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Zusammenfassung

        
Estradiol kann zu Abbauprodukten metabolisiert werden, die selbst in sehr geringen Konzentrationen noch verschiedene, teils gegensätzliche Wirkungen entfalten, wie in eigenen Untersuchungen z. B. hinsichtlich (anti)angiogenetischer Wirkungen nachgewiesen. Spezifisch antikanzerogene Wirkungen werden dem 2-Hydroxyestron und vor allem 2-Methoxyestradiol zugeschrieben. Demgegenüber können 16α-Hydroxyestron und 4-Hydroxyöstrogene unter bestimmten Bedingungen genotoxische Eigenschaften entfalten. Ferner wird bei einigen Krebsarten eine erhöhte Produktion von wachstumsstimulierenden Estradiolmetaboliten beobachtet. Hier wurde speziell das Verhältnis 2-Hydroxyestron zu 16α-Hydroxyestron untersucht, das vor allem bei postmenopausalen Brustkrebspatientinnen in klinischen, auch eigenen Studien sich bei Bestimmung aus dem Urin verringert zeigte. Derzeit wird untersucht, inwieweit durch Metabolitenbestimmungen auch aus dem Blut oder direkt im Brustgewebe mittels neuer hochsensitiver Labortechniken prädiktive Aussagen möglich sind. Dabei ist allerdings zu berücksichtigen, dass der Estradiolabbau durch externe Faktoren wie Ernährung, Rauchen, Sport und Medikamente wie L-Thyroxin und H2-Blocker beeinflusst werden kann. Wir konnten nachweisen, dass die Metabolitenproduktion bei Behandlung mit Estradiol von der Applikationsform abhängt und durch Zusatz von verschiedenen Gestagenen unterschiedlich beeinflusst werden kann. Inwieweit die Untersuchung von Genpolymorphismen für Enzyme, die am Estradiolabbau beteiligt sind, zur Feststellung bzw. Behandlung von Risikopatientinnen hilfreich sein kann, bedarf unseres Erachtens noch weiterer Forschungsanstrengungen.


      
        
Abstract

        
Estradiol can be metabolized to substances eliciting different, partly opposite effects even at low concentrations as shown in own investigations, e. g., regarding (anti)angiogenic actions. Specific anticancerogenic effects are ascribed to 2-hydroxyestrone and particularly 2-methoxyestradiol. In contrast, 16α-hydroxyestrone and the 4-hydroxyestrogens may be genotoxic under certain circumstances. Furthermore there are indications that endogenous production of proliferation-stimulating metabolites is raised in some cancers. Especially the urinary excretion of 2-hydroxyestrone to 16α-hydroxyestrone was investigated showing in own and other clinical studies a lower ratio in postmenopausal women with breast cancer. Research is ongoing inasfar the determination of estradiol metabolites also in blood or directly in the breast tissue by means of sensitive laboratory methods may allow predictive statements. However, it has be to consider that estradiol metabolism can be influenced by external factors such as nutrition, smoking, sports and drugs such as L-thyroxine and H2-antagonists. We were able to demonstrate that estradiol metabolism during estradiol treatment depends on the application mode and might be differently influenced by addition of the various progestins. Whether the investigation of gene polymorphism of enzymes, which are involved in estradiol metabolism, may be helpful for the assessment or treatment of risk patients, to our opinion needs further research.


      

Schlüsselwörter

Estradiolmetabolite - Neoplasien




Key words

Estradiol metabolites - neoplasia






Literatur


	
[bookmark: R275-1]1 
              Adlercreutz H, Fotsis T, Bannwart C, Hamalainen E, Bloigu S, Ollus A. 
              Urinary estrogen profile determination in young Finnish vegetarian and omnivorous women. 
              J Steroid Biochem. 
              1986; 
              24 
              289-296 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-2]2 
              Adlercreutz H, Gorbach S L, Goldin B R, Woods M N, Dwyer J T, Hämäläinen E. 
              Estrogen metabolism and excretion in Oriental and Caucasian women. 
              J Natl Cancer Inst. 
              1994; 
              86 
              1076-1082 
            





