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Abstract

Background

Breast cancer is the most frequently diagnosed cancer in waméme iUnited States.
Approximately 70% of breast cancers are diagnosed in postmenopaoisedn. Majof
clinical trials and experimental studies showed that aromathg®tors are effective against
postmenopausal breast cancer. Despite their effectiveness inngeduonor recurrence,
aromatase inhibitors have adverse effects on the cardiovascidamsyand increas
osteoporosis and bone fractures. Our study is aimed at investigatimgetioé natural steroigd
hormones on serum cardiovascular and bone resorption markers in arstestiablouse
model mimicking postmenopausal breast cancer.

Methods

Ovariectomized nude mice were transplanted with MCF-7 breaseca&ells constitutively
expressing aromatase. The mice were treated with diffe@mbinations and doses |of
steroids, [estrogen (25 pg, 40 pg, 100 pg), progesterone (6 ng) and test&® ng)] alon
with dehydroepiandrostenedione (100ug). Serum levels of HDL, LDL/VIlifde and totg
cholesterol, total and bone specific alkaline phosphatase andériglys were analyzed after
5, 10 and 15 months.

— Ot

Results

Free cholesterol and LDL/VLDL levels in serum were reducegroups mimicking estrous
cycle and menstrual cycle hormones treatment. HDL cholesteslimcreased in all the




hormone treated groups except the estrous cycle-mimicking group. dpecdic alkaling
phosphatase was decreased in menstrual cycle levels of estrogen anigqogdeatment

Conclusions

All together our results show that use of natural hormones in apg@Eombinations haye
beneficial effects on cardiac and bone toxicity, along witkebé&imor reduction than currgnt
treatments.
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Background

Breast cancer is one of the most common cancers among wontemavé than one million
cases and nearly 600,000 deaths annually worldwide [1]. Breast ¢acidence rates vary
markedly among countries. Breast cancer is the most frequeagyatied cancer in women
in the United States. Due to the high incidence rate along vatialsand cultural
considerations, breast cancer ranks highest among women’s heatttrres. Despite the
advancement of new preventive strategies, the incidence of beeastir has remained the
same since 2005 [2]. Approximately 70% of breast cancers aneodied) in postmenopausal
women [3].

The steroid hormones estrogen and progesterone have long been thoughatmldag the
etiology of breast cancer. Apart from breast cancer growtsethermones also influence
various physiological processes. After the cessation of ovadantibn, a significant
decrease in the ovarian hormones estrogen and progesterone leads dby alayimptoms
known as postmenopausal symptoms. The most common symptoms includehlest thaght
sweats, mood swings, and sleep disturbances. These symptoms/ahegafiuence a
woman’s quality of life. Additionally, estrogens have benefiaalions on bone and lipid
metabolism and cardiovascular function [4-7]. To alleviate postmesapaymptoms,
hormone replacement therapy (HRT) is used as a treatmentrticulga, HRT has been
shown to alleviate vasomotor symptoms, aid in the prevention of osteopamndsisprove
serum lipid profiles [8-11].

Despite positive effects of HRT, some exogenous hormones have beantehacrease the
incidence of breast cancer. The Women’s Health Initiative (W&tlidy, which utilized

conjugated equine estrogen (0.625 mg per day) and medroxyprogesterates (@cgtmg per
day), revealed a 24% increased risk for invasive breast cancemjfi2ho major beneficial
effects against cardiovascular disease, stroke, and thromboembelasedis[13]. These
findings resulted in a 63% reduction of HRT use within 3 months tfeeYWHI publication.

However, recent analyses of the WHI data have shown that estreglesement therapy
alone (without medroxyprogesterone acetate) actually decreasedkhef breast cancer
[12].

Aromatase inhibitors (Als) are widely used for the adjuvantrtreat of postmenopausal
breast cancer, generally prescribed for five years at théusime of surgery, chemotherapy



and/or radiation treatment. Als target the aromatase enzymeh vdaooverts adrenal
androgens to estrogens. After the Arimidex, Tamoxifen, Alone @ambination (ATAC)
trial showed Als are equally effective to tamoxifen, the F&#roved Als as a first-line
endocrine therapy for preventing recurrence of hormone-positive postrosabpaeast
cancer [14-18]. However, several observational and meta-analysatecetieat Als used for
the prevention of postmenopausal breast cancer reduce canceerreeuibut also have
serious side effects on bone and the cardiovascular system. Aésseuese joint pain, hip
fracture, increased osteoporosis risk, and musculoskeletal pain.flleasning and memory
function is also an important adverse effect associated wittredtment that can lead to
dementia at later stages [19,20]. In a large cohort study using &&&& lsancer patients,
approximately 51% of the patients discontinued their adjuvant hormonapiéernncluding
tamoxifen and Als due to the adverse side effects [21]. Therefdsejmperative to find
alternative treatment regimens with fewer unfavorable sigetsffor postmenopausal breast
cancer patients.

