
  

The

 

 new england journal 

 

of

 

 medicine

 

2352

 

n engl j med 

 

348;23

 

www.nejm.org june 

 

5, 2003

 

5.

 

Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of angi-
otensin-converting–enzyme inhibition on diabetic nephropathy.
N Engl J Med 1993;329:1456-62. [Erratum, N Engl J Med 1993;330:
152.]

 

6.

 

Wolf G, Ritz E. Diabetic nephropathy in type 2 diabetes preven-
tion and patient management. J Am Soc Nephrol 2003;14:1396-405.

 

7.

 

Zimmet P, Alberti KG, Shaw J. Global and societal implications
of the diabetes epidemic. Nature 2001;414:782-7.

 

8.

 

Borch-Johnsen K, Kreiner S. Proteinuria: value as predictor of
cardiovascular mortality in insulin dependent diabetes mellitus. Br
Med J (Clin Res Ed) 1987;294:1651-4.

 

9.

 

Adler AI, Stevens RJ, Manley SE, et al. Development and pro-
gression of nephropathy in type 2 diabetes: The United Kingdom
Prospective Diabetes Study (UKPDS 64). Kidney Int 2003;63:225-32.

 

10.

 

The Diabetes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications Research Group. Inten-
sive diabetes therapy and carotid intima–media thickness in type 1
diabetes mellitus. N Engl J Med 2003;348:2294-303.

 

11.

 

Perkins BA, Ficociello LH, Silva KH, Finkelstein DM, Warram
JH, Krolewski AS. Regression of microalbuminuria in type 1 diabe-
tes. N Engl J Med 2003;348:2285-93.

 

12.

 

Joslin EP. The treatment of diabetes mellitus. 10th ed. Philadel-
phia: Lea & Febiger, 1959.

 

13.

 

Gaede P, Vedel P, Larsen N, Jensen GVH, Parving H-H, Pedersen
O. Multifactorial intervention and cardiovascular disease in patients
with type 2 diabetes. N Engl J Med 2003;348:383-93.

 

14.

 

Brownlee M. Biochemistry and molecular cell biology of dia-
betic complications. Nature 2001;414:813-20.

 

15.

 

Adler SG, Kang SW, Feld S, et al. Glomerular mRNAs in human
type 1 diabetes: biochemical evidence for microalbuminuria as a
manifestation of diabetic nephropathy. Kidney Int 2001;60:2330-6.
[Erratum, Kidney Int 2002;61:1197.]

 

16.

 

Fioretto P, Steffes MW, Sutherland DER, Goetz FC, Mauer M.
Reversal of lesions of diabetic nephropathy after pancreas trans-
plantation. N Engl J Med 1998;339:69-75.

 

Copyright © 2003 Massachusetts Medical Society.

 

 

 

Genes, Hormones, and Pathways to Breast Cancer

 

Patricia Hartge, Sc.D.

 

Much current epidemiologic research aims to find
the factors that trigger the development of breast
cancer in women who are genetically predisposed
to it. In this issue of the 

 

Journal,

 

 Hamilton and Mack

 

1

 

add to that rapidly growing literature some intrigu-
ing observations from a study of female twins. They
find evidence that hormonal exposures at puberty
may play an exaggerated part in some women who
are likely to be at high genetic risk for breast cancer,
even though the responsible genes are unknown.
On the basis of a multifaceted examination of dif-
ferent risk factors in various groups of twins, they
also infer that hormonal exposures after adoles-
cence, such as pregnancy and menopause, exert very
little influence on breast-cancer development in
these high-risk women. They conclude that at least
two distinct pathways to breast cancer must exist.

