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Adrenoceptors and breast cancer:
Review article

I ntroduction

The incidence of breast cancer has increased giad#drael over the past decade. It is
estimated that in Israel in 2009 approximately 48@dv patients will suffer from
breast cancer.

Despite recent advances in the diagnosis and tesditof breast cancer, this disease
continues to be a major cause of death. One dbitigest challenges in breast cancer
treatment is bone metastasis. Breast cancer aellsapable of migrating to the bone
marrow and utilizing the marrow microenvironment temain quiescent. The
preprotachykinin-1 (PPT-I) gene encodes for thékinin peptides, which interact
with neurokinin (NK) receptors. Studies have catedl this interaction with breast
cancer cells integration into the bone marrow amgét cancer progressith
Environmental and psychological stresses have bRewn to be associated with an
increased incidence of cancer in man and animaissSinduced neuron chemical
hormonal and immunological changes have been shtovninfluence tumor
development. Stress may promote mammary carcinggeney affecting the
neuroendocrine system ahdr immune function. Neuroendocrine affects may ineo
changes in adrenocortical steroids or opioid pegtithich may exert their effects by
altering immune function.

One of the risk factors for breast cancer is tloegdased amount of adipose tissue after
menopause which elevates estradiol production.

The adrenergic system plays a role in regulatiregggnbalance through thermogensis
and lipid mobilization from brown or white adiposssues®.

The human fat cells are equipped with adrenergiep®®rs (adreno receptoi), f2
(ADRB1/2) and83 (ADRB3)™.



Physiology

The degree of affinity for adrenaline (epinephrirep2 > 1> 3 and the noradrenaline
(norephinephrine) it i81 > p2 > p3 ©.

Norepinephrine, epinephrine and dopamine are memntiebiogenic amines. They
share a common precursor - tyrosine. It is conderie L-dopa by tyrosine
hydroxylase and L-dopa is converted to dopaminddpa decarboxylase. In the nerve
terminal dopamine is converted to norepinepherine.

If phenylethanol - N - methyl transferase (PNMT) psesent norepinephrine is
methylated to epinephrine. Adrenergic neurons seanerepinephrine because they
contain dopaming hydroxylase.

Adreno receptors may be activated by norepinephrimieich is released from
adrenergic neurons, or by epinephrine, which iseted into the circulation by the
adrenal medulla. Among the sympathetic adrenorecgpteceptor type is related to
function®.

In addition to their role as neurotransmitters atrdss hormones, catecholamines play
a trophic role in the control of cell replicationdadifferentiationin target cells that
express adrenergic receptors. In some cell lifesdrenergic stimulation elicits a
small, promotional effect on cell replication, weas in others, stimulation of these
receptors and the consequent rise in intracellchaviP levels inhibits mitosisp -
adrenoreceptors on cancer cells, thus, recapitht@tethe promotional and inhibitory

roles of these receptors in cell replication seeté development of normal cells.

Location and mechanism of autonomic action

Adrenoreceptor| Target organ Mechanism of action
type
ol Vascular smooth muscle, skin, renal and splanchnidP;, increase of
gastrointestinal tract, bladder sphincter, irigliah intracellular [Cé*]
muscle, sphincters
a2 Gastrointestinal tract wall, presynaptic adrenergic | Inhibition of adenylyl
neurons cyclase, decrease CAMP
B1 Heart, salivary gland, adipose tissue, kidney stimulation of adenylyl
cyclase, increase cCAMP
B2 Vascular smooth muscle of skeletal muscle, Gl,wal stimulation of adenylyl
bladder wall, bronchioles cyclase, increase CAMP

The  -adrenergic agonist isoproterenol, stimulates mamnepithelial cell division

in vitro, as well as the development of end buddtres in the mammary gland of



ovary ectomized mice from which arise the mammaayciooma induced by
administration of dimethylbenza) anthracene (DMBA). Specifi@@ -adrenergic
receptors of thg2 subtype are present in epithelial cell membrdras lactating
mammary gland tissue.

