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Abstract: Recognition of the two main pathologic mechanisms equally leading to breast cancer
development may provide explanations for the apparently controversial results obtained by sexual
hormone measurements in breast cancer cases. Either insulin resistance or estrogen receptor
(ER) defect is the initiator of pathologic processes and both of them may lead to breast cancer
development. Primary insulin resistance induces hyperandrogenism and estrogen deficiency,
but during these ongoing pathologic processes, ER defect also develops. Conversely, when
estrogen resistance is the onset of hormonal and metabolic disturbances, initial counteraction is
hyperestrogenism. Compensatory mechanisms improve the damaged reactivity of ERs; however,
their failure leads to secondary insulin resistance. The final stage of both pathologic pathways
is the breakdown of estrogen surveillance, leading to breast cancer development. Among pre-
menopausal breast cancer cases, insulin resistance is the preponderant initiator of alterations
with hyperandrogenism, which is reflected by the majority of studies suggesting a causal role
of hyperandrogenism in breast cancer development. In the majority of postmenopausal cases,
tumor development may also be initiated by insulin resistance, while hyperandrogenism is typi-
cally coupled with elevated estrogen levels within the low postmenopausal hormone range. This
mild hyperestrogenism is the remnant of reactive estrogen synthesis against refractory ERs that
were successfully counteracted at a younger age. When refractoriness of ERs is the initiator of
pathologic processes, reactively increased estrogen levels may be found in both young and older
breast cancer cases, while they may exhibit clinical symptoms of estrogen deficiency. Studies
justifying a causal correlation between hyperestrogenism and tumor development compile such
breast cancer cases. In conclusion, the quantitative evaluation of ER refractoriness in breast
cancer cases has great importance, since the stronger the estrogen resistance, the higher the
promising dose of estrogen therapy.

Keywords: sexual steroids, hyperandrogenism, hyperestrogenism, insulin resistance, estrogen
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Introduction

There is a prevailing concept suggesting a linear cause—effect relationship between
serum levels of sexual steroids and the clinical manifestations of certain diseases, such
as breast cancer, especially in postmenopausal women.'= Nevertheless, the associations
between circulating concentrations of androgens and estrogens with breast cancer and
related risk factors are not well understood until now.* Results of studies on correlations
between endogenous sexual steroid levels and breast cancer risk have yielded a wide
range of controversies in both premenopausal and postmenopausal cases.
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In premenopausal women, the majority of studies sup-
port that the increased serum concentrations of androgens
are strongly associated with breast cancer risk.>® Moreover,
in certain studies, both increased estrogen and androgen
levels were found to be equally responsible for breast cancer
development in young women.*!° By contrast, a recent meta-
analysis study found weak evidence of a positive association
between premenopausal endogenous estradiol level and the
risk of breast cancer."!

In postmenopausal women, the vast majority of publica-
tions suggest that within the range of low baseline serum
sexual steroid levels, relatively higher estrogen and andro-
gen concentrations are equally regarded to be dangerous for
breast cancer development.>*!>% In older women, a few
studies justified that elevated androgen levels may be strongly
associated with an increased risk of breast cancer,?'*> while
another found an increased estradiol level to be dangerous
for postmenopausal cases.?

Surprisingly, in certain studies, no convincing associa-
tions were found between serum sex hormone levels and
breast cancer development among either premenopausal®
or postmenopausal cases.”?’

These highly controversial results, however, exhibited
certain characteristic findings. Although high estrogen levels
are regarded as causal factors for breast cancer, increased
androgen levels, either with or without estrogen overpro-
duction, were consistently associated with increased breast
cancer risk. Elevated estrogen levels without androgen
excess were a rare finding in both young and older breast
cancer cases.

