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Abstract: Genetic mutations in premalignant breast lesions may have a role in malignancy progression or influence
the behavior of subsequent disease. A point mutation in estrogen receptor-a (ER-a) as A908G (Lys303—Arg) was
originally involved to hypersensitive to estrogen breast hyperplasia. We detected this mutation among Iranian women
with invasive breast cancer. A population-based case-control study was conducted in 150 newly diagnosed invasive
breast cancer and 147 healthy control individuals controls to screen for presence of the ER-a AS08G mutation by
using single-strand conformation polymorphism (SSCP) analysis and 33Pcycle DNA sequencing. We detected the
10.7% ER-a0 A908G mutation in the form of heterozygote genotype only among cancer patients (x2=22.752, P=0.00).
The allelic frequency of mutant allele AGG in codon 303 was significantly (x2=29.709, P=0.001) higher in patients
with the family history of breast cancer (28.9%) than those without the family history of breast cancer (1.9%). Our
data suggest that ER-a codon 303 mutation is correlated with various aspects of breast cancer in Iran. ER-a genotype

might represent a surrogate marker for predicting breast cancer developing later in life.
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Introduction

Breast cancer is the most common cancer
among women worldwide [1]. Unfortunately,
during last four decades, increasing its inci-
dence rate has made breast cancer one of the
most frequent malignancies among Iranian
women [2] and affects Iranian women at least
one decade younger than their counterparts in
developed countries [3, 4]. The principal risk
factor for breast cancer is hormonal that in-
crease exposure to estrogen [5]and a portion of
this increase can be attributed to changes in
reproductive patterns, such as delayed child-
bearing and having fewer children (increased
life expectancy). However, the importance of
estrogen in breast cancer development is due
to the changes in estrogen signaling and ex-
pression of the two estrogen receptors (ERs) ER
-o« and ER-B during breast tumorigenesis and
progression [6-10, 12].

Early detection of breast cancer remains an
important challenge to health professionals.
Mutation and polymorphism of cancer-

associated genes have been found to predict
tumor formation and prognosis subsequent
response to treatment. The human ER-a gene
exhibits low mutational frequency in breast can-
cer tissue [6, 11-12]. However, ER-« allelic vari-
ant has been associated with breast cancer risk
[12-17], in Caucasians, with certain clinical fea-
tures including presence of a family history [11]
and lymph node (LN) metastasis [18] However,
no association was found between common
genetic variations in the ER-a gene in relation to
breast cancer risk in some studies [19-21]. The
suggestion that mutation of ER-a might have a
role in the formation of breast cancer and sub-
sequent response to treatment was raised by
the detection of a somatic A908G or K303R
mutation in the gene encoding ER-ot exon 4,
results in an amino acid change of Lysine to
Arginine. This mutation was reported in a signifi-
cant proportion of breast hyperplasia [22] and
also in the majority of invasive cancers and all
metastases tested [23, 24] The K303R ER-a
variant apparently exhibits a hypersensitivity to
estradiol [22] a characteristic that might allow
breast cancers to respond to much lower levels
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of estrogenic stimulation with a subsequent
impact on malignant progression and the effec-
tiveness of anti-estrogen treatment.

At present the literature contains little informa-
tion regarding ER-a gene expression, mutational
frequency, and allelic variants in breast cancer
among Asian-Caucasians (lranian), especially
those who reside in their native country. Thus,
the present study we screened a series of newly
diagnosed invasive breast cancer from patients
referred to Imam Khomeini Hospital Complex a
population-based case-control study of breast
cancer in Iranian for ER-a A908G point muta-
tions by using a combination of single-strand
conformational polymorphism (SSCP) analysis
and 33P-cycle DNA sequencing.

Materials and methods
Study population

After Imam Khomeini Hospital Complex the
ethic committee permission letter we selected
our study population; newly pathological breast
cancer diagnosed breast cancer patients at the
Imam Khomeini Hospital Complex (a large
teaching and general hospital in the central dis-
trict of Tehran) and were referred to our several
clinics of the Cancer Institute (n=150) and
mostly living in Tehran. The control group
(n=147) included healthy women neither with
any history of breast cancer nor any other neo-
plastic diseases, and with no family history of
breast cancer diagnosed at the same clinics.
Women with hysterectomy and artificial meno-
pause or exposed to any kind of radiation and
chemotherapy in their life time were excluded
from the study. By the permission from the hos-
pital ethics committee, all the patients were
provided written informed consent to participate
in that protocol before entering into the present
study.

Demographical and epidemiological risk factor
data were collected from questionnaire, includ-
ing information on family history of breast can-
cer (first-degree relatives), age at menarche,
age at menopause, ABO and Rhesus blood
groups, race, age at onset, lymph node metasta-
ses, and ER expression in breast cancer tissue
were administered by trained nurse interview-
ers. An ongoing protocol to collect and store
formalin-fixed paraffin-embedded tumor tissue
samples for future genomic tests had been ap-
proved by the institutional review board. Tumors
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were sectioned and underwent standardized
histopathologic review as previously described
[29]. With the hematoxylin-and-eosin-stained
slide as a guide, the area of tumor was micro-
dissected away from other surrounding non-
tumor tissue, and DNA lysates were prepared
using extraction kit (QlAamp DNA FFPE Tissue
Kit (50) # 56404). Peripheral whole blood was
collected and kept until genotyping analysis.
This information was obtained by interviews
with patients and family members. Individuals
with at least one first-degree or second-degree
female relative affected by breast cancer were
considered to have a family history. Women with
hysterectomy and artificial menopause or ex-
posed to any kind of radiation and chemother-
apy in their life time were excluded from the
study. By permission from the hospital ethics
committee, all patients provided to sign the In-
formed Consent before entering into the pre-
sent study. The clinical characteristics of the
150 breast cancer patients are shown in Table
1.

