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ABSTRACT 

TOX3 and FOXA1 proteins are believed to be involved in the susceptibility of breast cancer. rs4784227-
CASC16 and rs4782447-ACSF3, as single nucleotide polymorphisms (SNPs), located at the 16q may affect the 
FOXA1 DNA binding sequence change and therefore may enhance the FOXA1-binding affinity to the promoter 
of TOX3 gene. This study aimed to investigate the association of these SNPs/haplotypes with breast cancer sus-
ceptibility in an Iranian population. We conducted a case-control study of 1072 blood samples (505 breast cancer 
patients and 567 controls). Genotyping of rs4784227-CASC16 and rs4782447-ACSF3 SNPs was carried out by 
ARMS-PCR. Moreover, statistical analysis was done using SPSS version 20.0 (IBM Inc., Chicago, IL, USA), 
PHASE v 2.1 and SNP analyser 2.0. There was a strongly significant statistical association between alleles and 
genotypes of rs4784227-CASC16 with breast cancer risk in our study population (p<0.05). Moreover, a signifi-
cant association was demonstrated between TA haplotype and breast cancer risk (OR=0.78; 95% CI (0.62-0.96); 
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P-value=0.025). In this respect, although we did not observe a statistically significant association between 
rs4782447-ACSF3 with breast cancer susceptibility, the combination of the effects of rs4784227-CASC16 and 
rs4782447-ACSF3 SNPs may also affect the risk. This is in line with other studies suggesting these SNPs as 
risk-associated polymorphisms which may lead to a change in the affinity of FOXA1, as a distal enhancer, to 
TOX3 and thus change in TOX3 expression, which can eventually affect the risk of breast cancer.  
 
Keywords: Chromatin remodelling, carcinoma, genetic variation, epidemiology, enhancer element 
 
 

INTRODUCTION 

Based on the previous studies, using ge-
nome-wide association studies (GWASs), 72 
susceptibility regions of breast tumour have 
been found (Ghoussaini et al., 2013). Nu-
merous genes near the identified susceptibil-
ity loci have genes with unknown function, 
such as 16q12 locus which encompasses 
TOX3/ LOC643714 gene (Ghoussaini et al., 
2013). TOX3 clinical implications and its 
role in tumour development and the invasion 
have been shown in the risk of breast cancer 
(Chalabi et al., 2008; Mahfoudh et al., 2012; 
Tajbakhsh et al., 2017, 2019). Generally, 
TOX3 is introduced as a member of the 
high-mobility-group (HMG) family of pro-
teins that modifies chromatin structure 
(O'Flaherty and Kaye, 2003). Change of 
TOX3 expression is associated with expres-
sion of progesterone receptor (PR) and oes-
trogen receptor (ER) and also positive lymph 
nodes (Gudmundsdottir et al., 2012). In this 
line, it is indicated that low level of TOX3 
expression has been correlated with high 
level of Ki67 and also the subtype of basal 
tumour while high mRNA expression was 
connected with ER positive, PR positive, and 
positive lymph nodes in the tumour and 
normal tissue samples (Gudmundsdottir et 
al., 2012). Interestingly, TOX3/LOC643714 
is related to ER- or ER+ of breast cancer sub-
types (Ghoussaini et al., 2013). In this re-
gard, numerous single nucleotide polymor-
phisms (SNPs), located in the DNA binding 
site, which are bound by FOXA1, are con-
nected with the risk of breast cancer (Lupien 
et al., 2008). It has been shown that FOXA1 
has a key role in the function of ER and 
growth of ER+ cells of breast cancer (Carroll 
et al., 2005; Kong et al., 2011). Importantly, 
many breast cancer risk-associated SNPs can 

affect FOXA1-binding affinity for enhancer 
sequences and eventually increase or prevent 
transcriptional activity of ER (Meyer and 
Carroll, 2012). The co-localization of TOX3 
with FOXA1 is notable as TOX3 expression 
may be regulated by FOXA1 (Bernardo and 
Keri, 2012; Bernardo et al., 2010). It is sug-
gested that FOXA1, through binding to an 
upstream enhancer, can be a positive regula-
tor for the TOX3 expression (Cowper-
Sal·lari et al., 2012). A TOX3-FOXA1 inter-
action might have a role throughout the dif-
ferentiation of progenitor ER- positive lu-
minal cell type in normal cells (Cowper-
Sal·lari et al., 2012; Seksenyan, 2013).  