Proper estrogen receptor (ER) signaling is essential for
the health of mammalian cells, as estrogens are the chief
regulators of cellular metabolism, growth, differentiation, and
proliferation.?®*° Difficulties in either the synthesis of estro-
gens or ER signal transduction mechanisms may increase the
risk of clinically diagnosable diseases.*!*

There are strict crosstalks and mutual feedback mecha-
nisms between estrogen synthesis and ER signaling. Criti-
cally low serum estrogen levels may induce alarming defense
reactions in order to increase the transcriptional activity of
ERs.*? Similarly, deficient ER signaling may be counteracted
by reactively increased endogenous estrogen synthesis so as
to save cellular estrogen surveillance.>** Pathologic states
may develop when the interactions of these players cannot
restore each other’s defect. Failures of estrogen synthesis
or liganded ER signal transduction result in disturbances in
cellular estrogen surveillance and glucose uptake, which is
the fuel of all cellular functions.* Appearances of the clinical

biomarkers of these disorders may forecast the manifestation

of serious diseases such as type 2 diabetes, cardiovascular

diseases, cognitive disturbances, and malignancies.’>*’

In conclusion, in order to evaluate the complex correla-
tions between serum levels of sexual steroids and breast
cancer development, one should be aware of all stimula-
tory and inhibitory players that have a role in the complex
mechanisms of cellular estrogen surveillance. To clarify the
background of puzzling correlations between serum sexual
steroid levels and breast cancer risk, the following questions
should be answered:

1. Do uniform pathomechanisms lead to breast cancer
development or are there diverse pathways leading to
mammary malignancies?

2. Ishyperestrogenism or hyperandrogenism the crucial fac-
tor causing metabolic disorders and their comorbidities,
such as breast cancer?

3. How can the lower postmenopausal range of endog-
enous estrogen levels be apparently in direct correla-
tion with breast cancer risk, while this association
cannot be observed at higher, premenopausal estrogen
concentrations?

4. Why cannot either the circulating levels of sex hormones
or estrogen receptor gene (ESR) mutations in themselves
predict the risk of breast cancer?

Decreased serum estrogen concentration

and hyperandrogenism
The aromatase enzyme complex catalyzes the conversion of
androgens to estrogens in a wide variety of tissues, includ-
ing the breast, ovary, testis, placenta, brain, and adipose
tissue.*®3? Estrogen synthesis may be altered or blocked by
the mutation of human CYPI9 gene encoding aromatase
P450 enzyme.*

Aromatase activity and healthy estrogen synthesis may
be endangered by various endogenous and exogenous factors

4l insulin resistance,*** diabetes,*

as well, such as aging,
low physical activity,*' and deficient natural light exposure
associated with melatonin excess.***’ In aromatase deficient
cases, the excessive accumulation of androgen precursors is a
typical laboratory finding, while estrogens exhibit extremely
low serum levels.

Mutation in CYP19 in a sister and brother was published.?
The 28-year-old girl with XX chromosome presented the
cardinal features of aromatase deficiency syndrome. At birth
she had nonadrenal female pseudohermaphroditism. By the
age of puberty, she developed progressive signs of virilization
with no signs of estrogen action such as hypergonadotropic
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hypogonadism, polycystic ovaries, and tall stature. The basal
concentrations of plasma androgens were highly elevated,
whereas plasma estradiol was extremely low. Hormone
replacement therapy led to breast development, menstrual
cycles, resolution of ovarian cysts, and suppression of
the elevated follicle-stimulating hormone and luteinizing
hormone (LH) values.

The XY male sibling with aromatase coding gene
(CYP19) mutation was examined at age 24 years. He was
204 c¢m tall with eunuchoid skeletal proportions.*® He was
fully mature sexually and presented with macroorchidism.
The plasma concentrations of androgens were elevated, while
estradiol and estrone levels were <7 pg/mL. Plasma follicle-
stimulating hormone and LH concentrations were more than
three times the mean value. Hyperinsulinemia, increased
serum total and low-density lipoprotein cholesterol, high tri-
glyceride, and decreased high-density lipoprotein cholesterol
levels were detected, suggesting insulin resistance.