The hormonal modulations of receptors which afigetrine contractility correlates
with the onset of psychological responses of therust such as contraction and
relaxation. In analogy with the uterus the regolatf the physiological status of the
mammary gland is achieved by modification of entg@grautonomic and mechanical
factors during adolescence, the menstrual cyckegrancy parturition and lactation.
The mammary gland, as other paired endocrine gléadtenals, ovaries and testes),
receives sympathetic innervations.

High levels ofp} -adrenergic receptors are measured as palpablemagntumors,
reaching a maximal concentration well before th@adncrease in tumor mass. The
hormone sensitivity of the tumorfl-adrenergic receptor is further confirmed by the
high receptor concentration measured in progressgmmary tumors.

Stress effects may involve ACTH, glucocorticoidstecholamines, prolactin, opioids
and immunosuppression, all factors crucially inealvn tumor growth.
Catecholestrogens, their receptors, together \wéir tatabolizing enzyme, catechol-
o-methyltransferease(COMT), are locally formed athbnormal and neoplastic
mammary tissues. COMT levels are significantly @ased in the cytosol of

malignant tumor cells than in the cytosol of bertigmor or normal cell€.

Adrenoceptors and cancer

Recent studies in humarancer cell lines in animal models have shown that
growth of adenocarcinomas of the lungs, pancredscaton are undef -adrenergic
control 12,

The expression ofy -adrenergic receptors has been correlated with awer-
expression of the arachidonic acid-metabolizingyeres cyclooxygenase-2 (COX-2)
and lipoxygenases (LOX) in adenocarcinomas of lungkon, prostate and pancreas.
Inhibitors of these enzymes have been identifiedaaser preventive agents in animal

models.



Adrenoceptors and breast cancer

Many of breast adenocarcinomas over express COXd2 ar LOX®?),

This may say that a subset of breast cancers maybal undep adrenergic control.
Studies have demonstrated that three estrogenngispoand three non-estrogen
responsive human cell lines derived from breashac&cinoma show a reduction in
DNA synthesis in response to beta-blockers or itdvib of the arachidonic acid-
metabolizing enzymes COX-2 and 5-LOX.

Another study analysis by reverse transcriptioryparase chain reaction (RT-PCR)
revealed expression @f,-adrenergic receptors in all six breast cancerliceds tested
(MDA-MB-361, ZR-75-l, MCF-7, MDA-MB-453, MDA-MB-468 MDA-MB-4355).

B 1 receptors were not found in two estrogen non-resipencell lines (MDA-MB-
4355, MDA-MB-453 14,

It was found that the second messenger cAMP may drewth promoter for mouse,
rat and human mammary epithelioffta'®

The effects of CAMP observed in malignant cells sxelved in redifferentiation
amounting to renormalization of number of propertisncluding morphology,
adhesive properties, lectin agglutination, cell smoent and biochemical functions
an

A correlation betweerf adreno receptorp(-AR) stimulation and estrogen and
progesterone receptor functions was found in hubneast cancét®.

B .-adrenergic stimulation induced cell proliferation hormone-dependent human
breast cancer cell line (C6-5put without involving the female steroid hormone
receptor systerft®.

In C6-5 cells, the presence of functiofialAR's could be reasonable related to cell
proliferation when exposed to different concentragi of clenbuterol, # AR
agonist showed increased cell proliferation withiowblving significantly lower than
that induced by oestradi@il adreno receptor-mediated inhibition of DNA syntkes
was not shared by another cancer cell line, C@liamna, that expresses a differ@nt
receptor subtype a lower levels whereas found MHaA-MB-231 cells expres$ o
receptors exclusively, C6 cell express primarilyfhsubtype®®,

In mammary tissue there are data that supporteaafotatecholamines in the control
of many cellular activities. Initial experiments dinate epinephrine sensitive
adenylate cyclase activities in 7, 12 - dimethylbgn) anthracene - induced

mammary carcinoma. Two groups have demonstrategrisence of -adrenergic



receptors § -AR) from mammary glands of lactating rafis:adrenergic compounds
stimulated the enzyme leading to the generatiomA¥P and its activation was
completely abolished by tte-AR blocking drug propranolol.

B -adrenergic - related increases in cAMP formaumwloubtedly influence lactose
production by the acinar secretory end pieces.ifitial response t@ -AR is usually
an increase in adenylate cyclase activity resuliman increased cellular cAMP
concentration.