DNA extraction ER-a exon 4 PCR

A total of 150 breast cancer patients were
screened at this stage and compared with 147
control individuals in order to identify disease-
associated variants. Genomic DNA was ex-
tracted from embedded tumor samples by ex-
traction kit (QIAamp DNA FFPE Tissue Kit (50) #
56404) in accordance with the manufacturer's
instructions. Genomic DNA (50 ng) was used for
each run of PCR-based genotyping.

A 329-bp fragment of 336bp of exon 4 was am-
plified with forward (5-ACC TGT GTT TTC AGG
GAT ACG A-3') and reverse (5'-GCT GCG CTT CGC
ATT CTT AC-3") primers. Reactions were per-
formed in 1 x PCR buffer (50 mM KCI, 10 mM
Tris-HCI, pH 8.3, 1.5 mM MgCI2, 0.001% gela-
tin), with 100 uM each of the four deoxyribonu-
cleotide triphosphates, 1.25 units of AmpliTaq
Gold DNA Polymerase (ABI), 0.6 uM of each
primer, and 1 yl DNA lysate under the following
cycle conditions: one cycle of 95°C for 5 min,
30 cycles of 95°C for 30s, 65°C for 30s and
72°C for 40s, and a final extension at 72°C for
6 min [18].

Screening for ER-ae A908G mutation By SSCP-
PCR

In order to identify mutation at codon 303 of ER
- among Iranian population, the strategy was
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Table 1. Clinical characteristics of the 150 breast cancer patients in the study

Case
Characteristics Frequency Percent
Onset age of breast cancer (years)
<40 48 32.0
>/=40 66 44.0
After menopause 36 24.0
Total 150 100
Lymph node metastasis
Yes 23 15.3
No 127 84.7
Total 150 100
Type of breast cancer
Unilateral 142 94.7
Bilateral 8 5.3
Total 150 100
Stage of breast cancer at the time of testing
Stage Il 133 88.7
Stage IlI 15 10.0
Stage IV 2 1.3
Total 150 100
ER expression in breast cancer tissue
Positive 40 26.7
Negative 92 61.3
Not studied 18 12.0
Total 150 100

to screen samples by using the PCR single-
strand conformation polymorphism (SSCP)
method.

First-round PCR product was diluted in distilled
H20 (about 1:25) and 1 ul was used in a 20 ul
SSCP-PCR reaction containing primers at 600
nM, 1 x PCR buffer, each dNTP at 150 yM ex-
cept for labeled 32P-dCTP (22.5 yM dCTP and
0.2 ul), and 0.5 unit of AmpliTag Gold DNA Poly-
merase (ABI). Cycling parameters were one cy-
cle of 95°C for 4 min, 60°C for 30s and 72°C
for 40s, 30 cycles of 94°C for 30s, 60°C for
30s and 72°C for 1 min, and a final extension
of 94°C for 1 min followed by 60°C for 8 min.
The SSCP-amplified PCR product was diluted
1:50 in 0.1% SDS and 10 mM EDTA, mixed with
92% formamide and 40 mM EDTA stop dye at a
1:1 ratio, denatured, and analyzed by Optimal
electrophoretic separation for SSCP was con-
ducted in 19:1 Polyacrylamide: Bisacrylamide
and 8% Polyacrylamide gel in buffer (90 mmol/I
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Tris-borate and 2 mmol/I EDTA) along with posi-
tive, negative, and unsaturated control samples.
Geld at were runat 200 V for 2 hours followed
with 250 V for 24 hours at 16°C. After electro-
phoresis, the bands on gel were visualized using
0.1% silver nitrate stain.

33P- cycle sequencing

PCR samples exhibiting varying band shifting
patterns by SSCP, were purified on agarose gel
using a DNA Extraction Kit, Fermentas # K0153,
Germany, were sequenced on both the forward
and reverse DNA strands by using 33P- cycle
sequencing methods. The purified PCR products
mixed with ExXoSAP-IT (2 pl per 5 pl PCR product)
and incubated at 37°C for 15 min. Cycle se-
quencing was performed with the Thermo Se-
quenase Radiolabeled Terminator Cycle Se-
quencing Kit (USB), using either primer for 30
cycles of 95°C for 30 s, 62°C for 30s, and 72°
C for 1 min. Stop solution (95% formamide, 20

Int J Clin Exp Med 2013;6(1):39-49



Estrogen receptor —-a mutation and breast cancer

Table 2. Genotypic distribution frequencies of codon 303 in exon 4 mutation of estrogen receptor-a
gene in the study population: breast caner versus control groups

Normala Heterozygote® Homozygotec Total Test result
Group Frequency Percent Frequency Percent Frequency Percent Frequency Percent
Case 134 89.3 16 10.7 150 100
X2=22.752
Control 147 100 147 100 p=0.001
Total 281 94.6 16 5.4 297 100

aGenotype normal, AAG/AAG, *Genotype heterozygote, AAG/AGG, °Genotype homozygote AGG/AGG.

mM EDTA, 0.05% bromophenol blue, 0.05%
xylene cyanol FF) was added and samples were
heated to 70°C for 5 to 10 min before being
run on an 8% polyacrylamide standard sequenc-
ing gel. All mutations were confirmed (and the
possibility of mutation artifacts was ruled out)
by sequencing of a second, separately amplified
PCR product. Additionally, at least 5% of SSCP-
negative samples were sequenced (n=46), but
no mutations were found.

