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Abstract While angiotensinogen (AGT) seems to
have anti proliferative properties, angiotensin II
(ATII) is a potent growth factor and it mediates its
actions through the angiotensin type 1 receptor
(AGTR1). In the AGT gene, the M235T polymor-
phism has been associated with the variation in angi-
otensinogen levels and in the AGTR1 gene; the C573T
variant is associated with different pathologies. We
aimed to evaluate the relationship of these two variants
and the risk of breast cancer. These polymorphisms
were genotyped in 3787 women participating the Rot-
terdam Study. We performed a logistic regression and
a disease free survival analysis by genotype. The lo-
gistic regression yielded an odds ratio of 1.4 (95% CI:
1.1-1.9) for the MM genotype carriers versus the T
allele carriers. The breast cancer free survival by AGT
genotype was significantly reduced in MM genotype
carriers compared to non-carriers (hazard ratio
(HR) = 1.5; 95% CIL: 1.1-2.2). We did not find any
association of the AGTR1 polymorphism and breast
cancer risk or disease free survival. Our results suggest
that AGT plays a role in breast cancer risk in post-
menopausal women, whereas the role of AGTRI1
needs further studying.
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Introduction

Breast cancer is a major cause of morbidity and mor-
tality among women worldwide especially in middle age
[1] and growth factors have been found to play an
important role in the etiology and progression of this
disease [2]. Several proteins of the Renin—-Angiotensin—
Aldosterone system (RAS) have been implicated in the
processes of growth promotion or inhibition [3-6] and
are found present both in normal and cancerous breast
tissues [7, 8]. We have previously reported an associa-
tion between the angiotensin-converting-enzyme
(ACE) I/D polymorphism and breast cancer risk in
postmenopausal women. The DD carriers were at a
higher risk for the disease [9]. This finding has promp-
ted us to study other genes involved in the RAS system
influencing the angiotensin II pathway.

Angiotensin II (ATII) has been proven to have
growth factor and angiogenic activities [3, 7] and these
activities are mediated through the activation of the
angiotensin type 1 receptor (AGTR1) [8, 10]. On the
contrary, angiotensinogen (AGT) may have antipro-
liferative properties [6]. Due to these distinct proper-
ties of different members of the same pathway on cell
proliferation, the relationship between AGT and
breast cancer risk remains to be clarified. An increase
in AGT could either benefit women because of its
antiproliferative properties; but on the other hand in-
crease the risk for breast cancer since higher levels of
AGT translate into a raise in ATII [11] with its growth
factor and angiogenic activities.
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There are many polymorphisms in the AGT gene
located on chromosome 1gq42-q43. In exon 2, a non-
synonymous substitution of T by C in codon 235 of
the AGT gene, leads to a change from Methionine to
Threonine. In Caucasians, African and Japanese
populations [6, 12-18] the T235 variant of this
M235T polymorphism of this gene has been consis-
tently associated with higher levels of angiotensino-
gen in plasma and an increased risk for hypertension
[19]. In the AGTRI1 gene, also various polymor-
phisms have been recently studied [20-23]. A T to C
substitution at codon 573 has been found to be sig-
nificantly more frequent in myocardial infarction
cases [19] and microalbuminuria in hypertensive
patients [20]. These two AGT and AGTRI1 poly-
morphisms have not been studied in relation to the
risk for breast cancer.

In this study we aim to examine the relationship of
the AGT M235T and the AGTR1 C573T polymor-
phisms and the risk of breast cancer in Caucasian
postmenopausal women.

Patients and methods
Study population

Our study population is part of the Rotterdam Study, a
population-based follow-up study of determinants of
diseases in the elderly. All inhabitants of Ommoord, a
suburb of Rotterdam, aged 55 years or older were
invited to participate. The design of the study has been
previously described [24]. From all subjects, informed
consent was obtained and the Medical Ethics com-
mittee of the Erasmus Medical Center approved the
study. Out of 7.983 participants (response rate of 78%)
who were examined at baseline (1990-1993), 4878
(61.1%) were women.

Measurements

At baseline, information concerning age, smoking,
parity and number of children, hormone replacement
therapy, age at menarche and menopause, medication
use and medical history was obtained by a standardized
interview [24]. Body mass index (BMI) was calculated
by dividing the weight in kilograms by the height (in
meters) squared [25].

Case identification and validation

Three different databases were used for case identifi-
cation. First, cases diagnosed by general practitioners
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in the research area (Ommoord) were -collected
(International Classification of Primary Care (X76)).
Second, the Dutch National Registry of all hospital
admissions (LMR) was consulted to detect all malig-
nancy related hospital admissions for study partici-
pants. Finally, regional pathology databases were
linked to the Rotterdam Study to identify cases. Sub-
sequently, breast cancer cases were validated by a
physician (CS) on the basis of medical records of the
general practitioner, discharge letters and pathology
reports. Only pathologically confirmed cases were
considered in the analysis. The index date was defined
as the earliest date found in the pathology report.