From the available literature and published data, it is clearctvagntly used treatments
reduce breast cancer recurrence but also have serious undesilalgfexts that limit their
usefulness. In this study, we aimed to develop hormone treatments that will provides
improved survival rates compared with the drugs used currently,itnguvthe harmful and
undesirable side effects.

Methods

Animals

Female athymic nude mice were obtained from Harlan Laborsitdrigan Diego, CA).
Animals were housed in groups in a pathogen-free environment under conlighiteand
humidity conditions, and received food and waetibitum. The mice were ovariectomized
at 10 weeks of age. One week later, mice received transplantsCét7Mcells stably
transfected with the human aromatase gene. Each experimesigl lgad 15 animals and
when necessary for validation, experiments were repeated. Aleguoes followed the
Animal Care and Use Committee guidelines of Texas Tech Uitiwdtgalth Sciences
Center.

Cell culture and xenograft transplantation

MCF-7 cells stably transfected with the human placental aromatasgJEF-7-ARO) were
cultured in Eagle’s minimum essential media containing 10% fedaine serum and
antibiotics. Subconfluent MCF-7-ARO cells were trypsinized and susgeimdeollagen

matrix solution (85% collagen and 15% neutralizing buffer) to mal@neentration of 3 10

cells/ml. At 11 weeks of age, ovariectomized mice were intadilvith MCF-7-ARO cells.
Each mouse was inoculated with 0.1 ml cell suspension in both flanks {~&lidsite).

Tumor growth was determined by measuring tumor volume using the formuldr4/@here

r, is the minor radius and is the major radius.

Hormone treatments

Ten-week-old mice were ovariectomized and randomly separatel grtmups consisting of
15 animals per group. Mice in all groups were inoculated with MCF-7-AROatells weeks



of age. As shown in Figure 1, the mice were either exposed to hasroongnuously, or in a
treatment mimicking the estrous cycle in the mouse (becauseemeusing a mouse model)
or human (because the implanted tumor tissue was of human orignrgughout the
experiments, ovariectomized animals received 0.1 mg dehydroepindnes(DHEA) daily
via subcutaneous injection, to allow the aromatization process whieblgensible for much
of postmenopausal hormone production and which is attacked by aromatdstormhi
Estrogen (E), progesterone (P), and testosterone (T) weredpackelividual silastic tubes.
Dosages were adjusted such that they would result in 40 or 100 esfiratliol, 6 ng/ml
progesterone, and 50 ng/ml testosterone in circulation. Anastrozole, aatasenmhibitor,
which is used as an adjuvant therapy in postmenopausal breasscarmeadministered via
subcutaneous injections (@@ daily/mouse).

Figure 1 Schematic representation of experimental setugdne hundred and twenty

female, nude mice were ovariectomized at 10 weeks of age. After a week-MF cells

were injected into the flanks (~3xA€ells/site) and the animals were separated into 8 groups
(n = 15). All the animals received 0.1 mg DHEA as daily subcutaneous injection.
Ovariectomized control group animals did not receive any additional treatmegrguil

animals received 60)g anastrozole as subcutaneous injection for 7 weeks, E + P(40/6) group
animals were implanted with E and P pellets that results in 40 pg E and 6 ng of P in
circulation, E + P(100/6) delivers E and P to achieve 100 pg E and 6 ng P in circulation, E +
P + T group animals received T pellets along with E and P pellets to achiewe ser
concentration of E-100 pg, P-6 ng and T-50 ng. Al + E + P group animals receingd 60
anastrozole as subcutaneous injection, for 7 weeks and E and P pellets to releasg E-100 p
and P-6 ng in circulation. Estrous group animals received E pellets releasingf2b jrgy
circulation and additionally they received @4 of E at dayl and 0.5 mg of P at day 3 as a
subcutaneous injection, to mimic estrus cycle. The estrus cycle treatnsergpeated every

5 days, till the end of the experiment. Menstrual group animals were implantefl patlets
releasing 100 pg of E in circulation and 1 mg of P as a subcutaneous injection at day 14
through day 28 and the procedure was repeated every month to mimic human menstrual
cycle. A set of 3 mice per group was terminated at 5, 10 and 15-month time points and
remaining 6 animals were observed until ~30 months. A survival surgery was pertorme
remove tumors if they reach 500 rhin size.

