Aus der Klinik und Poliklinik fir Frauenheilkunde und Geburtshilfe
Klinik der Ludwig-Maximilians-Universitat Minchen

Vorstand: Prof. Dr. med. Sven Mahner

Influence of the phytoestrogens of Sambuccus nigra and Petroselinum
crispum on the proliferation and receptor ex pression in breast cancer

cell lines

Dissertation
zum Erwerb des Doktorgrades der Humanmedizin
an der Medizinischen Fakultat

der Ludwig -Maximilians -Universitdt Minchen

vorgelegt von

Dr. med. univ.Lennard Schroder

aus
Minchen

2021



Mit Genehmigung der Medizinischen Fakultat

der Ludwig -Maximilians -Universitat Minchen

Berichterstatter:

Mitberichterstatter:

Dekan:

Tag der mindlichen Prifung:

Prof. Dr. rer. natUdo Jeschke

Prof. Dr. Christian Schindlbeck

Prof. Dr. med. dentReinhard Hickel

04.03.2021



Fur den Freistaat Bayern



1. INTRODUCTION.....cottiiiiiiiiiiiiisttimmmem s smmmmms s e e e e s e e s s e as s e e st smmmms s ssassssanrranes S...

1.1.  Epidemiology Breast CANCEL .........cccceiiiiiiiiiiceeermree e e eee e e e e e e s s s s s vmmmemrseeseeeeeaaaeeessssammme 5

1.2.  Breast CanCer trEAMENT ..........coiiiiiiiiiiiiiiimmmmee e e e e e e e e s e e e e e e e e e e e s smmmmm e 5

00 R = 1Y/ (0TS 1 £ o T 1S EURPRR Y AP
1.3.1. Definition, Sources, Chemical Structure, HiStOLY........ccoooviieiiii e L.

1.3.2. Phytoestrogen MetaboliSm..........ccoeiiiiii i i eemmmmmme s e e e e e e s smmmmmned O

1.3.3. Mechanism of action of Phytoestrogens.................vvvvicceeeeemeeiiivvvvveevizssmmmem . L1

1.4.  Overview on Results and AChieVEMENLS .........cccooviiiiiiiiimeme e 14
1.5. Contribution to Publications Included in this ThesisS  ........cccocoiiiiiiiii e, 15
2. PUBLICATIONS INCLUDED IN THIS THESIS......cccoiiiiiiiieiiiemeeee e 16
P20 R U o o= To o PP PU PP, 16
2.2. PUDBIICALION 2 ... et smmmmm e e et e 26
3. SUMMARY. .ttt emeeet ettt e e st emmme ettt e e e ettt e e emmmnna e e e e e e nnbe e e e e e annes 43.
4., ZUSSAMENFASSUNG......cotiiiiiiiiiiimmeemrieee et eeeme e emmnnm e B
5. ACKNOWLEDGEMENTS......oitiiiiiiiie e simmeem et emmmmma e e 45
6. EIDESSTATTLICHE VERSICHERUNG..........cuviiiiiiimeeene e AD
7. Bibliograpiy ..o eeeesr e e e e DL
8. ADDIEVIALIONS ....oiiiiiiiiiii ettt emmmme et et 53



1. INTRODUCTION

Nature does amazing thin@8 7A AOA xEAO xA AAOG8 )1 OEA
phytoestrogens on the estrogen receptor (ER) and other cellular pathways will be
explained. The two attached papers outline the effects of two phytoestrogen containing
plants, sambucus nigra (eldr flower) and petrosilium crispum (parsley root) on breast

cancer cell lines.

1.1. Epidemiology Breast Cancer

Until today breast cancer remains the most abundant cancer invomen. 2.1 million
Women are confronted with the diagnosidreast cancerevery year and it is responsible
for the greatestcancer mortality in women. 627,000 women succumbed due tbreast
cancer in D17 z representing more than15% of allwomen dying of cancer worldwide,
Although traditionally breast cancer rates weréigher in developed regionsof the world,

today breast cancelincidence isalsoincreasingrapidly in developedcountries?.

Neverthelessduring the last three decades breast cancer therapy has evolved rapidly, i
remains an incurable disease once metastasis are diagnosédostwomen will only live
two to three years with the disease (median overall survival) and after five years of

metastatic breast cancewonly 25% of the women affected remain alives.

1.2. Breast cancer treatment

The basic therapeutic options of early breast cancer usually involve standardized
algorithms including surgery, radiation therapy, chemotherag and endocrine therapy in
hormone receptor positive breast cancer and the use of antibody therapy in Her2 positive

breast cancef.
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Once hormone receptor positive metastatic breast cancer has been diagnosed systemic
therapy with extended endocrine therapy including CDK4/6 inhibitors and aromatase
inhibitors are first line therapy in patients that are not affected by visceral crisis In Her2
positive metastatic breast cancer chemotherapy with paclitaxel and the application of the
antibodies trastuzumab and rtuzumab is the first line treatment of choicé. In any type

of breast cancer patiens presenting with visceral crisis, usually chenotherapy is the

preferred therapeutic option4.

Endocrine resistance and resince to chemotherapeutic drugsare one of the greates
problems in the treatment of breast cancet. The majority of breast cancer is ER positive
The already mentioned CDK4/6 inhibitors are a new class of drugs that intervene in the
cellular process of endocrine resistanc&. The ERplays a central role as a ligand-
dependent transcription factor for the expression ofgenesthat lead to key mechanisms
associated with carcinogenesis likeumor growth, cellular proliferation and survival®.
Therefore one of themain targets of endocrine therapy is estrogemeceptor interaction
and modulation by means of selective receptor interactioror by depriving the tumor of
estrogento. Althougheffectivetherapies for hormone receptor positivebreast cancer have
been developedsuch as Tamoxifen and aromate inhibitors, approximately 30-50% of
breast cancer patients will present with progressive diseasén the course of treatment

due to the cancers ability to adapt and mutate thus developing resistance pathways

Breast cancer pathogenesis is complex and besides a substantial genetic burden mostly
related to BRCA mutations andactors like age of menarche and menopause, lifestyle
factors such as age at first child, parity, breast feedingpntraception, nutrition, obesity,
nicotine and alcohol consumption also play major roleg3. Therefore the question to
which extend phytoestrogens influence the pathogenesis of breast cancer or tbeurse of
breast cancer is of great interest4. Because of the preventive properties of
phytoestrogens that haveemerged from epidemiological evidence and from clinical
research, where substance safety and therapeutidfects were observedin this work the
effects of two phytoestrogen containing plants, sambucus nigra (elder flower) and

petrosilium crispum (parsley root) on breast cancer cell lines will be assessed.



1.3. Phytoestrogens:

1.3.1. Definition, SourcesChemical Structire, History

To withstand environmental stressors, evolution drove some plants to produce
secondary metabolites with antioxidant, antifungal and antibiotic properties belonging to
the large family of polyphenols5. Phytoestrogens are a group gbolyphenolsproduced by
plants that functionally and structurally demonstrate certain similarities with p X-r
estradiol and thereforeinteract asagonists or antagonists with the estrogen receptor and
estrogen receptor independent pathway%17. All phytoestrogens containone or more
aromatic rings with at least one hydoxyl group. Hydroxyl groups may be free, but usually

they are engaged in another functiorwith an ester, ether or a glycosidés.

Phytoestrogensare found at a wide great varietyin whole grains, vegetablesand fruits

and are a natural component of human dié®. Neverthelessthe affinity of phytoestrogens

to interact with the estrogen receptoris lox AT [ B A OA A-estrafli®,Ehe vy 1
substances compete fothe receptor binding domairt9. Phytoestrogens can only enter

human metabolism by ingestion and cannot be synthesized by the endoe systen¥l.

4EA TAI A OPEUOI AGOOI C Atedkwdidphyto (phitt)iaddEht WoRIET T 1 /&

estrus (sexual desire) and gene (to generatéys3.

Natural polyphenolic compounds that are classified as phytoestrogens are the
coumestans, the stilbenes, the isoflavones and thignans?4. Coumestansan be foundin
soybean sprouts alfalfa and clover whereas resveratrol is the stilbene present in grape
and red winel®. |soflavonesfrom flavus (yellow in Latin), are mostly found in legumes
such as soybean, kalachanna, mung bean, red lentésid red clover. On the one hansby
and its phytoestrogen compounds genisteinrad daidzein represent the most important
isoflavones often found in Adan diets, on the other handignans which are components
of plant cell wallsare often found in traditional occidental dietssuch asgrains, fiber-rich
cereals such as flaxseed, seaweedhole grains, oil seeds, fruits, and vegetables26,
Secoisolariciresinol and matairesinolare the most abundant andmportant lignans in
human diet?’. It was demonstrated in dinical studies that enterolignans exposure at high

concentrations reducesthe risk of developingbreast cancerby 16%728. Furthermore other
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studies associateda significant reduction of breast cancer mortality with elevated

enterolactonelevelsin the blood ofpostmenopausal womef930,

Phytoestrogens first made headlines in Western Australia when sheep feedingh o
subterranean clover leaves demonstrated decreased fertility rates and an elevated
number of miscarriages and malformation8d!32, As a result of the studies listed, the
hypothesis has been made, that plants use phytoestrogens to protect themselves from
herbivore animals by controlling female fertility thus preventing overpopulation and

overgrazing?2.

In the last fifty years phytoestrogens research has expanded rapidly because evidence of
epidemiological studies suggest that phytoestrogen rich dietsatise beneficial health
effects. Associated data reports positive effects such amprovement in metabolic
features like a lowered risk of obesity, metabolic syndrome type 2 diabetes and
effectively cardiovascular diseaseMoreover phytoestrogen drugs astreatment options
for common menopausal symptoms lile osteoporosisand hot flushes are available and
other data suggestanimprovement in a variety ofbrain function disorders and a positive

influence onvarious cancers such abowel cancer, prostate cancerand breast cancep334,

After the publication of the first results of thex T | A Thealéh initiative study, where
alarming side effects of hormonal replaement therapy where publishedin 2002 many
physicians ceasedto prescribe and women individually stopped their hormonal
replacement therapy3>. Due to this the already existingrend towards plant derived
therapeutic options emerged increasinglyand the demand for phytoestrogens as a save

therapeutic alternative for climacteric symptomsbecame apparents.