Genotyping

The AGT M235T and AGTR1 C573T polymorphisms
were successfully genotyped in 3527 (73%) and 3787
(78%) postmenopausal women in the Rotterdam
Study. DNA was isolated from blood samples using
standard procedures (salting out method) [26] . The M
and T alleles of the AGT gene were identified using a
set of oligonucleotide primers flanking the polymor-
phic site in exon 2 (forward primer, 5CTG GCT CCC
ATC AGG3, reverse primer, S’CTG GCT CCC GTC
AGGZ3’). Likewise, the C and T alleles were detected
using a set of oligonucleotide primers flanking the
polymorphic site in exon 5 (forward primer 5-CAA
AGT CAC CTG CAT CAT CA-3, reverse 5 -AGG
AAA CAG GAA ACC CAZ3 [19].

Data Analysis

Hardy-Weinberg equilibrium proportions (HWE) of
the AGT M235T and AGTR1 C573T polymorphisms
was tested using Markov—Chain Monte-Carlo approx-
imation of the exact test, as implemented in the
GENEPOP package V 3.3 [27]. Categorical variables
(parity, hormone replacement therapy (HRT), smok-
ing, antihypertensive drug use, thyroid hormone and
corticoid use and ACE inhibitors use) were compared
between genotype groups using the chi-squared test.
Continuous variables, which were not normally dis-
tributed, (age at entry and BMI) were compared using
the independent sample Mann—Whitney test. First, we
performed a logistic regression analysis to assess the
risk of breast cancer according to the AGT M235T and
AGTRI1 C573T polymorphisms, including incident and
prevalent patients. For these analyses we implemented
a regression model, which included all our proposed
covariates. Additionally, we tested for the interaction
between AGT genotype with HRT and BMI since
these risk factors have been associated with an
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increased AGT mRNA expression and increased AGT
plasma levels [28-31]. As a second step, we studied
only incident or newly diagnosed patients to determine
a breast cancer free survival by AGT and AGTRI1
genotype separately. For this analysis, a Cox propor-
tional hazards model was fitted using age as the
underlying time of the model. Interaction between
genes was tested using a multiplicative model. Fur-
thermore, we tested for interactions between these two
genes and ACE. We used SPSS v 11 for the logistic
regression analysis and S-plus v 6 for the survival
analysis and the plots.

Results

At baseline, 62 women had been previously diagnosed
with postmenopausal breast cancer. During the
13 years of follow-up, another 161 women were diag-
nosed of breast cancer. The allele frequencies of both
polymorphisms were in Hardy—Weinberg equilibrium
proportions (P =0.5 for AGT and P =0.09 for
AGTR1) in the analyzed populations. Table 1 shows
that breast cancer patients were significantly older (age
at entry) (P = 0.009), died significantly earlier (age at
death) (P < 0.0001) and had a higher BMI than con-
trols (P = 0.035). As we are studying genes involved in
hypertension, patients and controls were compared for
hypertension related factors. There were no significant
differences in the different risk factors between cases
and controls.

Figures 1 and 2 show the number of prevalent and
incident breast cancer cases for the AGT (Fig. 1) and

Table 1 General Characteristics of the study population

Cases Controls Overall

Number of 203(3.8) 3323(96.2) 3526
participants

Mean age 67.6(7.8) 69.8(9.3) 69.7(9.2)*
of entry (SD)

Mean age 77.1(8.6) 83.6(8.7) 83.2(8.8)*
at death

Mean age at 49.47(5) 48.82(5.3) 48.85(5.3)
menopause (SD)

Mean number 1.9(1.5) 2.1(1.7) 2.11(1.7)
of children(SD)

Parity (%) 156(78.4) 2561(80) 2717(79.9)
(=1 child)

HRT (%) 24(17) 535(16.3) 559(16.3)

Hypertension (%) 55(38.2) 1253(37.1) 1308(37.1)

Use of Anti- 14(9.7) 430(12.7) 444(12.6)
Hypertensives(%)

Mean body mass 27.4(3.9) 26.7(4.1) 26.8(4.1)*
index (SD)

*P-value < 0.05
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Fig. 1 Distribution of Breast Cancer by AGT Genotype

AGTRI1 (Fig. 2) genes. When taking into account all
cases, women carrying the MM genotype of the M235T
AGT polymorphism at baseline were more likely to
have breast cancer in comparison to the other two
genotype groups (p = 0.03). The same effect is seen in
incident cases (P = 0.02). For the AGTR1 polymor-
phism, there was a slight excess of TT carriers among
patients, but no significant difference was seen among
genotypes, neither in overall or incident cases.

To study the effect of other risk factors for breast
cancer, we performed a logistic regression analysis
entering our covariates using the forward method. This
procedure left age at entry, HRT and BMI in the
model as significant risk predictors. The odds ratio
(OR) for MM carriers adjusted for age at entry, HRT
and BMI was 1.4 (95% CIL: 1.1-1.9, P = 0.02) when
studying both prevalent and incident cases. When
studying only the incident cases, the logistic regression
analysis yielded an adjusted OR of 1.6 (95% CI:
1.1-2.1, P = 0.01) for MM carriers versus the MT and
TT carrier group. Further adjustment of this model
for antihypertensive drug use, smoking and parity did
not modify these findings. There was no significant
increase in breast cancer prevalence at baseline for
MM carriers.