Running wheel experiments

Mice were housed in groups of 3 animals per cage. A running whegblaeed in the cage

of experimental animals to assess voluntary wheel running behaveomaasure of physical
activity. The number of revolutions was monitored using a sensor conrnececbmputer.
Because 3 mice were housed per cage, the average number of rgp&tioheur was
calculated based on the total revolutions per hour divided by the number of mice in the cage.

Morris water maze tests

The Morris water maze was used to measure cognition and thd Egatieng ability of the

animals [22]. Briefly, the water maze was a circular pool (@20in diameter, 40 cm in
height) with water filled to 2 cm and maintained at a tempezatfi0 £ 2C. A plastic square
platform, 14 cm 14 cm, was placed 1 cm below the water level. Eaokemreceived five
training trials (50 seconds each) for 7 consecutive days. Durinfrsh@ days, we used a
visible platform, but we used a hidden platform for all other dayenicgtto escape from the
water maze (the time to find the submerged platform) wasllesda for each trial within the



50-second period. Swimming distance and speed were also analyzed. CEmgugr of mice
that reached the platform in each group was calculated.

Serum lipid and lipoprotein analyses

Animals were euthanized at different time points and serunse@arated from whole blood
collected and used for biochemical analyses. Serum levels alf ¢bblesterol, free
cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (l)Dvery-low-density
lipoprotein (VLDL), and triglycerides were measured using memcially available kits
(Biovision, Milpitas, CA).

Total and bone-specific alkaline phosphatase analgs

Determination of serum alkaline phosphatase (ALP) levels teflee bone health of animals
[23]. ALP enzymatic activity was quantified using a p-nitrophphgkphate (pNPP)
colorimetric assay kit (Biovision, Milpitas, CA). Serum bone-speatfkaline phosphatase
levels were determined using an ELISA kit (Cosmo Bio, Carlsbad, CA).

Statistical analysis

The data are expressed as mean = SEM. The Mann-Whitney &sident’s t test was used
to analyze differences between the groups using the GraphPad Pssftwére package.
Any value that wa® < 0.05 was considered statistically significant.

Results

Effect of the aromatase inhibitor and hormones on mmmary tumor growth

To mimic the postmenopausal breast cancer condition, tumor xenogerftsestablished
using aromatase-overexpressing MCF 7 cells in ovariectomizesl mignor xenografts in
the control ovariectomized mice were relatively fast grovengd reached sizes of 500 rhm
(8 mm diameter) 12 weeks after transplantation (Figure 2aje Meated with anastrozole
showed slower tumor growth during the active phase of treatmemngr{ddsto replicate the
standard 5-year treatment protocol in women), but growth acaslergton cessation. Al-
treated tumors reached 490 rafter 16 weeks. Treatment of the anastrozole group with
continuous E (100 pg/mL) plus P (6 ng/mL) also showed similartsfime the growth of
tumor xenografts (500 mirl6 weeks after tumor transplantation) (Figure 2a). Combination
of E (40 pg/mL) and P (6 ng/mL), along with estrous levels of hormwaatment, did not
markedly influence tumor xenograft growth compared with ovariea®ancontrols (Figure
2a). Ovariectomized control and estrous levels of hormone treagram animals reached
~520 mnt at 13 and 15 weeks respectively, whereas tumor xenografts infg/@Q)- plus

P (6 ng/mL)-treated animals reached sizes of ~550° ram early as 12 weeks after
transplantation (Figure 2a).

Figure 2 Effect of hormones on MCF7-ARO tumor xenograft growth and body weight

in female nude mice. aMice were treated with Al and hormones according to the
experimental setup described in Figure 1 in Methods. Tumor growth was measoeed twi
week and tumor volume was calculated using the formula43where  is the minor

radius andyis the major radius. Tumor growth was rapid in ovariectomized control and mice



received E + P (40/6), whereas E + P + T (100/6/50) and E + P (Menstrual) tresttueed
the tumor growth drasticallyn) Body weight of the animals shows toxicity of the treatment
and general health of the animals. Ovariectomized control and Al treatedaimed weight
constantly throughout the experimental period. E + P (Estrus) and E + P (100/6) group
animals showed least weight gain compared to other groups. All valuegpegssed as
mean and for the clarity of the bar-diagram the error bars (repres&inwere removed.