There are several important non-coding 
SNPs related to TOX3/LOC643714 locus 
that may change the affinity of FOXA1 to 
TOX3. Moreover, the Encyclopedia of DNA 
Elements (ENCODE) is indicating about 
80 % of the non-coding DNA may be func-
tional (The Encode Project Consortium, 
2012). In breast cancer cells, the disease risk 
allele of non-coding SNP enhances the 
FOXA1-binding affinity for the upstream 
enhancer of TOX3 gene which in turn can 
change TOX3 expression (Cowper-Sal·lari et 
al., 2012) (Figure 1). The growing evidence 
indicates that 16q12.1 locus, which harbour 
rs4784227-CASC16 SNP, has been connect-
ed with breast tumour in GWASs in Europe-
an, Asian and African ancestry populations 
(Easton et al., 2007; Long et al., 2010; Ruiz-
Narvaez et al., 2010; Stacey et al., 2007; 
Udler et al., 2010). Moreover, rs4782447-
ACSF3 is also reported to play a significant 
role in the risk of breast cancer (Meyer and 
Carroll, 2012). The interpretation of genetic 
connections between pathogenesis of breast 
cancer and SNPs and/or haplotypes have 
been extremely investigated (Yoo et al., 
2008). Understanding genetic variations may 
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Figure 1: Schematic figure of two single nucleotide polymorphisms (SNPs), rs4782447 and 
rs4784227, located at the 16q are indicated that lead to the forkhead-box A1 (FOXA1) binding se-
quence change and therefore may increase the affinity of FOXA1 and/or Groucho (Gro)/transducin-
like enhancer of split (TLE) proteins binding to the promoter of TOX3 gene. A: A sequence with wild 
type allele (A allele) of rs4782447; B: A sequence with mutant allele (G allele) of rs4782447; C: A se-
quence with wild type allele (C allele) of rs4784227; D: A sequence with mutant allele (T allele) of 
rs4784227. A and C: parts of this figure show an increase of transcription, but part B and D indicate a 
decrease of transcription. Based on the previous studies, sequences that carrier mutant allele in-
crease affinity of FOXA1 and/or Gro/TLE to bind to TOX3. Co-bonding of FOXA1 and Gro/TLE may 
reduce transcription of TOX3.  
 
 
 
help understand the biological mechanisms 
of development, progression, inhibition, ear-
ly diagnosis and the tailored treatment of the 
disease (Barrdahl et al., 2015). No study has 
been done in the association between these 
important SNPs and the haplotypes with 
breast cancer risk among Iranian population. 
Thus, in this article, we tried to investigate 
the association between 16q region including 
TOX3/LOC643714 locus, which interacts 
with FOXA1, and breast cancer risk in a co-
hort of Iranian population. 
 

MATERIALS AND METHODS 

Study population and clinical data 
Following approval by the ethics com-

mittee of Mashhad University of Medical 
Sciences (IR.MUMS.fm.REC.1394.399), 
1072 blood specimens were collected from 
567 healthy controls and 505 patients. A 
written informed consent form was signed by 
all individuals. A questionnaire was used to 
collect demographic information.  

Blood collection and DNA extraction 
10 ml of whole peripheral blood was col-

lected from each individual and divided into 
tubes having sterile ethylene diamine tetra 
acetic acid (EDTA) for DNA extraction. 
DNA extraction was completed using salting 
out technique and was quantified at a wave-
length of 260 nm and 280 nm through Bio-
Tek™ Epoch™ Microplate Spectrophotome-
ter (Winooski, VT, USA,) and also by gel 
electrophoresis.  
 
Target SNPs determinations  
(Marker selection) 

In the present study, target SNPs were 
determined using available SNP public data-
bases, and also related published articles. 
These articles have investigated non-coding 
SNPs that may change the affinity of 
FOXA1 to TOX3/LOC643714 in breast can-
cer. Moreover, we tried to select SNPs that 
are not located in strong linkage disequilibri-
um (LD) to prevent redundancy in genotyp-
ing. 
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Genotyping  
To determine the genotype frequency of 

rs4782447-ACSF3 and rs4784227-CASC16 
SNPs, ARMS-PCR was used. PCR amplifi-
cations for rs4782447-ACSF3 and 
rs4784227-CASC16 have been carried out in 
a 10 μl final volume per reaction containing 
three µl Taq 2x master mix (Ampliqon, 
Germany), one µl of each primer (10 µM) 
and 100 ng DNA. The primers used for de-
tection of rs4782447-ACSF3 and rs4784227-
CASC16 SNPs are listed in Table 1. The 
ARMS-PCR condition for rs4782477 was as 
follows: initial denaturation at 94 °C for five 
minutes, after that 35 cycles including dena-
turation at 94 °C for 25 seconds, annealing at 
59 °C for 25 seconds, an extension at 72 °C 
for 30 seconds followed by 72 °C for seven 
minutes as the final extension step. Moreo-
ver, ARMS-PCR condition for rs4784227-
CASC16 was the same as rs4782477 with a 
different annealing temperature of 71 °C. 
The DNA fragments of PCR products were 
detected using electrophoresis in 2 % aga-
rose gel. 