PubMedGoogle Scholar





	
[bookmark: R275-3]3 
              Adlercreutz H, Martin F, Lindström B. 
              Gas chromatographic and mass spectometric studies on estrogens in bile - 2. Men and nonpregnant women. 
              J Steroid Biochem. 
              1978; 
              9 
              1197-1205 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-4]4 
              Adlercreutz H, Tikkanen M J, Hunneman D H. 
              Mass fragmentographic determination of eleven estrogens in the body fluids of pregnant and nonpregnant subjects. 
              J Steroid Biochem. 
              1974; 
              5 
              211-217 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-5]5 
              Anderson K E, Kappas A, Conney A H, Bradlow H L, Fishman J. 
              The influence of dietary protein and carbohydrate on the principal oxidative biotransformations of estradiol in normal subjects. 
              J Clin Endocrinol Metab. 
              1984; 
              59 
              103-107 
            





PubMedGoogle Scholar





	
[bookmark: R275-6]6 
              Attalla H, Mä kelä T P, Adlercreutz H, Anderssson L C. 
              2- methoxyestradiol arrests cells in mitosis without depolymerizing tubulin. 
              Biochem Biopyhs Res Com. 
              1996; 
              228 
              467-473 
            





PubMedGoogle Scholar





	
[bookmark: R275-7]7 
              Attalla H, Westberg J A, Andersson L C, Adlercreutz H, M äkelä T P. 
              2- methoxyestradiol-induced phosphorylation of Bcl-2: Uncoupling from JNK/SAPK activation. 
              Biochem Biophys Res Com. 
              1998; 
              247 
              616-619 
            





PubMedGoogle Scholar





	
[bookmark: R275-8]8 
              Auborn K J, Woodworth C, Dipaolo J, Bradlow H L. 
              The interaction between HPV infection and estrogen metabolism in cervical carcinogenesis. 
              Int J Cancer. 
              1991; 
              49 
              867-869 
            





PubMedGoogle Scholar





	
[bookmark: R275-9]9 
              Baron J A. 
              Smoking and estrogen-related disease. 
              Am J Epidemiol. 
              1984; 
              119 
              9-22 
            





PubMedGoogle Scholar





	
[bookmark: R275-10]10 
              Berg D, Sonsalla R, Kuss E. 
              Concentrations of 2- methoxyestrogens in human sera measured by a heterologous immunoassay with an 125I-labelled ligand. 
              Acta Endocrinol. 
              1983; 
              103 
              282-288 
            





PubMedGoogle Scholar





	
[bookmark: R275-11]11 
              Berg D, Thaler F, Kuss E. 
              Concentrations of 2-hydroxyestrogens in human sera measured by a heterologous immunoassay with an 125 I-labelled ligand. 
              Acta Endocrinol. 
              1982; 
              100 
              154-160 
            





PubMedGoogle Scholar





	
[bookmark: R275-12]12 
              Berstein L M, Tsyrlina E V, Kolesnik O S, Gamajunova V B, Adlercreutz H. 
              Catecholestrogens excretion in smoking and non-smoking postmenopausal women receiving estrogen replacement therapy. 
              J Steroid Biochem Mol Biol. 
              2000; 
              72 
              143-147 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-13]13 
              Blood C H, Zetter B R. 
              Tumor interaction with the vasculature: Angiogenesis and tumor metastasis. 
              Biochim Biophys Acta. 
              1999; 
              1032 
              89-118 
            





PubMedGoogle Scholar





	
[bookmark: R275-14]14 
              Bradlow H L, Hershcopf R J, Martucci C P, Fishman J. 
              Estradiol 16α- hydroxylation in the mouse correlates with tumor incidence and presence of murine mammary tumor virus: A possible model for the hormonal etiology of breast cancer in humans. 
              Proc Natl Acad Sci USA. 
              1985; 
              82 
              6295-6299 
            





PubMedGoogle Scholar





	
[bookmark: R275-15]15 
              Bradlow H L, Sepkovic D W, Telang N T, Osborne M P. 
              Indole-3-carbinol. A novel approach to breast cancer prevention. 
              Ann NY Acad Sci. 
              1995; 
              768 
              180-200 
            





PubMedGoogle Scholar





	
[bookmark: R275-16]16 
              Bulard J, Mowszowicz J, Schaison G. 
              Increased aromatase activity in pubic skin fibroblasts from patients with isolated gynecomastia. 
              J Clin Endocrinol Metab. 
              1987; 
              64 
              618-623 
            





