Environmental Factors and Breast Cancer Risk
For millions of women whose lives
have been affected by breast cancer,
WKHGLVFRYHU\RIWKHÀUVWEUHDVW


  

cancer gene by researchers from the
National Institute of Environmental
Health Sciences (NIEHS) was a
welcome sign of progress in the
ÀJKWDJDLQVWWKLVGUHDGHGGLVHDVH




While this discovery and others
like it are certainly encouraging,
statistics tell us that breast cancer
is still a major health concern for
ZRPHQHYHU\ZKHUH$FFRUGLQJWR



WKH$PHULFDQ&DQFHU6RFLHW\PRUH




women in the United States are
living with breast cancer than
ZLWKDQ\RWKHUQRQVNLQFDQFHU




Breast cancer is the leading cause
RIFDQFHUGHDWKIRU86ZRPHQ


 

between the ages of 20 and 59,
and the leading cause of cancer
GHDWKIRUZRPHQZRUOGZLGH
 


woman’s chances of developing
breast cancer, they do not yet know
how these risk factors work together
to cause normal cells to become
FDQFHURXV0RVWH[SHUWVDJUHH



that breast cancer is caused by a
combination of genetic, hormonal
DQGHQYLURQPHQWDOIDFWRUV



Gene-Environment Interactions
For years, NIEHS has played a
leadership role in funding and
conducting studies on the ways
in which environmental exposures
LQFUHDVHEUHDVWFDQFHUULVN7KHVH




studies have included the use of
animal models to understand the
role of environmental agents in the
initiation and progression of cancer,
as well as research on chemical risk
factors and genetic susceptibility
LQKXPDQSRSXODWLRQV


$OWKRXJKVFLHQWLVWVKDYHLGHQWLÀHG



many risk factors that increase a

interplay between genetics and the
environment in the development
RIWKLVGLVHDVH7KH6LVWHU6WXG\





is enrolling 50,000 healthy sisters
of women diagnosed with breast
FDQFHUIURPDFURVVWKHFRXQWU\


 
Women of all backgrounds and
ethnic groups who are between
35 and 74 years of age are
HQFRXUDJHGWRSDUWLFLSDWH
 

Sisters of breast cancer patients
share many of the same genes,
are more likely to develop the
disease themselves, and are likely
to have been exposed to the same
environmental risk factors during
early childhood.
The Sister Study
$VQHZUHVHDUFKFRQWLQXHVWR




unravel the mysteries surrounding
the causes of breast cancer, NIEHS
scientists are laying the groundwork
for a landmark study of the possible





7KHUHVHDUFKHUVZLOOFRPSDUHWKH



JHQHWLFSURÀOHVDQGHQYLURQPHQWDO
exposures of sisters who don’t
develop breast cancer with those
who do become cancer patients
in order to uncover clues that
may ultimately eliminate this
GUHDGHGGLVHDVH
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Study volunteers provide
researchers with samples of their
blood, urine, toenail clippings and
household dust, each of which will
be analyzed for pesticides, heavy
metals and other environmental
chemicals that may be linked to
EUHDVWFDQFHUGHYHORSPHQW7KH



researchers will also look for
VSHFLÀFJHQHYDULDWLRQVWKDWPD\




predispose a woman to the effects
RIFDQFHUFDXVLQJDJHQWV:RPHQ



HQUROOHGLQWKHVWXG\DOVRÀOORXW
  

 
detailed questionnaires about their
health history, past environmental
H[SRVXUHVDQGOLIHVW\OH7KH



participants will be given yearly
follow-up questionnaires to account
for changes in their health status or
HQYLURQPHQWDOH[SRVXUHV


defective, can predispose a woman
to hereditary breast and ovarian
FDQFHU1 Diagnostic tests can
now identify women who have
inherited defective copies of the
gene and are more likely to
GHYHORSEUHDVWFDQFHU


$OWKRXJKJHQHWLFVLVDQLPSRUWDQW

  
contributor to breast cancer
development, twin studies
conducted by scientists in
Scandinavia showed that inherited
factors accounted for only 27
2
SHUFHQWRIEUHDVWFDQFHUULVN
 


$QRWKHUVWXG\VKRZVWKDWWKH




breast cancer rates of descendants
of Japanese women who migrate
to the United States become
similar to the higher breast cancer
rates of Western women within
3
RQHRUWZRJHQHUDWLRQV
 

7KHVH
ÀQGLQJVSRLQWWRWKHVLJQLÀFDQW

  
role played by environmental
factors in determining breast
FDQFHUVXVFHSWLELOLW\

Cancer-Causing Chemicals

Discovery of the BRCA1 Gene
7KHLPSDFWRIIDPLO\KLVWRU\RQ

 


breast cancer risk suggests that
genetic factors play an important
UROHLQEUHDVWFDQFHUVXVFHSWLELOLW\
 


Researchers are just beginning
to understand how changes in
certain genes can impair the gene’s
ability to control cell growth and
division, causing normal breast
FHOOVWREHFRPHFDQFHURXV,Q
 