Automated fluorescent sequencing

Sequencing was conducted at the UNC DNA
Sequencing Core Facility on a 219-bp PCR prod-
uct amplified from ER-a exon 4. The PCR prod-
ucts were purified using QIAquick PCR purifica-
tion Kit (QIAGEN cat. #28104, USA), and was
cycle sequenced with fluorescently labeled Big
Dye v1.1 terminators (ABI) on a 3730 DNA Ana-
lyzer (ABI) with a 48-capillary array.

Positive control

A DNA positive sample was confirmed by 33P
and 35S sequencing to carry the ER-a A908G
mutation from Iran pasture Institute was used
as a positive control throughout the screening
studies. This sample also produced a prominent
band shift on SSCP and was positive for the
mutation by SNaPshot. Mutant ER-a exon 4 PCR
product was cloned from this control sample
and several clones were sequenced for further
confirmation of the presence of the mutation in
this sample.

Ethical considerations
The study and signed informed consent were
approved by the Ethics Committee of Research

of Institute of Cancer, Imam Khomeini Hospital
complex, Tehran University of Medical Sciences.
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Statistical analysis

To assess the influence of mutation status on
features of breast cancer, unconditional logistic
regression analysis was performed using SPSS
software (version 14 for Windows 7; SPSS Inc.,
Cary, NC, USA). To calculate odds ratios (ORs)
with 95% confidence intervals (Cls) to examine
the predictive association between ER-ac AS08G
mutation and each factor on risk for breast can-
cer. ORs were calculated by logistic regression
as implemented in the SAS software program
(version 8.2; SAS Institute Inc., Cary, NC, USA). P
values were calculated using Wald x2 testing. All
P values were two sided and the P < 0.05 was
considered as a statistically significant.

Results
The cases and controls characteristics

For the present study, a total of 150 (median
age 47.49 £+ 11.43 years) invasive breast can-
cer cases and 147 (median age 40.75 + 10.54
years) healthy women were screened for muta-
tion in a 329 bp region of exon 4 including
codon 303 of ER- gene.

Some clinical characteristics of cases evaluated
for the ER-a mutation have been reported be-
fore [30]. All cases were diagnosed with inva-
sive ductal carcinoma. The majority (76%) of
cases had onset of breast cancer before meno-
pause and unilateral breast cancer (94.7%).
Among cases, 84% were lymph node metastasis
negative, 88.7% were at stage Il, 61.3% were
ER- negative (Table 1). Of the 150 breast cancer
cases screened 16 (10.7%) were positive for
the ER-a A809G mutation, with heterozygote
genotype (AAG/AGG), consequently all controls
(147) were negative for the same mutation
(x2=22.752, P=0.001) (Table 2). The observed
numbers of individuals with different genotypes
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Table 3. Genotypic distribution frequencies of codon 303 in exon 4 mutation of estrogen receptor-a
gene and selected demographic characteristics and major risk factors in the study population: breast

cancer versus control groups

HeterozygoteP Test result
Characteristic Group
Frequency Percent Frequency Percent

Age at menarche (years)

</=12 Case 51 85.0 9 15.0 x2=9.012
control 36 100 - - P=0.003
total 87 90.6 9 9.4

>12 Case 83 92.2 7 7.8 x2=11.561
control 111 100 - - P=0.001
total 194 96.5 7 3.5

Total Case 134 89.3 16 10.7
control 147 100 - -
total 281 94.6 16 5.4

ABO blood groups

A Case 24 88.9 3 11.1 Xx2=5.932
control 43 100 - - P=0.015
total 67 95.7 3 4.3

B Case 10 71.4 4 28.6 x2=10.957
control 35 100 - - P=0.001
total 45 91.8 4 8.2

AB Case 6 100 - -
control 16 100 - - -
total 22 100 - -

0 Case 94 91.3 9 8.7 X2=7.753
control 53 100 - - P=0.005
total 147 94.2 9 5.8

Total Case 134 89.3 16 10.7
control 147 100 - -
total 281 94.6 16 5.4

Race

Arab-Armani Case 3 100 - -
control - - - - -
total 3 100 - -

Fars Case 50 83.3 10 16.7 x2=19.134
control 88 100 - - P=0.001
total 138 93.2 10 6.8

Lor - Kurdish Case 16 88.9 2 11.1 x2=1.701
control 9 100 - - P=0.192
total 25 92.6 2 7.4

Turkish Case 44 95.7 2 4.3 x2=2.497
control 39 100 - - P=0.114
total 83 97.6 2 2.4

Gilaki-Mazani Case 21 91.3 2 8.7 x2=1.623
control 11 100 - - P=0.203
total 32 94.1 2 5.9

Total Case 134 89.3 16 10.7
control 147 100 - -
total 281 94.6 16 5.4

aGenotype normal, AAG/AAG, "Genotype heterozygote, AAG/AGG

showed this mutation

Risk factors for breast cancer according to
ESR1 A908G mutation status

This mutation was observed only in heterozy-
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fitted the Hardy-
Weinberg equilibrium for (P > 0.05).