PubMedGoogle Scholar





	
[bookmark: R275-17]17 
              Carruba G, Miceli M D, Camito L, Farruggio R, Sorci C MG, Oliveri G, Amodio R, DiFalco M, D'Amico D, Castagnetta L AM. 
              Multiple estrogen functions in human prostate cancer cells. 
              Ann NY Acad Sci. 
              1996; 
              784 
              70-84 
            





PubMedGoogle Scholar





	
[bookmark: R275-18]18 
              Castagnetta L A, Granata O M, Arcuri F P, Polito L M, Rosati F, Cartini G P. 
              Gas chromatography/mass spectrometry of catechol estrogens. 
              Steroids. 
              1992; 
              57 
              437-443 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-19]19 
              Castagnetta L A, LoCasto M, Granata O M, Polito L, Calabro M, LoBue A, Bellavia V, Carruba G. 
              Estrogen content and metabolism in human breast tumor tissues and cells. 
              Ann NY Acad Sci. 
              1996; 
              784 
              314-324 
            





PubMedGoogle Scholar





	
[bookmark: R275-20]20 
              Coll D A, Rosen C A, Auborn K, Potsic W P, Bradlow H L. 
              Treatment of recurrent respiratory papillomatosis with indole-3- carbinol. 
              Am J Otolaryngol. 
              1997; 
              18 
              283-285 
            





PubMedGoogle Scholar





	
[bookmark: R275-21]21 
              Cushman M, He H M, Katzenellenbogen J A, Lin C M, Hamel E. 
              Synthesis, antitubulin and antimitotic activity and cytotoxicity of analogs of 2-methoxyestradiol, an endogenous mammalian metabolite of estradiol that inhibits tubulin polymerization by binding to the colchicin binding site. 
              J Med Chem. 
              1995; 
              38 
              2041-2049 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-22]22 
              D'Amato R, Lin C M, Flynn E, Folkman J, Hamel E. 
              2- methoxyestradiol, an endogenous mammalian metabolite, inhibits tubulin polymerization by interacting at the colchicine site. 
              Proc Natl Acad Sci USA. 
              1994; 
              91 
              3964-3968 
            





PubMedGoogle Scholar





	
[bookmark: R275-23]23 
              Dao T L. 
              Metabolism of estrogens in breast cancer. 
              Biochim Biophys Acta. 
              1979; 
              560 
              397-426 
            





PubMedGoogle Scholar





	
[bookmark: R275-24]24 
              De Cree C, Ball P, Seidlitz B, Van Kranenburg G, Geurten P, Keizer H A. 
              Effects of a training programm on resting plasma 2- hydroxycatecholestrogen levels in eumenorrheic women. 
              J Appl Physiol. 
              1997; 
              83 
              1551-1556 
            





PubMedGoogle Scholar





	
[bookmark: R275-25]25 
              De Cree C, Ball P, Seidlitz B. 
              Plasma 2- hydroxycatecholestrogen responses to acute submaximal and maximal exercise. 
              J Appl Physiol. 
              1997; 
              82 
              364-370 
            





PubMedGoogle Scholar





	
[bookmark: R275-26]26 
              De Cree C, Van Kranenburg G, Geurten P, Fujimori Y, Keizer H A. 
              4-hydroxycatecholestrogen metabolism responses to exercise and training: possible implications for menstrual cycle irregularities and breast cancer. 
              Fertil Steril. 
              1997; 
              67 
              505-516 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-27]27 
              Deuringer F U, Seeger H, Huober J, Mueck A O. 
              The endogenous estradiol metabolite 2-methoxyestradiol inhibits aromatase activity as effective as the aromatase-inhibitor letrozole. 
              Maturitas. 
              2003; 
              44 (Suppl 2) 
              S151 
            





PubMedGoogle Scholar





	
[bookmark: R275-28]28 
              Dubey R K, Giilespie D G, Jackson E K, Keller P J. 
              17 Beta-estradiol, its metabolites, and progesterone inhibit cardiac fibroblast growth. 
              Hypertension. 
              1998; 
              31 
              522-528 
            





PubMedGoogle Scholar





	
[bookmark: R275-29]29 
              Dunn J F, Merriam G R, Eil C, Kono S, Loriaux D L, Nisula B C. 
              Testosterone-estradiol binding globulin binds to 2-methoxyestradiol with greater affinity than to testosterone. 
              J Clin Endocrinol Metab. 
              1980; 
              51 
              404-406 
            