Besides the efficacy in hormonal replacement therapy,p&emiological observations

demonstrated chemo preventiveproperties of soy ingestionj O* ADAT AOA o@rEAT T 1 A

breast cancer prevalence as women originating from Asian countries, where soy is a

regular part of the diet, have athree to five times lower risk of developing breast cancer

than European or Americanwomen, not consumingsoy productson a regular basig714.

Interestingly, in the offspring of female Asian immigrants in the second or third
8



generationwho migrated to occidentalcountries, breast cancer prevalenceesembles te
prevalence of women living in occidental countries, emphasizing the importance of
lifestyle factors associated with breast cancegenesis!4. SomeAsian dietslead toa high
isoflavone consumption ofconcentrations around 47 mg/day compared with 0.171.2
mg/day in Western diets. Vegetarian diet or dietary soy supplements canelevate soy
blood levels to the concentrations of the Asian diets mentioned above83d404l,
Interestingly and often underestimated soy is found besides soy milk and soy compounds
such as tempeh ad tofu in a broad variety of processed foods (up to 60 %). Soy textured
protein, were the soy piotein percentage is as high ag0 %, can be found in fast foods
meats such as burger patties, hot dog sausage meat andetimeat compounds such as
chicken nugget$®. Isolated soy protein, where thesoy protein percentage is up t®0% is
usedin many different processed foods ranging frommitation dairy products such as

infant formula, cheeseandice creamto sports drinks, granola bars andcereals>.

The general perception of sp being healthy and a rewardegopular food additive is not
only due to the phytoestrogen contentbut also becauseof attractive appealing features
such as beingrich in complex carbohydrates free of lactose and unsaturated fats
Furthermore it is a cholesteroHree, vegetable proteinwith a relatively high fiber
content?5, Due to this h the United States school breakfast and lunch programs include

textured soy protein as a part of federal assistance prograr?fg2.

After the US Food and Drug Administration (FDA) appwal in 1999,which statedthat the
risk of coronary artery diseasecan be effectively reduced bydaily soy consumption?3,
prevalence of soy productsand consumption increased tremendousl$f. The soyproduct
sales data clearly reflects the soy boom in the USi;the time between2000 and 2007,
up to 2700 new products containing soy were put on the marketesulting in a boost in
salesfrom $300 million in 1992 up to $4 billion in 200825. Nowadays, soy compounds and
other phytoestrogens containing food compounds can be purchased asdietary
supplements with substrate concentrationsexcessively highethan presentin traditional
soy and soybased foods$425. To sum up, these marketing and sales data clearly

demonstrate that phytoestrogen consumptionis increasing tremendously. Therefore



experimental and clinical dataevaluating the effect of plytoestrogenshas to be critically

analyzed to determinedefinite positive and negative health effects at a broad spectrith

1.3.2. Phytoestrogen Metabolism

A common problem with phytoestrogens is that in order to dgieve high serum
concentrations of the substrates proportional high quantities of the referred
phytoestrogen have to be ingestedi. After ingestion of foods phytoestrogens are not
ready to enter the blood in theirbioavailable chemical structurebecause they are bound
to metabolically passive glycoside conjugates cosisting of carbohydrate or glucose
moieties?>. Thusin order to be activatedthey require digestion in the form of enzymatic
conversion by a group of enzymes called the glucosidasesThese enzymes break the
phytoestrogen down to their respective glycon leading toefficient absorption*>. Some
phytoestrogens also depend onhe intestinal bacterial flora for further metabolism, as it
is the case with the lignans secoisolariciresinol and matairesin@P. Once ingested, the
metabolic inactive secoisolariciresinol and matairesinol are being metabdized by
intestinal aerobe and anerobe bacteriainto the bioavailable metabolic active

enterolignans enterodiol and enterolactoné930,

Genistein and daidzeinare another interesting exampledemonstrating the complexity of

phytoestrogen metabolism. They are metabolizedto the three substrates equolandto O

desmethylangolensin O-DMA) and/or p-ethyl phenol, depending on the individual
intestinal floras39. Only 30%o0f the western population and ®% of the asian population

possess gut microbiota that can metabolize daidze into the isoflavan equol and
approximately 80%-90% 0-DMA3846, Therefore, it becomes clear that it is not only
AAPAT AAT O 11 AT, bl higobo® Ehd DtastirtalGlorahtg Aifich extend
phytoestrogens are being absorbet§.

After enzymatic conversion and in some casdsacterial metabolism the phytoestrogens
are absorbedfrom the intestine and then in the hepatic circulation conjugated for the

most part to glucuronic acid and for the lesser part to sulphuric acid 4745. After
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conjugation, the conjugated phytoestrogens & de-conjugated prior to excretiort8, The
amount of phytoestrogen onsumption correlates with urinary excretion47. The actual
bioavailable active unconjugated phytoestrogen is usually found in proportional very low
levels of less than 3 % of the amount ingestédl Detectable concentrationsre usually in
the ng/ml range and sometimeseven lower*. In most in vitro studies using cancer cél
lines the concentrations demonstrating effectiveness are much higher than the

concentrations that can be physiologically achieved in humap#?,

Properly indicated therapeutic implications remain scarce although as already mentioned

a large body of data in the preclinical and clinical setting exist.

1.3.3. Mechanism of actiomand inin vitro data of phytoestrogens

Phytoestrogens are able to interact within cellular processes in differdnwvays'4. Evidence
exists, represented by a large body of researcthat besides ER interaction a wide variety

of cellular pathways and mechanisms such as angiogenesis,|cgfnaling pathways,
mitochondrial metabolism, oxidative reactive stress, antioxidant properties, regulation of
autophagia, apoptosis, cell cycle alternation and epigenetic changes are influenced by
phytoestrogens214, The most studied effect of phytoestrogenss ER interactiori4. When
activatedby aligandERy AT A %DA AT 1T O Rdiva@dtrAnsdritiqnAdctdrs
that translocate from the cytoplasm into the nucleus of the cell where they attach to
estrogen response elements (ERE) at theromoter regions of the referred genecausing

specific DNAtranscription and mir-RNAs leading to cellular modification and actio¥#>*.

Phytoestrogens have an increased affinity for ER  OE AT-1 5#8.%2 %2AET AET C A &/
EO AT 1T OEAAOAA Al EI Pl OOAT O AElhlb@lasiciedd EUOT A
with anti-proliferative and anti-carcinogenic effects, while ER signaling is related to

carcinogenesig®’. As thel OO 1 igas$6dated with aggressive breast cancérh %2
has been considered astmor suppressorgeneA T T O OT | -indude@prakferationss.
In a study, the phytoestrogencA1 UAT OET ODPOACOI A Gady dilekepnth OE OC

effectsin downstream cellular signaling pathways like the stimulation of p38 MAPK and
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oppression of the serine/threonine kinase (Akt) the poly(ADP-ribose) polymerase 1
(PARR1) division to induce apoptosisand theinactivation of insulin-like growth factor 1
receptor (IGF1R)in MCFR7 cellst459,

Another possible ER independent mechanism of action is thénding of a phytoestrogen
ligand with receptors of the cell surfae, thus promoting the creationof cytoplasmic cyclic
nucleotides and associated protein kinasesaffecting target cells by the induction of
signaling pathways414. For example, the soflavonoid genisteindemonstrated the ability
to induce apoptosis in MCF7 cells by inactivding IGF1R, downregulating
phosphatidylinositol 3-kinase(PI13K)/Akt signaling pathways%62, and decreasing the Bel
2/Bax protein ratio 1463, In MCF7 cells daidzein induced apoptosisvia the mitochondrial
pathway by generating reactive oxygen speciesleading to disruption of the
transmembrane potential of the mitochondria, the downregulation of Bcl2/Bax ratio
leading to a liberation of mitochondrial cytochrome Cinto the surrounding cytosol
effectively activating caspase7 and incaspase91464, Equol induced in ERnegative MDA
MB-453 cells an up-regulation of cytochrome ¢ expressiorand an activation of the p53
pathway finally leading to significant cell cycle arrest at the G1/S transition and in the
G2/M phases. Also in triple negative breast cancer MDAB-231 cells genistein
inactivated NFkappaB via the Akt or Notchl signaling pathway signalingpathway by

downregulating the expression of cyclirB1, Bct2, and Bcix| 1466,

Besides the mechanisms described abovghytoestrogens are able to inducespigenetic
modulation by histone modification, DNA methylationand microRNA regulationt8. The
most investigatedphytoestrogensin this context are genigein listing the highest amount

of publications, followed bydaidzein and its intestinalflora metabolite equok’.

It was demonstrated that geestein induces DNA methylation in exposed micduring
gestation. Genestein gposed mice had lower iidence of developingobesity early in life
compared to mice without gestational exposue 8. The results of this study led to the
hypothesis that the observed epigenetic modulation takeplace more likely when soy
exposure starts dready during gestation or early in life and that later exposure is less

effective®970, Moreover it was concluded that the effect observeid a possible reason for

12



the earlier described Asian phenomenon; decreased obesity and cancer prevalence in

Asian countrieg!.

Due to the mechanisms described above it seems clear that phytoestrogens can cause a
wide variety of effects ranging from ER mediated effects to the regulation of the cell cycle,
enhancement of antioxidant properties, induction of apoptosis or aophagy, modulation

of cell signaling pathwaysto epigenetic alterationg2.