 
Statistical analysis 

Hardy–Weinberg equilibrium (HWE) as-
sumption was investigated using the Pearson 
χ2 distribution. The association between 
breast cancer, risk factors and alleles/geno-
types were assessed using binary logistic re-
gression, which estimated Odds ratios (ORs) 
as well as 95% confidence intervals (CIs). 
For all analyses, a P-value=0<0.05 was con-
sidered statistically significant. Logistic re-

gression was also used to measure the asso-
ciations of risk factors using different genetic 
models. SPSS 20.0 (Inc., Chicago, IL, USA) 
and also SNP analyser 2 software (Yoo et al., 
2008) were used for statistical analysis. 
 
Haplotype analysis 

Haplotypes were assembled from geno-
type data using PHASE program and SNP 
analyser 2 software (Stephens et al., 2001; 
Yoo et al., 2008). In this study, P-values less 
than 0.05 were considered as statistically 
significant difference.  
 

RESULTS 

Patient characteristics 
In this study 567 controls and 505 pa-

tients were recruited. Demographic and clin-
ical characterizations of the study population 
are listed in Table 2 and Table 3. The mean 
age of the control and the patient group was 
50.52±12.29 and 43.45±12.21, respectively 
(Table 2). The study of the demographic 
characteristics between patients and controls 
shows statistically significant differences in 
age, age of menarche (year), age of meno-
pause (year) and age of first and last gesta-
tion. A significant association between cases 
and controls (P-value<0.05) was also found in 
age, age of menarche (year), age of meno-
pause (year) and age of first and last gesta-
tion. Moreover, clinical characteristics of the 
target population presenting that most pa-
tients had invasive ductal carcinoma with 
ER+, PR+ and HER2-  status (Table 3). 

 

Table 1: Primer sequences used for ARMS-PCR genotyping 

SNP Primers  Sequences Length  PCR 
products 

 
 

rs4784227 
 

FIP (T allele) AAAAGTCCCAATTTGTAGTGTTTGaT 26  322 
RIP (C allele) AATGGAGTATTTACATCACAATAATgG 27 297 

FOP ACTGACCCCTTTAGACACGG 20  495 
ROP AGGGCTTCAACACAGTCAGTTC 21 

rs4782447 FIP (A allele) AAGGCGCGGGCTCTGACTCA 20 213 
RIP (G allele) CAGTCAACTGCCTGTGCTGGGC 22 234 

FOP GCCGCTCTGGAGAACAGCTTGAAA 24 405  
ROP TCCTCGCCTCAGAAACTCCCTTCC 24 

FIP: Forward inner primer; RIP: Reverse inner primer; FOP: Forward outer primer; ROP: Reverse outer primer 
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Table 2: Controls and cases characteristics 

Characteristics Case Control P-value 

Age (year) 50.52 ± 12.29 43.45 ± 12.21 0.001 
Age of first menstruation -menarche- (year) 12.98 ± 2.15 13.26 ± 1.46 0.032 

Age of last menstrual cycle -menopause- (year) 46.24 ± 7.41 48.26 ± 5.64 0.017 
Age of marriage 19.9 ± 5.3 20.2 ± 4.34 0.180 

Age of first gestation 21.55 ± 5.01 22.38 ± 4.5 0.023 

Age of last gestation 31.53 ± 6.22 29.24 ± 5.15 0.001 

 

Table 3: Frequency distribution of tumour 
characteristics of cases 

Characteristics Number (%) 

Tumour subtype 
Invasive Ductal Carcinoma 213 (40.8 %)

Invasive Lobular Carcinoma 5 (1.0 %) 

Others 18 (3.4 %) 

ER (Reported) 

Negative 70 (23.2 %) 

Positive 232(76.8 %) 

PR (Reported) 

Negative 81 (26.9 %) 

Positive 220 (73.1 %)

HER2 (Reported) 

Negative 175 (59.7 %)

Positive 87 (29.7 %) 

Equivocal 31 (10.6 %) 

Receptor status 
ER/PR+ HER2+ 50 (9.6 %) 

ER/PR+ HER2- 134 (25.7 %)

ER/PR- HER2+ 30 (5.7 %) 

Triple negative (TNBC) 28 (5.4 %) 

 
 
Allele frequencies and association between 
SNPs and haplotypes with breast cancer 
susceptibility 

All genotypes and allele frequencies in 
control samples were in HWE. More investi-
gation revealed that there was a strong sig-
nificant association between alleles and gen-
otypes of rs4784227-CASC16 with breast 
cancer risk (Table 4). In contrast, there was 
no significant statistical association between 
alleles and genotypes of rs4782447-ACSF3 
with the risk factors (Table 5 and Table 6). 
We did not also find any association between 
alleles and genotypes of rs4784227-CASC16 
with the risk factors (Table 6).  

