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Title 

 

New Animal models and in vitro systems for the pharmaco-toxicology of Nuclear 

Receptors Interacting Compounds (NR-ICs). 

September 5, 2008  

Genova (Italy) 

 

 

               Morning 
Workshop  Introduction   

 

9.00-9.15        Diego Di Lorenzo (Laboratory of Biotechnology, Civic Hospital of Brescia, Italy) 

Presentation of the EXERA Project. 

 

Lectures 

 

In vivo models 

Chairman: Adriana Maggi 

 

9.15-9.50         Adriana Maggi (Center of Excellence, CEND, University of Milan, Italy) 

Title: Defining the harms of prolonged exposure to nuclear receptors interacting compounds 

 

9.55-10,30       Paolo Ciana  (Center of Excellence, CEND, University of Milan, Italy) 

Title: Molecular imaging of nuclear receptor pharmacology  

 

10.35-11.10  Diego Di Lorenzo (Laboratory of Biotechnology, Civic Hospital of Brescia,  Italy)  

Title: Activity of endocrine disruptors in estrogen reporter mice  
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11,15-11.45         Coffee break 

 

11,45-12.15  Sari Makela  (Department of Biochemistry and Food Chemistry, University of Turku.   

Finland). 

Title:  Genetically modified mouse models for altered estrogen action 

 

12,20-12.50 Alberta Mandich  (Department of Biology, University of Genova, Italy). 

Title:  A fish model to detect estrogenic chemicals in river water. 

 

13.00-14.30         Lunch 

 

      Afternoon 
 

In vitro  systems:   
Chairman: Kalervo  Vaananen 

 

 

14.30-15.00  Kalervo Vaananen (University of Turku, Finland) 

Title:  Role of estrogen in bone metabolism 

 

15.00-15.30    Giovanna Mazzoleni  (University of Brescia, Italy) 

Title:  3D cultures of liver primary cells from ERE-LUC mice 

 

15.30-16.00        Paul Tomkins  (BIOSERV, Athlone, Ireland) 

Title:    Action of endocrine disrupters in Sertoli and Granulosa mouse cells 

 
Coffee  

 

16.30-17.00        Mikko Unkila   (HORMOS, Finland) 

Title: Comprehensive and predictive  pharmacological tools  to assess estrogen receptor modulators  

tissue specific effects 

 

17.00-17.30        Manfred Hennecke  (Berthold, Germany) 

Title:  Non-invasive molecular imaging. A comparison of various technologies with special 

reference to optical imaging. 

 

17,30-18,00     Miriam Jacobs  (European Centre for the Validation of Alternative Methods   

      (ECVAM), European Commission Joint Research Centre, Ispra, Italy. 

Title: The role and current activities of ECVAM in the validation of non-animal tests for  endocrine 

disrupting chemicals. 
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Defining the harms of prolonged exposure to nuclear receptors interacting compounds. 

Adriana Maggi 

Dept. of Pharmacological Sciences and Center of Excellence on Neurodegenerative Diseases  of the 

University of Milan, Milan, Italy 

 

Endocrine disrupters (EDs) are environment and food contaminants known to alter metabolic 

functions of mammals by interfering with specific endocrine pathways. Many of these compounds 

act on cells target of steroid hormones by interacting in a productive manner members of the family 

of intracellular receptors (IR) such as estrogen receptor (ERs), androgen receptor (ARs) and thyroid 

hormone receptors (THR). Other family members may be engaged. IR are ligand-operated 

transcription factors controlling the activity of selected promoters, in concert with general or cell 

specific co-regulators (co-activators and co-repressors). The newly acquired awareness on the 

panoply of IR functions increased the concern on potential unsought harmful effects for human 

health of these compounds and questioned the capability of the methodologies currently available to 

identify these compounds in the environment and in the alimentary chain and to characterise their 

biological effect. Indeed, current in vivo and in vitro methodologies restrict the analysis to very 

specific organs or cell systems, thus their limitations in predicting the real, systemic metabolic 

consequences of ED exposure are obvious. The recent emphasis by Regulatory Authorities, 

including ECVAM, on the generation of in vitro model systems for toxicological analysis 

discouraged the development of models suitable to envision all spectrum of body action as required 

when studying the endocrine effects of EDs.  