1.4. Clinical data and experience with phytoestrogens

A systematic review investigating theeffects ofdietary soy consumption on the prognosis
of breast cancer patientspublished in 2013 analyzed 80 observational studies 11
uncontrolled trials, and 40 randomized controlled trials 737414, The study resulted with
the conclusion that soyconsumption may decrease therisk of breast cancermortality,

recurrence and incidence and that the amount of soy ingested (23 meals/day,
approximately 25750 mg isoflavones) ina traditional Japanese diet is likely todecrease
breast cancerrecurrence and incidence. The effects and safety of high dosioflavones
{ | pmgx need further assessment beforeecommended for breast cancer patients.
Other epidemiological studies such as | AOA Z AT dhd Oaddctntrol  studies
demonstrated that increased genistein ingestion is associated with decreasedreast
cancer risk1875, Moreover it was pointed out that the intestinal metabolite equol has
positive effects on breast cancemcidence,but can only be metabolized by 3@ 40 % of

the population’67778,

Besides soy and other flavonesthe lignans have demonstrated positiveeffects on
estrogen receptor but alscestrogen receptor negative breast cancem a Canadian study
breast cancerrisk was significantly reducedby flaxseed or flax breacconsumption (OR =
0.77, 95 % CI1 0.670.89) 7°. In another study by Buck et alhigh enterolactonelevelsin the
serum of postmenopausalwomen with breast cancerwas associated with increased
survival80. Besides having influence on breast cancer risk and survivdl was shown in a

casecontrol study that lignan ingestion may also haven beneficial impact on tumor

13



characteristics;increased lignan uptake inversely correlatedvith the odds ofdeveloping

grade 3 tumors and a decreased rate ofiple negativetumors®?,

A broad variety of clinical data with phytoestrogens and breast cancer dealing in the
clinical setting exists. As observed in thin vitro setting, data and substrate heterogeneity

of phytoestrogens is great. Therefore, even the data assessing the impact of soy diet on
breast cancer resllts in different conclusions.As phytoestrogen metabolism depends on
multiple factors such as ethnicity, gut flora and the phytoestrogen ingested it becomes
clear that thoroughly planned and designed clinical studies are crucial to gain further

understanding and knowledge.

1.5. Overview on Results and Achievements

In both publications extracts of the plants were prepared in different concentrations and
analyzedby mass spectrometry.In the parsley root publication, breast cancer MCF12A
and MCF7cells were exposedwith different PCEconcentrations and incubated. After
incubation the effect of the different concentrations of PCE on MCF12Ad MCF7breast
cancercells was analyzedusing varioustests. For cytotoxicity , metabolic activity and DNA

synthesisperformance LDH, MTT andBrdU proliferation assayswere usedrespectively.

In the elder flower publication, trophoblast tumor cell lines BeWo and JEG, as well &
MCF7 breast cancer cellswere exposed and then incubated at differentEFE
concentrations. Cells remaining untreated served astest controls. In supernatant cells
estradiol production was tested using an ELISA method. Changesduced by EFE in

ERPR expressionwere analyzedby immunocytochemistry.

It was demonstrated that the plants investigated contain a substantial amount of
phytoestrogens. Moreover, both plants demonstrated aritancerogenicproperties on
breast cancer cell lines by means of receptoxpression patterns and the inhibition of cell
proliferation. If the effects observed are only caused by phytoestrogen actioemains
unclear. Further investigationson different breast cancer cells and with the isolated

phytoestrogen substances is neededdfore proper clinical investigations can be planned.
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Lennard Schroderanalyzedthe data, did statistical evaluation and wrote the papersUdo
Jeschke Dagmar Richter and Bgit Piechulla designed and conceived thestudies and
supervised the experiments Simone Hoffmannand Sandra Schulze took care of theell
culture. Mareike Chorbak and Christina Kuhn established the dye protocols and led the
immunohistobiochemical laboratory work. JensHaumann and Julian Schmedt where
involved with laboratory work , Sven Mahner, Bernd Kost, Tobias Weissenbacher and

Julian Kochhelped with data interpretation and proofread the manuscript.
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2. PUBLICATIONS INCLUDED IN THIS THESIS

2.1. Publication 1

Title:
The Hfects of Petroselinum Crispum on Estrogen Receptgrositive Benign and Malignant
Mammary Cells (MCF12A/MCF7).

Authors:

Schréder L, Koch JMahner §Kost BP Hofmann S Jeschke UHaumann JSchmedt JRichter DU
Journal:

Anticancer Res2017 Jan;37(1):95102.

Abstract:

BACKGROUND:

Phytoestrogens have controversial effects on hormondependent tumors. Herein we investigated
the effects of parslg root extract (PCE) on DNA synthesis performance, metabolic activity and

cytotoxicity in malignant and benign breast cells.
MATERIALS AND METHODS:

The PCE was prepared and analyzed by mass spectrometry. MCF7 and MCF12A cells were
incubated with various @mncentrations of PCE and analyzed for DNA synthesis performance,

metabolic activity and cytotoxicity by BrdU proliferation, MTT and LDH assays, respectively.
RESULTS:

PCE was found to contain a substantial ratio of lignans. At a concentration range of0.0t G7 1 I

pnm tC¥ril OEA ,3$( AOOAU AT Al UOEO OEI xAA 11 OEC
(T xAOGAOh AO vuvnmm tCFil 0#%20 AUOI Ol GEAEOU xAO «x
lines. According to the BrdU proliferation assay analysj PCE demonstrated significant DNA

OUl OEAOEO ET EEAEOQOEIT 1T &£ O0bp O1 wynk AO Ai T AAT OOA
"AOAA 11 OEA -44 AOOAU AT AT UOEOh TT1U AO A ATl

statistically significant inhibition of cellular metabolic activity of 63% in MCF7 and 75% in
MCF12A of their
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respective normal capacity.
CONCLUSION:

PCE showed antproliferative effects in MCF7 and MCF12A cells. Further investigation is required

to determine whether this effect ca be solely attributed to its phytoestrogens.
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ANTICANCER RESEARCH37: 95102 (2017)
doi:10.21873/anticanres.11294

The Effectsof PetroselinumCrispum on Estrogen
Receptorpositive Benignand Malignant Mammary
Cells(MCF12A/MCF7)

LENNARD SCHRODER, JULIAN KOCH!, SVEN MAHNER!, BERND P. KOS¥, SIMONE HOFMANNL, UDO
JESCHKE, JENS HAUMANN?, JULIAN SCHMEDT2 and DAGMAR ULRIKE RICHTER

1LMU Munich, Department of Obstetrics and Gynecology, Munich, Germany;
2University of Rostock, Department of @iscs and Gynecology, Klinikum Sued, Rostock, Germany

Abstract. Background: Phytoestrogens have controverSiaast cancer, alongside bronchial and colorectal cancer, is one of
effectson hormonedependent tumordderein we investigatethree most commonly diagnaseancers in women. It accounts
the effects of parsley root extract (PCE) on DNA synthiesiglmost one third of all cancers diagnosed in women (1). The
performance, metabol&ctivity and cytotoxicity in malignant andost prevalent type of breast cancer (65%) is estrogen (ER) and
benign breast cells. Materials and Methods: The PCE pvagesterone (PR) recepipositive (2). For all patients
prepared and analyzed by mass spectromeMCF7 anddiagnosed with hormone receptor fiv® breast cancer,
MCF12A cellswereincubated with various concentratiomd endocrine therapy is recommended either with tamoxifen, a
PCE andanalyzedfor DNA synthesis performame, metaboliselective estrogen receptor antagonist (SERM) or with an
activity and cytotoxicityby BrdU proliferation, MTT and LDHaromatase inhibitor, depending on the menopausal status and
assays, respectively. Results: PCE was found to contain @morbidities. Although endocrine therapy has led to a
substantial ratio of lignans. At eoncentration rangef 0.01consderable declinein breast cancemortality, endocrine
€ g/-Im1 0 ethe LDl assay analysis showed no signifiosistance often causes disease progression, leatting
cytotoxicity of PCE irboth cell lines.However, at 50& g / nmetastasis witla poor Syear relative survivabutcome (23%)
P C E ¢ymtoxicitywas well over 70% of total cell population {8).
both cell lines. According to the Brdigroliferation assayPhytoestrogens are a group of pldetived polyphenolic
analysis,PCE demonstrated significant DNA synthesis inhibiiompounds, their cheoal structures resemble that of estrogen
ofup to 80% at concentrat i o (s Due fothdirdnolecdlad structui@Dthese campdrd® carebind m
both cell lines. Basedn the MTTassay analysis, onlat aand interact with human ER and PR resulting in both estrogen and
concentration of 500 ¢ g/ ml antrestrGoEn effleetad, A) sBecause phyioestogesstare aburslani ¢ a
significant inhibition of cellular metabolic activity of 63% iimhuman and animébod sources, it has been suggested that they
MCF7 and 7%6 in MCF12Aof their respectivenormal capacity.can influence hormonrdependent cancers. Besides interacting
Conclusion: PCE showed antiproliferative effectsM@F7 andwith ER and PR, phytoestrogens may contribute to low cancer risk
MCF12A cells. Further investigatiois required todetermineby inhibiting aromatase enzymatic activity, decreasgP19
whether this effeatan besolelyattributed to itsphytoestrogengiene expression in humdissues (7) and by other biochemical
actions identified that lead to tumor suppression and inhibition of
neovascularization (8, 9). Moreover, phytoestrogens have been
applied as an alternative to hormone replacement therapy. In
menopausal women, besidamproving the cardiovascular
Correspondenceto: Professor Dr. Udo Jeschke, Departmentgsgétem, the lipid and bone metabolism, they also positively affect
Gynecology and Obstetrics, Capus Innenstadt, Ludwig Maximifai, symptoms such as hot flushes and mood swings (10, 11).
gg:fg;giz'\:g?;f:)’c Tj;sgéjjéoffggnm?nmh’ Germany. Tel: +4I%arsley roptl_?etrose_linum crispupn'saperer?nial and_herbgceous
udo.jeschke@med.umuenchen.de plant. It originated in the Meditranean region and is cultivated
as a dietary and medicinal plant. Parsley root is used in traditional
Key Words:Petroselinum crispum, estrogen receptor, breast cadbér,folklore medicines for digestive disorders, kidney and liver
MCF7, MCF12A. problems, menstruairregularities
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and for detoxification. It contains a substantial amount é&rlsruhe, Germany) in a 50 ml Falcon tubédisTprocess leads to
vitamin C and constitutes as a good source of otgssium, significant phase separation irddower,denser phase (watphase),
calcium, manganese and folic acid (12, 13). The actind an upper phase (lipid phase, containing lignans)upper phase

compounds identified irPetroselinum crispunare phenolic wascarefully aspiratedy apasteur pipettand transferred to a 50 ml
P . . . p .. P round bottomed flasklhe sample was aga@ivaporatedn arotational
compounds, flavonoids (péstlarly apigenin, apiin and -6 evaporatorat4 5 e C, aunifaine decreasén pressure from400

acetylapiin) and essential oilsnainly myristicin and apiol (14). mparto about250 mbar. Thevaporated extrastasdried overnight
Also notable are the photosensitizing furocoumarines bergaptamga desiccator (with dried silica)lo determinethe netweight of
and isoimperatorin in the root that increase the photosensitifigextract,the difference of the tare of the round bottom flask and the
of the skin and are assotgd with an increased incidence dfeight of the flask with dried extract was made (MC1 Analytic scale
malignant melanom415). AC120S; Sartorius GmbH, Géttingen, Germanyljhe extract was