 
NIEHS scientists collaborated with
researchers from the University of
8WDK0HGLFDO&HQWHUWRLGHQWLI\


 
DJHQHFDOOHG%5&$WKDWZKHQ






Scientists are particularly interested
in whether exposure to naturally
occurring and synthetic chemicals
PD\LQÁXHQFHEUHDVWFDQFHU



ULVN7KLVLQFOXGHVH[SRVXUHWR




chemicals in the air we breathe,
the food and beverages we
consume, and the chemicals that
FRPHLQFRQWDFWZLWKRXUVNLQ
 



7KH1DWLRQDO7R[LFRORJ\3URJUDP



an interagency testing program
headquartered at the NIEHS, has
listed more than 40 chemicals in
LWV5HSRUWRQ&DUFLQRJHQVEHFDXVH

 

they were found to cause tumors in
ODERUDWRU\DQLPDOV7KHVHLQFOXGH



pharmaceutical products such
as diethylstilbestrol, a synthetic
form of estrogen that was used
to prevent miscarriages, chemical

VROYHQWVDQGÁDPHUHWDUGDQWVDQG




a variety of chemicals used in the
manufacturing of dyes, rubber,
YLQ\ODQGSRO\XUHWKDQHIRDPV



Breast Cancer and Environment
Research Centers
Recent studies suggest that
exposures to cancer-causing
chemicals during development
may affect breast cancer risk later
LQOLIH'XULQJHDUO\FKLOGKRRG




and adolescence, the developing
breast tissue is composed of
UDSLGO\GLYLGLQJFHOOV7KHVH



immature breast cells are much
more susceptible to the damaging
HIIHFWVRIHQYLURQPHQWDOFKHPLFDOV
 

Results from animal studies have
shown that early exposures to some
chemicals may keep the mammary
gland in an immature state for
longer periods, increasing its
VXVFHSWLELOLW\WRFKHPLFDOLQVXOW
 

In an effort to uncover the links
between early environmental
exposures and cancer risk, NIEHS
is partnering with the National

&DQFHU,QVWLWXWHWRIXQGIRXU%UHDVW

 


&DQFHUDQGWKH(QYLURQPHQW

 
5HVHDUFK&HQWHUV(see


text box on last
page)7KHSXUSRVHRIWKHFHQWHUV


  
is to investigate the impact of
prenatal and childhood exposures
on mammary gland development,
and the potential of these exposures
to alter the risk of breast cancer
LQODWHUDGXOWKRRG7KHUHVHDUFK




ÀQGLQJVZLOOEHGHYHORSHGLQWR

 

public health messages designed
to educate young women who are
at risk for breast cancer about the
roles of environmental agents in
breast cancer development, and
the importance of reducing their
H[SRVXUHVWRWKHVHDJHQWV
 

Initiated in 2003, the centers have
worked in close collaboration on
two different approaches to the
HDUO\H[SRVXUHK\SRWKHVLV2QH



approach will use basic science
techniques in laboratory animals
and cell cultures, while the other
will use epidemiologic studies
LQKXPDQSRSXODWLRQV(DFK



center has a community outreach
component to ensure that the views

and concerns of the breast cancer
advocacy community are heard
DQGWKDWWKHUHVHDUFKÀQGLQJVDUH

 


GLVVHPLQDWHGWRWKHSXEOLF
  
Scientists at the University of
&DOLIRUQLD6DQ)UDQFLVFRKDYH



IRXQGWKDW*$7$DJHQHWKDW


 

guides the development of stem
cells into mature mammary cells, is
also required for mammary
cells to remain in the mature state
GXULQJDGXOWKRRG([SHULPHQWVLQ



mice reveal that without the critical
gene, mature mammary cells revert
to a less specialized state that
is characteristic of
aggressive breast
FDQFHU47KHUHVXOWV

suggest that a
GHIHFWLYH*$7$

gene may play a
VLJQLÀFDQWUROHLQ


the development
of certain kinds
RIEUHDVWFDQFHU


$WWKH8QLYHUVLW\
 
RI&LQFLQQDWL&HQWHU


investigators are
studying the effect
of childhood diet and obesity on
the maturation of the developing
mammary gland and subsequent
ULVNRIFDQFHUODWHULQOLIH7KHLU
 

 

preliminary work with animals
shows that treatment with soy
and other estrogen-like plant
FRPSRXQGVPD\LQÁXHQFH


not only the rate of mammary
gland maturation, but also the
susceptibility of the gland to
FKHPLFDOFDUFLQRJHQV7KH\DUH



also testing the hypothesis that
pre-pubertal obesity in young
JLUOVPD\OHDGWRHDUOLHUÀUVW


 

menstruation and increased
susceptibility of the mammary
JODQGWRFDUFLQRJHQLFLQVXOWV
 