We will review the results obtained with an animal  model system (the ERE-Luc mouse) in which 

the systemic effects of EDs can be studied optical imaging without animal sacrifice and distress. 

Molecular imaging indeed provides the opportunity to quantify the effects EDs in whole, living 

organisms thus enabling, for the first time, to acquire a full comprehension of the systemic effects 

of acute and prolonged exposure to EDs finally solving the issue of the potential harm due to 

repeated exposure at low dose. We will also discuss the tools we have generated to speed up the 

analysis of mice exposed to the ED of interest.  

 These systems of unquestionable toxicological relevance need to be taken in consideration for an 

improvement of the methodology currently available and in use.  
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Molecular imaging of nuclear receptor pharmacology 

Paolo Ciana 

Dept. of Pharmacological Sciences and Center of Excellence on Neurodegenerative Diseases  of the 

University of Milan, Milan, Italy 

 

Nuclear receptors (NRs) are regulatable transcription factors governing several physiological 

aspects in the developing and adult organism, including morphogenesis, reproduction and 

metabolism. NRs are the target of natural occurring compounds (hormones, vitamins and fatty 

acids) and several xenobiotics (drugs and endocrine disruptors).  Pharmacological analysis of NR 

ligands is complicated by a marked tissue/cell-specificity of action which is the result of a complex 

network of interactions among the ligand-bound receptor, transcription factors/cofactors and DNA. 

Therefore, analysis of the activity of NR ligands has to be done in biological models in which all 

co-factors and chromatin components are strictly reflecting those presents in the original tissue. To 

overcome this complexity we developed reporter mice, i.e. tools created by merging transgenesis, 

imaging and reporter technologies (Maggi and Ciana, 2005). In these models, the presence of a 

biosensor active in all cells of the animal allows to report  the state of activity of a specific nuclear 

receptor. In particular, we have generated reporter mice for estrogen receptors (Ciana et al Nat Med, 

2003 and peroxisome-proliferator-activated receptors (Biserni et al, 2008) that were validated for 

pharmaco-toxicological studies. In comparison to currently available pharmacological models, 

reporter mice are able to offer: i) a global view of the tissues affected by the experimental 

compound, ii) an unequivocal on-target assessment of dosage and timing eliciting a 

pharmacological response, iii) the possibility to carry out longitudinal studies in single individuals 

during repeated drug treatment and iv) to perform time course studies with limited use of 

experimental animals. Altogether these possibilities have the potential to change the way we 

develop drugs allowing combination of pharmacokinetics and pharmacodynamic studies. The direct 

analysis of target activity in the living system will result in the rapid identification of toxic effects, 

will unravel the sites of drug/compound accumulation and activity, and will clarify the  dynamics of 

the target response to treatments or exposures  (e.g. receptor desensitization or down/up-regulation).  
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Searching for alternatives to animal experimentation for testing hormonal compounds. 

Diego Di Lorenzo 

Laboratory of Biotechnology, Civic Hospital of Brescia, Italy 

 

Industries from different fields (Pharmaceuticals, Chemicals, Cosmetics, Foods and 

Toxicologicals) need reliable, fast and economic in vitro  models, alternative to animal 

testing, which can provide predictive data on the actions of NR-ICs (Nuclear Receptors 

Interactig Compounds) and in particular ER-ICs (Estrogen Receptor Interacting Compounds), 

on animal and human health. These needs are increasing for a number of reasons: 

First, more and newer drugs with endocrine action are produced (mainly 

estrogens/antiestrogens for women. 80% of the marketed drugs is directed to women: birth 

control, cancer  therapy and prevention, hormone replacement therapies). 

Second,  the recognition that a wide and increasing number of xenocompounds that come 

from  the industrial production and that contaminate the environment, are active endocrine  

structures for both men and women (Endocrine Disruptors; EDs). 

Third, the isolation of numerous food components and  the nutraceutical formulas 

commercialised by the food industry are suggested to be healthy supplements for their 

biological activity as hormones mimics (i.e. phytoestrogens). 