. toredprotectedfrom light in arefrigeratorat4 ¢ C.
Research on the presence of phytoestrogens in parsley roqﬁn gsp 9 g \

. ) rder to verify the previously reported increased phytoestrogen
attracted little attention. Only the research team led by concentration in PCE the molectilahemical composition of the

M. Yoshikawa demonstrated that the methanolic extract frefftact was further analyzedby pyrolysisfield ionization mass

the aerial partsof Petroselinum crispumshowed potentspectrometry by usingaLGRdv ant age (Ther ®o Finni

estrogenic activity, which was equal to that of isoflavosi@te). The peaks were identified by ion trap technology onmie@le.
glycosides from soybean. In addition, they demonstrated thaf ffSource voltagevas set at 4.5 kWhile the massdetection range
methanolic extract of parsley, apiin and apigenin restored g 1562000 amu.

uterus weight in ovariectomidenice when orally administered i ) . . )
. Creation of different PCE concentratiorster determining the weight
for seven consecutive days (16).

i . L of the extract it was distved with 96% ethanol (Roth, Karlsruhe,
Due to the interesting characteristics of parsley root descr%ggnany) in an ultrasonic bath (Ultrasonics (300/H); OmnBadmen,
above, the currerin vitro study aims to identify the moleculagermany)andthe concentratiorof 100 mg/mlwas determined (stock
chemical composition of parsley root extract (PCE) by maskition). For the following test series, 7 dilutions (excl. the stock
spectrometry and to evaluate the potential phytoestrogen effg@tsior) were set at the concentrations of 50,60®,000 - 5,000 -

of PCE in terms of DNA synthesis performance (Braf00-100-10-1¢ g/ iihleextractwasthen

proliferation assay), metabolic activity (MTT assay) aAgther diluted, 1:100 giving the final concentrations 5000- 50- 10

. 21-0. 1 . 1 I i | i
cytotoxicity (LDH assay) on MCF7 breast cancer and MCF12 0 to 0.0 eg/m MBrbee i T utions

benign breast cell Ilnes.uﬁhermorg, the receptor _Status ?:fell lines.The ERpositive, malignant breast cancer cell line MCF7 and

MCF7 and MCF12A cells will be determined bﬁﬁe ERpositive, baign breast cell line MCF12A were used. Both cell

i mmunohistochemical stainingswdkt obkiftdcomnerBdly fdnhtle ARRcan Type Culture
Collection (ATCC) and for further use in 1.5 ml culture medium (PAA,

Materials and Methods Germany) + 10% DMSO + 20% fetal calf serum (fetal bovine serum,
Biochrom,Germany) stored 41 8 0 e C.

Origin of the PCE.The parsley rootRRetroselinum crispunsubsp.

tuberosum) was grown, harvested and aolgdicommercially in 2011 Cell culture.After slowthawing thecryopreservedellswerewashed by

in MecklenburgWestern Pomerania, at vegetable farming Hoteml cell typespecific medium. For MCF7 cells, DMEM, high Glucose

Neubrandenburg. 459 (PAA, Ger many) , for MCF12A((PAAHamo s
Germany)wereused Forthis,thecell suspensiomwascarefully pipetted

Preparation of the PCE. The lignan-isolations were prepareds into 15ml tubesanddilutedwith 5 ml culturemedium After vortexing

previously described (3I8). Deep frozeni@Q 0 ¢ C) p a (48 lardysubseguett centrifugation for 5 min at 1000 rpm (centrifuge

g) was cut into piecesf 5 mm. The pieces were ground in a mortar withniversal 320R Hettich Zentrifugen, Gemany), tgernatanivas

liquid nitrogen and extracted under reflux with 360 ml methanfidcarded. The cells were resuspendedin 5 ml culture medium,

(methanol 99.5%;, Roth, Karl sr urdnsferredGe 2omacellyculture flasks (Biwehtord, rGermany) landat 75

The extract was suspended in 10 ml of distilled waterpamtitioned | ncubat ed ajfor Z37dgyE At aEcnflu€hce rate of 80%,
with 16 mlethyl acetate (five timeg) give on drying an ethyl acetatethe medium was changed and the cells were splitted in a larger culture
soluble residue. After cooling the sample, the larger components Was& (75 crd, 150 cnd, Biochrom, GermanyY-hecellswererinsedwith

removed twice by using a folded filtediameter:185 mm;Schleicher phosphatebuffered saline ( P b S : Dul beccodsfferrPbS po

und Schuell GmbH, Dassel, GermanyThe solution was then without Ca & Mg,PAA, Germany) taemovethe upperlayerof protein
evaporatedn a 100 miround bottom flask using rotational damper onthecellswhichwould prevent an effective engagement of the trypsin
(VV2011, Heidolph Instruments GmbH & Co.KG, Schwabactbefore incubating them with trypsin (10%, trypsEDTA, PAA,
Germany) under uniform reduction of pressure from 350 mbarGte r ma ny ) for 5 mi n was $topp@dbyea@ding T h e
approximately 100 mbaAdhering extractto thewall of the round DMEM (DMEM High Glucose4,5g)

bottomed flaskwas removed with10 ml distilled waterand then +|-glutamin; without phenol redPAA, Germany). The complete
dissolvedn an ultrasonic bath (Ultrasonics (300/H); Omnilab, Bremefstachmenbf the cells was monitoredby light microscopy.Following
Germany) andextracted5 times with 16 ml ethyl acetate (99.5%;centrifugation for 5 min at 1006pm, the supernatant was discharged
Roth, andcellswerere-suspendeih 5 ml cell-specificmedium.ForMCF7,
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Table |.Salient features of the antibodies used in the ptestedy.

Antibody/Source Origin Dilution in PBS Incubation Temperature
Antii ERU, (Dako, Ger Mousemonoclonal 1:150 1h RT
Anti i E R b(Serotec,Germany) Mousemonoclonal 1:600 O/IN 4eC
Anti i PR, (Dako, Germany) Mousemonoclonal 1:50 1h RT

O/N: Overnight, RT: room temperature.

10% FKS,(PAA, Germany), for MCF12A, 10% étseserum, (SIGMAPRroliferation measuremenMTT assayCell proliferationwasanalyzed
Germany) were used. Penicillin/Streptomycin 0#AA, Germany) andising an MTT-kit accordingto the instructionsof the manufacturer
Amphotericin B 0.5%PAA, Germany) were added to both cell lines.(Roche, Germany). After incubation of treated cells (5xdélls/ml) for

24 h in the absence (controls: TAM, E2, N2) poesenceof PCE at
Cell counting.Despite the fact that cell proliferation depends on thediérent conentrations MTT labelled reagenivasaddedto each well
concentration and that celheed contact with neighboring cells in oriteafinal concentratiorof 0.5 mg/ml. Subsequently, cells were incubated
to grow, when cell count is elevated nutrient shortages occur thatmday culture conditions for 4 h. During this time the metabolic active
lead to apoptosis. The optimal cell concentration, determined by pregtsistransformed the yellow tetrazolium salt MTT torgle colored
studies was set at 5x3€ells/ml (19). Most cell vitality assaythat allowformazan crystalshfter additionof thesolubilization solutiortheplates
cell count determination are based on the change in memWexeeincubated overnigtim a humidified atmospherat3 7 eWith a
permeability of dead cells. Vital cells are impermeable for dyes sucticagplate reader (Model 680, BRad, Hercules, CA, USA) theolor
trypan blue. Therefore, only the colorless cells are counted in pitessitywasmeasurect 570nmusingareference wavéength of 650
contrast microscopy. To cell count, 20l of the celnm suspension were

diluted with 340 ¢l of cell culture medium and then combined with
trypan blue (corresponding dilution 1:20). To avoid trypan blue staBidy proliferationassay. Cell proliferation was analyzed with & 5
of intact cells, prompt count bronp2-deaxsuridine (BrdU) l&belling &nk idetectiora kito(Roche,2 0 ¢ |