gote genotype in breast cancer patients but not
in healthy individuals. The genotypic distribution
frequencies of mutation of estrogen receptor- o
gene codon 303 and major risk factors in the
breast cancer versus control groups are shown
in Table 3. The statistically significant frequen-
cies were achieved only for risk factors, age at

Int J Clin Exp Med 2013;6(1):39-49
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Table 4. Genotypic frequencies of codon 303 in exon 4 mutation of estrogen receptor-a gene and
selected demographic characteristics and major risk factors in the breast cancer group

Characteristic Normala Heterozygote® Test result
Frequency Percent Frequency Percent

Onset age of breast cancer (years)

<40 43 89.6 5 10.4 x2=0.005

>/=40 o1 89.2 11 10.8 P=0.946

Total 134 89.3 16 10.7

Family history of breast cancer

First-degree family affected 8 42.1 11 57.9 c2=33.518

Not affected 126 96.2 5 358 P=0.001

Total 134 89.3 16 10.7

Lymph node metastases

Yes 23 100 x2=5.662

No 111 87.4 16 12.6 P=0.017

Total 134 89.3- 16 10.7

ER expression in breast cancer tissue

Positive 34 85.0 6 15.0 x2=4.6

Negative 86 93,5 6 6.5 P=0.1

Not studied 14 77.8 4 22.2

Total 134 89.3 16 10.7

aGenotype normal, AAG/AAG, "Genotype heterozygote, AAG/AGG

menarche 12 and below 12- years- old, among
different races, Fars, who inhabit the near
southern region of Iran and A, B and O blood
groups, in ABO blood groups, (x2=9.012,
P=0.003; x2=19.134, P=0.001; (x2=5.932,
P=0.015; x2=10.957 P=0.001 and x2=7.753,
P=0.005, respectively).

Table 4 presents the genotypic distribution fre-
quencies of codon 303 mutation and major po-
tential risk factor in breast cancer cases. Among
all these risk factors only family history of breast
cancer and lymph node metastases presented
statistically significant differences (P<0.05) be-
tween different genotypes (normal and het-
erozygote genotypes) (P=0.001, x2 =33.518; x2
=5.662, P=0.017 respectively).

The genotypic and allelic frequencies within the
group studied, are shown in Table 5. The het-
erozygote genotype (AAG/AGG) was found only
among cancer patients (10.7%) (x2=16.573,
P=0.001). As a result, the allele 1 (AGG) in
codon 303 was presented only in cancer pa-
tients (5.3%), (x2=16.114, P = 0.001). The alle-
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lic frequency of allele 1 (AGG) in codon 303 was
significantly (x2 = 29.709, P = 0.001) much
higher (fourteen- fold) in the cancer patients
with a family history of breast cancer (28.9%)
than those without family history of breast can-
cer (1.9%).

When we consider the effects of different geno-
types on developing breast cancer, the frequen-
cies distribution for genotypes heterozygote was
(x2=22.752, P=0.001) observed in only cases
(100.0%). However, the estimated risk was
higher in cases (47.7%) than in controls (52.3%)
for normal genotype in codon 303, but corre-
sponding heterozygote genotypes are found only
in breast cancer patients (Table 6).

Genotype frequencies exhibited different distri-
butions in the presence and absence of first-
degree family history of breast cancer, with sta-
tistical significance for codon 303 mutation (P =
0.001). The estimated risk was higher for nor-
mal genotype patients without family history of
breast cancer (94.0%) than patients with family
history of breast cancer (6.0%) but the esti-
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Table 5. Allelic frequencies of estrogen receptor-a exon 4 mutation at codon 303 (AAG—AGG) in the
study population: breast cancer cases versus control groups and breast cancer cases in the presence
versus the absence of major risk factors

ER-a Alleles
Characteristic 0c 1d
Breast cancer
Case (n=150) 284(94.7%) 16(5.3%)

Control (n=147) 294(100%) -
x2=16.114, P=0.001
Age at menarche at (years)
</=12 (n=60) 111(92.5%) 9(7.5%)
>12 (n=90) 173(96.1%) 7(3.9%)
x2=1.86, P=0.173
Onset age of breast cancer

</=40 (n=48) 91(94.8%) 5(5.2%)
>40 (n=66) 126(95.5%) 6(4.5%)
After menopause (n=36) 67(93.1%) 5(6.9%)

x2=0.535, P=0.765
ABO blood groups

A (n=27) 51(94.4%) 3(5.6%)
B (n=14) 24(85.7%) 4(14.3%)
AB (n=6) 12(100%) -

0 (n=103) 197(95.6%) 9(4.4%)

x2=4.838, P=0.184

Arab & Armani (n=3) 6(100%)

Fars (n=60) 110(91.7%) 10(8.3%)
Lor & Kurdish (n=18) 34(94.4%) 2(5.6%)
Turkish (n=46) 90(97.8%) 2(2.2%)
Gilaki & Mazani (n=23) 44(95.7%) 2(4.3%)

x2=4.916, P=0.296

Family history of breast cancer

First-degree family affected (n=19) 27(71.1%) 11(28.9%)

