
INTRODUCTION
After lung cancer breast cancer is the second most
common type of cancer worldwide (1) and the fifth most
common cause of cancer death (2). Breast cancer is by far
the most common cause of cancer incidence and death
among women (2) with a global age adjusted incidence of
127.8 per 100,000 annually (3). Like other forms of cancer
it is considered to be a multi-factorial event, with both
environmental and hereditary factors contributing to the
onset of the disease. Such factors include genetic
mutations due to oestrogen levels (4), failure of immune
surveillance (5) and inherited defects in DNA repair genes
such as BRCA1 and BRCA2 (6).

Recent papers have suggested a connection between
breast cancer and the renin-angiotensin-aldosterone
system (RAAS) (7-10). RAAS is an endocrine system made
up of interactions between the metabolites
angiotensinogen, angiotensin I, II and III and angiotensin
converting enzyme (ACE). This system plays a crucial
biological role in the regulaton of vasoconstriction, Na+

retention, aldosterone and anti-diuretic hormone release
(11). The aim of this paper is to review the literature of
studies carried out on particular polymorphisms of ACE,
angiotensin receptor 1 (AGTR1) and angiotensinogen
genes to determine whether a pattern exists between these
polymorphisms and the risk of developing breast cancer.

Breast Cancer and the Pattern of ACE Gene
Polymorphisms
ACE is a membrane bound dipeptidyl carboxypeptidase
which converts angiotensin I to angiotensin II, and is the
rate limiting step in the RAAS (11). Three investigators -
Koh et al. (12), Ladd et al (13) and Haiman et al (14) - have
looked at the patterns of two ACE gene polymorphisms and
their possible connections to the risk of developing breast
cancer (see Table 1.). The ACE polymorphisms examined
were (i) an insertion/deletion (I/D) of a 287 base pair Alu-
type sequence in intron 16 and (ii) a single nucleotide
polymorphism (SNP) A-240T.

Koh et al., in the Singapore Chinese Health Study, found
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that women carrying the polymorphism TT or DD had a
significantly higher risk of developing breast cancer than
those with the genotype AT or ID while the polymorphisms
AA or II carry the lowest risk of breast cancer (12). This
result was supported by the Rotterdam study, a case
control study on 4,117 women in Holland (13). Ladd et al.
found that DD carriers showed a significantly increased risk
of developing breast cancer compared to II carriers, an
observation that remained even after adjusting for other risk
factors such as BMI, age at menarche and menopause and
hypertension (see Table. 1). Cancer free survival was also
significantly reduced in carriers of the DD polymorphism
compared to those with the II polymorphism (13). These
studies strongly suggest a link between these
polymorphisms and breast cancer. However, Haiman et al
in a multiethnic cohort study found conflicting results and
concluded that the SNP A-240T and the I/D ACE
polymorphisms are not strong predictors of breast cancer
risk (see Table 1)(14). When all three studies are
considered the results from Koh and Ladd are the most
statistically significant. Also the Rotterdam study has the
largest sample size and so the evidence is thus in favour of
ACE polymorphisms leading to an increase in the risk of
breast cancer.

Breast cancer and the pattern of AGTR1 gene
polymorphisms
Angiotensin II elicits an effect by binding to both AGTR1
and AGTR2 (7,15). Binding of angiotensin II to AGTR1
stimulates angioneogensis, cell growth and cell proliferation
(8,16) while bindingof angiotensin II to AGTR2 causes
growth inhibition and cell apoptosis (8,17,18,19). Therefore
the effect of angiotensin II on apoptosis depends on the
balance of expression of the two receptors on the cell
membrane. Increased AGTR1 coupled with decreased
AGTR2 expression is observed in breast carcinoma (7,9),
laryngeal carcinoma (20), and also squamous cell
carcinoma (21) which suggests that its over expression is
associated with carcinogenesis.

A follow up study on the Singapore Chinese health study
examined the pattern of a number of SNPs in the AGTR1
gene, A-168G, C-535T, T-825A and their connection to
breast cancer (22). This study found that the high risk
genotypes for breast cancer include the homozygous

alleles AA, CC and TT (see Table 2.). It was also found that
the risk of breast cancer was significantly reduced in
women who were carriers of the intermediate or low risk
SNPs; with an Odds Ratio (OR) of 0.84 (95% confidence
intervals (CI) = 0.51-1.37) for women possessing one low
risk SNP and an OR of 0.68 (95% CI = 0.46-1.01) for
women possessing two/three low risk SNPs (22).