probe wa added to both sides of a Birker cell counting chan@@many) according to the instructions of the manufacturer. MCF7 and
Counting was done under a phase contrast microscope at a magnifi¢@fdr2A cdls (5x1C cells/ml) were grown in 96vell tissue culture
of 100x. plates for 24 h in the absence (controls: TAM, E2, Bi2)resenceof
PCE atdifferent concentrations. After labelling with Brdidr 3 h, the
General and statistical considerations all tests, a positive controells were fixedandBrdU incorporation intdNA was meaured by an
(1 -&dradiol, E2) and a negative controhftaifen, TAM) were carriedELISA technique. Cellular proliferation inhibitions expressedin
along with the extract in different concentrations levels. Preliminaryrelstsonto controls(100%)+SD.
done using the same workgroup yielded optimal concentrations for E2:
10'9 mol/l and TAM: 104 mol/l. All calculations of the results wetmmunohistochemical stainirigr theE R (E,Rb  a nFar infhiRne
performed usig Microsoft Excel considering the standard deviatbe t ect i on of the steroid receptors E
Statistical analysis was performed using thest. Each observation withBC-kit (Vector Laboratories, USA) was used according to
p<0.05 was considered as statistically significant. manufacturerdés protocol. The slides
5 min and then incubated with the ABC normal serum for 60 min in a
Measurement of cytotoxicity by LDH assdne LDH assay (Rochéumidified environment. The slides were then washed again and
Mannheim, @rmany) was performed in accordance withtheincubated with the respective primary antibodies. Salient features of the
manufacturerds instruct i oimsbationBréitodies usedsate lpresented i Tadble laThe slidesmere thenfincubated
of treated cells (5xExells/ml) for 24 h in the absen¢eontrols: TAM, with the diluted biotinylated secondary antibody (30 min), followed by
E2) or thepresencef PCE atdifferent concentrations. MaximubhDH incubation with the ABC reagent (3fin) and the ABC substrate (15
release (high controlvasdeterminedby incubating cells withTriton min). A single wash (PBS, in) wasapplied between stepBinally,
X-100 at 1%final concentration (Ferak, Berlin, Germany). Untredteels | i des wer e counterstained30with N
cells were used tdetermine spontaneoldH release (low controlsec), rinsedvith water and covered with Aquatex.
After incubation, cells were gently centrifegfor 5 min 1,000 rpm.
Subsequently,cell-free supernatants were carefully removeddResuylts
transferred into a new 9&ell microplate. Supernatants weréxed 1:1

with freshly prepared reaction mixture and incubated protéctedlight Immunohistochemistry Expressio of ERU ERD a

for 30 min atroom temgrature.The principle of the assay is based o - .
LDH/diaphorase coupled reaction with creation of a red colo% ptors was evaluated in MCF7 and MC_;Fle (_:e"S (_Flg_ure 1.
formazan. Absorbance of the color was measuredt9@nm (620 nm A Negative control measurement was carried out in which instead
wave lengthwas usedasa reference). of the primary antibody only secondary antibodies were added to
show possible nespecific fluorescence sigrglin both cell lines

secondary antibodies were
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Figure 1.Expression of hormone receptors in cell culture systems (MCF7 & MCF12A) used for the study.

negative, ruling out nospecific fluorescence signal& R Udirectly correlates with the synthetic capacity of the célsa

demonstrated the strongest referenuevalsesthemegative wonh(fed, ethanokD&IE®) wdsi n e s .

and PR were less pronounced and comparable in intenséyat 100%. Figure 3 compares proliferation rates of MCF7 and

MCF12A cells expressed lower levels of all receptors teské@F12A cell lines incubated with the respective extract

compared to MCF7 cells, which can be due to the benign natorecentrations. PCE showed less pronounced antiproliferative

of MCF12Aand its lower metabolic activity and growth rate. effects in MCF12A cultures compared to MCF7, as emor
significant results were obtained using MCF7 cells. At PCE

LDH cytotoxicity assay. The lactate dehydrogenase assayoncentr ati ons of 0. O01liphibiton1l and

(LDH assay) indicates nespecific cytotoxic effects othe of MCF12A cells (max.15%, at PCE

given extract that are measurable by enzymatic reaction® of1 ¢ g/ ml : p80501)5vsNdemaobisibated. At the

LDH. LDH is a cytosolic enzyméhat is released from dead oncent r at i ons odntipilberativeefflectdf0 0 € g/

cells, makingits concentration suitableas a quantitative PCE in MCF12A intensified, and statistical significance was

indicator of cell death. As a positive control and to establiskdi @ monstr at ed (50 pw/ @1, 3®02 %K

reference value, cells were incubated wi& Triton X 100, 61.1%+14%,p=0 . 0 1) . At 500 €9/ ml extr

resulting in complete cell death. LDH &ty in these controls significant inhibition of proliferation 0f84.5% was note

was, therefore, set at 100%. Figure 2 shows thaigmificant (15.5%+11.7%p=0.01) in MCF12A cells. In MCF7 cells, the

cytotoxicity wasobservedat concentrationsof PCE concentration of 0.01 &g/ ml

0.01 e€g/ ml to 100 eg/ ml. Rlonmacxc eastrmaadioomls OE2)L a@aind Ootlt egl

significant cytotoxicity. However, significant cytotoxicitysignificant inhibition of cell proliferation of approximately 40%

(p<0. 01) was caused by PCE a(6l.77%+23.02qp>x008)Statistical significant ihibitiobs@wr € g / ml

in up to 80% of the cells of both cell lines (MCF7: 74.9+36.6%9% weredemonstrated in MCF7 cells at the concentration

MCF12A: 81.5%+14.7%), which is approximately equivalentlevels of 10, 50,10and5 00 e g/ ml . The str onge
the effect observed with TAM (MCF7: 69.6%+22.6%roliferation inMFC7 cells of approximately 80% was observed
MCF12A: 98.7%+1.7p<0.01). ataPCEconcentratin  of 100 ¢ g /pel01).( 19 %N2. 7

DNA synthesis performance: BrdU proliferation assaje Cellular metabolic activity: MTT cell viability assay.
bromodeoxiuridine (BrdU) proliferation assay provides insighdetabolicallyactive cells have high activity of the
into the DNA synthetic capacity of cells, making it a suitalilétochondrial enzyme succinate dehydrogenase, whose
marker for cell proliferation. During the DNA syntheglsaseof catalytic activity can be measured directly by a color feact
themitotic cycle,cellsbuild theaddedbase analogue BrdU intdHigh color intensities indicate increased metabolism and cell
their genome. An antibody directed against BrdU catalyzegadility. As a reference value, the negative control N2 was set
colour reaction whos@tensity to 100%. In MFC7 and
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Figure 3.BrdU proliferation test of the PCE in different concentratidfigure 5.Comparisonof the main classes of organic extract components
(eg/ m) on MCF7 and MCF12A cel | detweenruntreated paesieysrants(BWi end &a passfey rooe dxttact (PWE,|100f e r a
Values are given as a percentage of negative control 2 (N2). *Marks valgésl, according to Luyengi et al.). The mean values are shown from 3
bel ow the significance | evel of méasubetbents, expressed as a percentage of the total ionitint€ry
LIPID=Alkanes, alkenes, aldehydes, alcohols, fatty acidalkyl esters,
waxes, fats; NCOMP=Nontaining compounds; ISOPR=isoprenoid
compounds (sterols, terpenes, carotenoids); PEPTI=peptides and free amino
acids; LOWMW=low molecular weight coopnds m/z 15 to 56;

POLYPH=other polyphenols (suberin, cutin, stilbene, tannins, etc.).
MCF12A cell lines,both inhibitory and proliferative effects of

PCE were demonstratedAt PCE concentratiorlevels of

0.01 &g/ ml to 10 eg/ ml, weak effects in both cell l'ines
observed (Figure 4). Generally, metabolic activity was lower in

MCF12A cells thanin MCF7 cells exceptat PCEconcentrationnetabolism and significant results were achieved only at

of 100 ¢ g/ ml (MCF12A: pdoDB MCFNG@NT%ntration l evel s of 100 €
144.9%+34.5%p<0.01). Neverthelessstatistically significant44.9%+34.5%,p<0 . 0 1) and 500 e gct, ml (i
results were found for all MCF126oncentrationsjn contrast37.0%:+9.3%p<0.01). Strongsignificant inhibition of cell

to MCF7 cells, were increased
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growth and metabolic activity was demonstrated in keth immunocytochemistry could clarify whether it is likely that
lines at PCE concentr a(p€00h, MCF12Aa8aoenigacelliiie is lesssensitiviad®ssiBleant-
cell viability for MCF7 cells and 24.4%+4% (<0.01) for estrogenic properties of PCE due to a decreased receptor
MCF12Acells. No influenceon cell viability wasobserved by expres®n compared with malignant MCFzells.
E2. However,Tamoxifencaused significant cytotoxicignd thus A strongelinhibition wasdemonstrateth MCF12Acellsat the
reduced metabolic activity in both cell lineMCF7: concentrati on of 500 eg/ ml , a
3.8%+0.9%p<0.01, MCF12A:-14.0%+5.4%p<0.01) cytotoxicity and the associated cell loss. Paradoxically, in MCF7

cells PCE demonstrated a weak@ribition of cell proliferation
Pyrolysis/FI mass spectrometrithe results from pyrolysisat500¢ g / tihmhat100¢ g / dekpijtecell death rates of up to
mass spectrometry were compared with masses of differ@3b. Accordingly, the remaining intact ce(&5%) would have
substance classes from public databases. In Figure 5 the toaperateat ahigher synthesis performantean, in this case,
categories identified are presented with the respecB@8 of the cells at a PCE comtetionof1 00 € g/ ml . Sinm
percentage of the bstance class from the total ion intensitsesults were obtained by Moorghenal. (25). They concluded
Untreated parsley root (PC) showed high carbohydrate and libéd a higher proliferation rate compensates the cells under
fractions (18.6% and 12.3% respectively). Peptides and fipeptosis (secondary effect). However, the low MTT assay
amino acids are represented with 8.1%, as the third largakies contradict this assumption. At a PGiaaentration of
group. The extraction procesaused a shift of the respectv@ 00 € g/ ml , when high cytotoxicit
proportions of substances classes, resulting in less carbohydaatesty in both cell lines (max. 37%) wasgistered.
(2.1%), more lipids (18.2%) and more isoprenoids (14.1%)nterestingly, in MCF12A and MCF7 cells that demonstrated an
PCE compared to PC. Together, the fractions monolignaibjbition of proliferation at the PCE concentrations of 100
lignin dimers, lignans, flavones, ida¥ones and othereg / ml and 50 eg/ ml, excessive
polyphenols (PHLM, LDIM, LIGNA, FLAVO, ISOFL, reported (max. 155% in MCF12A cells or max. 145% in MCF7
POLYO) represent the group of phytoestrogens (PC: 17%; PGHis). A potential explanation is the already mentioned

