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Evaluation of Methylation Status in the 5'UTR Promoter 
Region of the DBC2 Gene as a Biomarker in Sporadic 

Breast Cancer
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Abstract

V;(!/@$Q!S%Breast cancer is one of the most common malignancies in women worldwide. 
It is caused by a number of genetic and epigenetic factors. Aberrant hypermethylation of 
 !"#$%&'& "%#%"()&*+#)*#+$",)-,#("*"+#)+#.#/"0#"1"* #)*# !"#2&%'. )&*#.*3#$%&(%"++)&*#&2#
breast cancers as well as the DBC2 gene, as a tumor suppressor gene. Different studies 
show that the DBC2 gene is inactivated through epigenetic mechanisms such as methyla-
tion in its promoter region. In this study, authors have tried to analyze methylation status in 
the promoter region of DBC2 gene in affected women and healthy controls.

 '@!#$'D<% '*2% !@"42<S In this experimental study, we evaluated the methylation 
status of DBC2 gene with nested methylation-specific PCR (MSPCR) using specific 
methylated and unmethylated primer sets, in three separate PCR reactions. We used 
45# )++6"#.*3#78&&3#+.'$8"+#&2#$. )"* +#9) !#7%".+ #,.*,"%:#4#*&%'.8# )++6"+#.*3#.8+&#
;5#*&%'.8#78&&3#+.'$8"+<#="+68 +#9"%"#"1.86. "3#70# !"#>.**?@!) *"0# "+ :#ABAA#
CD<5#+ . )+ ),.8#+&2 9.%"<

I!<5D@<S%Nested MSPCR results demonstrated that the frequency of the DBC2 promoter 
%"()&*#'" !08. )&*#+ . 6+#)*# 6'&%#.*3#78&&3#+.'$8"+#&2# !"#.22", "3#$. )"* +#9.+#+)(*)--
cantly higher than that of the corresponding normal controls.

H4*/D5<$4*S%DBC2 gene inactivation by methylation of CpG islands in the promoter re-
gion probably is a crucial step in the process of cell proliferation and susceptibility to dif-
ferent cancers, including breast cancer. Our study provides new evidence that aberrant 
methylation of the DBC2 gene is involved in the tumorigenesis of breast cancer. DNA 
methylation in this gene is proven to be a potential marker for tumor diagnosis and prog-
nosis, as well as a novel therapeutic target. 
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Introduction

 !"#$%&'#('"!&)$&*("&*+&%,"&-*$%&'*--*(&'#.$"$&

of morbidity and mortality in the world, account-

)(/&+*!&012&34516&-)77)*(8&*+&%,"&%*%#7&("9&'#(-

'"!&'#$"$&#(:&4;2&3;<6=;>>8&*+&%,"&%*%#7&'#('"!&
:"#%,$&)(&0>>6&3485&?9*&'*--*(&/"("$&3BrCa1 

and BrCa2), have been identified in the heredi-
%#!@&A!"#$%&'#('"!&$@(:!*-"$5&B*9"C"!=&,"!":)-
tary susceptibility appears to account for only 
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#&-)(*!)%@&*+&'#$"$&30=&185&D(&/"("!#7=&A!"#$%&'#('"!&)$&
thought to be a complex, multifactor disease resulting 
from the interaction of multiple genetic, epigenetic, 
#(:&"(C)!*(-"(%#7&+#'%*!$&3;85

E."&%*& %,"&,)/,& )('):"('"&*+&A!"#$%& %.-*!$&#(:&#&
7#'F& *+& -*7"'.7#!& -#!F"!$& +*!& "#!7@& :)#/(*$)$& #(:&
prognosis, extensive efforts are needed to identify 
$G"')H'& -*7"'.7#!& -#!F"!$& +*!& :)++"!"(%)#%)(/& A"-
%9""(&(*(I%.-*!#7&#(:&%.-*!#7&/7#(:$&3<85