Not affected (n=131) 257(98.1%) 5(1.9%)
X2=29.709, P=0.001

Other cancer affected status

Yes (n=3) 6(100%) -

No (n=147) 278(94.6%) 16(5.4%)
x2=0.665, P=0.415

Lymph node metastases

Yes (n=23) 46(100%) -

No (n=127) 238(93.7%) 16(6.3%)
x2=5.487, P=0.091

ER expression in breast cancer tissue

Positive (n=40) 74(92.5%) 6(7.5%)
Negative (n=92) 178(96.7) 6(3.3%)
Not studied (n=18) 32(88.9%) 4(11.1%)

x?>=4.312, P=0.116

aGenotype normal, AAG/AAG, *Genotype heterozygote, AAG/AGG, ¢Allele O, AAG, dAllele 1, AGG

mated risk was lower (more than twofold) for than individuals with family history of breast
heterozygote individuals in codon 303 mutation, cancer (68.8%) (OR 0.029, 95% CI 0.008-
without family history of breast cancer (31.2%) 0.103). Furthermore, statistical significance
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Table 6. Genotypic distribution frequencies of codon 303 in exon 4 of estrogen receptor-a gene breast
cancer in the study population: breast caner versus control groups

Yes Total Test result
Codon 303 Frequency Percent Frequency Percent Frequency Percent
Normala 134 47.7 147 52.3 281 100 X2=22.752
Heterozygote® 16 100 - - 16 100 p=0.001
Homozygotec - - - - - -
Total 150 50.5 147 49.5 297 100

aGenotype normal, AAG/AAG, "Genotype heterozygote, AAG/AGG, cGenotype homozygote AGG/AGG

Table 7. Estimated risk for selected demographic characteristics and major risk factors with estrogen
receptor-a exon 4 mutation at codon 303 in different genotypes

Yes No P value OR (95% Cl)
Genotype n=150 n=147
Normal @ 134(47.7%) 147(52.3%) 0.001 1.0(reference)
Heterozygote 16(100%) - -
First- degree family history
of breast cancer
Affected Not affected P value OR (95% ClI)
Genotype n=19 n=131
Normal 8(6.0%) 126(94.0%) 0.001 1.0(reference)
Heterozygote 11(68.8%) 5(31.3%) 0.029(0.008-0.103)
Lymph node metastases
Genotype Yes No P value OR (95% Cl)
n=23 n=127
Normal 23(17.2%) 111(82.8%) 0.017 1.0(reference)
Heterozygote - 16(100%) -

aGenotype normal, AAG/AAG, bGenotype heterozygote, AAG/AGG.

was achieved in the presence and absence of
LN metastases for the same codon (P = 0.017).
The estimated risk was fivefold higher for nor-
mal patients (for codon 303) without LN metas-
tases, but all heterozygote patients for mutation
at codon 303 were LN metastases- negative
(Table 7).

Discussion

Evidence suggests that breast cancer is charac-
terized by unique gene expression profiles, hor-
monal or reproductive factors that increase ex-
posure to estrogen as well-documented molecu-
lar or protein markers, and as exhibit variable of
clinical behavior, prognosis, and response to
therapies [27, 31-40]. The amount of ER-& ex-
pression in most breast cancer is fundamental
to our understanding of this disease and its
treatment. The observations that ER-a is over
expressed in a proportion of premalignant le-
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sions and is possibly related to an increased
risk of progression further raise the importance
of estrogenic activity in the establishment and
behavior of breast carcinoma [41-43].

The principal risk factors for breast cancer are
hormonal or reproductive factors that increase
exposure to estrogen as well-documented [25-
34]. The importance of estrogen in breast can-
cer development is further supported by studies
demonstrating the occurrence of marked
changes in estrogen signaling and expression of
the two estrogen receptors (ERs) ER-a and ER-
during breast tumorigenesis and progression [6-
10, 35-38].

Data obtained from some epidemiologic studies
of breast cancer suggest that tumor subsets
classified according to certain somatic or pro-
tein expression changes may be associated with
specific etiologic risk factors [12, 14-17, 30, 39-

Int J Clin Exp Med 2013;6(1):39-49
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43]. Consistent with this, our study has revealed
that first-degree family history of breast cancer
may be a risk factor for breast tumors carrying
the ER- o« gene A908G mutation. Consequently,
the allelic frequency of mutant allele (AGG) in
codon 303 was significantly (x2 = 29.709, P =
0.001) also very higher (fourteen fold) in the
cancer patients with the family history of breast
cancer (28.9%) than those without family his-
tory of breast cancer (1.9%).

Our results confirm the presence of the ER- o
gene A908G mutation among Iranian women
invasive breast cancer. However, the frequency
of A908G or K303R mutation was greater
(10.7%) in comparison with the literature, which
indicates that this mutations ER- a gene K303R
occur at lower frequency in breast tumor
(around 6%) [6, 44].

In our first evaluation of association of the ER- «
gene A908G mutation with demographic and
clinical characteristics of breast cancer cases
among Iranian, such as age at menarche below
12 years old in compression with age at men-
arche above 12 years old, from ABO blood
groups, groups of B and O and among all eight
different races race of Fars (is located the
southern part of Iran), were observed only in
heterozygote cancer patients with a statistically
significant frequencies in heterozygote cancer
patients.

The estimated risk was very much higher for
normal genotype individuals without family his-
tory of breast cancer (94.0%) than individuals
with family history of breast cancer (6.0%) but
the estimated risk was very lower heterozygote
patients in codon 303 mutation, without family
history of breast cancer (31.2%) than patients
with family history of breast cancer (68.8%) (OR
0.029, 95% ClI 0.008-0.103). Compared with
controls, Iranian breast cancer cases with ER- o
A908G mutation-positive tumors were more
likely to have a first-degree family history of
breast cancer whereas the mutation-negative
cases were not; this finding was supported by
case-case comparisons [45].