An interesting finding in this study was the additive effect in
the reduction of risk of breast cancer that was observed
when polymorphisms for both ACE and AGTR1 were
considered (see Table 3.). Women possessing the low risk
polymorphisms of AGTR1 and ACE had an OR of 0.35
(95% CI = 0.20 – 0.62) of breast cancer risk. This is
significantly lower than the breast cancer risk in women
who possess only one of these poymorphisms. This
observation lends further weight to the argument that gene
variations within the RAAS may play a role in breast
carcinogeneis.

Breast Cancer and the Pattern of Angiotensinogen
Gene Polymorphisms
Angiotensinogen is the precursor of angiotensin I in RAAS.

Review

Poymorphisms of the ACE gene

Chinese Health
Study

Rotherdam
Study Multi-Ethnic Cohort Study (USA)

Koh et al. Ladd et al. Haiman et al.
Data on all groups

A-240T
TT ↑↑ ↑↑ ↔
AT ↑ ↑ ↑↑
AA ↔ ↔ ↑
Insetion / Deletion
DD ↑↑ ↑↑ ↔
ID ↑ ↑ ↑
II ↔ ↔ ↑↑
Table 1. Comparative summary of 3 studies that look at the pattern of polymorphisms found in the ACE gene and the risk of developing
breast cancer. The two polymorphisms that were studied were a SNP A-240T and and I/D polymorphism of a 287 base pair Alu-type sequence.
↑↑ : high risk of breast cancer, ↑ : intermediate risk of breast cancer, ↔ : low risk of breast cancer.

SNPs in
AGTR1 Gene

Risk of Breast
Cancer

A-168G
AA ↑↑
AG ↑
GG ↔

C-535T
CC ↑↑
CT ↑
TT ↔

T-825A
TT ↑↑
TA ↑
AA ↔

Table 2. An overview of three SNPs of the AGTR1 gene and
the risk of developing breast cancer. ↑↑ : high risk, ↑ :
intermediate risk, ↔ : low risk
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DISCUSSION
Polymorphisms in the the RAAS system have an
established association with cardiac disease (11). In this
review, we were interested in examining the possible link
between gene polymorphisms in three proteins of the
RAAS system, ACE, AGTR1 and angiotensinogen and
breast cancer. The review of literature suggests a positive
correlation exists between polymorphisims in these genes
and a risk of breast cancer but one must wonder by what
mechanism do these polymorphisms result in the
development of breast cancer and what are the future
implications of such a connection?

1) How do polymorphisims in ACE lead to an increase
in breast cancer risk?
According to the studies carried out by Koh et al (12) and
Ladd et al (13) both polymorphisms of ACE, the insertion or
deletion of a 287 base pair Alu-type sequence and an A-
240T SNP, may lead to an increased risk of breast cancer
by affecting the level of ACE produced in vivo. If ACE is
increased in the plasma there is an increase in the
production of angiotensin II which is thought to be the direct
cause of breast cancer via the binding to its receptors
AGTR1 and AGTR2.

Studies into the ACE levels in plasma have shown that they
vary between 28 and 47% depending upon the insertion or
deletion of the Alu-type sequence (12,24,25). The SNP A-
240T also results in variations of ACE levels in the plasma,
with the homozgous genotype TT resulting in the highest
level of ACE, the homozygous genotype AA resulting in the
lowest level of ACE and the TA genotype resulting in levels

of an intermediate level. These patterns of fluctuating ACE
levels are consistent with the prevalence of breast cancer
risk.