Furthermore, with two SNPs, we con-
structed four haplotypes (Table 7). A signifi-
cant association was demonstrated between 
TA haplotype and breast cancer risk (Table 
7). This haplotype results in decrease risk of 
breast cancers (OR=0.78; 95% CI (0.62-
0.96); P-value=0.025). The association of hap-
lotypes and risk factors were evaluated by 
crosstab program in SPSS 20. There was no 
association between haplotypes and the risk 
factors of breast cancer in all samples.  
 

DISCUSSION 
In the present study we evaluated the as-

sociation of two related SNPs in 16q locus 
including rs4784227-CASC16 and 
rs4782447-ACSF3 and their haplotypes with 
the risk of breast cancer and risk factors in 
Iranian population. There was an association 
between rs4784227-CASC16 with the risk of 
breast cancer. However, there was no associ-
ation between rs4784227-CASC16 and 
rs4782447-ACSF3 and risk factors using dif-
ferent analysis models. Furthermore, there 
was a significant association between AT 
haplotype and risk of breast cancer that indi-
cated the combination of haplotype and its 
effects may influence the risk of breast can-
cer in the populations. In other hand, the ef-
fect of the AT haplotype may be due to the 
more pronounced effect of rs4784227-
CASC16. 

In our study, consisting of 505 patients 
and 567 controls, genotype frequencies of 
rs4784227-CASC16 were TT (14.9 % in cas-
es and 10.5 % in controls); and CT (41.8 % 
in cases and 38.7 % in controls). There was a 
significant association between TT and CT 
genotypes with the risk of breast cancer. Fur-
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thermore, in our study, risk allele frequency 
(T allele) was 0.39 in patients. A similar 
case-control study in Iran represented signif-
icant association between CT-rs4784227-
CASC16 and the risk of breast cancer (60 % 
in 126 cases, 27.77 % in 160 controls). Addi-
tionally, in Iranian and Korean populations 
the risk allele frequency for T- rs4784227-

CASC16 allele was 0.26 and 0.24 to 0.29, re-
spectively (Hajizadeh et al., 2017; Kim et al., 
2012; Long et al., 2010). The frequency of 
G-rs4782447-ACSF3 allele as a risk allele in 
the present study was 0.38 in patients. There 
is no report for association of the rs4782447-
ACSF3 in Iranian population.  

 
 

Table 4: Distribution of genotypes and allele frequency of rs4784227 polymorphisms in breast cancer 
cases and controls 

Genotypes/Models/ 
Alleles 

Cases Controls Unadjusted Adjusted* 
Number 

(%) 
Number 

(%) 
OR 

(95%CI) 
P-value OR (95%CI) P-value 

Genotypes CC 209 (40) 285 (49.7) Ref 

CT 218 (41.8) 222 (38.7) 1.95  
(1.52-2.50) 

0.001 2.15  
(1.35-3.41) 

0.001 

TT 78 (14.9) 60 (10.5) 1.77  
(1.21-2.59) 

0.003 1.40  
(1.01-1.94) 

0.042 

Models Dominant (CC vs. CT+TT) 0.52  
(0.42-0.66) 

0.001 1.56  
(1.15-2.11) 

0.004 

Recessive (TT vs. CT+CC) 1.25  
(0.87-1.78) 

0.220 1.83  
(1.18-2.84) 

0.006 

Co-
dominant 

(CT vs. CC+TT) 1.57  
(1.24-1.98) 

0.001 1.77 
(0.86-1.89) 

0.296 

Alleles C 736 (60.83) 792 (69.84) Ref 
T 474 (39.17) 342 (30.16) 1.49  

(1.26-1.77) 
0.0001 1.5  

(1.20-1.87) 
0.0001

*Adjusted for age & BMI 
 
 

Table 5: Distribution of genotypes and allele frequency of rs4782447 polymorphisms in breast cancer 
cases and controls 

Genotypes/Models/ 
Alleles 

Cases Controls Unadjusted Adjusted* 

Number 
(%) 

Number 
(%) 

OR 
(95%CI) 

P-value OR (95%CI) P-value

Genotypes AA 62 (11.9) 71 (12.4) Ref 

AG 263 (50.4) 278 (48.5) 1.08  
(0.74-1.58) 

0.680 1.05  
(0.64-1.74) 