PubMedGoogle Scholar





	
[bookmark: R275-30]30 Emons G, Ball P, Knuppen R. Radioimmunoassays of catechol estrogens. In: Merriam GR, Lipsett MB (Eds). Catechol Östrogens. Raven, New York 1983; 151-165 



Google Scholar





	
[bookmark: R275-31]31 
              Essman E, Abramson A. 
              Estrogen binding sites on membranes from human laryngeal papilloma. 
              Int J Cancer. 
              1984; 
              33 
              33-36 
            





PubMedGoogle Scholar





	
[bookmark: R275-32]32 
              Fishman J, Bradlow H L, Gallagher T F. 
              Oxidative metabolism of estradiol. 
              J Biol Chem. 
              1960; 
              235 
              3104-3107 
            





PubMedGoogle Scholar





	
[bookmark: R275-33]33 Fishman J, Martucci C. Dissociation of biological activities in metabolites of estradiol. In: McLachlan JA (Ed). Estrogens in the environment. Elsevier, North-Holland 1980; 131-145 



Google Scholar





	
[bookmark: R275-34]34 
              Fishman J, Martucci C. 
              Biological properties of 16α-hydroxyestrone: Implications in estrogen physiology and pathophysiology. 
              J Clin Endocrinol Metabol. 
              1980; 
              51 
              611-615 
            





PubMedGoogle Scholar





	
[bookmark: R275-35]35 
              Fishman J, Osborne P, Telang N T. 
              The role of estrogen in mammary carcinogenesis. 
              Ann NY Acad Sci. 
              1995; 
              768 
              91-100 
            





PubMedGoogle Scholar





	
[bookmark: R275-36]36 
              Fishman J, Schneider J, Hershcopf R J, Bradlow H L. 
              Increased estrogen 16-alpha hydroxylase activity in women with breast and endometrial cancer. 
              J Steroid Biochem. 
              1984; 
              20 
              1077-1081 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-37]37 
              Floyd R A. 
              The role of 8-hydroxyguanine in carcinogenesis. 
              Carcinogenesis. 
              1990; 
              11 
              1447-1450 
            





PubMedGoogle Scholar





	
[bookmark: R275-38]38 
              Folkman J, Watson K, Ingber D E, Hanahan D. 
              Induction of angiogenesis during the transition from hyperplasia to neoplasia. 
              Nature. 
              1989; 
              339 
              58-61 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-39]39 
              Fotsis T, Zhang Y, Pepper M S, Adlercreutz H, Montesano R, Nawroth P P, Schweigerer L. 
              The endogenous estrogen metabolite 2- methoxyoestradiol inhibits angiogenesis and supresses tumour growth. 
              Nature. 
              1994; 
              368 
              237-239 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-40]40 
              Goldin B R, Adlercreutz H, Gorbach S L, Warram J H, Dwyer J T, Swenson L, Woods M N. 
              Estrogen excretion patterns and plasma levels in vegetarian and omnivorous women. 
              N Engl J Med. 
              1982; 
              307 
              1542-1547 
            





PubMedGoogle Scholar





	
[bookmark: R275-41]41 
              Hamel E, Lin C M, Flynn E, D'Amato R J. 
              Interactions of 2-methoxyestradiol, an endogenous mammalian metabolite, with unpolymerized tubulin and with tubulin polymers. 
              Biochemistry. 
              1996; 
              35 
              1304-1310 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-42]42 
              Han X, Liehr J G. 
              8-hydroxylation of guanine bases in kidney and liver DNA of hamsters treated with estradiol: role of free radicals in estrogen-induced carcinogenesis. 
              Cancer Res. 
              1994; 
              54 
              5515-5517 
            





PubMedGoogle Scholar





	
[bookmark: R275-43]43 
              Han X, Liehr J G. 
              Microsome-mediated 8-hydroxylation of guanine bases of DNA by streroid estrogens: correlation of DNA damage by free radicals with metabolic acctivation to quinones. 
              Carcinogenesis. 
              1995; 
              16 
              2571-2574 
            





PubMedGoogle Scholar





	
[bookmark: R275-44]44 
              Ikegawa S, Lahita R, Fishman J. 
              Concentration of 16α-hydroxyestrone in human plasma as measured by a specific RIA. 
              J Steroid Biochem. 
              1983; 
              18 
              329-332 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-45]45 
              Kabat G C, Chang C J, Sparano J A, Sepkovic D W, Hu X P, Khalil A, Rosenblatt R, Bradlow H L. 
              Urinary estrogen metabolites and breast cancer: A case-control study. 
              Cancer Epidemiol Biomarkers Prev. 
              1997; 
              6 
              505-509 
            