Haiman et al. (14) in their multiethnic cohort study
concluded that A-240T and I/D ACE polymorphisms are not
likely to be strong predictors of breast cancer risk (see
Table 1.). However, this finding may be due to the fact that
it was a US based study and it is well recognised that the
effect of a given gene on disease risk is masked in racially
mixed populations (26,27). The studies of Koh et al. and
Ladd et al. were performed in Singapore and the
Netherlands respectively, countries which have much more
homogenous populations than the US and therefore would
not have had the risk of masking of the genetic effect on
the disease. Diet derived long chain polyunsaturated fatty
acids and tea polyphenols have been shown to modulate
the effects of angiotensin II on the cardiovascular system
(22) and Koh et al used this observation to offer another
explanation for the conflicting data of the Haiman et al.
study when they pointed out that differences in diet,
especially between the populations in Singapore and the
US, may exert an influence on the effect of angiotensin II on
breast carcinogenesis.

2) How do polymorphisims in AGTR1 lead to an
increase in breast cancer risk?
Angiotensin II appears to exert a carcinogenic effect via the
AGTR1 receptor via three different pathways by: i) inducing
cell division via regulation of mitogenic signalling pathways
achieved by transactivation of protein kinase C and
epidermal growth factor receptor (28), ii) angioneogenesis
and promoting arterial smooth muscle cell proliferation via
vascular endothelial growth factor from nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase
(8,16,29) and iii) production of reactive oxygen species
from NADPH oxidase (30,31)

The SNPs A-168G, C-535T, T-825A all decreased the risk
of breast cancer (22) which suggests that a variation in the
receptor AGTR1 does not allow angiotensin to bind
correctly and initiate the carcinogenic intracellular signaling
pathway. It was also found that those people who had the
combined low risk genotypes of AGTR1 and ACE had an
even lower risk of breast cancer when compared to carriers
of only one. Further evidence that angiotensin II binding to
AGT1R is involved in breast cancer has been the
observation losartan prevents the proliferative effects of
angiotensin II in vitro and in animal models (7,28).

3) How do polymorphisims in AGT lead to an increase
in breast cancer risk?
It is important to point out that the study of genetic
polymorphisms in AGT is not as straightforward as the
study of genetic polymorphisms in ACE or AGTR1. While
an increase in AGT does lead to an increased level of
angtiotensin II which is thought to be a carcinogenic factor,
AGT does have antiangiogenic actions such as reducing
endothelial cell proliferation and migration (32). Ladd et al.
found that women carrying the MM genotype of the M235T
AGT polymorphism had an increased risk of developing

AGT1R ACE Polymorphisms
Poylmorphisms High Risk Low Risk

OR (95% CI) OR (95% CI)
High risk 1 0.46 (0.28 – 0.76)
Low risk 0.57 (0.25 – 1.32) 0.35 (0.20 – 0.62)

Table 3. An overview of the high or low risk combinations of
AGT1R and ACE polymorphisms and their risk of developing
breast cancer. OR=odds ratio, CI = confidence interval.

Ladd et al. investigated a possible link between the pattern
of the SNP, M-235T, in the angiotensinogen gene and
breast cancer risk in caucasian postmenopausal women
and found that women carrying the MM genotype were
more likely to have breast cancer in comparison to the MT
and TT genotypes (see Table 4.) (23).

SNP in
Risk of Breast Cancer

Angiotensinogen gene
M-235T

MM ↑↑
MT ↑
TT ↔

Table 4. An overview of the variable AGT polymorphisms and
the risk of developing breast cancer. ↑↑ : high risk of breast
cancer, ↑ : intermediate risk of breast cancer, ↔ : low risk of breast
cancer.
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breast cancer when compared to those women carrying the
MT and TT genotypes. The authors felt that the findings
suggested that the antiproliferative effects of AGT may
override the proliferative effects of angiotensin II. It is
important to note that the conclusion of the above study is
controversial and further studies on the subject are required
before any firm conclusions may be drawn.

4) The Future - ACE inhibitors in breast cancer ?
If a connection is established between genetic
polymorphisms in the ACE gene, ACE plasma levels and
the risk of breast cancer, then it may be possible to use
ACE-inhibitors (ACE-I) not only as an antihypertensive but
also as an anti-carcinogenic therapy. Lever et al. created
much excitement with their paper when they found that
hypertensive patients on ACE-I had a lower risk of cancer
versus population controls, the lowest being breast cancer
(10). Other antihypertensive treatments had no apparent
effect on risk of cancer and the authors concluded that
long-term use of ACE-I may have protective properties
against cancer. However numerous negative studies such
as the one from Fryzek et al. do raise a significant point
that the prevention of breast carcinogenesis with ACE-I
may only be beneficial in patients with an increased genetic
expression of ACE and AGT1R levels (33). While not
suggesting that ACE-I should be given prophylactically to
prevent breast cancer, it may be viewed favourably when
choosing a class of antihypertensive medication. The
relationship may indeed be likened to the protective role of
low dose aspirin and colorectal carcinoma. The new
knowledge of these potential benefits of ACE-I in breast
cancer coupled together with their known potency in
lowering morbidity and mortality in hypertension helps to
strongly suggest ACE-I as a first line treatment in
hypertensive individuals and perhaps more so in women.