Finally, taking these results together, it was
noted that: 1) The presence of the ER-a« AS08G
point mutation in invasive breast tumors may
have important implications for etiology, progno-
sis and directly association for increasing risk of
developing breast cancer, even in heterozygote
genotype; 2) the cancer patients with the family
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history of breast cancer are more likely to reveal
this point mutation (A—G) than those without
family history of breast cancer, and also; 3) the
greater the frequency of mutant allele, the
lesser the likelihood of LN metastasis in Iranian
population. Small but statistically significant
correlations were found between allelic distribu-
tion and familial manifestation of breast cancer.
Because of the limited sample size in the pre-
sent study, our finding of a correlation between
LN metastasis and mutant allele of codon 303
will require further confirmation. This is planned
as part of our future work, because mutation
determination from peripheral blood represents
a highly feasible and noninvasive option for pre-
operative evaluation.

Conclusion

This is the first study focusing on a comprehen-
sive breast cancer genetic mutation in Iran.
Characterization of breast tumors for the ER- o
A908G point mutation, shown by both Fuqua
and Conway [23, 45] to be hypersensitive to
estrogen, may reveal important etiologic clues.
Furthermore, ER- o A908G mutation-positive
breast cancer was significantly associated with
a first-degree family history of breast cancer
suggesting that this mutation is associated with
familial breast cancer. Some reproductive fac-
tors linked to greater exposure to endogenous
hormones, including younger age at menarche
was associated with the mutation-negative sub-
group, suggesting that endogenous hormonal
factors may be more important for mutation-
negative cancer. Furthermore, additional stud-
ies are required to confirm these findings.

Abbreviations

BMI = Body Mass Index; Cl = confidence inter-
val; ESR = estrogen receptor; LN = lymph node;
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tion; Rh = Rhesus blood group system; SNP =
single nucleotide polymorphism; SSCP = single-
strand conformational polymorphism.

Acknowledgment

This research has been supported by Faculty of
Allied Medical Sciences, Tehran University of
Medical Sciences. We are grateful to Ms. Roya
Sharifian for her knowledge in statistical analy-
sis.

Address correspondence to: Dr. Sakineh Abbasi, De-

Int J Clin Exp Med 2013;6(1):39-49



Estrogen receptor —-a mutation and breast cancer

partment of Biotechnology, School of Allied Medicine,
Tehran University of Medical Sciences, Tehran, Iran.
Mailing Address: #1 Housein Alley, Khazar St., Ela-
hieh, Tehran 19149, Iran. Tel: + 98 9123211428;
Fax: +98 21 88622533; E-mail: abbasisk@tums.ac.ir
& sakineh4612004@yahoo.com

References

[1] Screening for Breast Cancer. 2007. Available at:
http://www.who.int/cancer/detection/
breastcancer/en/

[2] Behjati F, Atri M, Najmabadi H, Nouri K, Zamani
M, Mehdipour P. Prognostic value of chromo-
some 1 and 8 copy number in invasive ductal
breast carcinoma among Iranian women: an
interphase FISH analysis. Pathol Oncol Res
2005; 11: 157-163.

[3] Harirchi I, Karbakhsh M, Kashefi A, Momtahen
AJ. Breast cancer in Iran: results of a multi-
center study. Asian Pac J Cancer Prev 2004; 5:
24-27.

[4] LinY, Kikuchi S, Tamakoshi K, Wakai K, Kondo
T, Niwa Y, Yatsuya H, Nishio K, Suzuki S, Toku-
dome S, Yamamoto A, Toyoshima H, Mori M,
Tamakoshi A; Japan Collaborative Cohort Study
Group for Evaluation of Cancer Risk. Active
smoking, passive smoking, and breast cancer
risk: findings from the Japan Collaborative Co-
hort Study Group for Evaluation of Cancer Risk. J
Epidemiol 2008; 18: 77-83.

[5] Pike MC, Spicer DV, Dahmoush L, Press MF.
Estrogens, progestogens, normal breast cell
proliferation, and breast cancer risk. Epidemiol
Rev 1993; 15: 17-35.

[6] Herynk MH, Parra I, Cui Y, Beyer A, Wu MF, Hil-
senbeck SG, at al. Association between the es-
trogen receptor alpha A908G mutation and out-
comes in invasive breast cancer. Clin Cancer
Res 2007; 13: 3235-3243.

[71 Herynk MH, Hopp T, Cui Y, Beyer A, Wu MF, Hil-
senbeck SG, et al. A hypersensitive estrogen
receptor alpha mutation that alters dynamic
protein interactions. Breast Cancer Res Treat
2010; 122: 381-393.

[8] Barone I, Brusco L, Fuqua SA. Estrogen receptor
mutations and changes in downstream gene
expression and signaling. Clin Cancer Res 2010;
16: 2702-2708.

[9] Iwao K, Miyoshi Y, Egawa C, Ikeda N, Noguchi S.
Quantitative analysis of estrogen receptor-beta
mRNA and its variants in human breast cancer.
Int J Cancer 2000; 88: 733-736.