Insulin resistance-associated compensatory hyperinsu-
linism is a double-edged sword against estrogen signaling.
Excessive insulin synthesis inhibits aromatase activity,
and the accumulation of precursor androgens results in
hyperandrogenism.*® At the same time, decreased estrogen
concentration hampers all phases of glucose metabolism
from insulin synthesis to intracellular glucose transporter
expression, provoking a further deepening of cellular insu-
lin resistance.’? In women with type 2 diabetes, the ability
of the ovaries to convert androgen to estrogen is reduced,
possibly attributed to a reduction of the ovarian aromatase
activity.®

Male-like central obesity in women is in close correla-
tion with insulin resistance, hyperinsulinism, and exces-
sive androgen synthesis, resulting in high morbidity.* In
centrally obese women, insulin resistance-associated sex
hormone imbalance with defective estrogen synthesis is
accompanied by increased risks of breast, endometrium,
and ovarian cancers.** In women with polycystic ovar-
ian syndrome, anovulatory infertility, visceral obesity,
and hirsutism are characteristic clinical symptoms asso-
ciated with the laboratory findings of hyperinsulinism
and androgen excess.”® In polycystic ovarian syndrome
cases, dysmetabolism and ovarian failure are improved by
either insulin-sensitizing metformin or oral contraceptive
administration.’!

In conclusion, insulin resistance, insufficient estrogen
synthesis, and accumulation of androgen precursors all lead
to further diverse morbidities, depending on the severity and
duration of hormonal alterations.

Increased serum estrogen level

in health and disease

Another end point of estrogen synthesis is excessive estrogen
production. A high natural estrogen level is never harmful.
Even sky high levels are well tolerable.

The physiologic example is pregnancy, in which state
estrone, estriol, and estradiol levels are extremely high.
Even a 200- to 300-fold serum estradiol concentration can
be observed, as compared with the follicular phase of the
menstrual cycle.>® This physiologically increased hormone
level supervises the safety, explosion-like proliferation
of fetal structures as chief regulator of abundant growth
hormones, growth factors, and other important biologic
mediators. At the same time, pregnancy-associated exces-
sive estrogen concentration provides long-term deoxyribo-
nucleic acid stabilization for parous women. Multiparity in
women and risk for malignancies exhibit a strong inverse
correlation, including breast cancer.’*> Unique features
of estrogens are their beneficial impacts on all the cellular
mechanisms of privileged healthy cells, while estrogens
are capable of recognizing mitotic failures and malignant
cells and neutralize them by apoptosis or promotion of their
differentiation.’”®

Pathologic, reactive hyperestrogenism may occur as a
feedback mechanism against defective ER signaling.’**
In these cases, excessive estrogen production is not a causal
factor for diseases but serves as a breakthrough of blocked
ER signaling mechanisms.

Reactive hyperestrogenism may be an embarrassing
finding in certain young women with clinical symptoms of
estrogen deficiency. In these cases, a feedback mechanism
aims to break through the inherited or acquired defective
ER signaling by increased estrogen synthesis.

Although BRCA gene mutation carriers usually exhibit
clinical symptoms of defective estrogen signaling, the serum
estrogen levels of these patients are consequently elevated.
Median luteal phase titers for estradiol were 33% higher in
BRCA1/2 mutation carrier women than in BRCA mutation-
negative cases.” Among breast cancer cases with BRCA2
gene mutation, the reactive increase in estradiol level is
higher as compared with BRCA/ gene mutation carrier
cases.® The stronger estrogen synthesis seems to be more
effective against refractory ERs and results in lower breast
cancer risk in BRCA2 mutation carriers than in cases with
BRCA I mutation.*!

In BRCA gene mutation carrier women, high risks for
breast and ovarian cancers suggest low ER responsive-
ness to estrogen.® Among these patients, low reactivity to
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fertility treatments® and earlier age at natural menopause
(<40 years)®-% support the defect of estrogen surveillance.
Among BRCA 1/2 mutation carrier women with breast cancer,
a high prevalence of type 2 diabetes and central obesity was
observed,® justifying the interplay between ER defect and
insulin resistance in breast cancer development.

Elderly women with profound estrogen deficiency may
have a higher risk of Alzheimer’s disease, as cognitive
functions are in close correlation with sufficient estrogen
supply.®® Nevertheless, the impact of increased endogenous
estrogen level on the risk of dementia was established in a
population-based prospective study including 5,644 post-
menopausal women aged =65 years.”’ Total estradiol values
in both lower and upper quartiles were associated with an
increased dementia risk (hazard ratio [HR]=2.2 and HR =2.4,
respectively), showing a U-shaped relationship.