0.820 

GG 179 (34.3) 215 (37.5) 0.95  
(0.64-1.41) 

0.810 1.36  
(0.98-1.89) 

0.061 

Models Dominant (GG vs.GA+AA) 1.05  
(0.80-1.37) 

0.701 1.13  
(0.71-1.79) 

0.600 

Recessive (AA vs.GA+GG) 0.89  
(0.65-1.22) 

0.480 0.76  
(0.56-1.05) 

0.090 

Co-
dominant 

(GA vs.GG+AA) 1.23  
(0.88-1.42) 

0.341 1.34  
(0.99-1.82) 

0.053 

Alleles G 387 (38.39) 420 (37.23) Ref 
A 621 (61.66) 708 (62.77) 0.95  

(0.80-1.14) 
0.580 1.24  

(0.003-1.54) 
0.056 

*Adjusted for age & BMI 
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Table 6: The association of rs4784227 and rs4782447 and demographic factors in cases 

Characteristics rs4784227 rs4782447 

Genotype CC TC TT P-
value 

AA GA GG P-
value 

Age of  
diagnosis 

48.36±11.86 46.17±10.17 47.87±10.78 0.260 47.86±10.76 46.34±10.71 49.42±12.46 0.240 

Age of first 
menstruation 
cycle 

12.79±2.27 12.99±2.41 12.80±1.25 0.780 12.86±2.08 12.9±2.15 12.83±2.64 0.980 

Age of last men-
struation cycle 

47.97±5.4 47.83±4.68 48.22±4.68 0.960 47.38±4.37 47.94±5.42 49.11±4.84 0.490 

BMI# 27.76±4.92 27.51±5.28 27.66±4.63 0.910 28.19±4.81 27.12±4.9 28.37±6.12 0.120 

Age of  
diagnosis 

  

Age of diagno-
sis<40 

29 (24.0%) 31 (23.1%) 14 (26.9%) 0.860 26 (22.2%) 39 (26.2%) 9 (22.0%) 0.710 

Age of diagno-
sis≥40 

92 (76.0%) 103 (76.9%) 38 (73.1%) 91 (77.8%) 110 (73.8%) 32 (78.0%) 

BMI*  

BMI<25 40 (29.4%) 49 (34%) 16 (28.6%) 0.620 27 (23.7%) 66 (36.5%) 12 (30%) 0.069 

BMI≥25 96 (70.6%) 95 (66%) 40 (71.4%) 87 (76.3%) 115 (63.5%) 28 (70%) 

History of can-
cer 

 

Negative  
history 

111 (92.5%) 109 (90.8%) 44 (95.7%) 0.570 109 (95.6%) 119 (88.1%) 36 (97.3%) 0.052 

Positive  
history 

9 (7.5%) 11 (9.2%) 2 (4.3%) 5 (4.4%) 16 (11.9%) 1 (2.7%) 

# As a continues variable; * As a categorical variable 
 
 

Table 7: Haplotypes frequencies of case and controls 

Number (Hap-
lotype) 

Frequency (%) Unadjusted Adjusted* 
Cases Controls OR (95% CI) P-value OR (95% CI) P-value 

H1 (TA) 20.2 16.5 0.78 (0.62-0.96) 0.025 0.69 (0.52-0.90) 0.008 
H2 (TG) 15.6 13.4 0.83 (0.66-1.06) 0.149 0.84 (0.62-1.12) 0.240 
H3 (CA) 18.5 20.9 1.86 (0.94-1.43) 0.160 1.19 (0.91-1.55) 0.180 
H4 (CG) 45.7 49.2 1.15 (0.97-1.36) 0.099 1.20 (0.98-1.49) 0.073 

*Adjusted for age, BMI 
 
 

 
It is suggested that TOX3 may be a risk 

factor for breast cancer development through 
pleotropic effects; TOX3 not only has a key 
role in tumorigenesis, but also might en-
hance the cell survival of especial tumour 
cells (Shan et al., 2013). In this context, 
16q12 SNPs and nearby regions are located 
in the introns of a non-protein coding gene. 
As such, it has been recommended that risky 
alleles may modulate gene expression by 
changing the enhancers activity (Abecasis et 
al., 2010; Wasserman et al., 2010). It indi-
cates breast cancer rs4782447-ACSF3 and 
rs4784227-CASC16 SNPs are enhanced for 
FOXA1 DNA binding sequences and modi-

fication of the H3K4me1 histone (Cowper-
Sal·lari et al., 2012; Jia et al., 2009; Meyer 
and Carroll, 2012). The ability of FOXA1 to 
bind to DNA is crucial for opening of chro-
matin and nucleosome positioning sequences 
for recruitment of transcription factor 
(Cowper-Sal·lari et al., 2012). Additionally, 
it disclosed this enrichment is factor-specific, 
cell-type-specific and specific types of can-
cer (Jia et al., 2009). Thus, FOXA1 is asso-
ciated with ER, and likely regulates the 
TOX3 promoter activity (Ross-Innes et al., 
2012). Researchers have shown that 
rs4782447-ACSF3 and rs4784227-CASC16 
may disrupt enhancer function by FOXA1-
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binding affinity-modulation therefore can 
change TOX3 expression (Cowper-Sal·lari et 
al., 2012; Meyer and Carroll, 2012).  