5HVHDUFKHUVDW)R[&KDVH&DQFHU
 


&HQWHUDUHH[SRVLQJUDWVWRWKH
 

 
SODVWLFL]HUVELVSKHQRO$DQGEXW\O

 

benzyl phthalate at different
times during mammary gland
GHYHORSPHQW7KHLQYHVWLJDWRUV


DUHÀQGLQJWKDWWKHVHHQGRFULQH




disrupting compounds activate
different genes depending on the
time of the exposure and the age
DWZKLFKWKHUDWVDUHH[DPLQHG

 
 
Experiments conducted by
VFLHQWLVWVDW0LFKLJDQ6WDWH
 

University are focusing on the role
of progesterone, a hormone
secreted in the
second half of
the menstrual cycle,
in breast cancer
GHYHORSPHQW

7KHUHVHDUFKHUV


are using animal
models to study
WKHLQÁXHQFHRI



progesterone on
mammary gland
cell growth and
PDWXUDWLRQ7KH


responses they
get from the animal data may
shed new light on the role
of this female hormone in

human EUHDVWGHYHORSPHQW
Chemical Exposures
in Human Populations
In some regions of the country,
where there is an unusually
high incidence of breast cancer,
environmental factors have been
targeted as a possible cause for
WKLVLQFUHDVH'XULQJWKH·V


 
the NIEHS and the National
&DQFHU,QVWLWXWHFRIXQGHGWKH



/RQJ,VODQG%UHDVW&DQFHU6WXG\




3URMHFWRQHRIWKHODUJHVWDQG

  

most comprehensive studies ever
conducted on the environmental

causes of breast cancer, to
investigate the high rate of breast
FDQFHURQ/RQJ,VODQGLQ1HZ<RUN
 

 

7KHVWXG\VFLHQWLVWVIRFXVHGWKHLU




investigation on three widespread
pollutants to which many of
the Long Island residents had
been exposed – organochlorine
SHVWLFLGHVLQFOXGLQJ''7DQGLWV




metabolite DDE, polychlorinated
biphenyls, toxic compounds used
in electrical transformers, and
polycyclic aromatic hydrocarbons
3$+V DSULPDU\FRPSRQHQWRI
 


XUEDQDLUSROOXWLRQ$OWKRXJKWKHUH
 


was some evidence of a modest
increase in the risk of breast cancer
IURP3$+H[SRVXUHWKHUHVHDUFKHUV


 
did not identify any environmental
factors that could be responsible
for the high incidence of breast
5
FDQFHULQWKH/RQJ,VODQGDUHD
  


In a separate study conducted on
Long Island women, researchers
at Stony Brook University found
no association between exposure
WRHOHFWURPDJQHWLFÀHOGVIURP



residential power use and breast
6
FDQFHUULVN
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study of environmental exposures
and breast cancer incidence, the

1RUWKHDVW0LG$WODQWLF%UHDVW


&DQFHU3URJUDPLQFOXGHGGDWD



IURPÀYHVHSDUDWHVWXGLHV²WZR



 
conducted in New York, one in
&RQQHFWLFXWDQRWKHULQ0DU\ODQG

 
and the Nurses’ Health Study,
a nationwide investigation into
the risk factors for major chronic
GLVHDVHVLQZRPHQ,QHDFKRIWKH
 
 
 
studies, blood was drawn from
both breast cancer patients and
healthy controls, and tested for
''7''(DQGSRO\FKORULQDWHG



ELSKHQ\OV$FRPELQHGDQDO\VLV
 

RIWKHGDWDIURPWKHÀYHVWXGLHV
 

 

UHYHDOHGQRVLJQLÀFDQWDVVRFLDWLRQ
 

between the subjects’ serum
concentrations of these compounds
and an increased risk of breast
FDQFHU7

by suppressing the levels of a key



KRUPRQHFDOOHGPHODWRQLQ7KH
study also showed that extended
periods of darkness greatly slowed
WKHJURZWKRIWKHVHWXPRUV


 

7KHUHVXOWVSURYLGHDSRVVLEOH


 
explanation for the higher rate
of breast cancer in female night
shift workers and the epidemic
rise in breast cancer incidence in
industrialized countries like the
8QLWHG6WDWHV

:KLOHWKHVHÀQGLQJVDUH



encouraging, more research
is needed to pinpoint the
environmental and genetic factors
that determine breast cancer
VXVFHSWLELOLW\2QFHVFLHQWLVWV


can identify the elements that
are associated with cancer risk,
appropriate interventions and
precautions can be designed
for those who are most likely
WRGHYHORSWKHGLVHDVH
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Pursuing New Leads:
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Results from a study conducted
by NIEHS-funded researchers in
1HZ<RUNDUHWKHÀUVWH[SHULPHQWDO

  

HYLGHQFHWKDWDUWLÀFLDOOLJKWPD\




play an important role in breast
FDQFHUGHYHORSPHQW7KHUHVXOWV



show that nighttime exposure
WRDUWLÀFLDOOLJKWVWLPXODWHGWKH




growth of human breast tumors
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