Taking into account that serum estrogen levels and
cellular estrogen surveillance are not always in direct cor-
relation, these remarkable results should be thoroughly re-
evaluated. In postmenopausal women, an increase in years
since menopause confers a negative influence on glucose
tolerance.®® In elderly women, the lowest quartile of their
decreased estradiol level means severely deficient estrogen
synthesis associated with deepening insulin resistance, which
endangers all highly estrogen-dependent organs, such as
the brain.

In elderly women with estrogen levels in the upper
quartile, the possibility emerges of a defective ER signal-
ing and reactively increased but not sufficient estrogen
synthesis. In postmenopausal women, higher estradiol
levels were associated with Pvull polymorphism of the
ESR1 gene and increased breast cancer risk, which was
interpreted as harmful collaboration between defective ERs
and increased estrogen levels.® Nevertheless, a relatively
increased estrogen level in elderly cases may be regarded as
insufficient counteraction against the functional alterations
of ERs instead of breast cancer initiator. In these cases, the
majority of ER signaling defects was disguised by compen-
satory good estrogen synthesis at younger ages. With aging,
however, the relatively higher but insufficient estradiol
levels are not enough for the breakthrough of ER signal
transduction defects.

Considering the complex mechanisms affecting correla-
tions between serum estradiol levels and cellular estrogen
surveillance, we can arrive at the comprehensive understand-
ing that in elderly women either the lower or upper quartile
of their low baseline serum estrogen concentrations may be
associated with defective estrogen signaling.

Genetic defects of ER signaling

Rapid development of new methods for genetic investigations
provided possibilities for the analysis of ERo. gene (ESRI)
polymorphism, which presumably may give a rational
explanation for puzzling links among estrogen, metabolic
disorders, and breast cancer risk. Inherited ESR gene muta-
tion may be regarded as a ruined bridge between circulating
endogenous hormones and the surveillance of cellular health
causing complete or partial blockage of estrogen signaling.

A large number of naturally occurring splice variants
of both ERal and ERP have been identified in both normal
epithelium and diseased tissues. By contrast, only a few
point mutations have been identified to be pathogenic in
human patient samples from a variety of diseases, includ-
ing breast cancer, endometrial cancer, and psychiatric
diseases.” In young women, mild point mutations of ER
regulator genes may be compensated by slightly elevated
estrogen synthesis, and the patient remains clinically healthy
until the maintenance of extra estrogen levels. With aging,
dramatically decreasing serum estrogen levels may lead to
the manifestation of earlier hidden point mutations of ER
regulator genes resulting in signaling defects, especially in
elderly women.*?

The first mutation affecting ERs was reported 20 years
ago in a 28-year-old man with knock-knees and serious signs
of insulin resistance, obesity, and premature cardiovascular
lesions.** Examinations showed that his testosterone levels
were normal, and although his estrogen hormone levels were
extremely high, he had essentially no response to estrogen.

Recently, a case of an 18-year-old girl was published who
experienced delayed puberty with the classic symptoms of
too low estrogen level. Subsequent examinations revealed
sky high levels of estrogens in her blood. In laboratory
studies, 240 times the normal estrogen level was required
to get a response out of the patient’s ERs. Without estrogen
reactivity, insulin levels were also typically increased, and
an unusual response to an oral glucose test indicated glucose
intolerance problems.

Correlations between genetic polymorphisms in the ESR/
gene and breast cancer risk are highly inconclusive. In a
Korean study, Pvull genotype distribution did not show any
differences between breast cancer cases and controls, while
the adjusted odds ratio (OR) for the Xbal allele contain-
ing genotypes was advantageously decreased (OR =0.4).”!
Conversely, Pvull polymorphism was associated with a
moderately increased risk for breast cancer, whereas Xbal
polymorphism was related to nonsignificantly elevated risk
confined to older postmenopausal women in Shanghai.”™
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Moreover, two single nucleotide polymorphisms in the £SR2
gene were convincingly associated with increased breast
cancer risk in hormonally challenged postmenopausal women
but not in premenopausal women.”

Correlations between hormone replacement therapy-
associated mortality and the genetic variability of ERs sug-
gested that some women are genetically more vulnerable to
the effects of hormone replacement therapy in terms of their
ER genotype.”™ In genetically endangered older women, an
alternative possibility emerges, according to which the lack
of ER responsiveness would require a higher compensatory
hormone dose as compared with the usual one, so as to
achieve proper estrogen surveillance.