Fourth, research evidence is more and more emphasizing the limit of several non mammalian 

models for a correct estimation of the physiological consequences (risks and benefits) linked 

to the exposure of humans to ER-ICs. 

The need of appropriate models which can reproduce features and reactivity of specific 

mammalian target tissue/organs to ER-ICs is then becoming an imperative research priority. 

The scientifically, economically, socially and ethically relevant stakes are therefore 

considerable. 

A review on the application of reporter mouse models to the pharmacotoxicology of ER-ICs 

is presented. 
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Genetically modified mouse models for altered estrogen action 

S. Mäkelä 

University of Turku, Functional Foods Forum & Turku Center for Disease Modeling, University of 

Turku, Finland 

 

Assessment of the health effects of environmental nuclear receptor interacting compounds (NR-

ICs), or endocrine active compounds (EACs) has proven challenging, and there is a clear need for 

better models that take into account the complex nature of endocrine system, and allow 

investigation of the effects of NR-ICs in the proper context of exposure (e.g. as part of food items). 

Obviously, animal models are necessary, as in vitro systems, albeit well suited for screening 

purposes, are not adequate to provide information for risk assessment of NR-IC exposures. 

Estrogen signaling pathway is one of the main targets of NR-ICs. More specifically, the targets 

include not only estrogen receptors (ERŬ, ERɓ), but also the ñpre-receptor levelò, i.e. the steroid 

biosynthetizing and metabolizing enzymes regulating the availability of the endogenous ER ligands. 

Generation of in vivo models specifically designed for studies on estrogen signaling pathways has 

become possible through the rapid advances in the techniques for production of genetically 

modified (GM) mouse lines. For example, transgenic ñestrogen reporterò (ERE-Luc) mice, carrying 

a luciferase reporter gene under the control of estrogen responsive element (ERE) have been 

generated and used successfully by several laboratories for testing ER-interacting compounds, as 

well as foods with ER-modulatory properties. More recently, GM mice with altered expression of 

the key enzymes in steroid biosynthesis (aromatase, HSD17B enzymes), and a luciferase reporter 

under the human aromatase gene promoter have been produced and shown to be suited for the 

investigation of the pathophysiological role of these enzymes, and in target validation studies in 

drug development. With respect to the role and function of steroid biosynthetizing enzymes, there 

are critical differences between mouse and man, and, therefore, ñhumanizedò GM models 

expressing the human enzyme or promoter are a major improvement providing more relevant tools 

for studying the role of EACs in human health. 
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Role of estrogen in bone metabolism 

Kalervo Väänänen. 

Department of Cell Biology and Anatomy, Institute of Biomedicine, University of Turku, 

Finland 

 

Estrogen is an important regulator of bone growth and maintains bone mass and microarchitecture in 

adult bones. Decreasing levels of biologically active estrogens play a major role in the development 

of high bone turnover and osteoporosis.  

All major bone cell types, namely osteoblasts, osteocytes and osteoclasts express both estrogen 

receptors (ERŬ and ERɓ). A lot of clinical data exist to conclude that estrogen maintains normal 

bone homeostatis both in females and males. It is also well established that decreasing estrogen 

levels are associated to high bone turnover and enhanced bone loss. However, the exact cellular and 

molecular actions of estrogen that leads to high bone turnover are still controversial. This is partly 

due to lack of suitable in vitro models which could mimic different bone cell functions in defined 

conditions. Osteoclastogenesis is strongly stimulated in vivo if circulating estrogen levels decrease 

but direct effects of estrogen to osteoclasts has been difficult to demonstrate. We have shown earlier 

that 17ɓ-estradiol can inhibit osteoclast differentiation in vitro but only if osteoblastic cells or their 

culture medium is available to osteoclasts suggesting that major inhibitory effects of estrogen on 

bone resorption are mediated via cells of osteoblastic lineage.  

Osteocytes represent almost 90% of bone cell population but their exact role in the bone metabolism 

is only poorly understood. This is partly due to the fact that osteocytes are very difficult to isolate 

and culture since they are located inside the mineralized bone matrix. In addition, cell lines 

expressing the full osteocytic phenotype are not available. It has thus remained unknown how 

important role osteocytes play in the regulation of bone metabolism, and especially how important 

target cells they are for estrogen and SERM-molecules. Since osteocytes may have a critical role in 

the initiation of local bone remodelling processes they may offer an interesting new cellular target to 

treat osteoporosis and other metabolic bone diseases. 