[10] Henderson BE, Feigelson HS. Hormonal carcino-
genesis. Carcinogenesis 2000; 21: 427-433.
[11] Roodi N, Bailey LR, Kao WY, Verrier CS, Yee CJ,
Dupont WD, Parl FF. Estrogen receptor gene
analysis in estrogen receptor-positive and recep-
tor-negative primary breast cancer. J Natl Cancer
Inst 1995; 87: 446-451.

[12] Azimi C, Abbasi S. Genetic polymorphisms in the

48

estrogen receptor-a gene codon 325(CCCTCCG)
and risk of breast cancer among Iranian women:
a case control study. Med J Islamic Republic of
Iran 2009; 23: 75-82.

[13] Curran JE, Lea RA, Rutherford S, Weinstein SR,
Griffiths LR. Association of estrogen receptor
and glucocorticoid receptor gene polymorphisms
with sporadic breast cancer. Int J Cancer 2001;
95: 271-275.

[14] Abbasi S. Polymorphisms in estrogen receptor -
alpha and beta genes in breast cancer patients
from Imam Khomeini Hospital. In [Ph.D thesis]
Malaysia: 2008; Universiti Putra Malaysia.

[15] Abbasi S, Azimi C, Otman F, Noori Daloii MR,
Ashtiani ZO, Mojarrad M, Oskouei SA, Nejad FM,
Ismail P. (ESR1) gene codon 10 (T392C) poly-
morphism in Iranian women with breast cancer:
a case control study. Trends Mol Scie 2009; 1: 1
-10.

[16] Abbasi S, Ismail P, Othman F, Rosli R, Azimi C.
Estrogen receptor-a (ESR1) gene, codon 594
(G3242A) polymorphism among Iranian women
with breast cancer: a case control study. Asian J
Scie Res 2009; 2: 51-60.

[17] Abbasi S. Estrogene Receptor-Beta Gene Poly-
morphism in women with Breast Cancer at the
Imam Khomeini Hospital Complex, Iran. BMC
Med Genet 2010; 11: 109.

[18] Vasconcelos A, Medeiros R, Veiga |, Pereira D,
Carrilho S, Palmeira C, et al. Analysis of estrogen
receptor polymorphism in codon 325 by PCR-
SSCP in breast cancer: association with lymph
node metastasis. Breast J 2002; 8: 226-229.

[19] Slattery ML, Sweeney C, Herrick J, Wolff R,
Baumgartner K, Giuliano A, Byers T. ESR1, AR,
body size, and breast cancer risk in Hispanic and
non-Hispanic white women living in the South-
western United States. Breast Cancer Res Treat
2007; 105: 327-335.

[20] Einarsdéttir K, Darabi H, Li Y, Low YL, Li YQ, Bon-
nard C, Sjolander A, Czene K, Wedrén S, Liu ET,
Hall P, Humphreys K, Liu J. ESR1 and EGF ge-
netic variation in relation to breast cancer risk
and survival. Breast Cancer Res 2008; 10: R15.

[21] Gonzalez-Zuloeta Ladd AM, Vasquez A, Siemes
C, Hofman A, Stricker BH, Pols HA, Uitterlinden
AG, van Duijn CM. Estrogen receptor o polymor-
phisms and postmenopausal breast cancer risk.
Breast Cancer Research and Treatment 2008;
107: 415-419.

[22] Fuqua SA, Wiltschke C, Zhang QX, Borg A, Cas-
tles CG, Friedrichs WE, Hopp T, Hilsenbeck S,
Mohsin S, O'Connell P, Allred DC. A hypersensi-
tive estrogen receptor-alpha mutation in prema-
lignant breast lesions. Cancer Res 2000; 60:
4026-4029.

[23] Fuqua SA. The role of estrogen receptors in
breast cancer metastasis. ] Mammary Gland Biol
Neoplasia 2001; 6: 407-417.

[24] Hopp TA, Alired DC, Mohsin S, Hilsenbeck SG,
Nawaz Z, Pestell RG, et al. A hypersensitive es-
trogen receptor a protein in breast cancer. In

Int J Clin Exp Med 2013;6(1):39-49



Estrogen receptor —-a mutation and breast cancer

Proceedings of the 92nd Annual Meeting of the
American Association of Cancer Research: 24-
28 2001; New Orleans. Philadelphia: AACR;
2001, 4806.

[25] Won Jeong K, Chodankar R, Purcell DJ, Bitten-
court D, Stallcup MR. Gene-Specific Patterns of
Coregulator Requirements by Estrogen Receptor-
o in Breast Cancer Cells. Mol Endocrinol 2012;
26: 955-966.

[26] Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S,
Johnsen H, Hastie T, Eisen MB, van de Rijn M,
Jeffrey SS, Thorsen T, Quist H, Matese JC, Brown
PO, Botstein D, Lanning PE, Bgrresen-Dale AL.
Gene expression patterns of breast carcinomas
distinguishes tumor subclasses with clinical
implications. Proc Natl Acad Sci USA 2001; 98:
10869-10874.

[27] Santarpia L, Qi Y, Stemke-Hale K, Wang B, Young
EJ, Booser DJ, et al. Mutation profiling identifies
numerous rare drug targets and distinct muta-
tion patterns in different clinical subtypes of
breast cancers. Breast Cancer Res Treat 2012.
[Epub ahead of print].

[28] Zubairy S, Cui Y, Fuqua SA. The K303R estrogen
receptor alpha breast cancer mutant generates
a new Akt kinase site. Proc Am Assoc Cancer
Res 2004; 45: 659.