PubMedGoogle Scholar





	
[bookmark: R275-46]46 
              Kall M A, Vang O, Clausen J. 
              Effects of dietary broccoli on human in vivo drug metabolizing enzymes: evaluation of caffeine, oestrone and chlorzoxazone metabolism. 
              Carcinogenesis. 
              1996; 
              17 
              793-799 
            





PubMedGoogle Scholar





	
[bookmark: R275-47]47 
              Kataoka M, Schumacher G, Cristiano R J, Atkinson E N, Roth J A, Mukhopadhyay T. 
              An agent that increases tumor suppressor transgene product coupeld with systemic transgene delivery inhibits growth of metastatic lung cancer in vivo. 
              Cancer Res. 
              1998; 
              58 
              4761-4765 
            





PubMedGoogle Scholar





	
[bookmark: R275-48]48 
              Khuder S A, Mutgi A B, Nugent S. 
              Smoking and breast cancer: a meta-analysis. 
              Rev Environ Health. 
              2001; 
              16 
              253-261 
            





PubMedGoogle Scholar





	
[bookmark: R275-49]49 
              Klauber N, Parangi S, Flynn E, Hamel E, D'Amato R J. 
              Inhibition of angiogenesis and breast cancer in mice by the microtubule inhibitors 2-methoxyestradiol and taxol. 
              Cancer Res. 
              1997; 
              57 
              81-86 
            





PubMedGoogle Scholar





	
[bookmark: R275-50]50 
              Liehr J G, Fang W F, Sirbasku D A, Ari-Ulubelen A. 
              Carcinogenicity of catechol estrogens in Syrian hamsters. 
              J Steroid Biochem. 
              1986; 
              24 
              353-356 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-51]51 
              Liehr J G, Ricci M J, Jefcoate C R, Hannigan E V, Hokanson J A, Zhu B T. 
              4-Hydroxylation of estradiol by human uterine myometrium and myom microsomes: implications for the mechanism of uterine tumorigenesis. 
              Proc Natl Acad Sci USA. 
              1995; 
              92 
              9220-9224 
            





PubMedGoogle Scholar





	
[bookmark: R275-52]52 
              Liehr J G, Ricci M J. 
              4-Hydroxylation of estrogens as marker of human mammary tumors. 
              Proc Natl Acad Sci USA. 
              1996; 
              93 
              3294-3296 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-53]53 
              Liehr J G, Roy D. 
              Free radical generation by redoc cycling of estrogens. 
              Free Radic Biol Med. 
              1990; 
              8 
              415-423 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-54]54 
              Lippert C, Seeger H, Mueck A O, Lippert T H. 
              The effects of A-ring and D-ring metabolites of estradiol on the proliferation of vascular endothelial cells. 
              Life Sciences. 
              2000; 
              67 
              1653-1658 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-55]55 
              Lippert C, Seeger H, Mueck A O. 
              The effect of endogenous estradiol metabolites on the proliferation of human breast cancer cells. 
              Life Science. 
              2003; 
              72 
              877-883 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-56]56 
              Lippert T H, Adlercreutz H, Berger M R, Seeger H, Elger W, Mueck A O. 
              Effect of 2-methoxyestradiol on the growth of methyl- nitroso-urea (MNU)-induced rat mammary carcinoma. 
              J Steroid Biochem Mol Biol. 
              2003; 
              84 
              51-56 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-57]57 
              Lippert T H, Seeger H, Mueck A O. 
              Estradiol metabolism during oral and transdermal estradiol replacement therapy in the postmenopause. 
              Hormone Metab Res. 
              1998; 
              30 
              598-600 
            





PubMedGoogle Scholar





	
[bookmark: R275-58]58 Lippert T H, Seeger H, Mueck A O. Metabolism of endogenous estrogens. In: Oettel M, Schillinger E (Eds). Estrogens and Antiestrogens - Handbook of Experimental Pharmacology. Springer, Berlin, Heidelberg, New York 1999; 243- 271 