In our laboratory we have recently developed methods to isolate and culture primary osteocytes 

from rodent bones in order to study in more detail their role in the regulation of other bone cells. 

Isolated osteocytes form multicellular networks in culture and are connected to each other via 

functional gap-junctions. These cells are very sensitive to glucocorticoid induced apoptosis and 

interestingly already a short exposure to estrogen can rescue osteocytes from the cell death. These 

results further suggest that estrogen has a strong survival effect on normally long living osteocytes 

and may offer a new strategy to devop ñselective bone sparingò estrogen like compounds. 
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3D cultures of liver primary cells from ERE-tk-LUC mice. 

Giovanna Mazzoleni, Nathalie Steimberg, Francesca Rovetta, Jennifer Boniotti. 

General Pathology & Immunology Unit, School of Medicine, University of Brescia, Italy 

 

During the last two decades, substantial efforts have been made towards the development and 

international acceptance of reliable alternative methods to conventional in vivo testing. New 

approaches in the complex fields of pharmacology and risk assessment will require the 

development and validation of ñIntegrated Testing Strategiesò, which include, among others, 

the use of panels of physiologically relevant in vitro models (tiered testing approach). 

Increasingly, scientists are recognising the serious limits of the traditional two-dimensional 

(2D) monolayer cell culture models in reflecting the physiological behaviour of real tissues. On 

the contrary, three-dimensional (3D) culture systems that, by maintaining at least some aspects 

of the complex tissue-specific cellular microenvironment, can better preserve the differentiated 

cell phenotype, are progressively becoming a consistent bridge between in vivo and traditional 

in vitro studies. 

By using the 3D approach, we established new protocols for the isolation and long-term culture 

of primary parenchymal cells from mouse liver. In order to generate 3D liver-derived in vitro 

models that could predict in vivo hepatocytesô function, we employed a particular bioreactor, 

the Rotatory Cell Culture System (RCCSÊ, Synthecon Inc.). This innovative technology 

allows, in fact, the establishment of a particular microenvironment where hydrodynamic forces 

are strictly controlled (relative microgravity), therefore reducing to a minimum the shear forces 

and turbulence normally associated with impeller-driven stirred bioreactors; sedimentation and 

inadequate gas/nutrients supply are also avoided, thus guaranteeing the most favourable 

conditions for cell/tissue culturing. 

Examples of various 3D-culture models derived from the liver of ERE-tk-LUC mice and based 

on the use of the RCCS
TM

 technology (3D organotypic cell aggregates and tissue explants), 

their characterisation and testing, as well as their exploitation potential, will be illustrated. 
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Comprehensive and predictive tools to assess estrogen receptor modulators  tissue specific 

effects 

Mikko Unkila  

Hormos Medical Ltd*, Turku, Finland 

*A subsidiary of QutRx Pharmaceutical Company 

 

Estrogen (ER) receptor is a ligand-activated transcription factor mediating effects of estrogens in 

various tissues. Estrogens and specific ligands of the ER (SERMs, eg. selective ER modulators) are 

clinically used to mimic the positive endogenous estrogen functions, especially in the menopausal 

women as the key target population. While estrogen can be considered as full agonist for ER 

mediated effects, same ER drug ligands can elicit agonistic effects in some (eg. bone), while 

antagonistics/neutral effects in other tissues (eg. mammary gland, uterus). The exact molecular 

basis to understand such tissues specific effects is not fully understood, but lit likely involves 

specific changes in the 3D structure of the ligand-bound ER allowing for selective co-regulatory 

protein interactions. Eventually, this can be assumed to lead to selective gene promoter activation 

by way of specific ligands. The relative amounts of co-regulatory proteins expressed in different 

tissues varies, thus proving a hypothesis for the tissue specific effects of SERMs. Novel in vitro and 

in vivo pharmacological techniques to assess the tissue specific effects of ER ligands are urgently 

needed. The presentation will discuss possible avenues as of how to attain these goals. 
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Non-invasive molecular imaging. A comparison of various technologies with special reference 

to optical imaging. 