J("& *+& %,"$"& A)*-#!F"!& '#(:):#%"$=& )$& %,"&DBC2 

gene, which has been mapped and cloned on human 
',!*-*$*-"& 6& 36G04I0085&DBC2 inactivation, also 
F(*9(& #$& RHOBTB2, is a tumor suppressor gene 
)(C*7C":& )(& A!"#$%& '#('"!& :"C"7*G-"(%& 3K85&DBC2 
suppresses breast cancer cells proliferation through 
:*9(I!"/.7#%)*(&*+&'@'7)(&E4&3LLME48&3K85&N.!%,"!&
evaluation of the DBC2 gene has suggested that it 
participates in different cellular pathways related to 
.A)O.)%)(#%)*(=& '"77& '@'7"& '*(%!*7=& G!*%")(& %!#($G*!%=&
#G*G%*$)$=&#(:&'@%*I$F"7"%*(&!"/.7#%)*(&3PI4>85

In brief, biological studies have revealed that silenc-
ing and loss of function of the DBC2 gene may precip-
itate breast cancer, and the reactivation of DBC2 gene 
can lead to growth arrest of cancer cells (7). Several 
investigations have documented that the DBC2 gene 
)$&+!"O."(%7@&:"7"%":&)(&A!"#$%&'#('"!=&#(:&%,"&"QG!"$-
sion of this gene is silenced in breast and lung cancers 
3P85&R*!"*C"!&%,"&$)7"(')(/&*+&%,)$&/"("&#%&%,"&-SMT&
level is involved in the genesis and progression of 
A!"#$%&'#('"!& 3U85&V*$$&*+&,"%"!*W@/*$)%@& 3VJB8=& )$&
the loss of normal function of one allele of a gene in 
9,)',&%,"&*%,"!&#77"7"&9#$&#7!"#:@&)(#'%)C#%":5&VJB&)$&
the most common type of somatic alteration found in 
human breast tumors (11, 12). Numerous allelic anal-
@$"$&*+&C#!)#A7"&G*7@-*!G,)'&-#!F"!$&)(&A!"#$%&'#('"!&
$#-G7"$&,#C"&:"-*($%!#%":&:)++"!"(%&VJB&)(&:)++"!-
"(%&',!*-*$*-"$&)('7.:)(/&',!*-*$*-"&6G&340I4;85

XG)/"("%)'& ',#(/"$& 3(*(I$"O."('"IA#$":& #7%"!#-
tions) are increasingly being considered as alterna-
tives to mutations and chromosomal abnormali-
%)"$& 34<85&?,"$"& )('7.:"&#7%"!#%)*($& )(&/"("&+.('%)*(&
%,!*./,&/7*A#7&EMT&,@G"!-"%,@7#%)*(=&,)$%*("&-*:-
)H'#%)*(&#(:&-)SMT$5&R*$%&*+&%,"&LGY&:)(.'7"*%):"$&
are methylated on cytosine residues in vertebrate ge-
nomes, so it is necessary to test the tumor suppres-
sor genes methylation status in various tumors in or-
der to better understand their roles in carcinogenesis 
34K=4P85&L.!!"(%7@=&!"$"#!',"!$&#!"&)(C"$%)/#%)(/&*%,"!&
genes that are methylated in different tumors, which 

might help in the early diagnosis of cancers.