There was a remarkable reduction in the growth of xenografts maémithat received

testosterone in addition to E and P. Furthermore, animals thavedccyclical menstrual

levels of hormone treatment also had reduced tumor growth. Thesestwaia relatively

slow growing and reached sizes of 380 fnamd 420 mrm 19 weeks after xenograft
transplantation (Figure 2a). Other slow growing tumor xenogvedét® observed in the E
(100 pg/mL) plus P (6 ng/mL) treatment group, with a latency of dgke/ to reach a size of
480 mm (Figure 2a).

Effect of the aromatase inhibitor and hormones on bdy weight

Addition of E (100 pg/mL) plus P (6 ng/mL), along with anastrozodatment, markedly
reduced the body weight gain of mice compared with mice treatdd Al alone
(approximately 16% reduction compared with the Al-treated grouguf&i 2b). This
outcome was considered positive because as for humans, weight gaovaasttomy
results in wide-ranging sequelae in the murine model, with dabgtidromes and resulting
paw and forelimb infection a notable example. Ovariectomized cordrmlsanastrozole-
treated animals exhibited maximum body weight gain of all groupd,there were no
significant differences between these two groups of micau(&igb). Animals that received
estrous levels of E plus P in a cyclic manner had the loweghtgain. The estrous level of
E plus P treatment was effective in reducing the final bodysrgs31% compared with
ovariectomized control animals (Figure 2b). Ovariectomized iméaged with a combination
of E, P, and T had significantly reduced body weights compared witieot@anized control
mice (Figure 2b). Overall, all hormone treatments reduced thghtvgain and final body
weight of animals compared with ovariectomized controls and anastrozoleHmdate

Effect of the aromatase inhibitor and hormones onunning wheel
performance

Because physical activity reflects general health and wsllnes also observed the physical
activity of the animals. Running wheel revolutions per hour were monitorediadieator of
physical activity. Al-treated mice had reduced numbers of wdeols per hour on the
running wheel compared with ovariectomized control mice indicating Ahareatment
induces a comparatively sedentary life style. Supplementation+ofPEwith Al treatment
increased the running wheel performance of mice to control ovariectomvatsld¢ 5 and 10
months (Figure 3a, see Additional file 1: Figure Sla). Aninralatéd with E (40 pg/mL)
plus P (6 ng/mL), E (100 pg/mL) plus P (6 ng/mL), and E plus P Pplssgnificantly
increased running wheel activity compared with control ovarieaeinimice (Figure 3a).
Cyclic treatment with hormones representing estrous and mdnsyelas also improved
running wheel performance compared with ovariectomized mice aftend 10 months
(Figure 3a, see Additional file 1: Figure S1). At the 15-moinrtie tpoint, all groups of
animals showed similar performance on the running wheel, but valigtet increase in the
steady state level of the hormone treatment groups (See Additional figufe 51b).



Figure 3 Effect of hormones on physical activity and cognitive skills. ayoluntary

running wheel performance shows the physical activity and desire to pexeraise.
Revolutions per hour reflect the average physical activity of the animatisegament

showed reduced voluntary physical activity whereas E + P + T treatmergghow
significantly increased desire towards physical activity. E + P (100/6} EEstrus) and E +

P (Menstrual) groups also showed significantly improved physical actvityared to Al
treated groupb) Cognitive function or spatial learning memory of the mice was tested using
Morris water maze. All group mice showed similar cognitive ability dumtial training.

After training, mice in Al treatment group showed least improvement and EF dgtaup

mice showed better cognitive function than other groups. Since, all 5, 10 and 15-month time
points showed similar trend, 10-month time point was taken as a representafivé\les
values are expressed as Mean = SD an@®5 was considered statistically significant. * -
represents significant difference between Al treatment and other hormatmeeings, # -
represents significant difference between ovariectomized control ancafhgmet.