The rs4782447-ACSF3 SNP leads to the 
FOXA1 binding sequence change and con-
sequently may increase the affinity of 
FOXA1 interacting to the TOX3 gene pro-
moter (Meyer and Carroll, 2012). Further-
more, G-rs4782447-ACSF3 slightly changes 
the binding sequence of FOXA1 and it is be-
lieved that it may enhance the DNA-binding 
affinity of FOXA1 (Figure 1). It has been 
shown that silencing expression of TOX3 en-
hances cell proliferation in vitro, suggesting 
the effect of rs4782447-ACSF3 on the ex-
pression of TOX3 in vitro (Meyer and 
Carroll, 2012). Since that, Meyer and Carroll 
(2012) suggested a tumour suppressor role 
for TOX3 in breast cancer.  

Another important SNP related to TOX3 
and FOXA1 is rs4784227-CASC16 SNP, lo-
cated 18.4 Kb upstream of the TOX3 gene 
(Cowper-Sal·lari et al., 2012). Similarly, the 
statistically significant association was indi-
cated between rs4784227-CASC16 and risk 
of breast cancer among European, Southern 
China, and Korean populations (Easton et 
al., 2007; He et al., 2014; Kim et al., 2012; 
Long et al., 2010); moreover, consistent with 
our result, there was no report by these stud-
ies for an association with receptor status. 
The place for rs4784227-CASC16 on 
FOXA1 genomic for interaction is on the 
eighth position of the FKH motif recognized 
via FOXA1 (Lupien et al., 2008). In this re-
gards, affinity DNA site for FOXA protein 
was enhanced for the T-rs4784227-CASC16 
compared with the C-rs4784227-CASC16 
(Katika and Hurtado, 2013). It is suggested 
rs4784227-CASC16 modulates the chroma-
tin affinity for FOXA1, exemplified by the 
rs4784227-CASC16 effect on the promoter 
of the TOX3 gene identify (Cowper-Sal·lari 
et al., 2012). It has also been shown that T-
rs4784227-CASC16 favours FOXA1-binding 
affinity over the C allele. Moreover, allele-
specific directed ChIP assays indicated 
FOXA1 is modulated by the T-rs4784227-
CASC16 in vivo (Lupien et al., 2008). Inter-

estingly, FOXA1 commonly stimulates gene 
expression, and co-binding to DNA sequence 
with Groucho (Gro)/transducin-like enhancer 
of split (TLE) proteins lead to local chroma-
tin condensation and transcriptional repres-
sion (Wright et al., 2010). The Gro/TLE pro-
tein, as co-repressors, do not directly con-
nected to DNA sequence, but in contrast they 
are bound to the sequence of DNA through 
DNA-binding repressor proteins (Chen and 
Courey, 2000). The risk variant T-
rs4784227-CASC16 associated with en-
hanced FOXA1 binding is strongly bound 
via Groucho/TLE versus the C allele. Addi-
tionally, H3K9Ac (a chromatin signature of 
active enhancers) is less observed at the T-
rs4784227-CASC16 compared to the C allele 
(Cowper-Sal·lari et al., 2012; Ernst et al., 
2011). It shows that the risk allele T-
rs4784227-CASC16 has led to a reduction in 
TOX3 gene expression because of an in-
crease in the TLE repressor affinity recruit-
ment that decreases the stability of the en-
hancer (Cowper-Sal·lari et al., 2012).  

Additionally, rs4784227-CASC16 has 
been associated with the expression of RB 
transcriptional corepressor like 2 (RBL2) 
protein as a regulatory sequence of the RBL2 
gene, and may also affect the risk of breast 
cancer (Udler et al., 2010). In contrast, Cow-
per-Sal·lari et al. indicated that there is no 
association between rs4784227-CASC16 and 
RBL2 in breast cancer cell lines (Cowper-
Sal·lari et al., 2012). 

Collectively, the expression of TOX3 has 
been correlated with breast cancer and is im-
portant in revealing biological mechanisms, 
which makes a bridge between pathways and 
diseases. More functional researches may 
help increase our understanding of the exact 
biological features of breast cancer.  
 