Among the epithelial, endocrine, and secretory eancell lines that express
adrenoreceptors, MDA-MB-231 human breast cancés eghibit comparatively high
concentrations. It is thus of critical interestttemulation of these receptors leads to
immediate inhibition of DNA synthesis and, with [moged exposure, reductions in
the total number of cancer cells: inhibition of DN#nthesis is a reliable predictor of
chemotherapeutic responses in breast cancer cells.

In prostate or breast cancer cells stimulated by BGandrogen or estradiol, small
peptides (6-10 amino acids) derived from ER or Adjuences involved in the
receptor interaction with Src, prevent AR/ER/Srcsaasation, Src/Erk pathway
stimulation, cyclin D1 expression and DNA syntheSise peptide action is restricted
to cells expressing the steroid receptors andgonats mediated by these receptors.
Remarkably, the peptides do not modify. Althougkréhhas been no systematic
screening of breast cancer cell linesffoiadrenergic expression these receptors have
identified in both estrogen-dependent type andogetr-independent type, including
C6-5, BF 20, T47-D, VHB-1 and MCF-7. Regardless of theillary mechanisms
involved in B -receptor — mediated inhibition of mitosis in MOMAB-231 breast
cancer cells, the fact that inhibition does noadsear with receptor down regulation
and desensitization raises the possibility fordpeutic strategies employing receptor
agonists, alone or in combination with glucocoriiso and phosphodiesterase
inhibitors ),

Screening of human cancers for the presen@e-aflrenoreceptors or other cAMP —
linked neurotransmitter receptors may establish meatment strategies.

B -adrenergic receptor$ (AR's) were identified in CG-breast cancer cells using a
radiometric assay. The totfll -AR concentration was measured using the highly
potentp -adrenergic antagonist CGP 12 177, and the des®ifp} -AR subtypes were
discriminated in the presence of highly selectimabelled ligands (CGP 207 12A
and IC| 118551).



The second messenger cAMP was found to be a gnomsthoter for mouse, rat and
human mammary epithelioma and its levels are eteMiait several breast carcinomas.
The effects of cAMP observed in malignant cells asé@en involved in
redifferentiation, amounting to apparent renornalan of a number of properties
including morphology, adhesive properties, lectjglatination, cell movement and
biochemical functions. A correlation betwepn-AR stimulation and estrogen and
progesterone receptor functions was found in hulbneast cancer.

It was observed thafz-adrenergic stimulation induced cell proliferation a
hormone-dependent human breast cancer cell line5)Cut without involving the
female steroid hormone receptor system.

CG-5cells (mammary breast cell cancer cell line) cantaeasurable concentrations
of specific AR's coupled to adenylate cyclase. The charatt=ief these -AR's,
identified by binding and competition assays, dwesé off3 ;-AR and B, -AR
subtypes. B »-AR concentration is significantly higher thin-AR concentration in
CG-5 cell membranes. Negligible concentrationspofAR's were found in MCF-7
breast cancer cells from which CGeélls are derived. In C6-€ells the presence of
functional  -AR's could be reasonably related to cell prodifem when exposed to
different concentrations of clenbuterol, pa,-AR agonist, showed increased cell
proliferation without involving steroid hormone sgtors.

Although the enhancement of CGegll growth was significantly lower than that
induced by estradiol the presence of functighaAR’s (with the prevalence of thg
2-AR subtype) in tumor cell line suggests thatdrenergic stimulation and resulting
CcAMP production may be responsible for CG-5 catllifgration.
Medroxyprogesterone acetate (MPA) is one of thetmadely used compounds in
the endocrine therapy of advanced breast cancewdmen. The mechanisms
underlying the antitumor activity of MPA are pootwpderstood. This steroid presents
a high affinity for progesterone (PgR) as well am fandrogen (AR) and
glucocorticoid receptors (GR) in human mammary tteno

The most easily explained effects of MPA are reldteits glucocorticoid-like action.
Suppression of adrenal function by MPA is beliewvedbe caused both by an
inhibitory action at the pituitary level and by et inhibition of steroidogenesis.