Water maze

To access spatial learning ability, we used water maze imgu@s. Initially, all animals
showed comparatively equal cognitive behavior with 8 to 16% of animealkshing the
platform (Figure 3b). After the trials, mice treated withshbwed the least improvement in
spatial learning memory because only 34% of animals succeededdhning the platform
whereas 54% of ovariectomized controls reached the platformré=8ip). This finding may
indicate that Al reduces cognition and spatial learning abilippmentation with E plus P
and Al improved cognition and spatial learning ability to 54% dfials, which showed a
positive effective of E and P treatment (Figure 3b). The mosttefé hormone treatment
combination was E plus P plus T in steady state and cyclic horinestenent mimicking
estrous cycles, which showed ~80% improvement in the learning merhomnice (Figure
3b). Further, approximately 70% of animals reached the platform i& {48 pg/mL) plus P
(6 ng/mL), E (100 pg/mL) plus P (6 ng/mL), and menstrual levelooahone-treated groups
(Figure 3Db).

Serum lipids and lipoproteins

Serum lipid and lipoprotein levels were measured to evaluate e eff Al and hormone
treatments on the cardiovascular health of mice. After 5 and 10 maetiusn triglyceride
levels were decreased in the Al treatment group comparedivatbvariectomized control
group. Significant increases in triglyceride levels were ofesem E (40 pg/mL) plus P (6
ng/mL), E (100 pg/mL) plus P (6 ng/mL), and the estrous and mensiyal@ levels of
hormone treatment groups compared with ovariectomized controls (HMgjreAfter 15
months of hormone exposure, the elevated triglyceride levels rdtumehe levels in
ovariectomized controls in E (40 pg/mL) plus P (6 ng/mL), E (100 ppfhis P (6 ng/mL),
and estrous and menstrual cycle levels of hormone treatment d®epadditional file 2:
Figure S2b). The E plus P plus T combination treatment showed nieddéein triglyceride
levels at the 5-, 10-, or 15-month time point (Figure 4a, see Addltfile 2: Figure S2a,b).
Estimation of free and VLDL/LDL cholesterol levels in serumaeaded that Al treatment
remarkably increased the levels of these lipids, whereas thigoadofi E plus P along with
Al significantly reduced free cholesterol and VLDL/LDL lesetompared with the Al-
treated group (Figure 4b,c). The same trend was observed afterabd105 months (Figure
4b,c & see Additional file 3: Figure S3 a-d). The highest reductiamolesterol levels (both
free and VLDL/LDL) was observed in E plus P plus T treatmeotgr Both menstrual and



estrous levels had similar effects on reducing the free and \thalesterol in circulation
(Figure 4c & see Additional file 3: Figure S3 c,d). HDL, the “godublesterol”, was
significantly reduced in Al-treated animals after 15 months, atoig an increased risk for
cardiovascular diseases (See Additional file 4: Figure S4 b). @atdn of Al and E plus P
treatment returns the levels of HDL to ovariectomized congwkls (Figure 4d & see
Additional file 4: Figure S4 a). Treatment with E plus P plusndreased serum HDL
cholesterol levels compared with ovariectomized controls and coulffdative in reducing
the risk of cardiovascular diseases (Figure 4d & see AdditideadlfiFigure S4 a,b). Both
the cyclic levels of hormone treatments increased HDL chotésteompared with
ovariectomized levels after 5 months (See Additional file 4: Eigbd a). These effects
improved and were significant at the 10- and 15-month analyses (Bid@&e\dditional file
4: Figure S4 a,b).

Figure 4 Effect of hormones on serum lipid and lipoprotein levels. ajotal serum
triglyceride content was significantly increased in E + P (40/6), E + P (1@}

(Menstrual) and E + P (Estrus) groupsFree cholesterol levels were increased significantly
in mice treated with Al compared to ovariectomized control animals. E + P +tihéma
showed highly significant reduction compared to ovariectomized control and Anhéneiat
Other hormone treatments lowered the free serum cholesterol signyfiexaépt Al + E +

P.c) VLDL/LDL cholesterol levels were significantly increased in Al treant whereas, the
combination of various hormone treatments reduced the VLDL/LDL level sigmifycal)
Serum HDL cholesterol levels were increased significantly in all hornrmeatetl groups
compared to Al treatment. Since, all 5, 10 and 15-month time points showed similar trend,
10-month time point was taken as a representative result. All values are ed@eddean +
SD and < 0.05 was considered statistically significant. * - represents signifitéietence
between Al treatment and other hormone treatments, # - represents signifieaemnck
between ovariectomized control and Al treatment.