Google Scholar





	
[bookmark: R275-59]59 
              Lippert T H, Seeger H, Mueck A O. 
              The impact of endogenous estradiol metabolites on carcinogenesis. 
              Steroids. 
              2000; 
              65 
              357-369 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-60]60 
              Lippert T H, Seeger H, Mueck A O. 
              Über die Rolle von Östradiolmetaboliten bei der Prävention kardiovaskulärer Erkrankungen durch Hormonsubstitution in der Postmenopause. 
              Zentralbl Gynäkol. 
              1999; 
              121 
              467-472 
            





PubMedGoogle Scholar





	
[bookmark: R275-61]61 
              Longcope C, Femino A, Flood C, Williams K IH. 
              Metabolic clearance rate and conversion ratios of 3H-hydroxyestrone in normal men. 
              J Clin Endocrinol Metab. 
              1982; 
              54 
              374-380 
            





PubMedGoogle Scholar





	
[bookmark: R275-62]62 
              Longcope C, Flood C, Femino A, Williams K IH. 
              Metabolism of 2- methoxyestrone in normal men. 
              J Clin Endocrinol Metab. 
              1983; 
              57 
              277-282 
            





PubMedGoogle Scholar





	
[bookmark: R275-63]63 
              Longcope C, Pratt J H. 
              Relationship between urine and plasma estrogen ratios. 
              Cancer Res. 
              1978; 
              38 
              4025-4028 
            





PubMedGoogle Scholar





	
[bookmark: R275-64]64 
              Lonning P E, Skulstad P, Sunde A, Thorsen T. 
              Separation of urinary metabolites of radiolabelled estrogens in man by HPLC. 
              J Steroid Biochem. 
              1989; 
              32 
              91-97 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-65]65 
              Lottering M L, de Kock M, Viljoen T C, Grobler C J, Seegers J C. 
              17 beta-estradiol metabolites affect some regulators of the MCF-7 cell cycles. 
              Cancer Lett. 
              1996; 
              110 
              181-186 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-66]66 
              Lottering M L, Haag M, Seegers J C. 
              Effects of 17 beta estradiol metabolites on cell cycle events in MCF-7 cells. 
              Cancer Res. 
              1992; 
              52 
              5926-5932 
            





PubMedGoogle Scholar





	
[bookmark: R275-67]67 
              Loukovaara M, Carson M, Adlercreutz H. 
              Regulation of sex-hormone- binding globulin production by endogenous estrogens in vitro. 
              Biochem Biophys Res Commun. 
              1995; 
              206 
              895-901 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-68]68 
              Martucci C P, Fishman J. 
              Impact of continuously administered catechol estrogens on uterine growth and luteinizing hormone secretion. 
              Endocrinology. 
              1979; 
              105 
              1288-1292 
            





PubMedGoogle Scholar





	
[bookmark: R275-69]69 
              Martucci C P, Fishman J. 
              P450 enzymes of estrogen metabolism. 
              Pharmacol Ther. 
              1993; 
              57 
              237-257 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-70]70 
              Maxwell S A, Roth J A, Mukhopadhyay T. 
              Analysis of phosphorylated isoforms of the p53 tumor suppressor protein in human lung carcinoma cells undergoing apoptosis. 
              Electrophoresis. 
              1996; 
              17 
              1772-1775 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-71]71 
              Meilahn E N, De Stavol B, Allen D S, Fentiman I, Bradlow H L, Stepkovic D W, Kuller L H. 
              Do urinary estrogen metabolites predict breast cancer? Guernsey III cohort follow-up. 
              Br J Cancer. 
              1998; 
              78 
              1250-1255 
            





PubMedGoogle Scholar





	
[bookmark: R275-72]72 
              Merriam G R, Brandon D D, Kono S, Davies S E, Loriaux D L, Lipsett M B. 
              Rapid metabolic clearance of the catecholestrogen 2-hydroxyestrone. 
              J Clin Endocrinol Metab. 
              1980; 
              51 
              1211-1213 
            