In addition to ER and PgR, which are the most wideded markers of differentiated
endocrine functions in breast cancer; AR and GRugGdorticoid receptors) are

present in a substantial number of mammary tumodsestablished cell lines. The



ZR-75-1 human breast cancer cell line is an unlsagbropriate system to study the
direct effect of MPA on cell growth. ZR-75-1 celisntain functional receptors for
estrogens, androgens, progestins and glucocorsicBisgestins inhibit ZR-75-1 cell
proliferation exclusively in presence of estrogand in absence of insulin.

MPA further decreased the growth of ZR-75- 1 cellsincubated with maximally
inhibitory concentrations of either 5 alpha-dihyisiosterone ((DHT) or
dexamethasone (DEX) although at about 300-fold drigiPA concentrations with
DHT-treated than with DEX-treated ZR-75-1 cellsuygshdemonstrating a highly
predominant androgenic effect. The main action ¢&Avbn ZR-75-1 human breast
cancer cell growth is due to its androgen receptediated inhibitory action.

The majority of breast cancer are adenocarcinomdsnaany of them over express
cyclooxygenase - 2 (COX-2§ and/or lipoxygenases (LOX). This raises the
possibility that comparable to findings in adencoamas of the lungs, pancreas,
colon and prostate, and a subset of breast canagraieo be under beta adrenergic
control. Studies have demonstrated that three gestroesponsive and three non-
estrogen responsive human cell lines derived froreasi adenocarcinomas
demonstrated a significant reduction in DNA synth@s response to beta-blockers or
inhibitors of the arachidonic acid metabolizing gmes COX-Z% and LOX-5.

Analysis by reverse transcription polymerase chaaction (RT-PCR) revealed
expression off;-adrenergic receptors in all six breast cancertesied (MDA-MB-
361, ZR-75-1, MCF-7, MDA-MB -453VIDA-MB-468, MDA-MB-435S) wherea$;
receptors were not found in two estrogen non-resigercell lines (MDA-MB-435S,
MDA-MB-453).

Expression of mRNA that encodes a G-protein coupledard by rectifying
potassium channel 1 (GIRKY{) has been shown in 40% breast cancer samples. This
expression of GIRK1 was associated with a more esgive clinical behavior.
Previous studies indicated that the beta-adrenexganist isoproterenol stimulates
growth. GIRK currents have been shown to be ine@as cells stimulated with the
beta-adrenergic agonist isoproterenol in rat atrigbcytes transferred witpy or
receptors. Two polymorphisms in thgor B3 adrenergic receptors were found to be
correlated with decreased risk for breast canegggesting an important role of this
receptor family in the genesis of breast cancer.

In C6-5 cells™® ¥ the presence of functionfl-AR's could be reasonable related to

cell proliferation when exposed to different corication of clenbuterol, $ AR



agonist showed increased cell proliferation withiowblving significantly lower than
that induced by estradi@l adreno receptor-mediated inhibition of DNA synthes
was not shared by another cancer cell line, C@liamna, that expresses a differ@nt
receptor subtype a lower levels wher€8ound that MOA-MB-23 1 cells exprefs
>-receptors exclusively, C6 cell express primatilgi; subtype.

There is increasing evidence that describes arhigearole in normal and cancer cell
proliferation. To better understand the importaméehistamine in breast cancer
development, the expression of histamine H3 (H3#R))la4 (H4R) receptors and their
association with proliferating cell nuclear antiggtCNA), histidine decarboxylase
(HDC) and histamine content were explored in mamnhéopsies. Additionally, we
investigated whether H3R and H4R were implicatedtha biological responses
triggered by histamine in MDA-MB-23%) breast cancer cells.

Centrally assess estrogen receptor (ER) and pergest receptor (PgR) levels by
immunohistochemistry and investigate their predetvalue for benefit of chemo-
endocrine compared with endocrine adjuvant therajpne in two randomized
clinical trials for node-negative breast cancer.

Low levels of ER and PgR are predictive of the lierwé adding chemotherapy to
endocrine therapy. Low PgR may add further pregisti among pre-and
perimenopausal but not postmenopausal patient whosar's express ER.

The majority of all breast cancers are hormonearsipe, traditionally defined by he
expression of oestogen receptor (ER) alpha andémesterone receptors. In contrast
to ERalpha, the clinical significance of the relaty recently identified ERbeta is still
unclear.