Serum bone formation markers

Analyses of total ALP levels revealed that there was no matitislence in the activity of
total ALP in all groups at each time point (Figure 5a & sddi#tonal file 5: Figure S5 a,b).
Bone-specific ALP activity assays showed a significant realudn activity in the Al-treated
mice (Figure 5b). Because bone-specific ALP is considered a nfark@one formation, our
results indicate that Al treatment negatively influences bonadtion. The combination of
hormones plus Al treatment significantly increased the actioitybone-specific ALP
compared with the Al-treated group (Figure 5b & see AdditionalsfilEigure S5 c¢,d). The
steady state [E (40 pg/mL) plus P (6 ng/mL), E (100 pg/mL) pl(&my/mL), and E plus P
plus T] and cyclic (estrous and menstrual) hormone treatments shoeredsed bone-
specific ALP activity in serum compared with ovariectomized asitrA similar trend was
observed at the 5-, 10-, and 15-month time points (Figure 5b & see Additiera Figure
S5 ¢,d).

Figure 5 Effect of hormones on total and bone specific alkaline phosphatase (ALP). a

There was no significant change in the level of total ALP was observed at 1@srtiore

point.b) Bone specific ALP levels were increased significantly in combination of hormone
treatments. Al treatment reduced the bone specific ALP levels in the seawing reduced

bone formation process. Since, all 5, 10 and 15-month time points showed similar trend, 10-
month time point was taken as a representative result. All values are expeebtshat SD

and p< 0.05 was considered statistically significant. * - represents significdetafite



between Al treatment and other hormone treatments, # - represents signiffeasmci
between ovariectomized control and Al treatment.

Discussion

Anti-estrogen therapies are currently the standard treatroerdgstrogen receptor-positive
breast cancer recurrence. However, Als are known to reducarboerl density, increasing
risk of osteoporosis, and their side effect profile leads to a high discontinuaéqaXht

The current study was performed to investigate hormonal therapegtmens that inhibit
breast tumor growth without negative effects on cardiovascular and toomation
processes. The ultimate goal of the study was to develop a postmsaop@rmone
treatment regimen that blocks the growth of breast cancer aiiil@ncing overall health and
quality of life.

The use of hormone replacement therapy for postmenopausal symptobeehdbke subject
of debate for the past two decades. Studies over that timedwaaded a risk-benefit profile
that varies by type of hormone, time since menopause, and oganisy question [24]. In
addition, the dose, duration, and mode of administration of hormones are imhjeactars in
determining the efficiency and beneficial function of a palér treatment [25,26]. However,
current standard of practice considers hormones of any type absclomg¢tgindicated after
hormone-receptor-positive breast cancer, with the assumption beinfotimaones “throw
fuel on the fire” of cancer. This assumption makes intuitiveesesiace current treatment is
to block remaining estrogens with aromatase inhibitors, the exact opposite.

Yet hormones have myriad effects throughout the body, effects wtiiabnce survival and

guality of life as much as breast cancer recurrence doesow. We explored a radical
hypothesis: Could an optimal choice of hormones lead to improvedvaufactors and

quality of life enough to outweigh any negative effect on tumor recurrence?

In our experiments, we used steroids in their bioidentical forrthese hormones have been
shown to possess a more positive risk-benefit profile than synti@ticones which have
been molecularly altered for patentability or oral bioavaiighjR7-30]. The first question
we sought to address was influence on overall health of an otomabne regimen. In the
landmark Women'’s Health Initiative study, a negative risk-bepediie was seen with oral
equine estrogens and oral synthetic medroxyprogesterone acetataP(®), a drug
combination based on an estrogen formulation first approved in 1942 acid e@mtinues to
dominate the market in English-speaking countries. We thereforee obstsadiol and
progesterone delivered non-orally, as is commonly used in southern Hupedries and
increasingly in English-speaking countries as well, based ortaenstve literature indicating
more favorable global risk-benefit profile [31].Our results shioat the right combination of
hormone treatments is essential to achieving the desired effgrostmenopausal symptoms
and the risks associated with osteoporosis and cardiovascular iS¥&5e E plus P plus T
treatment was associated with increased cognition, physitbaityy and cardiovascular and
bone health in the mouse model, and demonstrates the potential sigeifafahnormone
treatment in postmenopausal women. Testosterone is critical tophgsical activity and
mental health. Testosterone has been shown to be beneficial to veduitiction and
memory. It also functions like vasodilator and enhances endothefiatidns to improve
cardiac health [32,33]. In our study we found that addition of testostexlmmg with



estradiol and progesterone improves the cognitive function, physidaityaeind cardiac

health. In agreement with our study, testosterone therapy hadedsoshown to reduce
breast cancer incidence in postmenopausal women and breast tumibrigranimal models
[34-37].