Manfred Hennecke 

Berthold Technologies, Germany 

 

MRI, PET, SPECT, CT, ultrasound and optical imaging (bioluminescence and fluorescence) are 

todayôs basic technologies applied in molecular imaging research. Each technology has its 

advantage and provides unique information. Since bioluminescence is the most sensitive method 

and also relative easy to perform, it is clearly evident that this technology will become a common 

standard. To benefit from all these technologies and to be able to compile and compare the 

information, the animal has to be kept in the same position during sequential scanning in different 

instruments. Therefore animal beds have been developed which can be used in different scanners. 

There are different software packages available to perform image registration and fusion. 
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Development of novel murine gonadal cell lines incorporating ER reporter systems 

 

Barkwan, S.
1
, Rashid, H.

2
, Tomkins, P.T.

1
 

 
1
Bioserv Ltd, Athlone Institute of Technology, Athlone, Ireland, 

2
Centre for Biopolymer & 

Biomolecular Research, Athlone Institute of Technology, Athlone, Ireland 

 

Testicular sertoli cells and their female ovarian analogues, granulosa cells exert a significant 

influence on respective germ cell development and function.  A key element of inter-cell 

compartmental gonadal control mechanism is mediated by oestrogen receptors, which are 

potentially sensitive to occupation or corruption by endocrine disrupting compounds.  EDC assays 

based on these cell types are therefore highly relevant to the detection of receptor associated 

reproductive toxicants.  Multiple strategies exist for cell immortalisation, including passive 

selection, SV40 Tag and telomerase expression.  We have employed established protocols and 

novel shRNAi gene knock out approaches to generate immortalised sertoli and granulosa cell lines 

that express pre-integrated (ERE-luc ï TOP, Milan) or a transfected ERab luciferase reporter 

system.  We have accumulated evidence of stable expression in shRNAi treated cells and retention 

of proliferative capacity despite their differentiated status.  The latter has been confirmed in 

passaged cells by a combination of immunofluorescence and PCR markers. 

The transcription factor, p53 can arrest the cell cycle and initiate caspase-8 and caspase-3 driven 

apoptosis and its expression is suppressed in the derived cell lines.  In reflection of this status, these 

cells showed reduced sensitivity to camptothecin exposure (> whole log differential for EC50).  This 

possibly, in part relates to distinct clastogenesis reported by single cell gel electrophoresis. 

Spheroid aggregate cultures of these gonadal cells were generated in a Synthecon RCCS perfusion 

system using a HARV reactor. Cells secreted ECM proteins in the absence of a substrate surface 

and showed a high level of differentiated marker expression.  Comparative analysis of 2D and 3D 

growth kinetics has been undertaken.  A basis for assembling uniform spheroids and detecting 

positive control oestradiol affinity binding will be described. 

It is accepted that some EDCs exert effects in the absence of ER binding, for example disrupted 

steroid synthesis via steroidogenic acute regulatory protein (StAR) levels and via CYP19 aromatase 

modulation.  However, the construction of 3D organotypic co-cultures that show ónormalô 

seminiferous tubule and ovarian tissue profiles incorporating a sensitive ER reporter has a potential 

for mechanistic based high throughput screening assays. 

 

 

 



 

 18 

 

 

 

ECVAM activities in the validation of alternatives for endocrine disruptor testing. 

Miriam Jacobs, Susanne Bremer, Thomas Hartung, Patricia Pazos and Cristian Pellizzer.  

ECVAM, Ispra, Italy 

 

 Legislation or draft proposals in for instance Europe, Japan and the USA require that chemicals are 

tested for their ability to disrupt the hormonal systems of mammals. Chemicals found to test 

positive are considered to be endocrine active substances and may be putative endocrine disruptors 

(EDs).  To address these requirements and the need to develop alternatives to in vivo testing as part 

of a tiered testing strategy, ECVAM is involved in European, and international collaborations 

including the OECD test guideline programme. For example, as part of the EU ReProTect 

Integrated Project, and under the auspices of the OECD, ECVAM is involved in the management of 

the (pre)validation of several Estrogen (ER) and Androgen receptor (AR) transactivation  and 

ligand binding in vitro assays. Following the ECVAM modular approach to validation and the 