ERalpha and ERbeta seem to be differentially aaseitito clinicopathological
parameters, and this would support the fact theyt thight have different functions in
Vivo.

In prostate or breast cancer cells stimulated by B&Gandrogen or estradiol, small
peptides (6-10 amino acids) derived from ER or Adjuences involved in the
receptor interaction with Src, prevent AR/ER/Srcoasation, Src/Erk pathway
stimulation, cyclin D1 expression and DNA syntheSise peptide action is restricted
to cells expressing the steroid receptors andgonass mediated by these receptors.
Remarkably, the peptides do no modify!

Epidermal growth factor (EGF), transforming growfactor-alpha (TGFalpha),
amphiregulin (AREG), betacellulin (BTC), heparimbing EGF-like growth factor



(HB-EGF),epiregulin (EREG) and neuregulins1-4 (NRGQIwere quantified in 363
tumors by real-time reverse transcription-polymerabkain reaction using TagMan
probes.

Paget's disease (PD) of the breast as well asulva is a rare condition, therefore
anti-hormonal therapy is not indicated. The higigfrency of Her-2/neu and COX-2
overexpression, however, suggests that these nete@ould be therapeutically
relevant in patients with PD.

Epidemiological evidence indicates that the assiotiabetween body weight and
breast cancer risk may differ across menopausaisstes well as the estrogen receptor
(ER) and progesterone receptor (PR) tumor status.

The relation between body weight and breast camslers critically dependent on the
tumor's ER/PR status and the woman's menopausa$.siody weith control is the
effective strategy for preventing ER+PR+ tumorgrafhenopause.

ErbB3 transactivation can make tumor cells restgato ErbB1/ErbB2 targeting
drugs. This urges for a reliable method to deteenuel surface ErbB3 levels, but
their hands iodinated NRG1 beta is unstable andstém underestimate the umber of
ErbB3 receptors in a radio-receptor assay.

Furthermore, they show by differential competitiwith unlabled NRG/YYDLL and
betacellulin that the number of ErbB3 and ErbB4eptors can be quantified
separately on cultured human breast cancer cells.

Esterogen receptor (ER) antagonists have been ywidséd for breast cancer
treatment, but the efficacy and drug resistanceanerto be clinical concerns. The
purpose of this study was to determine whether ékigacts of coptis, an anti-
inflammatory herb, improve the anticancer efficadyER antagonists, Their results
showed that the combined treatment of ER antagoaisd the crude extract of coptis
or its purified compound berberine conferred syagecggrowth inhibitory effect on
MCF-7 cells (ER+), but not on MDA-MB-231 cells (R-pimilar results were
observed in the combined treatment of fulvestranspecific aromatase antagonist.
Analysis of the expression of breast cancer relg@tes indicated the EGFR, HER2,
bci-2, and COX-2 were significantly downregulatediile IFN-beta and p21 were

remarkably upregulated by herberine.

The negative association between he oestrogen toecépR) and the human

epidermal growth factor 2 (HER-2) in breast carcavels in both directions. ER+



tumors are less likely HER-2+ and HER-2+ are laékssly}f ER+. Studies the age-
related immunohistochemical (IHC) expression of EHIER-2 in 2,227 tumors using
age as a continuous varial8.

Estrogen receptors (ERs) are overexpressed in hummeast cancers (BCs) and
associated with differentiated tumors and with aerfavorable prognosf&>*.
Paradoxically, ERs mediate the mitogenic actioesifogens in human BC cells and
the efficacy of antiestrogens in adjuvant therapypomary tumors. The exact
mechanism underlying the ER protection against eampcogression to metastasis
remains to be investigated. They show that ERsedse invasiveness of BC cells.
Detailed studies revealed that the unliganded dred H2-activated ERs decrease
cancer cell invasion in vitro through two distintiechanisms. In the presence of
ligand, ERalpha inhibits invasion through a mechkanirequiring the functional
ERalpha domains involved in the transcriptionaivation of target genes.

Hormone receptors play important roles in breastea The expression of hormone
receptors in breast cancer was investigated touatalthe importance of hormone
receptors in the clinicopathology of breast cancer.