It would be premature to accept these conclu-
sions until they are replicated in other studies, part-
ly for the reasons that apply in general to research.
In addition, research into molecular pathways by ex-
amination of gene–environment and gene–gene in-
teractions can easily generate false positive findings
because of the three-way and four-way comparisons
intrinsic to the search. Whether the research focus-
es on finding genes that modify powerful environ-
mental carcinogens, such as tobacco, or on finding
the environmental or behavioral factors that modify
powerful genes, such as 

 

BRCA1,

 

 false impressions
arising from one or even two good studies abound.

Hamilton and Mack base their conclusions on a
novel and complex analysis. They categorized par-
ticipating pairs of twins into groups presumed to

have a high, low, or intermediate genetic predispo-
sition to breast cancer, examined several of the es-
tablished hormonal risk factors within each group,
and thus created an overall mosaic of odds ratios.
They combined a typical assessment of pairs in
which breast cancer developed in just one twin
(pairs discordant for disease) with a more unusual
assessment of pairs in which breast cancer eventu-
ally developed in both members of the pair (con-
cordant pairs). They did this by counting the first
twin affected as the one with disease. The authors
used this surrogate measure because they were
keenly interested in the disease-concordant pairs
of twins, especially those who are genetically iden-
tical to one another. They reasoned convincingly
that most of the women in these pairs are especial-
ly genetically sensitive.

Hamilton and Mack compared the effects of
surrogate measures of hormone exposure at differ-
ent ages within these high-risk pairs of concordant
twins. Earlier puberty in one twin correlated with
an earlier age at diagnosis — weakly so in the dizy-
gotic pairs and strongly so in the monozygotic pairs.
Nulliparous women had a higher risk than women
who had given birth, but the difference was not sta-
tistically significant. Earlier menopause (natural or
by oophorectomy) in one twin also correlated with
a higher risk, in the opposite of the usual pattern.

The investigators then contrasted that risk pro-
file with the pattern of effects in the disease-dis-
cordant pairs, who were further divided into those
who had bilateral cancer or an affected (nontwin)
family member and those who had neither. In the
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resulting large matrix of comparisons, the investi-
gators traced one pathway for the presumptively
highest-risk women, for whom earlier puberty was
a critical trigger for an earlier diagnosis. They found
at least one other pathway, in which the timing of
the first full-term pregnancy, of menopause, and of
other reproductive milestones mattered more. In
their view, this was the pathway to breast cancer in
most of the women who were not strongly predis-
posed to it by their genes.

Several issues complicate the examination of in-
teractions between genetic and hormonal risk fac-
tors for breast cancer. First, the same genes may
directly control both the hormonal risk factor and
breast cancer — for example, through the produc-
tion or metabolism of estrogens, other hormones,
or growth factors. In principle, among the disease-
concordant twins studied by Hamilton and Mack,
earlier puberty in one twin than in the other may
be a marker, rather than a cause, of the elevated risk
of breast cancer. On the other hand, there may be
an even stronger interaction between puberty and
genes than the analysis of concordant twins can re-
veal, because these twins share a puberty-control-
ling genotype. The contrast between monozygotic
and dizygotic twins helps but does not solve the
problem.

Second, the hormonal risk factors associated
with breast cancer are well established, but few ac-
count for the large variation in risk found in typical
modern populations. A majority of women fall with-
in a narrow range of variability in age at menarche,
total number of full-term pregnancies, and age at
first pregnancy. It is hard to detect any interactions
with genetic background that may be present if there
is little diversity in exposure.

Third, although one might not expect consis-
tency among studies of other genetically suscepti-
ble women, it is notable that the pattern reported
by Hamilton and Mack in high-risk twins has not
been generally found in carriers of 

 

BRCA1

 

 or 

 

BRCA2

 

mutations or in women who have family members
with breast cancer; the latter women face roughly
twice the usual risk,

 

2-4

 

 with higher risks depending
on the number of relatives in whom cancer devel-
oped and at what ages. Long before any breast-can-
cer genes were identified, investigators began com-
paring the effects of the established risk factors in
women with a family history and those without one,
precisely to see whether two pathways appeared. It
is sobering to see that the question has not been ful-
ly answered. A collaborative reanalysis of 52 stud-

ies compared the effects of hormonal factors on
the risk of cancer in 1500 women with breast can-
cer in the family to the effects in about 10 times as
many without such a family history.