Conflict of interest 

The authors declare that they have no 
conflicts of interest. 
 



EXCLI Journal 2019;18:429-438 – ISSN 1611-2156 
Received: April 24, 2019, accepted: June 11, 2019, published: June 18, 2019 

 

 

437 

REFERENCES 

Abecasis GR, Altshuler D, Auton A, Brooks LD, 
Durbin RM, Gibbs RA, et al. A map of human ge-
nome variation from population-scale sequencing. 
Nature. 2010; 467(7319):1061-73. 

Barrdahl M, Canzian F, Lindstrom S, Shui I, Black A, 
Hoover RN, et al. Association of breast cancer risk 
loci with breast cancer survival. Int J Cancer. 
2015;137: 2837-45. 

Bernardo GM, Keri RA. FOXA1: a transcription fac-
tor with parallel functions in development and cancer. 
Biosci Rep. 2012;32:113-30. 

Bernardo GM, Lozada KL, Miedler JD, Harburg G, 
Hewitt SC, Mosley JD, et al. FOXA1 is an essential 
determinant of ERα expression and mammary ductal 
morphogenesis. Development. 2010;137:2045-54. 

Carroll JS, Liu XS, Brodsky AS, Li W, Meyer CA, 
Szary AJ, et al. Chromosome-wide mapping of estro-
gen receptor binding reveals long-range regulation re-
quiring the forkhead protein FoxA1. Cell. 2005;122: 
33-43.  

Chalabi N, Bernard-Gallon DJ, Bignon YJ, Kwiat-
kowski F, Agier M, Vidal V, et al. Comparative clini-
cal and transcriptomal profiles of breast cancer be-
tween French and South Mediterranean patients show 
minor but significative biological differences. Cancer 
Genom Proteom. 2008;5:253-61.  

Chen G, Courey AJ. Groucho/TLE family proteins 
and transcriptional repression. Gene. 2000;249:1-16. 

Cowper-Sal lari R, Zhang X, Wright JB, Bailey SD, 
Cole MD, Eeckhoute J, et al. Breast cancer risk-
associated SNPs modulate the affinity of chromatin 
for FOXA1 and alter gene expression. Nature Genet. 
2012; 44:1191-8. 

Easton DF, Pooley KA, Dunning AM, Pharoah PD, 
Thompson D, Ballinger DG, et al. Genome-wide as-
sociation study identifies novel breast cancer suscep-
tibility loci. Nature. 2007;447(7148):1087-93. 

The Encode Project Consortium, Dunham I, Kundaje 
A, Aldred SF, Collins PJ, Davis CA, et al. An inte-
grated encyclopedia of DNA elements in the human 
genome. Nature. 2012;489:57-74. 

Ernst J, Kheradpour P, Mikkelsen TS, Shoresh N, 
Ward LD, Epstein CB, et al. Mapping and analysis of 
chromatin state dynamics in nine human cell types. 
Nature. 2011;473(7345):43-9.  

Ghoussaini M, Pharoah PDP, Easton DF. Inherited 
genetic susceptibility to breast cancer: the beginning 
of the end or the end of the beginning? Am J Pathol. 
2013; 183:1038-51.  

Gudmundsdottir ET, Barkardottir RB, Arason A, 
Gunnarsson H, Amundadottir LT, Agnarsson BA, et 
al. The risk allele of SNP rs3803662 and the mRNA 
level of its closest genes TOX3 and LOC643714 pre-
dict adverse outcome for breast cancer patients. BMC 
Cancer. 2012;12:621.  

Hajizadeh A, Houshmand M, Hosseini M. TNP1 non-
gene region and influences tumor characteristics by 
low-risk alleles in breast cancer. QUID: Investi-
gación, Ciencia y Tecnología. 2017(1):669-73.  

He X, Yao G, Li F, Li M, Yang X. Risk-association 
of five SNPs in TOX3/LOC643714 with breast cancer 
in southern China. Int J Mol Sci. 2014;15:2130-41. 

Jia L, Landan G, Pomerantz M, Jaschek R, Herman P, 
Reich D, et al. Functional enhancers at the gene-poor 
8q24 cancer-linked locus. PLOS Genetics. 2009;5(8): 
e1000597. 

Katika MR, Hurtado A. A functional link between 
FOXA1 and breast cancer SNPs. Breast Cancer Res. 
2013;15:303. 

Kim HC, Lee JY, Sung H, Choi JY, Park SK, Lee 
KM, et al. A genome-wide association study identifies 
a breast cancer risk variant in ERBB4 at 2q34: Results 
from the Seoul Breast Cancer Study. Breast Cancer 
Res. 2012;14(2):R56. 