Androgen receptor (AR), estrogen receptor (ER) prabesterone receptor (PR)
expression characteristics were evaluated using umamstochemistry stain,
comparing patient age, tumor size and axillary lgmpode status for 23 pure
mucinous and 105 non-mucinous infiltrating duct@acmnomas in the human female
breast.

Findings revealed that mucinous carcinoma samptas the breast show distinct
clinicopathologic and hormone receptor expressieatures compared to non-
mucinous carcinoma.

There is increasing evidence that describes arhigearole in normal and cancer cell
proliferations. To better understand the importan€ehistamine in breast cancer
development, the expression of histamine H3 (H3R)) iH4 (H4R) receptors and their
association with proliferating cell nuclear antiggtCNA), histidine decarboxylase
(HDC) and histamine content were explored in mamnhéopsies. Additionally, we
investigated whether H3R and H4R were implicatethebiological MDA-MB-231
breast cancer cells.
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B -adrenergic receptor$ CAR's) were identified in C6-Breast cancer cells using a
radiometric assay. The totfil -AR concentration was measured using the highly
potentp -adrenergic antagonist CGP 12 177, and the des®ifp} -AR subtypes were
discriminated in the presence of highly selectiatabelled ligands (CGP 20712A and
IC1 118551).

The second messenger cAMP was found to be a gnomsthoter for mouse, rat and
human mammary epithelioma and its levels are eteMiait several breast carcinomas.
It was observed th@it,-adrenergic stimulation induced cell proliferationra hormone
dependent human breast cancer cell line (C@6),without involving the female
steroid hormone receptor system. CG-5 cells (mamroegast cell cancer cell line)
contain measurable concentrations of speifidR's coupled to adenylate cyclase.
The characteristics of theBeAR's, identified by binding and competition assagre
those ofp 1-AR andp AR subtypes.  »-AR concentration is significantly higher
thanf ;-AR concentration in CG-5 cell membranes. Neglgitoncentrations f —
AR's were found in MCF-7 breast cancer cells fromcl CG-5 cells are derived.
Although the enhancement of CGegll growth was significantly lower than that
induced by estradiol the presence of functighaAR’s (with the prevalence of tHk-
subtype AR) in tumor cell line suggests tRatadrenergic stimulation and resulting
cAMP production may be responsible for CG-S callifgration.
Medroxyprogesterone acetate (MPA) is one of thetmadely used compounds in
the endocrine therapy of advanced breast canseoimen.

The mechanisms underlying the antitumor activityiéfA are poorly understood.
This steroid presents a high affinity for progester (PgR) as well as for androgen
(AR) and glucocorticoid receptors (GR) in human maary tumors.

The most easily explained effects of MPA are reldteits glucocorticoid-like action.
Suppression of adrenal function by MPA is beliewvedbe caused both by an
inhibitory action at the pituitary level and by et inhibition of steroidogenesis.

In addition to ER and PgR, which are the most wideded markers of differentiated
endocrine functions in breast cancer; AR and GRpagsent in a substantial number
of mammary tumors and established cell lines. TRe7B-1 human breast cancer cell
line is an unusually appropriate system to study divect effect of MPA on cell
growth. ZR-75-1 cells contain functional receptoisr estrogens, androgens
progestins and glucocorticoids. Progestins inhiBR-75- 1 cell proliferation

exclusively in presence of estrogens and in absehicesulin.
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MPA further decreased the growth of ZR-75-1 celisircubated with maximally
inhibitory concentrations of either5 alpha-dihydrotestosterone (DHT) or
dexamethasone (DEX) at about 300-fold higher MPAcentrations with DHT-
treated than with DEX-treated ZR-75- 1 cells, thdemonstrating a highly

predominant androgenic effect. The main action &Avbn ZR-75-1 human breast

cancer cell growth is due to its androgen receptediated inhibitory actian

Summary

In normal and malignant mammary tissues there data supporting a role for
catecholeamines in the control of many cellulaivécts. The presence of functional
B-AR's in human mammary cell lines has been destribdl six breast cell lines
express either GIRK2 or GIRK4 indicating that fuantl GIRK potassium channels
are possible in these cancer cell lines. The degeuntrol of cell proliferation shown in
vitro could eventually open new avenues for adjuvherapies in the treatment of

breast diseases.
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