[29] Rouzier R, Perou CM, Symmans WF, Ibrahim N,
Cristofanilli M, Anderson K, Hess KR, Stec J,
Ayers M, Wagner P, Morandi P, Fan C, Rabiul I,
Ross JS, Hortobagyi GN, Pusztai L. Breast cancer
molecular subtypes respond differently to preop-
erative chemotherapy. Clin Cancer Res 2005;
11: 5678-5685.

[30] Huang E, Cheng SH, Dressman H, Pittman J,
Tsou MH, Horng CF, Bild A, Iversen ES, Liao M,
Chen CM, West M, Nevins JR, Huang AT. Gene
expression predictors of breast cancer out-
comes. Lancet 2003; 361: 1590-1596. 36.
Carey LA, Perou CM, Livasy CA. Race, breast
cancer subtypes, and survival in the Carolina
Breast Cancer Study. JAMA 2006; 295: 2492-
2502.

[31] Oh DS, Troester MA, Usary J, Hu Z, He X, Fan C,
Wu J, Carey LA, Perou CM. Estrogen-regulated
genes predict survival in hormone receptor-
positive breast cancers. J Clin Oncol 2006; 24:
1656-1664.

[32] Barone 1, Cui Y, Herynk MH, Rodriguez AC,
Giordano C, Selever J. Expression of the K303R
Estrogen Receptor o Breast Cancer Mutation
Induces Resistance to an Aromatase Inhibitor via
Addiction to the PI3K/Akt Kinase Pathway. Can-
cer Res 2009; 69: 4724-4732.

[33] Heldring N, Pike A, Andersson S, Matthews J,
Cheng G, Hartman J, Tujague M, Strom A,
Treuter E, Warner M, Gustafsson JA. Estrogen
receptors: how do they signal and what are their
targets. Physiol Rev 2007; 87: 905-931.

[34] Holst F, Stahl PR, Ruiz C, Hellwinkel O, Jehan Z,
Wendland M, Lebeau A, Terracciano L, Al-Kuraya
K, Janicke F, Sauter G, Simon R. Estrogen recep-

49

tor alpha (ESR1) gene amplification is frequent
in breast cancer. Nat Genet 2007; 39: 655-660.

[35]Su D, Fu X, Fan S, Wu X. Role of ERRF, a novel
ER-related nuclear factor, in the growth control
of ER-positive human breast cancer cells. Am J
Pathol 2012; 180: 1189-1201.

[36] Cizkova M, Susini A, Vacher S, Clairac GC, An-
drieu C, Driouch K, Fourme E, Lidereau R, Biéche
I. PIK3CA mutation impact on survival in breast
cancer patients and in ERalpha, PR and ERBB2-
based subgroups. Breast Cancer Res 2012; 14:
R28.

[37] Shaaban AM, Sloane JP, West CR, Foster CS.
Breast cancer risk in usual ductal hyperplasia is
defined by estrogen receptor alpha and Ki-67
expression. Am J Surg Path 2002; 160: 597-
604.

[38] Kang HJ, Kim SW, Kim HJ, Ahn SJ, Bae JY, Park
SK, Kang D, Hirvonen A, Choe KJ, Noh DY. Poly-
morphisms in the estrogen receptor-alpha gene
and breast cancer risk. Cancer Lett 2002; 178:
175-180.

[39] Conway K, Edmiston SN, Cui LJ, Drouin SS, Pang
J, He M, Tse CK, Geradts J, Dressler L, Liu ET,
Millikan R, Newman B. Prevalence and spectrum
of p53 mutations associated with smoking in
breast cancer. Cancer Res 2002; 62: 1987-
1995.

[40] Furberg H, Millikan RC, Geradts J, Gammon MD,
Dressler LG, Ambrosone CB, Newman B. Repro-
ductive factors in relation to breast cancer char-
acterized by pb53 protein expression. Cancer
Causes Control 2003; 14: 609-618.

[41] Terry MB, Gammon MD, Schoenberg JB, Brinton
LA, Arber N, Hibshoosh H. Oral contraceptive use
and cyclin D1 overexpression in breast cancer
among young women. Cancer Epidemiol Bio-
markers Prev 2002; 11: 1100-1103.

[42] Tsakountakis N, Sanidas E, Stathopoulos E, Ka-
fousi M, Anogiannaki N, Georgoulias V, Tsiftsis
DD. Correlation of breast cancer risk factors with
HER-2/neu protein overexpression according to
menopausal and estrogen receptor status. BMC
Womens Health 2005; 5: 1-9.

[43] Kim RS, Avivar-Valderas A, Estrada Y, Bragado P,
Sosa MS, Aguirre-Ghiso JA, Segall JE. Dormancy
signatures and metastasis in estrogen receptor
positive and negative breast cancer. 2012; 7:
e35569.

[44] Conway K, Parrish E, Edmiston SN, Dawn T, Tse
CK, Geradts J. The estrogen receptor-alpha
A908G (K303R) mutation occurs at a low fre-
guency in invasive breast tumors: results from a
population-based study. Breast Cancer Res
2005; 7: R871-R880.

[45] Conway K, Parrish E, Edmiston S N, Tolbert D,
Tse CK, Moorman P, Newman B, Millikan RC.
Risk factors for breast cancer characterized by
the estrogen receptor alpha A908G (K303R)
mutation. Breast Cancer Res 2007; 9: R36.

Int J Clin Exp Med 2013;6(1):39-49




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