In this study, we attempted to detect the methyla-
tion status of the DBC2 gene promoter region in pe-
ripheral blood and breast tumor tissue samples of both 
affected and unaffected individuals by nested methyl-
#%)*(I$G"')H'&ZLS&3R[ZLS85

Materials and Methods

Tissue and blood sampling

?,)$& $%.:@& 9#$& #GG!*C":& 9)%,& %,"&  *#!:& *+&
X%,)'$&*+&T%)@",&B*$G)%#7=&?",!#(=&D!#(5&T77&G#%)"(%$&
who participated in this study provided informed con-
$"(%5&?.-*!&$#-G7"$&9"!"&*A%#)(":&+!*-&<>&G#%)"(%$&
who underwent surgery for breast cancer at Atiyeh 
B*$G)%#7=&?",!#(=&D!#(5&?,"&#C"!#/"&#/"&*+&%,"&G#%)"(%$&
9#$&<<&@"#!$=&P&-*(%,$&3!#(/"\&;1IP4&@"#!$85&Z#%)"(%$&
were diagnosed with stages II and III breast can-
cer. All enrolled cases were sporadic; no other fam-
ily members had been diagnosed with breast cancer. 
None of the patients received chemotherapy before 
$.!/"!@=&#(:&#77&%)$$."$&9"!"&G#%,*7*/)'#77@&'*(H!-":&
#$&A!"#$%&'#!')(*-#5&N*!&'*(%!*7& $.A]"'%$=&<&(*!-#7&
A!"#$%&%)$$."&$#-G7"$&3#C"!#/"&#/"\&;4&@"#!$8&#(:&1>&
(*!-#7&A7**:&$#-G7"$&3#C"!#/"&#/"\&16&@"#!$8&9"!"&
.$":5&?)$$."&$#-G7"$&G!"$"!C":&#%&I6>&^L5&M*&G,"(*-
typic property was seen in the control samples.

 !"#$%&$'%'()*+#'+,#-)./01(&#2*,)13'()*+

?,"&EMT& +!*-& A7**:& $#-G7"$& 9#$& "Q%!#'%":& A@&
%,"&$%#(:#!:&$#7%)(/I*.%&-"%,*:&3468&#(:&EMT&+!*-&
breast tissue samples was extracted using animal tis-
$."IA#$":&/"(*-)'&EMT&B)/,&Z.!"&ZLS&?"-G7#%"&
Z!"G#!#%)*(&_)%&3S*',"85

 
4)./05'(&#2*,)13'()*+#

?!"#%-"(%&A@&A)$.7H%"&'*(C"!%$&#77&.(-"%,@7#%":&'@-
%*$)("&%*&.!#')7=&9,)',&)$&!"'*/()W":&#$&%,@-):)("&A@&
?#O&G*7@-"!#$"`&%,)$&G!*'"$$&:*"$&(*%&#++"'%&-"%,@7-
#%":&'@%*$)("$5&N*!&%,)$&$%"G=&4>&a7&*+&EMT&3%,"&%@G)'#7&
T0K>bT06>&!#%)*&+*!&)$*7#%":&EMT&$#-G7"$&9)%,&%,"&
S*',"&F)%&)$&45PI45U8&+!*-&"#',&$#-G7"&9#$&.$":5&c"&
#(#7@W":&%,"&G!"$"(%#%)*(&*+&EMT&A@&"7"'%!*G,*!"$)$&
after extraction. According to the protocol described 
9)%,&?!"-A7#@&_E=&A#%',"$&*+&EMT&)(&;>&a7&*+&9#%"!&
9"!"&:"(#%.!":&9)%,&<5<&a7&*+&0&R&$*:).-&,@:!*Q):"&
+*!&4>&-)(.%"$&#%&1PdL5&?,)!%@&a7&*+&4>&-R&,@:!*O.)-
(*("&#(:&<0>&a7&*+&1&R&$*:).-&A)$.7H%"&9"!"&$.A$"-
O."(%7@&#::":5&?,"&EMT&9#$&*C"!7#):&9)%,&$"C"!#7&
drops of mineral oil, and the sample incubated at 
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<>dL&+*!&4K&,*.!$5&T+%"!9#!:$=&%,"&G!*'":.!"&9#$&
+*77*9":& #''*!:)(/& %*& %,"&EMT&B)/,& Z.!"& ZLS&
?"-G7#%"&Z!"G#!#%)*(&_)%&3S*',"8&)($%!.'%)*($5