16.6%). compensatory secondary effect which was also reported by
Abarzuaet al. in MCF7 cell lnes with similarvalues(26).
Discussion Moreover,in the E2 controlno stimulatory effect on MCF7 cells
was observed. Therefore, P@iluced enhancement of viability
In this studywe demonstrated th&®CE hagytotoxic, at 100 and 50 eg/ ml i smediatedlb abl y
inhibitory and antiproliferative effects on cultures of tio process. Other possibilities that iease cellular viability at 100

the benign MCF12A and canederived MCF7 celllines. Theand 50 e€g/ ml coul d be the activae
BrdU proliferation assay was used as the main method to pathways (elimination of the active compounds by MDR

detect inhibitory or stimulatory effects of PCE verify its transporters, metabolic detoxification, activation of alternative
accuracy, a LDHissaywasperformedto determine metabolic pathways). At low PCE concentraeons (-10 ¢€g/
cytotoxicity. In both cdllines and at all PCE concentration 0. 0 1 eg/ ml) no emi nent met abol
levels withthenotable exceptioof 500¢ g / nol matching the weakly altered proliferation status of the MCF7
substantial increasa LDH activity wasobservedIn and MCF12Acells.

combination withthe BrdU assaythese results suggest Only one other study investigating the phytoestrogen effects of
antiproliferativeeffectsof PCE not relatedto cytotoxicity. Petroselinum crispuran MCF7 cell lines eists

So far, the exact cytotoxic effects of PCE remain unknowifl6) where the influence of parsley leaf extractand other
However, according to Dormaet al. it is likely that at high isolates on MCF7 breast cancer cell lines was investigated. The
concentrations, toxicity is not mediated by caspase 3 apoptosisthanol extract showed progesterdike properties
pathways but by strong puaxidative effects (20). Other associated with increased proliferation rates of up to 156% (at
possible apptosis pathways are intrinsic signal molecules concentratio of 10 g / ribwever, thecell proliferation
(cytochromec, p53, p21) which can be activated by isoflavoneayas not measured by BrdU but only with the MTT assay. It

such as genistein (21, 22), apigenin reported similaMTT values (155%at aconcentratiorof 100
(23) and lignans (24). € g / imMICF12A cell cultures)However, iremains unclear
The BrdU assay showed little to no effect of PCE in both celb what extentthe cellular metabolicactivity is linked with
lines at low concenttai ons, but at hi ghteproliferationcaeent r ati ons (O10

e g / tnéfollowing stronginhibitory effects:areduction of cell In all assays, estrogen was used as a positive control. In both cell
proliferation by 42% ibyS0WIiE knkx2 A& demdnstratéll 1©0g Significant acptatoxicity and

MCF7 cell l'ines (at 100 ¢ g prolferation tompafed with ithe rnegatiteu adritrel.sPretidue e f f
PCE at the given differn t concentr at i owos using theEdne telitR HemBnBirated similar results

expression and the assessment
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(27, 28) . It is |ikely t halpopblysacdnarideecoudptieoused sas lart gdditosal ¢ommIU/ E
activated by E2, wher eby BEuwdfiance to temanstmate thaiextent tichylipids ar@ipvohed s e s
proliferative effect of E R U .  thielraticsof the expression of the observed effects.

ERU/ ERB woul d be d e c prdiferatienSof farr fewt studies tavd beernr aomdticted with extracts of
patternof thecells. Immunohistochemistignalysis showed th&etroselinum crispunDifferently to our study, Yoshikawat al.
both ERU and ERB are pr es e ruseda@methanel bxtract of(the leavesybat nat of the roat (A&). Byn g
i mages, it is evident that medneofligR fesswelipuidelwanatography ‘wriouserackoas b u
strong enough t o ipmoliferdiiont E Rvore sepadaied and dubsequéntly detecteeldstron impact

TAM, which was used as a negative control is a SERM useaudssspectrometryTenindividual substances were identifiexf,

the treatment of hormorsensitive breast cancer for already matech five possess proven amstrogenic properties: apigetrin,

than twenty years. It acts as a competitive inhibitor or paiah, diosmetinkaempferol, 6acetylapiin (all fromthe group
agonist on the ER. On breast cancer cell lines it has an inhibitdigvone glycosides, which also include the strong growth
effed (29). Correspondingly, a high cytotoxicity and a lmlibitors genistin and daidzein). Furthermore, an increase in
metabolism and proliferation were observed in both cell litesneweightof ovariectomized micéedwith theparsley leave
treated with TAM. extractwasobservedwhich suggests progesterone liggowth
Previous results demonstrated tiREE hasanti carcinogenigromotingeffect.

properties. The question of whether and to whettentThis work provedthat PCE causesanti-carcinogeniceffects on
phytoestrogensreinvolved cannobe answeredorecisely. FOMCF7/MCF12A cell lines. Growth inhibitory potency of parsley

this reason, mass spectrometry was performeath providedroot extract (PCE) on MCF7 mammary tumor cells at-toxic
information on thedifferent extract componentdn ordertoconcentrationg up t o 100 eg/ ml) was rep
determinegthe efficiency of the extraction method used basedbservation of a less marked inhibition on related MCF12A
the Luyengiet al. study, a sample of 5 mg raw material (PC) Wasign cells suggests an Hhediated procesdihetherthis
analyzed in addition to the extrasample. apparentnticarcinogenieffectof PCE can be solely attributed
Mass spectrometry of PCE and PC demonstrated a logsitefphytoestrogens regas complementary investigations. As a
carbohydrates, monolignols, and nitrogencontainingpossible approach to determining the role of hormone receptor
compounds as well as free amino acids in PCE cordpgar®C.mediated cell response, PCE could be tested on malignant and
Exceptfor the monolignols these compounase notprobablebenign ER negative cells €.g. BT-20/MCF10A). Additional
constitutesof phytoestrogensAn increasen concentratiorwascontrol substances to assess tipidlisignal pathway, such as
registeredin the groupsof lipids, isoprenoids, lignindimerebpopolysaccharide could demonstrate the extent to which lipids
lignans and other polyphenols. Particularlyhe latter threeare involved in the effects observed. Furthermore, fractional
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Herein we investigated the effect of elderflower extracts (EFE) and of
enterolactone/enterodiol on hormone production and proliferation of trophoblast tumor
cell lines JEG& and BeWo, as well as MCF7 breast can cells. The EFE was analyzed by
mass spectrometry. Cells were incubated with various concentrations of EFE. Untreated
cells served as controls. Supernatants were tested for estradiol production with an ELISA
method. Furthermore, the effect of the EFE oBR/ER/PR expression was assessed by
immunocytochemistry. EFE contains a substantial amount of lignans. Estradiol production
was inhibited in all cells in a concentrationdependent manner. EFE upregulated ER in JEG
3 cell lines. In MCF7 cells, a significareR downregulation and PR upregulation were
observed. The control substances enterolactone and enterodiol in contrast inhibited the
expression of both ER and of PR in MCF7 cells. In addition, the production of estradiol was
upregulated in BeWo and MCF7 dle in a concentration dependent manner. The
downregulating effect of EFE on ER expression and the upregulation of the PR expression
in MFG7 cells are promising results. Therefore, additional unknown substances might be
responsible for ER downregulation ad PR upregulation. These findings suggest potential
use of EFE in breast cancer prevention and/or treatment and warrant further

investigation.
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Abstract: Hereinwe investigatedthe effectof elderflower extracts (EFE)and of enterolactone/enterodiol on
hormone production and proliferation of trophoblast tumor cell lines JEG and BeWo, as well as MCF7
breast cancer cells. The EFE was analyzed by magsectrometry. Cells were incubated with various
concentrations of EFE. Untreated cells served as controls. Supernatants were tested for estradiol
production with an ELISA method. Furthermore, the effect of the EFE on EEER, /PR expression was
assessed by immunocytochemistry. EFE contains a substantial amount of lignans. Estradiol production was

inhibited in all cells in a concentrationdependent manner. EFE upregulatel ER in JEG3 cell lines. In

MCF?7 cells, a significant ER downregulation and PR upregulation were observed. The control substances
enterolactone and enterodiol in contrast inhibited the expression of both ER and of PR in MCF7 cells. In
addition, the production of estradiol was upregulated inBeWo and MCF7 cells in a concentration

dependentmanner. The downregulating effect of EFE on ER expression and the upregulation of the PR
expression in MFC7 cells are promising results. Therefore, additional unkown substances might be

responsible for ER downregulation and PR upregulation. These findings suggest potential use of EFE in
breast cancer prevention and/or treatment and warrant further investigation.

Keywords: lignans; isoflavones; elder flower; breascancer; trophoblast tumor

1. Introduction

A growing body of data points to health benefits of phytoestrogens in diet and to possible
pharmaceutical applications [L]. The two main groups of phytoestrogens, isoflavones and ligns, are
polyphenolic compounds derived from plants with a molecular structure that closely resembles
mammalian estrogens[2]. Dueto their molecular structure, these compoundscan bind and interact
with human estrogen recepbrs (ER) resulting in both estrogen and antestrogen effects B]. Thus, it

is assumed that some phytoestrogens can be classified as selective estrogen receptor modulators
(SERM)[4,5].

Nutrients2016 8, 616;doi:10.3390/nu8100616 www.mdpi.com/journal/nutrients
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Isoflavones are mostly found in legumes, with the most common representative being soy amsl i
derivative products [6], making them more common in Asian diets, whereas lignans, more common
in occidental diets, are usually found in seeds and fibeich cereals [7,8]. Their role in the pathogenesis
of hormone-dependent malignancies, especially breastancer,has been investigated usingchemically
pure isolates or product extracts in several in vitro or in vivo models [9z11]. Their effects as
hormonally-active diet components have been excessively and controversially discusset[13].
Isoflavone extracts and supplementsare often usedfor the treatment of menopausalsymptoms and
for the prevention of age-associatedconditions, such as cardiovasculardiseasesand osteoporosisin
postmenopausal women[12].

In humans the most important lignans are secoisolaricésinol and matairesinol [14].

After oral intake they are transformed by intestinal aerobe and anerobe flora into bioavailable
enterolignans enterodiol and enterolactone 15].