 

4

 

 Later age at
first full-term pregnancy, lower parity, and later age
at menopause all increased the risk of breast cancer
in women with a family history, with relative risks
very similar to those seen in other women. Earlier
menarche had a weak effect overall, one that was
similar in women with a family history and those
without one. A randomized trial has suggested that
the antiestrogen tamoxifen reduces risk by half, re-
gardless of whether women have three, two, one, or
no relatives with breast cancer.

 

5

 

Various studies have investigated the highly pen-
etrant breast-cancer genes 

 

BRCA1

 

 and 

 

BRCA2

 

 to see
how typical risk factors modify their effects.

 

6

 

 It ap-
pears that oophorectomy reduces risk in carriers of

 

BRCA1

 

 mutations and probably in carriers of 

 

BRCA2

 

mutations and that tamoxifen reduces the risk in
carriers of 

 

BRCA2 

 

mutations

 

7

 

 and probably in carri-
ers of 

 

BRCA1

 

 mutations,

 

8

 

 despite the high frequen-
cy of estrogen-receptor–negative tumors in those
who carry 

 

BRCA1

 

 mutations. Earlier first pregnancy
may not be protective in women with the muta-
tions,

 

6,9,10

 

 but further study is needed. A recent
study looking for gene–hormone pathways in car-
riers of 

 

BRCA1

 

 or 

 

BRCA2

 

 mutations

 

11

 

 reported that
the risk was slightly higher in women with an earli-
er menarche, especially in women with long repeat
sequences in 

 

AIB1,

 

 a gene involved in endocrine sig-
naling. In that study, nulliparous women were at in-
creased risk. In sum, many of the risk factors in oth-
er women appear to operate similarly in carriers of
the mutations; pregnancy may not, but the issue has
not been settled. To date, a strong effect of age at pu-
berty, along the lines of the fivefold risk reported by
Hamilton and Mack in disease-concordant pairs of
twins, has not been noted in association with the
presence of a 

 

BRCA1

 

 or 

 

BRCA2

 

 mutation.

 

BRCA1

 

 and 

 

BRCA2

 

 are probably exceptional among
the genes that alter susceptibility to breast cancer.
Common polymorphisms of lower penetrance are
thought to explain many cases of breast cancer, but
it has proved difficult to find the responsible genes.
Hamilton and Mack’s study of concordant twins as
sentinels offers a critical insight, one with broad
implications for the larger search for susceptibili-
ty genes. Breast cancer in identical twins probably
does signal a background of high genetic risk. The
authors appropriately urge further work on geno-
typing such twins. In the current study, participants
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were not genotyped for mutations in 

 

BRCA1

 

 or

 

BRCA2

 

. It will be important to confirm the authors’
expectations that few of the monozygotic concord-
ant twins carried 

 

BRCA1

 

 or 

 

BRCA2

 

 mutations. If, as
the authors suspect, the twins had potent combi-
nations of common genetic variants that, individu-
ally, would be less influential, study of these unusual
twins may provide the key to finding polymor-
phisms important in many other women. In large
studies of women in the general population, the
relevant polymorphisms will probably be found to
carry measurable risk, more limited alone than in
combination, and some women will have the same
potent combinations of polymorphisms as the high-
risk twins. Continuing thoughtful exploration of
data from twins will enhance the understanding we
can gain from consortiums of clinics for women at
high genetic risk, surveys of unique populations,
and case–control and cohort studies in the popula-
tion. As studies succeed in finding gene–hormone
interactions, we can expect to illuminate the path-
ways to breast cancer and to reduce the chances
that it will develop.

 

From the National Cancer Institute, Rockville, Md.
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