EMT& A#%',"$& 9"!"& :"I$.7+*(#%":& 9)%,& 4K5<&
a7&*+&1&R&$*:).-&,@:!*Q):"&+*!&4>&-)(.%"$&#%&
!**-& %"-G"!#%.!"& #(:& %,"(& (".%!#7)W":& 9)%,&
<4& a7& *+& 4>& R& #--*().-& #'"%#%"5& ?,"& EMT&
A#%',"$& 9"!"& %,"(& G!"')G)%#%":&9)%,& P>>& a7& *+&
#A$*7.%"&"%,#(*7&#(:&1&a7&/7@'*/"(&#%&I0>dL&+*!&
2 hours, washed twice with 70% ethanol, air-
:!)":=& #(:& %,"(& !"I$.$G"(:":& )(&1>&a7&:)$%)77":&
9#%"!5&[#-G7"$&9"!"&$%*!":&#%&I0>dL&.(%)7&.$"5

Nested methylation-specific PCR (MSPCR) 
analysis

N*!&("$%":&R[ZLS=& %,!""& $"%$& *+& G!)-"!$& )(&
three successive rounds were used. In the first 
!*.(:& A@& .$)(/& "Q%"!(#7& G!)-"!$=& #& ;1U& AG& $"-
O."('"& 9#$& G!*:.'":=& 9,)',& 9#$& 7#!/"!& %,#(&
the target piece and contained the promoter re-
gion of the DBC2 gene. In the second and third 
rounds, the other two sets of primers were used 
as methylated and unmethylated internal prim-
ers, wherein the methylated primers detected 
methylated regions and unmethylated primers 
were used to detect unmethylated regions. In 
these stages, two pieces of methylated and un-
-"%,@7#%":& 4;;& AG& $"O."('"$=& 9"!"& G!*:.'":5&
This section of the promoter contains numerous 
CpG islands.

?,"& ("$%":& G!)-"!& 9#$& :"$)/(":& 9)%,& R"%,@7&
Z!)-"!&XQG!"$$&$*+%9#!"&e45>&3T D=&N*$%"!&L)%@=&
LT8&.$)(/&Y"( #(F&TN14<16<&34U85&?,"&G!)-"!&
$"O."('"$&#!"&7)$%":&)(&%#A7"&45

N*!& %,"&H!$%& !*.(:=& <&a7& *+& A)$.7H%"I%!"#%":&EMT&
9#$&#::":&%*&A!)(/&%,"&!"#'%)*(&C*7.-"&.G&%*&0<&a7=&

#(:&*%,"!&!"#'%)*(&'*-G*("(%$&#!"&#$&+*77*9$\&45<&
a7&:M?Z&30&-R8=&0&a7&R/L7

2
=&>5P<&a7&?#O&/"(*-)'&

EMT&G*7@-"!#$"&3L)((#Y"(8&#(:&4&a7&*+&%,"&+*!-
ward and reverse external primers.

?,"&ZLS&'*(:)%)*($&9"!"\& U;dL& +*!& 1&-)(.%"$&
+*77*9":& A@& 1<& '@'7"$& *+& U;dL& +*!& 1>& $"'*(:$=&
K>dL&+*!&4&-)(.%"=&P0dL&+*!&<>&$"'*(:$=&#(:&#&H(#7&
"Q%"($)*(&$%"G&*+&P0dL&+*!&4>&-)(.%"$5

c"&.$":&4&aV&*+&%,"&ZLS&G!*:.'%&+*!&#&$"'*(:&
!*.(:&*+&#-G7)H'#%)*(=&9)%,&-"%,@7#%":&#(:&.(-
methylated primers, and the following cycle pa-
!#-"%"!$\&U;dL&+*!&1&-)(.%"$=& %,"(&;>&'@'7"$&*+&
U;dL& +*!& 1>& $"'*(:$=& <6dL& +*!& 4&-)(.%"=& 3<PdL&
+*!& %,"&.(I-"%,@7#%":&G!)-"!8=&P0dL& +*!&<>&$"'-
*(:$=& +*77*9":& A@& #& H(#7& "Q%"($)*(& #%& P0dL& +*!&
10 minutes.