Because estrogen-blocking aromatase inhibitors are the currenamdjtreatment after
hormone-sensitive breast cancer, common sense would lead to timep@ss that any
treatment containing estrogen itself would lead to opposite, higtggtive impact on tumor
growth. However, this turned out not to be the case. As was thefarageneral health
markers, maximal reduction in tumor growth was achieved by E phlasPT treatment. In
only one group, the lowest-dose E plus P group, did addition of estrogéhinetumor
volumes slightly worse than control. Our results thus did not confiarthrowing fuel on
the fire” conception prevalent among clinicians.

Furthermore, the antitumor effect of Al treatment, though notabhkn compared to control,
did not excel when compared to hormone treatment. Treatment witadAihtial antitumor
activity, consistent with the results of preclinical studiedilez to the approval of Als.
However, three of five hormone treatment regimens provided sisulgpression of tumor
volume to the Al regimen. And with cessation of the Al treatmerisph(chosen to be
equivalent to the current clinical standard of care, 5 years)anhiumor effect of Als
diminished, leading to a steepened rise in tumor volume, while theeffiestive hormone
regimens, including E plus P plus T, continued to more effectively suppress tumor volume.

A frequent criticism of studies in a mouse model is that thay hmave limited utility in
predicting eventual clinical outcomes. Anticipating this objectiondesigned our study to
exactly mimic conditions such as dose and length of treatmentrupeglapproval studies of
anastrozole (Arimidex®), a leading aromatase inhibitor curreotlythe market. These
murine-model results were seen to accurately predict outctatesseen in large clinical
trials such as the ATAC (Arimidex, Tamoxifen, Alone or in Comborgttrial and were part
of the basis for approval of anastrozole [38,39].

Although an E plus P plus T regimen performed better in our ghaty Als (the current
standard of care) on measures of both tumor growth and general loeadficlerable
momentum, as well as market forces, works against a reversaaiment practice from
hormone inhibitors to hormones. We therefore sought to determine whettion of
optimal hormones could improve quality of life and general health indscatbhen added
to—instead of substituting for—Al treatment, without worsening tumor congs. Our
results indicated the viability of this approach. When added to Als, estradiol ayebigmone
significantly improved the general health of the animals as meshdwyr cardiac and bone
health markers (although positive impact of hormones on cardiac and bdimerhagkers
was not as marked when added to Als as when used alone), without pgbretst tumor
growth. We discuss possible explanations for this seeming paradox—improved beakha
but lack of tumor stimulation— below.

Aromatase classically converts C19 steroids (androgens) to @b#dst(estrogens) with the
addition of a hydroxyl group. Because it has a wide range of steébspacificity, it accepts
DHEA as a substrate and converts it to estrogens [40,41]. Estrelieh, is predominantly
produced in postmenopausal women by the aromatization of DHEA, gelgddictivates
ERa [42,43]. Aromatase has high expression in breast tumor cells asdrtbanding stroma



in postmenopausal women [44,45]. Als inhibit aromatase and reduce the tmnmwErs
androgens to estrogens in postmenopausal breast cancer patients.

However, this inhibition is not reliably effective long-term beeausany patients develop
resistance to Al treatment [46-48]. Furthermore, inhibiting aroseaita tissues outside the
breast is associated with a variety of negative sequelaéis,jbone, and other tissues [49-
53]. Our data indicate that an optimal dose of estradiol and progestean overcome
effects on bone, cardiovascular, and cognitive health. Furthermoreadtigion of
testosterone along with estradiol and progesterone enhances the berfffatal e

Large observational studies suggest estrogens have a cardiopeotftect [13,54,55].
Abnormal serum lipid levels have been associated with an increakddrr CVDs [13,54].
Low HDL and high LDL levels in serum are mainly attributed taremeased risk of CVDs.
Several clinical and experimental studies indicate that estriadatment is beneficial to the
heart by reducing LDL levels and increasing HDL levelsimuation [56-58]. Based on
epidemiological studies, CVDs are prevalent in postmenopausal women,serum
concentrations of estrogen are inversely associated with CVD68$kHstrogen replacement
therapy initiated within 5 years after menopause has a behefifect on cardiovascular risk
factors, but not if the therapy is begun later [60]. Natural boeml7-b estradiol was more
effective in reducing CVD risk factors than conjugated equine gty and it is also
affected by an oral or transdermal route of delivery [61]. Takih@fathese factors into
account, the cellular mechanism of estradiol-induced cardioprotectivolvés the
contribution of several factors including time of administration, typfe hormone
administered, and mode of administration. Our data demonstrate thatisicahon of
hormones immediately after ovariectomy results in improved catdiatth, in agreement
with data from clinical studies.