CONCLUSION
Polymorphisms in the genes encoding proteins of the
RAAS system examined ie. ACE, AGTR1 and AGT, may
play an important role in determining the risk of breast
cancer. It is thought that these polymorphisms may provide
markers for breast cancer in the future, although more
detailed trials and experiments are required to confirm this
conclusion. Also, it may be possible that pharmacological
inhibition of the angiotensin II carcinogenic effect, by
inhibition of either ACE or AGTR1, could be used to prevent
or treat breast cancer.

ACKNOWLEDGEMENTS:
My sincerest thanks to Assoc. Prof. Koh Woon Puay,
Department of Community, Occupational and Family
Medicine, National University of Singapore for her wisdom,
kindness and enthusiasm.

REFERENCES
1. World Health Organization International Agency for Research on Cancer (June
2003). World Cancer Report.
2. World Health Organization (February 2006). Fact sheet No. 297: Cancer.
3.Surveillance end point reporting (SEER)

http://seer.cancer.gov/statfacts/html/breast.html
4. Cavalieri E, Chakravarti D, Guttenplan J et al. (2006). Catechol estrogen quinones
as initiators of breast and other human cancers: implications for biomarkers of
susceptibility and cancer prevention. Biochim. Biophys. Acta. 1766;(1):63-78
5. Chaudhuri S, Cariappa A, Tang H et al. Genetic Susceptibility to Breast Cancer.
Proc. Natl. Acad. Sci. 2000; 97(21):11451-4
6. American Cancer Society (2005). Breast Cancer Facts & Figures 2005-2006.
7. Inwang ER, Puddefoot JR, Brown CL et al. Angiotensin II Type 1 receptor
expression in human breast tissues. Br. J. Cancer. 1997;75(9):1279-83
8.De Paepe B, Verstraeten VM, De Potter CR, Bullock GR. Increased angiotensin II
type-2 receptor density in hyperplasia, DCIS and invasive carcinoma of the breast
is paralleled with increased iNOS expression. Hisotchem. Cell Biol. 2002;117(1):13-
9
9. Muscella A, Greco S, Elia MG, Storelli C, Marsigliante S. Angiotensin II stimulation
of Na+/K+ ATPase activity and cell growth by calcium independent pathway in MCF-
7 breast cancer cells. J. Endocrinol. 2002;173:315-23
10. Lever AF, Hole DJ, Gillis CR et al. Do inhibitors of angiotensin I converting
enzyme protect against risk of cancer? Lancet. 1998;352(9123):179-84
11. Kumar and Clark. 6th ed. Elsevier limited;2006 Chapter 11:610-11
12. Koh WP, Yuan JM, Sun CL et al. Angiotensin I Converting Enzyme (ACE) Gene
polymorphism and breast cancer risk among Chinese women in Singapore. Cancer
Res. 2003;63:573-8
13. Gonzalez-Zuloela Ladd AM, Vasquez AA, Sayed-Tabatabaei FA et al.
Angiotensin-Converting Enzyme gene insertion/deletion polymorphism and breast
cancer risk. Cancer Epidemiol. Biomarkers Prev. 2005;14(9)2143-6
14. Haiman CA, Henderson SO, Bretsky P, Kolonel LN, Henderson BE. Genetic
Variation in Angiotensin I Converting Enzyme (ACE) and breast cancer risk: The
multiethnic cohort. Cancer Res. 2003;63:6984-7
15. Timmermans PB, Chiu AT, Herblin WF, Wong PC, Smith RD. Angiotensin II
receptor subtypes. Am. J. Hypertens. 1992;5:406-10
16. Egami K, Murohara T, Shimada T et al. Role of host angiotensin II Type 1
receptors in tumour angiogenesis and growth. J. Clin. Invest. 2003;112: 67-75
17. Huang XC, Richards EM, Sumners C. Mitogen activated protein kinases in rat
brain neuronal cultures are activate by angiotensin II type I receptors and inhibited
by angiotensin II type II receptors. J. Biol. Chem. 1996;271:15635-41
18. Goto M, Mukoyama M, Sugawara A et al. Expression and role of angiotensin II
Type 2 receptors in the kidney and mesangial cells of spontaneously hypertensive
rats. Hypertens. Res. 2002;25:125-33
19. Silvestre JS, Tamarat R, Senbonmatsu T et al. Antiangiogenic effect of
angiotensin II type 2 receptor in ischaemia-induced angiogenesis in mice hindlimb.
Circ. Res. 2002;90:1072-109
20. Marsigliante S, Resta L, Muscella A, Vinson GP, Marzullo A, Storelli C. AT1
angiotensin II receptor subtype in the human larynx and squamous laryngeal
carcinoma. Cancer Lett. 1996;110:19-27
21. Takeda H, Kondo S. Differences between squamous cell carcinoma and
kerathoacanthoma in angiotensin type 1 receptor expression. Am. J. Pathol.
2001;158:1633-7
22. Koh WP, Yuan JM, Van Den Berg D, Lee HP, Yu MC. Polymorphisms in
angiotensin II type 1 receptor and angiotensin I converting enzyme genes and breast
cancer risk among Chinese women in Singapore. Carcinogenesis. 2005;26(2):459-
64
23. Ladd AMG, Vasquez AA, Siemes C et al. Differential roles of angiotensinogen
and angiotensin receptor type 1 polymorphisms in breast cancer risk. Breast Cancer
Res. Treat. 2006;101(3):299-304
24. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F. An
insertion/deletion polymorphism in the angiotensin I converting enzyme gene
accounting for half the variance of serum enzyme levels. J. Clin. Investig.
1990;86:1343-6
25. Sayed-Tabatabaei FA, Houwing-Duistermaat JJ, van Duijn CM, Witteman JCM.
Angiotensin-converting enzyme gene polymorphism and carotid artery wall