In conclusion, the controversial results of correlations
between gene polymorphisms of ESRs and clinically mani-
fested diseases suggest that genetic investigations in them-
selves are not enough to evaluate either the impairment of
ER signaling or the activity of compensatory mechanisms.
Results of gene polymorphism studies reveal that post-
menopausal state and aging-associated estrogen deficiency
may amplify the earlier hidden genetic defects of estrogen
signaling, while, in young cases, sufficient or reactively
high estrogen synthesis may disguise the malfunction of the
ESRI gene.

Diverse molecular
pathomechanisms leading

to defective estrogen surveillance
and breast cancer development

Sexual steroid level measurements among breast cancer cases
were performed on randomly selected patients, disregarding
their risk factors either for insufficient estrogen synthesis or
defective ER signaling pathways. Analyzing the alteration
patterns in the sexual steroid levels of breast cancer cases
provides possibilities to estimate the frequency of the dif-
ferent pathologic mechanisms that may result in mammary
malignancies.

Insulin resistance is the predominant, primary mechanism
leading to breast cancer development in women (Figure 1).
In the majority of young breast cancer cases, insulin resis-
tance syndrome proved to be a typical finding associated
with hyperandrogenism, menstrual cycle disorders, and
anovulation, mirroring complex endocrine disturbances in
the background of defective glucose uptake.*

Insulin resistance is an ongoing defect of insulin-
mediated cellular glucose uptake, which induces a break-
down in the gene regulation of cellular metabolism, growth,
differentiation, and mitotic activity.” Progression of this

Hyperinsulinism [

y

:I Aromatase inhibition |

N

Type 2 diabetes
hyperglycemia

Figure | Pathomechanism leading to breast cancer development I.
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of defective insulin deficiency of androgen
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Note: When insulin resistance is the primary initiator of pathologic processes, reactive hyperinsulinism and hyperandrogenism are the characteristic laboratory findings.
Later, the progression of insulin resistance results in defective ER reactivity, which may provoke hyperestrogenism as well.
Abbreviations: EGF, epidermal growth factor; ER, estrogen receptor; IGF |, insulin-like growth factor 1.
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disorder predisposes patients to a variety of diseases, such as
metabolic syndrome, type 2 diabetes, cardiovascular lesions,
and malignancies.”

In the first phase of insulin resistance, increased insulin
synthesis results in reactive hyperinsulinism, which may
transitorily bring about a breakthrough of refractory insulin
receptors.”” Nevertheless, high insulin levels and the
concomitant accumulation of insulin-like growth factors,
such as IGF-1, have important roles in the alterations of cell
proliferation and tumor growth.””

Insulin is a potent regulator of the balance of sexual ste-
roid synthesis, and its overproduction contributes to further
endocrine disturbances.®” Hyperinsulinism promotes a shift
from estrogen to androgen synthesis by means of ovarian and
adrenal aromatase inhibition.** Moreover, a high insulin level
may favor the LH secretion of the pituitary gland, which also
stimulates androgen biosynthesis via activation of the adrenal
gland and ovarian theca cells at the expense of reduced estrogen
production.?'$? Accumulation of androgen precursors and estro-
gen deficiency are dangerous for all cellular mechanisms.

A low serum estrogen level is alarming considering that
insufficient ER expression endangers the crucial cellular
estrogen surveillance. In response to low estrogen exposure,
such as after ovariectomy, a marked increase in the messenger
ribonucleic acid levels of ERs may occur, ensuring a rise in
the number of available receptors by feedback mechanism.®

This reactively increased ER expression may help to maintain
mammary health, even in an estrogen-deficient milieu.

At the same time, hyperandrogenism provokes increased
post-transcriptional gene expression of epidermal growth
factor receptors,® and a high androgen level may induce an
excessive IGF-1 concentration.®>* An excessive epidermal
growth factor level induces reactively decreased ERo expres-
sion as well as suppression of ERa binding sites, ERo mes-
senger ribonucleic acid level, and ERo gene transcription
activity,’” which results in multifaceted ER defect. In emer-
gency states of critically low estrogen levels, some growth
factors via their own receptors may induce ER transcriptional
activity, resulting in estrogen-like responses.* Nevertheless,
this physiologic coupling of growth factor and ER signaling
pathways may work only in case of the availability of intact
ERs.®® A decrease in both number and reactivity of ERs in an
estrogen-deficient milieu completely disarms the self-defense
of mammary cells, leading to high risk for cancer initiation.

