptional inactivation and might be involved in 
tumor development of the esophagus [43].  
Kvasha et al. examined 22 paired samples of 
clear cell renal carcinoma and non-malignant 
renal tissue for the methylation of FHIT. Hyper-
methylation of FHIT was detected in 54.5% 
(12/22) of the clear cell renal carcinoma sam-
ples and they further demonstrated that hyper-
methylation of FHIT may be responsible for its 
inactivation in clear cell renal carcinomas [25]. 
Lin et al. observed that abnormal methylation of 
the FHIT gene was found in 26 of 55(47.2%) 
cases of myelodysplastic syndrome, but absent 
in normal controls [27]. These findings, together 
with ours, conclude that FHIT gene promoter is 
not methylated in normal cells. 
 
We also found that incidence of FHIT promoter 
methylation was significant lower in cases of 
early stage, well-differentiated DTC, and without 
metastasis, as opposed to being of advanced 
stage, poor differentiated, and with metastasis. 
These findings suggests that promoter methyla-
tion of the FHIT gene might be associated with 
progression of DTC and a poor prognosis, con-
sistently with our previous report that the status 
of aberrant DNA methylation is associated with 
the progression of colorectal carcinoma [10]. By 
Kaplan-Meier analysis, Maruyama R et al. also 
found that the survival of patients with methyla-
tion-positive FHIT in bladder cancers was signifi-
cantly shorter than that of patients with methy-
lation-negative tumors; and methylation-positive 
status was independently associated with poor 
survival in multivariate analyses [44]. 
 
In our current study, all NCE samples demon-
strated positive immunostaining for FHIT pro-
tein, with most of them being classified as hav-
ing a “strong” immunoreaction. On other hand, 
DTC samples had a significantly lower rate of 
positive expression at 41.5%, and featured 
variably mixed patterns of both reduced or ab-
sent and retained staining.  We also noticed 
that FHIT expression patterns displayed signifi-
cant association with lymph node metastasis 
and histological grade, both of which are known 
prognostic factors for DTC.  The strong associa-
tion of decreased FHIT expression with poor 
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prognosis shown in our study suggests that epi-
genetic alterations to FHIT represent a relevant 
molecular pathway in the carcinogenesis of 
DTC. Similarly to this study, we had earlier re-
ported expression of the FHIT protein in 46.3% 
(19/41) of laryngeal squamous cell carcinoma 
(LSCC) cases [32]. The rate of positive FHIT ex-
pression in stage I~II versus stage III-IV was 
69.6% and 16.7% respectively; and in the lymph 
node metastasis group versus the group without 
lymph node metastasis, it was 20.0% and 
61.5% respectively. We also demonstrated that 
FHIT might play important roles in development 
and metastasis of LSCC, thus opening the possi-
bility it could be a useful marker for evaluating 
the biological behavior of LSCC [32]. According 
to these findings, it is suggested that IHC analy-
sis of FHIT could be used to predict tumor ag-
gressiveness in DTC. 
 
In addition, we also observed that tumors lack-
ing methylation of the FHIT promoter region had 
high levels the FHIT expression as compared to 
the significantly reduced levels of FHIT protein 
expression observed in tumors featuring methy-
lation of the promoter. Thus, the data demon-
strates a correlation between promoter methyla-
tion of FHIT and a decrease in FHIT expression, 
indicating that promoter methylation of FHIT 
may be an important mechanism for FHIT inacti-
vation in DTC. 
 
In summary, the FHIT gene potentially plays a 
vital role in the carcinogenesis and develop-
ment of DTC. One possible avenue that FHIT 
inactivation operates through in DTC progres-
sion is via methylation of its promoter region. 
Thus, FHIT expression could serve as a useful 
biomarker in evaluating the biological behavior 
of FHIT and have clinical utility in devising inno-
vative treatment strategies. A better under-
standing of FHIT promoter methylation and phe-
notypic expression will provide new insights into 
DTC carcinogenesis, cancer treatment, and fea-
sible chemopreventive measures for the future. 
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