OECD Guidance Document 34, these tests are have been assessed for modules  1 to 4, test 

definition, within laboratory definition, transferability, and between laboratory variability. Most are 

now  are entering module 5 to assess predictive capacity. In addition ECVAM is collaborating with 

ICCVAM and JaCVAM in the validation of the LUMI cell AR/ER transactivation assays, with 

JaCVAM for the validation of the antagonist HeLa ER in vitro assay, and also participating in the 

US EPA led steroidogenesis in vitro assay validation activities.  
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Gene expression profiling and DNA adduct analysis   in human CACO-2 cells exposed to 

TCDD, Benzo[A]Pyrene  and natural AH-Receptor agonists 

W. de Waard 1, J. Aarts , A. Peijnenburg, de Kok Theo  

Department of Health Risk Analysis and Toxicology, Maastricht University, the Netherlands  

 

 

Cruciferous vegetables and citrus fruits are considered to be healthy dietary items, but  have also 

been shown to contain natural aryl hydrocarbon receptor (AhR) agonists  (NAhRAs). Activation of 

the AhR is assumed to induce the main pathway by which dioxins, like 2,3,7,8-tetrachlorodibenzo-

p-dioxin (TCDD), exert their toxicity. To establish whether or not activation of the AhR by 

NAhRAs and dioxin-like substances results in similar cellular responses, effects on gene expression 

were studied in human Caco-2 cells using microarray analysis. Cells were exposed to indolo[3,2-

b]carbazole (ICZ), originating from cruciferous vegetables, and to grapefruit juice extract (GJE).  

Gene expression profiles induced by these NAhRAs were compared to those of TCDD and 

benzo[a]pyrene (B[a]P). Over 20 genes were more than 1.5 times up- or downregulated by TCDD, 

and the expression of most of these genes was modulated in the same direction and to a similar 

extent by B[a]P and the NAhRAs. Results were confirmed by RT-PCR, and many of these genes 

may be involved in dioxin-related toxic effects.   

We also investigated the influence of TCDD, ICZ and GJE on BaP-DNA adduct formation. Co-

exposure to high AhR-activating concentrations of both TCDD and ICZ significantly reduced BaP-

DNA adducts levels at 0.1 ɛM BaP, while at higher concentrations of BaP no influence was 

observed. In contrast, exposure to 0.1 ɛM BaP combined with GJE showed a significant increase in 

BaP-DNA adducts, and a significant decrease at 0.3 and 1 ɛM BaP. These differences could not be 

related to transcription of several phase I and II enzymes or DNA repair enzymes.   

In conclusion, we found similar effects induced by NAhRAs, TCDD and B[a]P at the transcriptome 

level in a human cell line and that ICZ induced a similar effect on BaP- DNA adduct formation than 

TCDD. GJE influenced the adduct formation in a different way, which may be due to effects at the 

level of enzyme activity, rather than gene expression.  

 

 

 

 

 

 

 

 

 

 

 



 

 21 

Development of 3D in vitro models of estrogen-reporter  mouse tissues for the pharmaco-

toxicological analysis of estrogen receptors-interacting compounds (ER-ICs). 

The EXERA Consortium 

 

Stakes:  Availability of adequate test model systems is essential to the development of  risk 

assessment programmes for nuclear receptors-interacting compounds (NR-ICs) (drugs, industrial 

compounds, cosmetics, environmental contaminants and food components).  

Goal: The objective of the EXERA project is to develop novel 3D in vitro models of mouse tissues 

from five major organs for the pharmaco-toxicological analysis of Estrogen Receptors-Interacting 

Compounds  (ER-ICs): liver, skin and bone (non reproductive systems), ovary and testis (male and 

female reproductive systems).   

Work content: This objective will be pursued through a Work Programme which allies an integrated 

scientific approach between innovative technologies  such as the 3D-culture device, known as 

ñRotary Cell Culture Systemò (RCCS  Technology adapted to the needs of this project), established 

transgenic mouse lines (estrogen-reporter mice, here called MOUSE-1) and genomic platforms for 

ER-ICs characterization. Our strategy is planned around 5 main points including, besides the 

mentioned technologies, multiple cell cultures quality controls, immortalisation control, cell 

banking and the use of specific markers of  estrogenic action and cell differentiation/health, in order 

to obtain estrogen-responsive 3D-cultures of well differentiated mouse cells. 