ZLS& G!*:.'%$& 9"!"& ):"(%)H":& *(& 02& #/#!*$"&
/"7& "7"'%!*G,*!"$)$5& T-G7)H'#%)*($& 9)%,& -"%,-
ylated primers that yielded the expected bands 
were considered methylation positive, and ampli-
H'#%)*($&9)%,&A*%,&-"%,@7#%":&#(:&.(-"%,@7#%":&
primers that produced two bands were considered 
-"%,@7#%)*(&("/#%)C"5&B

2
O was used as the nega-

tive control.

Statistical analysis

Fifty patients with breast cancer were ex-
amined for DBC2 gene methylation status by 
M"$%":&R[ZLS5&?,"&DBC2 methylation status 
in tumors and normal tissues, along with study 
results on blood samples of the patients and 
'*(%!*7$=&9"!"& #(#7@$":& A@& %,"&R#((Ic,)%("@&
%"$%=&[Z[[&4K&$%#%)$%)'#7&$*+%9#!"5&?,"&*A%#)(":&
results demonstrated significant differences be-
tween affected individuals and normal controls 

in both types of samples. 

6'-0&#78#9&:/&+3&.#*5#&;(&%+'0#'+,#)+(&%+'0#$%)2&%.<#.$&3)13#5*%#2&(=>0'(&,#'+,#/+2&(=>0'(&,#
DNA of the promoter region of the DBC2 gene 

PrimerOligonucleotide primer sequencesProduct size

E L0&"Q%"!(#7&3N8&
E L0&"Q%"!(#7&3S8
external 

<f&YY?YY???T???YY?YT?T??Y&1f
<f&LL?TLTTLL??TLL?LL&?TTLTL&1f

439 bp

E L0&)(%"!(#7&3N8&
E L0&)(%"!(#7&3S8&
methylated

<f&YLYTY??YY?T?Y??T?Y?L&1f
<f&?TT?L??TLLLTLYTLY??T&1f

144 bp

E L0&)(%"!(#7&3N8&
E L0&)(%"!(#7&3S8&
unmethylated 

<f&YY?YTY??YY?T?Y??T?Y??&1f
<f&L?TT?L??TLLLTL&TTLT??T&1f

144 bp
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Table 2: The results of nested MSPCR for affected and normal individuals in both tissues and blood. 

p-valueMethylated/
Unmethylated

UnmethylatedMethylated

 !"#$

%%&'##()017 (%"() Tumor tissue

"&'* ()01 (20%)Normal tissue

0.007

27 (+"()0,% ("#() Patients' blood samples

,,&'$%()% (10%)+ (-#!#()Normal blood samples

 !"#$%&'($)*+,-$(.,!/(.0#'(/1,"2$!/2+,(.'(,0$/#1/1,/3"/&(/1,4'*1+,-/2/,&)*+$1/2/1,!/(.0#'($)*,")+$($5/6,'!"#$%&'($)*+,-$(.,
both methylated and unmethylated primers and unmethylated that yielded two bands were considered methylation negative. 
 !"#$%&'($)*+,-$(.,7*!/(.0#'(/1,"2$!/2+,(.'(,0$/#1/1,(./,/3"/&(/1,4'*1+,-/2/,'#+),&)*+$1/2/1,!/(.0#'($)*,*/8'($5/9

Results

+ & ./012304& 5106& 782/40& 9/3928& /3:& 3;8</=& 13:1-
viduals were examined for DBC2 methylation by the 
32402:&>?@AB&<206;:!&@/012304C&9=1319;./06;=;D19/=&
features were obtained from medical records, which 
included pathology reports.