The role of progesterone versus synthetic progestins in carditaakealth is the subject of
much debate. The WHI study demonstrated increased atherosclerosishepoise of
synthetic progestins [13,62,63]. In a long-term randomized study thegsssctand compared
the effects of synthetic progestins and progesterone on serum bpiutbhetic progestins
negatively influenced the beneficial effect of estrogensoimering serum HDL levels [55].
Progesterone, in contrast, has been shown to support the cardioproteaiive @cestrogen
in several other studies [64-70]. Our results indicate that estragg progesterone improve
the serum lipid profile and reduce the risk of CVDs in a postmenoplaresadt cancer mouse
model.

Osteoporosis is a major concern in postmenopausal women. Severesd stanke shown that
estradiol increases bone formation and prevents osteoporosis [71,72rI8jrdépletion of

estrogen resulted in osteoporosis, supporting the notion that estrogempantant for bone
formation [73,74]. Clinical studies have indicated that progestereagrent helps maintain
bone mass [75-77]. Progesterone supports bone formation by preventing dicocimtor
induced bone loss [54]. Several animal and human studies have demonstigeéstepsae’s

positive effect on bone formation as well as inhibition of bone resorp@6-78]. Studies
evaluating estrogen and progesterone supplementation suggest restnog@rogesterone
have distinct but complementary roles in bone maintenance [75-77,79]. Thoraddit
testosterone positively influences bone mass by preventing udalgrym loss. Our findings
demonstrate that the addition of hormones along with Al treatmdnenisficial for bone

health in postmenopausal women.



Our data on physical activity, cognition, and spatial learningrlgledemonstrate the
importance of hormones in addition to Als for breast cancer tessitmCyclical
administration of hormones appears to have a slightly bettert @#esus administration of
steady levels of hormones. It is interesting that the additidasbdsterone has a significant
positive impact on all aspects that were studied in this investigation.

Conclusions

In summary, our results indicate that the use of appropriate conaimati natural hormones
along with, or instead of, classical breast cancer treatmentdeneficial against
postmenopausal symptoms and improves cardiac and osteoporotic healtmousigemodel.
The natural hormone combinations tested in this study provide evidenca bmtter
alternative to standard aromatase inhibitor treatment following breastraarveomen.
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Additional_file_1 as JPEG

Additional file 1: Figure S1 Effect of hormones on physical activity. Running wheel
performances of mice at 5 and 15-month time points. All values are expressecas $M2a
and p< 0.05 was considered statistically significant. * - represents significdetafite
between Al treatment and other hormone treatments, # - represents signifieaenck
between ovariectomized control and Al treatment.

Additional _file_2 as JPEG
Additional file 2: Figure S2 Effect of hormone treatments on serum triglycerides. Serum



triglycerides levels at 5-month time point showed similar trends compafésimonth time
point. At 18" month the level of triglycerides were similar in all the groups. All values ar
expressed as Mean = SD and 0.05 was considered statistically significant. * - represents
significant difference between Al treatment and other hormone treattenepresents
significant difference between ovariectomized control and Al treatment.

Additional_file_3 as JPEG

Additional file 3: Figure S3 Effect of hormone treatments on serum free cholesterol and
VLDL/LDL cholesterol. The level of free cholesterol was reduced in the E10®6), E + P
+ T, E + P (Menstrual) and E + P (Estrus) groups in both 5 and 15 month time points. * -
represents significant difference between Al treatment and other hormatmeetings, # -
represents significant difference between ovariectomized control ancafhgmet.

Additional_file_4 as JPEG

Additional file 4: Figure S4 Effect of hormone treatments on serum HDL cholesterol. The
level of free cholesterol was reduced in the Al treatment but increased ifhothene
treatments in both 5 and 15-month time points. * - represents significant diffeetneeb

Al treatment and other hormone treatments, # - represents significargrtéebetween
ovariectomized control and Al treatment.

Additional_file_5 as JPEG

Additional file 5: Figure S5 Effect of hormones on total and bone specific ALP. Levels of
ALP in all the groups were similar in all the time points. Bone specific Ai&ldevere
increased in all the hormone treated groups. * - represents significant diffeetnezn Al
treatment and other hormone treatments, # - represents significant diffieetween
ovariectomized control and Al treatment.
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