Expected   Results  and  Related Benefits: The   corresponding work programme will be ensured by 

an important involvement of the whole partnership and by a high degree of coordination between  7 

private and 3 public institutions. The expected results of our effort will be  scientifically, socially 

and economically relevant: 1) application/adaptation of  new 3D-culture technologies to cell 

cultures devoted to the study of ER-ICs;  2) constitution of a cell bank and, finally 3) a battery of 

differentiated 3D cell-based systems derived from estrogen-reporter mice for basic and applied 

research (e.g. pharmacology and toxicology), public use and  industrial use. 
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Genistein affects adipose tissue deposition in a dose-dependent and gender-specific manner 

Marialetizia Penza *, Marija Jeremic*, Eleonora Marrazzo*, Adriana Maggi 
#
, Paloma Alonso-

Magdalena^, Angel Nadal^, Claudia Montani , Diego Di Lorenzo. 

*Laboratory of Biotechnology and  Department of Diagnostics, Civic Hospital of Brescia 

Å̂  Instituto de Bioingeniería, Universidad Miguel Hernández de Elche, Elche 03220, Alicante  Spain  

 
#
 Centre of Excellence on Neurodegenerative Diseases, University of Milan, 20133 Milan, Italy. 

 

The soy isoflavone genistein targets adipose tissue and elicits physiological effects that may vary 

based on dietary intake. We hypothesized that genisteinôs adipose effects are dose and gender 

dependent.  

Four-week-old C57BL/6 male and female mice received daily oral doses of  genistein (50-200.000 

µg/kg/day) or estradiol (E2) (5 µg/kg/day) for 15 days or a diet containing 800 parts per million 

(ppm) genistein. Genistein  increased  epididymal and renal fat pad and adipocyte size at doses up 

to 50.000 µg/kg/day or at 800 ppm in the diet  in males but not in females. The alteration in 

adipocity correlated with changes in peripheral insulin resistance.  

These treatments increased genistein serum concentrations from 35+6 to 103+26 nM 12 hours after 

treatment and lowered plasma triglycerides and cholesterol levels.  

The 200.000 µg/kg/day genistein dose decreased adipose tissue weight similarly to E2. This 

genistein dose down-regulated estrogen receptor (ß more than a) and progesterone receptor 

expression and induced estrogen-dependent adipose differentiation factors; it did not change 

expression of the minimal consensus estrogen  responsive element (ERE) in ERE-tK-LUC mice, 

which was positively modulated in other tissues (e.g., the lung). E2 downregulated almost all 

examined adipogenic factors. Gene microarray analysis identified factors in fat metabolism and 

obesity-related phenotypes differentially regulated by low and high doses of genistein, uncovering 

its adipogenic and antiadipogenic actions. The lower dose induced the phospholipase A2 group 7 

(PLA2g7) and the phospholipid transfer protein (PLTp) genes; the 200.000 µg/kg/day dose 

inhibited them. The antiadipogenic action of genistein and down-regulation of adipogenic genes 

required the expression of ERß.  

In conclusion,  nutritional doses of genistein are adipogenic in a gender-specific manner, while 

pharmacological doses inhibited adipose deposition. 

 

 

 

 



 

 23 

 

 

Whole body action of genistein  in estrogen  reporter  male mice throughout development. 

Montani C., Penza M.*, Marrazzo E*., La Sala G.^,  De Felici M.^, Ciana P.
#
, Maggi A.

#
 Di 

Lorenzo D.*  

*3rd Laboratory/Biotechnology  and  ° Dipartment of Diagnostics, Civic Hospital  of Brescia , 

Brescia, Italy and  ^ Department of Public Health and Cell Biology, Histology and Embryology 

University of Tor Vergata, Rome, Italy  and 
# 

Centre of Excellence on Neurodegenerative Diseases, 

University of Milan, 20133 Milan, Italy 

 

Phytoestrogens are plant derived compounds present at high levels in certain foods such as soy. 