thickness: a meta analysis. Stroke. 2003;34:1634-9
26. Fraser PA, Yunis EJ, Alper CA. Excess admixture proportion of extended major
histocompatability complex halotypes of Caucasian origin among rheumatoid arthritis
associated halotypes in African American and Afro-Caribbeans. Ethnic Health.
1996;1:153-9
27. Knowler WC, Williams RC, Pettitt DJ, Steinberg AG. Gm3;5,13,14 and Type 2
Diabetes Mellitus: An association in American Indians with genetic admixture. Am.
J. Hum. Genet. 1988;43:520-6
28. Greco S, Muscella A, Elia MG et al. Angiotensin II activates extracellular signal
regulated kinases via protein C and epidermal growth factor receptor in breast cancer
cells. J. Cell Physiol. Aug 2003;196(2):370-7
29. Fernandez LA, Twickler J, Mead A. Neovascularisation produced by angiotensin
II. J. Lab. Clin. Med. 1985;105:141-5
30. Zafari AM, Ushio-Fukai M et al. Role of NADH/NADPH oxidase derived H2O2 in
angiotensin II-induced vascular hypertrophy. Hypertension. 1998;32:488-95
31. Rueckschloos U, Quinn MT, Holtz J, Morawietz H. Dose dependent regulation of
NADPH oxidase expression by angiotensin II in human endothelial cells: protective
effect of angiotensin II type 1 receptor blockade in patients with coronary artery
disease. Arterioscl. Thromb. Vasc. Biol. 2002;22:1845-51
32. Celerier J, Cruz A, Lamande N, Gasc JM, Corvol P. Angiotensinogen and its
cleaved derivatives inhibit angiogenesis. Hypertension. 2002;39:224-8.
33. Fryzek JP, Poulsen AH, Lipworth L et al. A cohort study of antihypertensive
medication use and breast cancer among Danish women. Breast Cancer Res. Treat.
2006;97(3):231-6

Review

Page 51