Fig 1: Results of nested  MSPCR evaluation of DBC2 
gene in blood samples in patients with breast cancer. Col-
umns 2-9 (upper portion) represent the result of nested 
MSPCR of affected patients using unmethylated primers 
that did not show any bands. Columns 10 and 11 in the 
upper portion along with columns 1-5 in the lower por-
tion belong to the same affected cases, using methylated 
primers. Column 7 is a 1000 bp ladder marker, column 
1 is the negative control for unmethylated primers and 
column 12 is the negative control for methylated primers. 
We detected 23 methylation-specific bands in the blood 
samples of 50 affected women and 5 methylation-specific 
bands in the 30 normal control samples (p=0.007).    

E2&:202902:&,%&<206F=/01;3G4.291H9&7/3:4& 13& 062&
56;=2&7=;;:&4/<.=24&;I&062&+ &/II2902:&5;<23&/3:&
+&<206F=/01;3G4.291H9& 7/3:4& 13& % & 3;8</=& 9;308;=4&
'.J !  $K&L1D&-)!&MI&062&+ &./01230N4&0144O2&4/<.=24K&
-$& 6/:& ;3=F& <206F=/02:& 7/3:4K& 561=2& %%& 6/:& 7;06&
methylated and unmethylated bands (Fig 2). 

P3& 062& +& 3;8</=G0144O2& 4/<.=24K& ;32& 6/:& ;3=F&
<206F=/02:& 7/3:4K& 561=2& 062& ;0628& "& 6/:& 7;06&
<206F=/02:&/3:&O3<206F=/02:&7/3:4&'.J !"#$)!&
MO8& 40O:F& :2<;3408/02:& 06/0& 062& I82QO239F& ;I&
the hypermethylation of the DBC2 promoter 
region in tumor and blood samples of affected 
individuals was significantly higher than that of 
corresponding normal controls (Table 2). 

Fig 2: Results of nested MSPCR analyses of the DBC2 
gene in tumor tissue samples in affected patients. In col-
umn 1 (upper and lower portion) distilled water was used 
as a negative control. Columns 2-6 show the results of 
samples 40-44. The upper row belongs to the unmethyl-
ated primers and lower row to the methylated primers. In 
the 50 affected tissue samples, 17 had only methylated 
bands and the remainder (33 samples) had both methyl-
ated and un-methylated bands.

200 bp

100 bp

200 bp

100 bp

-&&&&&&&,&&&&&&&%&&&&&&&&"&&&&&&&+&&&&&&&#&&&&&&&$&&&&&&&&*&&&&&&&R&&&&&&- &&&&&&--&&&&&-,

200 bp 

100 bp

200 bp

100 bp

-&&&&&&&&&&&&&&,&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&"&&&&&&&&&&&&&&+&&&&&&&&&&&&&&&#&&&&&&&&&&&&&&$&&&&&&&&
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Discussion

S99;8:13D&0;&062&E;8=:&T2/=06&M8D/31U/01;3&40/-
0140194K&5;8=:51:2K&06282&/82&$!#&<1==1;3&:2/064&/3-
3O/==F&:O2&0;&9/3928K&;I&56196&/8;O3:&+  K   &/82&
caused by breast cancer (20).

>;40& 782/40& 9/3928& 9/424& /82& 9;341:282:& 0;& 72&
4.;8/:19K&/3:&;3=F&+(&0;&- (&;I&062&9/424&/82&24-
timated to be due to inherited susceptibility (21). 
>;40&;I&062&4.;8/:19&9/424K&13&0O83K&;81D13/02&13&/&
3O<728&;I&D232019&/3:&2.1D232019&/7288/01;34&'")!&
VWS&<206F=/01;3&'062&9;X/=230&/::101;3&;I&/&<2-
06F=&D8;O.&0;&062&9F0;4132&7/42&13&062&VWS)&14&/3&
epigenetic event that affects cell function by al-
02813D& D232& 2Y.82441;3!& P3& .81391.=2K&VWS&<206-
ylation can silence gene expression by interfering 
5106&062&42QO2392&713:13D&4102&;I&08/34981.01;3&I/9-
tors or by producing more general effects on the 
968;</013&'#K&$K&-,)!