Clinical studies proved that a high exposition to enterolignans reduced the risk of breast cancer by
16% [16]. Moreover,increasedblood concentrations of enterolactonein postmenopausalwomen are
related with a significant reduction of breastcancer mortality [17].

With the goal of identifying potential sourcesof phytoestrogensand selecting those with beneficial
functions, our group hastested,in prior trials, the phytoestrogenproperties of pumpkin and flax seed
lignan and isoflavone extracts on the proliferation of trophoblast and breast cancercell lines [18,19].
Moreover, the effect of the phytoestrogens genistein and daidzein on human term trophlasts and
their influence on fertility was investigated [20].

Elder flower (Sambucus nigriis a historically-significant herbal medicinal plant used for centuries

as a coldremedy.lIt is used as a general nutritive tonic ad due to its strong taste as a flavor enhancer
in meals and beverages. Elder extracts possess significant antioxidant activity and have been shown to
impair angiogenesis. The anthocyanins present in elderberries protect vascular epithelial celgainst
oxidative insult, and reduce lowdensity lipoprotein (LDL) and cholesterol, therefore, preventing vascular
disease R1]. Elder extracts boost cytokine production Z2]. The influenza A virus subtype HIN1
inhibition activities of the elder flavonoids compare favorably to the known antinfluenza activities of
oseltamivir and amantadine P3]. The terpenes extracted from elder flower show notably strong
antimicrobial effects in vitro upon methicillin -resistant Staphylococcus aure(ig4]. Moreover elder flower
could improve bone properties by inhibiting the process of bone resorption and stimulating the process of
bone formation [25].

Due to the interesting characteristics of elder flower described above, this in vitro study aims to identify
the distribution of lignans and isoflavones in elder flower extracts (EFE) and evaluate the potential
phytoestrogen effects of EFE on tumor trophoblast BeWo and JBG&ells and the ERpositive MCF7 breast
cancer cell lines, and compare those with the effects of enterodiol and enterolactone.

2. Materials and Methods

2.1. Preparation of th&FE

In total six EFE from the pecies Sambucus nigrawvere produced. Three lignanisolations were
prepared aspreviously described[26] and,afterwards, dissolvedin 100% ethanol. In the aim to verify

the previously-reported increasedlignan concentrationin elder flowers [27] the molecularzchemical
composition of the extract was further analyzed by pyrolysidield ionization mass spectrometry by
usinganLCQ@ AOAT OACA | 4EAOI T NeUSh) ThepbdkSwe@rte iderid\bd ibrittap

technology in electrospray ionisation (ESI) mode. The source voltage was set at W5while the mass
detection range was 150272000 amu. For the production of the three flavonoid extracts,the method
previously described by Franz and Koeldr was used[28].

28



Nutrients 2016 8, 616 29 of 16

2.2.CellLines

For the current work the chorion carcinomacell lines JEG3 and BeWo,and the breast carcinoma cell
line MCF7, were used. All cell lines were obtained from the European Collection of Cell Cwdtur
(ECACCSalisbury,UK). The cellswere grown in $ O 1 A A Modlified BagleMedium (DMEM) without
phenolred (Biochrom AG Berlin, Germany)supplementedwith 10% heat-inactivated fetal calf serum
(PAALaboratories GmbH, Pasching, Austria), 100g/mL Penicillin/Streptomycin (Biochrom AG)and
2.5ug/mL Amphotericin B (Biochrom AG).Cultureswere maintained in ahumidified incubator at37
‘with a5% CQ atmosphere.Prior to cellculture, the levelsof estrogenor progesteronein the medium
were measured,using anautomatedimmulite (DPCBiermann,Freiburg, Germany)hormone analyzer,
in order to exclude their presence.

2.3. Effect of EFE on Cdllines

For all experiments, the cells were seeded on Quadriperm tissue slides with or without added lignan
and flavonoid EFEseparately.In brief, cellswere seededat a concentration of 400,000 cells per slide.
The cellswere left to attach for 24 h. Then,the medium was replaced by medium supplemented with
lignan and flavonoid EFE separately at final effective concentratis of 10, 50, and 10Qug/mL. Since
the original EFE was diluted in 100% ethanol, medium supplemented with 100% ethanol at a
concentration of 5pg/mL (this being the maximum ethanol concentration achieved during these
experiments) servedasthe internal control. In addition, enterolactoneand enterodiol (SigmaAldrich,
Taufkirchen, Germany)were addedto the samecell cultures asusedfor EFEin concentrations of 10,
50, and 100ug/mL, respectively. After the cells were cultured for 72 h, 1 mL from each swgrnatant
was stored ati 80 & for estradiol analysis. The remaining supernatant was then discarded and the
slideswere washedin phosphate-buffered saline (PBS) fixed in acetonefor 10 min, and left to dry at
room temperature. Cellstreated with equalconcentrations of estradiol (10,50,and 100 pug/mL) served
as externalcontrols.

2.4. Estradiol Determination in the Cell Culturgledium

For the determination of estradiol in the culture medium, acompetitive enzymeimmuno-assay (EIA)
was applied as describedpreviously [29]. The measurements were performed using an
automated Immulite 2000 (DPC Biermann, Freiburg, Germany) hormoranalyzer.

2.5. Immunocytochemistry for the HRERD, and Progesterone RecepieR)

For immuno-detection of the steroid receptors ER, ER , and PR, thé/ectastainR Elite Avidin/Biotin

Complex (ABC) Ki{Vector, AAT OAOT OEAOh " OOI ET CAIi Ah #!'h 531 q xAO 00
protocol. After being air dried, the slides were rinsed in PBS for 5 min and incubated with the ABC normal

serum for 60 min in a humidified environment. The slides were then washed  and incubated with the

respective primary antibodies. Salient features of the aifiodies used are presented ifmable1. The slides

were then incubated with the diluted biotinylated secondary antibody (30 min), followed by incubation

with the ABC reagent (30 min), and the ABC substrate (15 min). A PBS wash (5 min) was applied

between stepsFinally, OEA Ol EAAO xAOA A1 01 OAOOOAET AA xEOE - AUAO0GO
water, and covered with Aquatex. The intensity and distribution patterns of the specific
immunocytochemical staining was evaluated using a sermuantitative method (IRS score) as previously

described [30]. Briefly, the IRS score was calculated as the product of the optical staining intensity (0 = no

staining; 1 = weak staining; 2 = moderatstaining; and 3 = strong straining) multiplied by staining extent

(0 = no staining; 1% O 10% staining; 2 = 119%50% staining; 3 = 519480% staining and 40 80%

staining). The percentage of positivelystained cells was estimated by counting approximatel§00 cells.

29



Nutrients 2016 8, 616 300f 16

Table 1. Antibodies used for expression analysis of steroid hormone receptors.

Salient Features of the Antibodies Used in the Present Study

Antibody (Source) Origin Dilution in PBS Temperature
Anti-ERcr (Dako, Germany) Mouse monoclonal 1:150 1hRT
Anti-ER (Serotec, Germany) Mouse monoclonal 1:600 O/N4®
Anti-PR (Dako, Germany) Mouse monoclonal 1:50 1hRT

ER = estrogen receptor; PR = progesterone receptor; O/N = overnight; RT = room temperature.

2.6. Statistical Analysis

Theresults are presentedasmean* semof three independent experiments. Statistical analysis was
DAOA&AI Of AA OOET ¢ OEA 7EI AT @I 180 OECI AA OATE pOAOOO
< 0.05 was considered statisticallysignificant.

3. Results

3.1. EFE Contains Phytoestrog&ompoung

Mass spectrometry was performed to identify the different substrates and to determine their
proportions in EFE. The results showed that the EFE contains phytoestrogen compounds. Lignan
dimers (LDIM) were found with a total intensity of 2.6%, lignans(LIGNA) with 1.3%, isoflavones
(ISOFL)with 0.6%, and flavones (FLAVO)with 0.1%. Figure 1 demonstratesthe distribution of the
different substance classes found in EFRVith a total intensity of 18.1% the most abundant substace
class in EFE were lipids, including alcanes, alcenes, fatty acids, waxes, and fats (LIPID). Monolignoles
(PHLM) were found with an intensity of 13.4% and carbohydrates (CHYDR)with 11.1%. Nitrogen
(NCOMP) compounds were found with a total intensity 06%, amino acids and peptides witth.4%
(PEPTI),isoprenoid compounds(ISOPR)with 1.5%,other polyphenolic (POLYO)with 5.2%, and low
molecular compounds (LOWMW) with4.7%.
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Figure 1. Characteristic diagram of mass spectrometry anasis results of the EFE using both the microwave
extraction (A) and the extraction method modified from Luyengi et al. [26] (B); moreover, the different
substances extracted are presente(C).

3.2. EFELignan andFlavonoidExtracts Inducethe Inhibition of EstradiolSecretiorin JEG3, BeWo,and
MCF7 Cellsin aDoseResponsPatternandthelnhibition of Progesteron8ecretiorin JEG3 Cells

To assess the estradiol and progesterone secretion, all three cell lines were cultured 7@ h in the
presence of different EFE concentrations. An automated hormone analyzer was used to determine the
estradiol and progesterone concentration in the medium by applying a competitive EIA. All cell lines
were incubated with elder flower flavonoid ard lignan extracts. The EFE lignan and flavonoid extracts
demonstrated a statistical significant inhibition in estradiol secretion in a doseesponse pattern inall
three cell lines (Figure2). Only statistical significant datas demonstrated in the figures. The celtulture
medium with 10% FCS did not contain any measurable amounts of estrogen and progesteroag,
determined with the automated hormone analyzer Immulite (DPC Biermann, Freiburg, Germany).
In JEGS3 cells,the estradiol production wasinhibited from 5634.96 + 235.77 pg/mL in the control to
4547.48+ 145.89 pg/mL, 1283.88+ 29.78 pg/mL, and 1030.43t 24.50 pg/mL when the EFE lignan

concentration was 10 pg/mL, 50 pg/mL, and 100 pg/mL, p = 0.018, respectively (Figure 2A). EFE
flavonoids had a similar effect using the same concentrations, as the estradiol production was
inhibited from 5634.97+ 235.77 pg/mL in the control to 5049 + 187.28 pg/mL, 1264.5+ 151.26 pg/mL,
and 1137+ 138.08 pg/mL (Figure2B).