In the meantime, the exhaustion of B cells in pancreatic
Langerhans islands results in restrained insulin synthesis
alongside the development of type 2 diabetes with hyper-
glycemia, which is a further pendulum swing against mam-
mary health.¥

Defective ER signaling is the second, less frequent
initiator mechanism leading to breast cancer development
(Figure 2). Missing or decreased ER reactivity provokes

defect

Estrogen receptor (ER)

/ \

Reactively increased
estrogen synthesis

y

Hyperestrogenism

A4

Successful Insufficient

breakthrough breakthrough

of ER defect of ER defect
y

Mammary

health

Figure 2 Pathomechanism leading to breast cancer development II.

Increased ligand independent
transcriptional activity of ERs

EEEN
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A

Note: When estrogen receptor (ER) defect is the primary disorder, reactive hyperestrogenism is the predominant laboratory finding. Later, the failure of compensatory

mechanisms results in secondary insulin resistance associated with hyperandrogenism.
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increased estrogen synthesis by feedback mechanism,
resulting in hyperestrogenism;***> however, the consequence
may be either a successful or an insufficient breakthrough
of ER defect.

In case of inherited severe ER mutation, the patient may
exhibit the classic symptoms of extremely low estrogen
levels, such as delayed puberty, whereas laboratory findings
reveal sky high estrogen levels.*® By contrast, hyperestro-
genism may also occur in apparently symptom-free cases,
such as in certain women carrying BRCA gene mutations.>
In such cases, the compensatory estrogen production seems
to be only transitorily defensive; these women have a life-
long increased risk for breast cancer. Considering these cor-
relations, hyperestrogenism is not a causal factor of breast
cancer but rather is a protective feedback mechanism trying
to maintain the hormonal and metabolic equilibrium.

As physiologic ER signaling is crucial for all steps of
cellular glucose uptake, even reactive hyperestrogenism may
not always provide sufficient compensation for severe ER
defect, and insulin resistance may develop.*? In BRCA muta-
tion carrier women, breast cancer development is frequently
associated with obesity and type 2 diabetes,® justifying the
close correlation between defective estrogen signaling and
insulin resistance in the development of breast cancer.’>*

As an alternative possibility for the compensation
of defective estradiol-mediated activation of ERa, an
increased ligand-independent transcriptional activity of
ERs may develop.” In BRCA I-deficient cells, a reduction
in estradiol-mediated activation of ERo. was observed,
while an increased estrogen-independent expression of
estrogen response genes was monitored when compared
with BRCA I-proficient cells.”! The improved transcriptional
activity of ERs in a ligand-independent way may help to
maintain mammary health. Conversely, in cases of insuffi-
cient transcriptional ER activity, the danger of breast cancer
development is increased.

Conclusion
Recognition of the two main pathologic mechanisms
equally leading to breast cancer development may
provide explanations for the apparently chaotic results obtained
by sexual hormone measurements in breast cancer cases.
Either insulin resistance or ER signaling defect may be
the initiating pathologic process. They enter into a vicious
circle. The final stage is the breakdown of estrogen surveil-
lance with its severe comorbidities, such as breast cancer.
In case of primary insulin resistance, hyperandrogenism
is an early concomitant hormonal alteration, but during

the ongoing pathologic changes the development of ER
defect may induce hyperestrogenism as well. Conversely,
when the ER signaling defect is the onset of hormonal and
metabolic disturbances, the initial counteraction is a reac-
tive hyperestrogenism, and further compensatory cellular
mechanisms try to improve the damaged transcriptional
activity of ERs. Finally, the insufficiency of defensive
mechanisms leads to insulin resistance and the associated
hyperandrogenism.