E106&062&13982/413D&3O<728&;I&D2324&Z3;53&0;&
be silenced as a result of hypermethylation of their 
promoters, attempts have been made to identify the 
sets of genes that are methylated only in particular 
tumors (22). For those genes that were found to be 
down regulated in breast cancer, it is possible that 
VWS&<206F=/01;3&14&;32&<296/314<&06/0&.=/F4&/3&
1<.;80/30&8;=2&13&06218&41=23913D&',%)!

[6282&/82&42X28/=&029631QO24&I;8&:2029013D&<206-
F=/01;3& ./002834!& >?@AB& 14& /& I/40K& 132Y.2341X2K&
/3:&/99O8/02& 029631QO2&O42:& I;8&<206F=/01;3& 40/-
0O4&40O:124!&[614&029631QO2&82=124&;3&062&/=028/01;3&
06/0& 4;:1O<& 714O=H02& 13:O924& 13&VWS& 42QO23924&
and the difference it creates between methylated 
and unmethylated cytosine by the deamination of 
unmethylated cytosine to uracil. Then the methyla-
01;3&./00283&9/3&72&:202902:&7F&O413D&062&4.291H9&
methylated and unmethylated primer sets in two 
42./8/02&@AB&82/901;34!

These epigenetic alterations can produce early 
loss of cell cycle control, deregulation of gene 
transcription factors, disrupt cell-to-cell interac-
tions, and induce multiple types of genetic insta-
bility, which are all characteristic of neoplasia 
',")!&WO<28;O4&D2324&6/X2&7223&I;O3:&0;&O3:28D;&
hypermethylation in cancer, including genes in-
X;=X2:&13&92==&9F9=2&82DO=/01;3K&VWS&82./18K&/.;-
.0;414K&:8OD&824140/392K&:20;Y1H9/01;3K&:1II282301/-
01;3K&/3D1;D232414K&/3:&<20/40/414&',+)!&\1;=;D19/=&
studies have revealed that DBC2 gene reactivation 

can lead to the growth arrest of breast tumor tis-
sue. Further analysis of the DBC2 gene has sug-
gested its participation in cellular pathways re-
=/02:&0;&O71QO1013/01;3K&92==&9F9=2&9;308;=K&.8;0213&
08/34.;80K& /.;.0;414K& /3:& 9F0;4Z2=20;3& 82DO=/01;3&
'RK&,#)!&DBC2 gene inactivation is thus a crucial 
step in the process of cell proliferation, and its re-
activation can lead to the growth arrest of cancer 
cells (7). Other studies on DBC2 expression imply 
that this gene becomes inactivated during breast 
carcinoma (10).

Conclusion 

MO8&40O:F&.8;X1:24&2X1:2392&I;8&062&H840&01<2&06/0&
the aberrant methylation of the DBC2 gene is in-
volved in at least the tumorigenesis of sporadic breast 
9/3928!&?1392&VWS&<206F=/01;3&14&Z3;53&0;&72&/&.;-
02301/=&</8Z28&I;8&2/8=F&0O<;8&:1/D3;414&/3:&.8;D3;-
414K&;O8&H3:13D4&51==&72&O42IO=&13&062&2/8=F&:202901;3&
/3:& 2.1D232019& 0628/.F&;I&782/40& 9/3928& '-+)!&S::1-
01;3/=&13X2401D/01;34&/82&82QO182:&0;&2=O91:/02&062&I2/-
sibility of DBC2 gene methylation analysis for clini-
cal application.
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