People is exposed to these nutritional estrogens depending on the type and daily intake of 

vegetables.   

Although a great amount of research on the toxicological, nutritional and pharmacological 

properties of phytoestrogens has been conducted, a definitive picture of their targets and their 

biological effects is  still unavailable. Estrogens play a crucial role in the development and function 

of the male reproductive system (Couse et al 1999 and OôDonnell L 2001) and in the function of 

several organs, as evidenced by the phenotype of estrogen receptor- knock out mice (Hess RA, 

2003; Couse JE, 2001 )  and aromatase-knock out (ArKO) mice  (Robertson et al 2002). 

From  recent works  it appears that some phytoestrogens are quite efficient in eliciting genomic 

actions through the pathways mediated by estrogens receptors  (ERa and ERß). Dose-dependent 

analysis  of  an estrogen-dependent reporter expression (luciferase) was performed in tissues of 

acutely treated  ERE-tK-LUC male mice, after a single oral administration of genistein (doses 

ranging from 5 to 5000 µg/kg). We found that activity started to increase above  the control level 

already at 50 µg/kg in some tissues.  A time-dependent analysis showed that peak activity was 

always observed at  12 hours and already decreased at 24 hours. No ER-subtype specific effects  

were observed in tissues such as the liver or the lung known to express mainly one of the two 

receptors (ERa or ERß). Genistein  modulated the reporter in all the tissues tested, although with a 

different efficiency and depending upon the tissue analyzed. Induction was confirmed in the liver 

by determining the expression of the endogenous progesterone receptor (PR)  gene.  We conclude 

that one single  oral dose of genistein as present in a soy containing meal or food supplement, 

modulate the expression of estrogen regulated genes in the whole body of male mice. 
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Availability of adequate test model systems is essential to the development of risk assessment 

programmes for nuclear receptors-interacting compounds (NR-ICs) (drugs, industrial 

compounds, cosmetics, environmental contaminants and food components). In this work we 

have challenged the RCCS
TM

 three-dimensional (3D) culture technology in combination with 

estrogen-specific reporter mice (transgenic ERE-tK-LUC) for their suitability for studying 

estrogen receptor responses in mouse liver. Liver fragments from ERE-tk-LUK mice were 

cultured in the RCCS device, and, after assessing the maintenance of hepatocytesô viability and 

the preservation of highly differentiated hepatic cell phenotype (liver-specific connexins 

expression), the tissue cultures were tested for the conservation of a functional estrogenic 

response. At first, the levels of estrogen receptor alpha (ERa) were tested, both by 

radioreceptor assay and by western blot analysis. ERa  showed a time-dependent decrease, 

with a half-life of 6 and of 8 hours respectively in the absence and in the presence of estradiol 

in the culture media. Basal and induced expression of the estrogen-dependent luciferase was 

monitored plus/minus estradiol from T= 0 (freshly excised liver) up to 8 hours of culture. 

Luciferase expression showed a half-life of 6 hours in the presence of estradiol and of 0,5-1 

hour in its absence. Maximal estradiol activity was detected at 6 hours, time when the ligand-

dependent ERa activation was evaluated. Estradiol, industrial ER ligands (o,pôDDT, p,pôDDT 

and ßBHC) and nutritional ER ligands (genistein) were tested for their ER-mediated activity 

on liver fragments maintained in the RCCS
TM

 system. The results were then compared with 

those obtained in vivo by optical imaging and on freshly excised tissues. In these assays 

luciferase expression correlated sufficiently well for estradiol, p,pôDDT, ÇBHC and genistein 

effects. Interestingly, while a positive regulation by o,pôDDT was detected only in the 3D 

cultures of isolated liver tissue fragments, in the in vivo condition a strong down-regulation 

was observed, thus indicating  metabolisation of this chemical to an antagonist. For all the 
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tested compounds the reporter regulation was inhibited by the pure estrogen receptor 

antagonist ICI-182 780.  

In conclusion, we here demonstrate that the 3D RCCS
TM

-based culture system may be a 

suitable model to investigate, in vitro, the specific estrogenic activity of compounds on isolated 

liver tissue in a more ñphysiologicalò culture system. 

 

 