Kong SL, Li G, Loh SL, Sung WK, Liu ET. Cellular 
reprogramming by the conjoint action of ERalpha, 
FOXA1, and GATA3 to a ligand-inducible growth 
state. Mol Syst Biol. 2011;7:526. 

Long J, Cai Q, Shu XO, Qu S, Li C, Zheng Y, et al. 
Identification of a functional genetic variant at 
16q12.1 for breast cancer risk: results from the Asia 
Breast Cancer Consortium. PLoS Genet. 2010;6(6): 
e1001002.  

Lupien M, Eeckhoute J, Meyer CA, Wang Q, Zhang 
Y, Li W, et al. FoxA1 translates epigenetic signatures 
into enhancer-driven lineage-specific transcription. 
Cell. 2008;132:958-70. 

Mahfoudh W, Bouaouina N, Ahmed SB, Gabbouj S, 
Shan J, Mathew R, et al. Hereditary breast cancer in 
Middle Eastern and North African (MENA) popula-
tions: identification of novel, recurrent and founder 
BRCA1 mutations in the Tunisian population. Mol 
Biol Rep. 2012;39:1037-46. 

Meyer KB, Carroll JS. FOXA1 and breast cancer risk. 
Nature Genet. 2012;44:1176.  



EXCLI Journal 2019;18:429-438 – ISSN 1611-2156 
Received: April 24, 2019, accepted: June 11, 2019, published: June 18, 2019 

 

 

438 

O'Flaherty E, Kaye J. TOX defines a conserved sub-
family of HMG-box proteins. BMC Genomics. 2003; 
4(1):13. 

Ross-Innes CS, Stark R, Teschendorff AE, Holmes 
KA, Ali HR, Dunning MJ, et al. Differential oestro-
gen receptor binding is associated with clinical out-
come in breast cancer. Nature. 2012;481(7381):389-
93. 

Ruiz-Narvaez EA, Rosenberg L, Cozier YC, Cupples 
LA, Adams-Campbell LL, Palmer JR. Polymorphisms 
in the TOX3/LOC643714 locus and risk of breast 
cancer in African-American women. Cancer Epi-
demiol Biomarkers Prev. 2010;19:1320-7. 

Seksenyan A. The role of nuclear factor TOX3 in 
mammary gland biology and breast cancer. Los Ange-
les, CA: Cedars-Sinai Medical Center, 2013. 

Shan J, Dsouza SP, Bakhru S, Al-Azwani EK, 
Ascierto ML, Sastry KS, et al. TNRC9 downregulates 
BRCA1 expression and promotes breast cancer ag-
gressiveness. Cancer Res. 2013;73:2840-9. 

Stacey SN, Manolescu A, Sulem P, Rafnar T, Gud-
mundsson J, Gudjonsson SA, et al. Common variants 
on chromosomes 2q35 and 16q12 confer susceptibil-
ity to estrogen receptor-positive breast cancer. Nature 
Genet. 2007;39:865-9. 

Stephens M, Smith NJ, Donnelly P. A new statistical 
method for haplotype reconstruction from population 
data. Am J Hum Genet. 2001;68:978-89. 

Tajbakhsh A, Afzal Javan F, Fazeli M, Rivandi M, 
Kushyar MM, Nassiri M, et al. TOX3 Gene polymor-
phisms and breast cancer; effects and implications of 
the variations: review article. Tehran Univ Med J. 
2017;75:323-31.  

Tajbakhsh A, Javan FA, Rivandi M, Moezzi A, 
Abedini S, Asghari M, et al. Significant association of 
TOX3/LOC643714 locus-rs3803662 and breast can-
cer risk in a cohort of Iranian population. Mol Biol 
Rep. 2019;46:805-11. 

Udler MS, Ahmed S, Healey CS, Meyer K, Struewing 
J, Maranian M, et al. Fine scale mapping of the breast 
cancer 16q12 locus. Hum Mol Genet. 2010;19:2507-
15.  

Wasserman NF, Aneas I, Nobrega MA. An 8q24 gene 
desert variant associated with prostate cancer risk 
confers differential in vivo activity to a MYC enhanc-
er. Genome Res. 2010;20:1191-7. 

Wright JB, Brown SJ, Cole MD. Upregulation of c-
MYC in cis through a large chromatin loop linked to a 
cancer risk-associated single-nucleotide polymor-
phism in colorectal cancer cells. Mol Cell Biol. 2010; 
30:1411-20.  

Yoo J, Lee Y, Kim Y, Rha SY, Kim Y. SNP Analyzer 
2.0: A web-based integrated workbench for linkage 
disequilibrium analysis and association analysis. 
BMC Bioinformatics. 2008;9(1):290. 

 

 