We tested for a possible interaction between the
AGT gene and other risk factors that influence AGT
plasma levels. When studying the interaction between
the AGT gene and HRT we found that among carriers
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Fig. 2 Distribution of Breast Cancer by AGTR1 Genotype
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of the MM genotype, those using HRT had an OR of
2.2 (95% CI = 0.9-5.8) for overall cases and an OR of
1.9 (95% CI = 0.6-5.6) for incident cases, when com-
pared to non-users. Furthermore, there was no signif-
icant interaction between BMI and AGT (P for
interaction = 0.36).

Next we performed a Cox regression analysis, using
incident cases only, to calculate the age specific risk for
MM carriers of the AGT M235T polymorphism. The
analysis was adjusted for HRT and BMI. This model
yielded a hazard ratio for breast cancer of 1.5 (95% CI:
1.1-2.2, P-value = 0.002) for MM carriers versus non-
carriers (Fig. 3).

When studying the effect of the AGTR1 poly-
morphism on breast cancer risk using logistic
regression, we found a non-significant difference in
risk for CC carriers against TT carriers in overall
(OR =09, 95% CI =0.7-1.3), incident (OR = 1.0,
95% CI =0.7-1.4) and prevalent cases (OR = 0.8,
95% CI = 0.5-1.5). These odd ratios were adjusted
for age at entry, HRT, BMI and age at last menstrual
period. The disease free survival by AGTR1 geno-
type showed that the CC and CT carriers combined
showed a lower risk for breast cancer, but the risk
was not statistically increased compared to the TT
genotype (Fig. 4).

Finally, we did not find any interaction between
these two genes and the ACE I/D polymorphism
(P interaction AsgTxace = 0.86, P interaction
AGTRI1 x ACE = 044, P interaction AGT x AGTR1 = 09)

Discussion
We found that postmenopausal women who were

homozygous for the M allele of the M235T AGT
polymorphism had a significantly increased risk for
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Fig. 3 Breast Cancer Free Survival by AGT M235T Genotype
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breast cancer. This was seen particularly in incident
cases. This effect was maintained at all ages indepen-
dently of well-known risk factors. On the other hand
we found no association between AGTR1 C573T
genotype and risk for breast cancer.

Our study is the first one to assess the relationship
between the M235T polymorphism in the AGT gene
and the C573T variant in the AGTR1 gene and the
susceptibility to breast cancer. Our aim was to unravel
the relationship between these two polymorphisms and
breast cancer risk in postmenopausal women. An in-
crease in AGT could hypothetically lead to an increase
in ATII, which is a potent growth factor, this might not
be necessarily the case, since unlike ATII, AGT has
antiangiogenic actions and reduces endothelial cell
proliferation and migration [6]. Our findings suggest
that the antiproliferative actions of AGT may override
the proliferative effects of angiotensin II, since women
who carry the allele associated with low levels of AGT
are at an increased risk for breast cancer.

Although the M235T polymorphism is not the
functional one [32], it is in linkage disequilibrium
(D’ = 0.94-1) with two functional variants located in
the promoter region of the AGT gene. These two
variants, the G-6A [17, 32-35] and the C-20A [17, 33,
36] are situated within an estrogen responsive element
[17, 29, 35]. It has been well documented that estrogen
increases AGT mRNA expression [28] and this could
be assumed by our results of the interaction of AGT
genotype and the use of HRT.

The functionality of the different variants of the
AGTRI1 gene has not yet been unraveled. The + 1166A/
C polymorphism located in the 3 UTR [19] is in com-
plete LD with the C573T [19], and has been consistently
associated with hypertension, cardiovascular disease
and responsiveness to AGTR1 receptor blocking
agents. Moreover, the C allele of the C573T variant has
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been found to be significantly more frequent in cases on
myocardial infarction [19] and microalbuminuria in
hypertensive patients [20], although results have been
inconsistent for the latter [37-39].

There is only one other study assessing the risk of
breast cancer by AGTR1 polymorphisms. Koh et al.
performed this study in Chinese women in Singapore,
including three different polymorphisms [40]. He
found that carriers of putative risk alleles of polymor-
phisms in the AGTRI1 gene had a non-significantly
decreased risk of breast cancer. Our results show the
same trend as Koh et al., although the studied poly-
morphisms were different. These results ask for further
studies on this polymorphism in larger case series.

Our findings suggest that the M235T polymorphism
in the AGT gene may play a role as susceptibility
factors in breast cancer development and disease free
survival in Caucasian postmenopausal women. This
finding is in line with the association we have found
between the ACE gene and breast cancer [9]. The role
of AGTR1 C573T polymorphism on the other hand,
remains to be further studied.
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