In the majority of young premenopausal women with
breast cancer, insulin-resistant syndromes are the prepon-
derant hormonal alterations with androgen excess. This
prevailing pathomechanism is reflected in the majority of
studies suggesting a presumed causal correlation between
androgen excess and breast cancer risk. In these women,
both insulin-sensitizing metformin and exogenous estrogen
treatment may advantageously suppress the overwhelming
excess of androgens.

In the second group of young breast cancer cases,
hyperandrogenism may be coupled with reactive estrogen
overproduction in a later stage of insulin resistance when
growth factor abundance inhibits both the expression and
transcriptional activity of ERs. Studies supporting the
carcinogenic capacity of increased levels of both estrogens
and androgens may preponderantly include these types of
young breast cancer cases. In this group, a high dose of
estrogen treatment is necessary to break through the ER
resistance.

In the third, smaller group of premenopausal breast cancer
cases, reactive but insufficient hyperestrogenism is associated
with inherited, severe ER signaling defects. These types of
patients are predominant in studies supporting the pivotal
role of elevated levels of estrogens and their metabolites
in malignant transformation without excessive androgen
synthesis. In these women, a pregnancy mimicking high dose
of estrogen may be a countermeasure against ER blockage.

In the vast majority of postmenopausal breast cancer
cases, relatively increased circulating concentrations of
both androgens and estrogens seem to be characteristic.
Among these older breast cancer cases, tumor develop-
ment was initiated by insulin resistance and the associated
androgen excess. In such patients, slightly elevated estrogen
concentration within the low postmenopausal hormone
range may be regarded as an ineffective remnant of defen-
sive estrogen synthesis against refractory ER signaling at
a younger age. These cases require increased exogenous
doses of estrogen, since usual hormone treatment may be
ineffective.
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In the second group of postmenopausal breast cancer
cases, relatively high levels of circulating androgens define
the hormonal imbalance without an increase in estrogens.
ER signaling of these older women is not blocked either
by progression of an insulin-resistant state or by ESR gene
mutation. In this group of postmenopausal patients, even
the usual dose of exogenous estrogen treatment may be
effective.

In the third, smaller group of postmenopausal breast
cancer cases, a reactively increased level of unconjugated
estradiol without androgen excess may be strongly associ-
ated with refractory ERs. Patients included in this group
exhibit estrogen resistance and need an extra high exogenous
estrogen dose in order to get a response out of their defec-
tive ERs.

Recognition of the crucial role of cellular estrogen sur-
veillance in mammary health may provide plausible answers
to the emerging questions:

1. At least two kinds of pathomechanisms (possibly more)
may be involved in the breakdown of estrogen surveil-
lance leading to breast cancer development. Either insulin
resistance or estrogen resistance may be the initiator of
pathologic processes.

2. Neither hyperandrogenism nor hyperestrogenism is an
etiologic factor of breast cancer. Both of them are links in
the chain of pathologic processes. Nevertheless, there is a
great difference between these two hormonal alterations.
Androgen excess without counteractions leads to further
breakdown of cellular mechanisms, while estrogen excess
is beneficial, since only its insufficient overproduction
leads to progressive pathologies.

3. Endogenous estrogen level is not in direct correlation
with breast cancer risk in either premenopausal or post-
menopausal women. In young breast cancer cases, insulin
resistance-associated androgen excess is the preponder-
ant initiator of the breakdown of estrogen surveillance.
In the majority of older breast cancer cases, insulin
resistance induces increased androgen concentration, and
the low but relatively elevated baseline estrogen level
uncovers the earlier hidden refractoriness of ERs but is
no longer defensive.

4. Circulating sexual hormone levels and their receptors are
in strict crosstalk and interplay with each other. Examined
players randomly selected from the whole system cannot
define the possible pathologic processes on their own.
Understanding the pathologic background of changes in

sexual hormone levels enables us to plan the preventive and

causal therapy of breast cancer. Paradoxically, the higher
the increase in endogenous estrogen level, the higher the

promising dose of estrogen therapy. Consequently, the
quantitative evaluation of ER refractoriness in breast can-
cer patients will gain crucial importance in the therapeutic
schedule. In the future, the development of estrogen sensitizer
compounds will be a great challenge for the pharmaceutical
industry instead of trying to produce an “ideal” selective
estrogen receptor blocker.
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