In JEG3 cell lines progesterone secretion was also significantly inhibited using EFE lignan extracts
from 87.95+ 1.36 pg/mL in the control to 84.88+ 1.98 pg/mL, 66.22+ 2.25 pg/mL, and

45.98+ 1.92 pg/mL whenthe EFE concentration was 1Qug/mL, 50 pg/mL and 100 pg/mL.

The cultivation of the BeWo cell line with EFE lignan extracts resulted again in an inhibition of
estradiol secretion from 245.25+ 16.25 pg/mL in the control to 230.85+ 8.17 pg/mL,

231.95+ 6.1 pg/mL, and 206.81+ 5.69 pg/mL when the EFE concentration was 1Qug/mL, 50 pug/mL,
and 100 pg/mL (Figure 2C). The differences between the stimulated cells and the control were only
significant at a concentration of 10Qug/mL, with p = 0.05.

In MCF7 cell lines the EFE flavonoid concentrations of 0g/mL and 50 pg/mL first provoked a
transient increasedsecretion of estradiol from 146.37 £ 9.91 pg/mL in the control to

185.44+ 4.28 pg/mL at 10pug/mL and 164.07+ 3.16 pg/mL at50 pg/mL (Figure 2D). Then, at 100
pa/mL, the estradiol secretion was inhibited to 140.21+ 2.22 pg/mL, p = 0.08 respectively.

Using the same concentrations with EFE flavonoidxtracts, progesterone secretion was also
significantly inhibited in JEG3 cells (Figure2E) from 104.83 + 5.13 pg/mL in the controlto 77.94
+ 1.32pg/mL, 56.18+ 1.7pg/mL, and47.76+ 1.56 pg/mL (p=0.043).
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Figure 2. Estradiol and progesterone concentration irthe tissue culture medium of JE@G, BeWo,and MCF7
cells in the absence or presence of EFE. The effective EFE concentrations wer@d/nL, 50 pg/mL, and
100 pg/mL. Significantly different observations are highlighted with an asterisk.

3.3. EFE Flavonoid Extacts up Regulates ERn JEG3 Cells

JEG3 cell lines that were cultivated with EFE flavonoid in the concentrations of 1Qg/mL, 50
pg/mL, and 100 pg/mL an upregulation of ER was demonstrated. The IRS score of ERwas

increased from 1+ O in the control to 1.33+ 0.23, 167 + 0.54, and 2.167+ 0.44. At 100pg/mL
statistical significance was demonstratedp = 0.015, respectively (Figure3A).

A. Up regulation of the estrogen receptor a expression

by elder flower flavonoids in Jeg 3
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Figure 3. Upregulation of ER and progesterone receptor by elder flower flavonoids in JEG and MCF7

cells. The effective EFE concentrations were 30g/mL, 50 pg/mL, and 100 ug/mL. Significantly different
observations are highlighted with anasterisk.
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3.4. EFEFlavonoidsDownregulateER Uand EFE Lignansand FlavonoiddUpregulatethe PRin a
DoseRespose Pattern Predominantly in Lower Concentrations in MCEélls

MCF7 cells that were exposed to EFE flavonoids with the concentrations of 1§/mL, 50 pg/mL, and 100
pg/mL responded significantly with a downregulation of ER at the concentrationsof 10ug/mL
(3.5+ 0.55)and50 pg/mL (6.3 £ 0.88) comparedto the control (11.33+ 0.73,p=0.002and

0.004), (FiguredA).

MCEF7 cells that were exposed to EFE lignan and flavonoid extracts with the concentrations of 10
png/mL, 50 pg/mL, and 100 ug/mL responded significantly in an upregulation of the PR in a dose
response pattern (Figure4B). The upregulation of the progesterone IRS score significantly reached a
peak at the EFE lighan awentration of 10 ug/mL (8 £ 0.98) compared to the control (3.3t 0.36,p
=0.002). Asthe EFEconcentration increased,the IRSscoredecreasedat 50 pg/mL to

7.66+ 1.04, and at 10Qug/mL to 5.83 (Figure4B).

The same phenomaon was observed using EFE flavonoids where the IRS score increased from
2.66% 0.46in thecontrolto 6 £ Oat10 pg/mL (p=0.002),andthen decreasedo 4.83+ 0.59(p=0.026) at
50 ug/mL, and to 2.83+ 0.44 at 100ug/mL (Figure 3B).
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Figure 4. Representative microphotographs of MCF7 cells grown in the absence or presence of elitaver
extract (at effective EFEconcentrations of 10 pg/mL, 50 pg/mL, and 100 pg/mL), after immuno-detection
of ER (A) and PR(B); and presentation of the immunocytochemistry results by the semiquantitative
immunoreactivity score (IRS). Significantly different observations are highlightedvith an asterisk.

3.5. Enterolactone Downregulates Expression ofJ&Rd PR in a Dos®esponse Pattern in MCRZells

MCEF7 cells that were exposed to enterolactone at concentrations of t@/mL, 50 pg/mL, and 100ug/mL
responded significantly with a downregulation of ER at concentrations of 50pg/mL (IRS score 2.5) and
100 pg/mL (IRS score 0) compared to theantrol (IRS score 5p = 0.027 and 0.024) (see Figur&). MCF7

cells that were exposed to enterolactone at concentrations of 1dg/mL, 50 pg/mL, and 100 pug/mL
responded with a doseresponserelated downregulation of the PR. Th downregulation  of the PR was

significant at enterolactone concentrations of 5ug/mL (IRS score 4) and 10Qug/mL downregulation (IRS
score 2) comparedto the control (IRSscore9, p =0.028 for both concentrations).
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Figure 5. Representative miciophotographs of MCF7 cells grown in the absence or presence of

enterolactoneat concentrationsof 10 pg/mL, 50 pg/mL, and 100 pg/mL), afterimmuno-detection of ER,
(A) and PR (B); and presentation of the immunocytochemistry results by the semi-quantitative
immunoreactivity score(IRS).Significantly different observationsare highlighted with anasterisk.

3.6. Enterodiol Downregulates Expression of B&d PR Only at High Concentrations in MCF7 Cells

MCF7 cells that were exposed to enterodiol at concentratis of 10ug/mL, 50 pg/mL, and 100ug/mL

responded with a significant downregulation of ER only at 100 pg/mL (IRS score 0) comparedo the
control (IRSscore5,p=0.023) (Figure 6). MCF7cellsthat were exposedto enterodiol at concentrations of

10 pg/mL, 50 pg/mL, and 100 pg/mL responded with a significant downregulation of the PR at 100
pg/mL (IRS score 0) compared to the control (IRS score 545,= 0.023).
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Figure 6. Representative microphotographs of MCF7 ¢ls grown in the absence or presence of enterodiol

at concentrations of 10ug/mL, 50 pg/mL, and 100pg/mL), after immuno-detection of ER. (A) andPR(B)
; and presentation of the immunocytochemistry results by the semi-quantitative immunoreactivity score
(IRS). Significantly observations are highlighted with aasterisk.

3.7. Enterolactonénhibits EstradiolSecretiorin JEG3 CellsandInduceEstradiolSecretionin BeWoand
MCF7 Cells in a Dos®esponsPattern

In JEGS3 cells,the estradiol production wasinhibited from 211.8+ 8.88 pg/mL in the control to

190.9+ 7.9 pg/mL, and 149.59+ 7 pg/mL at enterolactone concentrations of 1Qug/mL and 50 pg/mL,
p = 0.028, respectively (Figurer).
The cultivation of the BeWo cell line with enterolactone resulted again in an upregulation of
estradiol secretion from 75.07 + 2.33 pg/mL in the control to 94.66 + 6.39 pg/mL,
137.66+ 10.04 pg/mL, and 173.53+ 9.56 pg/mL when the enterolactone concentration was 1Qug/mL,
50 pg/mL, and 100ug/mL. The differences between the stimulated cells and the control were significant
at all concentration levels of enterolactonep = 0.028,respectively.
In MCF7 cells the concentrations of 1Qg/mL, 50 pug/mL and 100 ug/mL provoked an increased secretion
of estradiol from 52.65+ 7.90 pg/mL in the control to 75.22+ 2.11 pg/mL at 10pg/mL,

123.93+ 3.93pg/mL at50 pg/mL, and172.12+ 10.05pg/mL at100 pg/mL, p=0.028,respectively.
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Figure 7. Estradiol concentration in the tissue culture medium of JE& BeWoand MCF7 cells in the absence
or presence of enterolactone. The effective enterolactone concentrations weedOpg/mL, 50 pg/mL, and 100
pag/mL. Significantly different observation are highlighted with an asterisk.
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3.8. EnterodiollnducesEstradiolSecretionn JEG3, BeWo,andMCF7 Cellsat Distinct Concentrations

In JEG3 cells, the estradiol secretion was significantly enhancedfrom 79.85+ 1.14 pg/mL in the

control to 86.37+ 1.07 pg/mL, when the concentration was 5Qug/mL enterodiol, p = 0.028 (Figure8).
Thecultivation of the BeWocell line with enterodiol resulted againin asignificant upregulation

of estradiol secretion from 63.71 + 0.68 pg/mL in the control to 72.71 + 0.79 pg/mL, and
84.37+ 4.63 pg/mL at the enterodiol concentrations of 50ug/mL and 100 pg/mL, respectively. The
differences between the stimulated cells and the control were significant at both concentration of
enterodiol, p = 0.028,respectively.
In MCF7 cells the concentrations of 5Qug/mL and 100 pg/mL provoked an increased secretion  of
estradiol from 35.64+ 1.32 pg/mL in the control to 5328 + 0.39 pg/mL at 50pug/mL, and
56.94+ 2.54 pg/mL at 100pg/mL, p = 0.028, respectively.

Figure 8. Cont.
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