PubMedGoogle Scholar





	
[bookmark: R275-73]73 
              Michnovicz J J, Hershcopf R J, Haley N J, Bradlow H L, Fishman J. 
              Cigarette smoking alters hepatic estrogen metabolism in men: implication for atherosclerosis. 
              Metabolism. 
              1989; 
              38 
              537-541 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-74]74 
              Michnovicz J J, Hershcopf R J, Naganuma H, Bradlow H L, Fishman J. 
              Increased 2- hydroxylation of estradiol as a possible mechanism for the anti- estrogenic effect of cigarette smoking. 
              N Engl J Med. 
              1986; 
              315 
              1305-1309 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-75]75 
              Michnovicz J J, Naganuma H, Hershcopf R J, Bradlow H L, Fishman J. 
              Increased urinary catechol estrogen excretion in female smokers. 
              Steroids. 
              1988; 
              52 
              69-83 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-76]76 
              Mueck A O, Seeger H, Lippert T H. 
              Estradiol metabolism and malignant disease - Review. 
              Maturitas. 
              2002; 
              43 
              1-10 
            





PubMedGoogle Scholar





	
[bookmark: R275-77]77 
              Mueck A O, Seeger H, Wallwiener D. 
              Impact of hormone replacement therapy on endogenous estradiol metabolism in postmenopausal women. 
              Maturitas. 
              2002; 
              43 
              87-93 
            





PubMedGoogle Scholar





	
[bookmark: R275-78]78 
              Mueck AO, Brucker C , Teichmann A T. (für den Berufsverband der Frauenärzte, BVF) .
              Genetische Polymorphismen. Bedeutung für Diagnostik und individualisierte Therapie. 
              Frauenarzt. 
              2002; 
              43 
              424-429 
            





PubMedGoogle Scholar





	
[bookmark: R275-79]79 
              Mueck A O, Seeger H, Wallwiener D. 
              Rauchen, Estradiolstoffwechsel und Hormonsubstitution. 
              Geburtsh Frauenheilk. 
              2003; 
              63 
              213-222 
            





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R275-80]80 
              Mueck A O, Seeger H, Deuringer F U, Huober J. 
              Chemotherapy of breast cancer - additive anticancerogenic effects by 2-methoxyestradiol. 
              Maturitas. 
              2003; 
              44 (Suppl 2) 
              S94 
            





PubMedGoogle Scholar





	
[bookmark: R275-81]81 
              Mukhopadhyay T, Roth J A. 
              Induction of apoptosis inhuman lung cancer cells after wild type p53 activation by 2-methoxyestradiol. 
              Oncogene. 
              1997; 
              14 
              379-384 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-82]82 
              Mukhopadhyay T, Roth J A. 
              Superinduction of wild type p53 protein after 2-methoxyestradiol treatment of Adp53 transduced cell induces tumor cell apoptosis. 
              Oncogene. 
              1998; 
              17 
              241-246 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-83]83 
              Muti P, Bradlow H L, Micheli A, Krogh V, Freudenheim J L, Schunemann H J, Stanulla M, Yang J, Sepkovic D W, Trevisan M, Berrino F. 
              Estrogen metabolism and risk of breast cancer: a prospective study of 2 : 16alpha-hydroxyestrone ratio in premenopausal and postmenopausal women. 
              Epidemiology. 
              2000; 
              11 
              635-640 
            





PubMedGoogle Scholar





	
[bookmark: R275-84]84 
              Naganuma H, Hershcopf R J, Michnovicz J J, Miyairi S, Bradlow H L, Fishman J. 
              Radioimmunoassay of 16α-hydroxyestrone in human urine. 
              Steroids. 
              1989; 
              53 
              37-48 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-85]85 
              Nakagawa-Yagi Y, Ogane N, Inoki Y, Kitoh N. 
              The endogenous estrogen metabolite 2- methoxyestradiol induces apoptotic neural cell death in vitro. 
              Life Sci. 
              1996; 
              58 
              1461-1467 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-86]86 
              Newfield L, Goldsmith A, Bradlow H L, Auborn K. 
              Estrogen metabolism and human papilloma virus-induced tumors of the larynx. 
              Anticancer Res. 
              1993; 
              13 
              227-242 
            





PubMedGoogle Scholar





	
[bookmark: R275-87]87 
              Nishigaki I, Sasaguri Y, Yagi K. 
              Antiproliferative effect of 2- methoxyestradiol on cultured smooth muscle cells from rabbit aorta. 
              Atherosclerosis. 
              1995; 
              113 
              167-170 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-88]88 
              Osborne M P, Bradlow H L, Wong G Y, Telang N T. 
              Upregulation of estradiol 16α-hydroxylation in human breast tissue: Potential biomarker of breast cancer risk. 
              J Natl Cancer Inst. 
              1993; 
              85 
              1917-1920 
            





PubMedGoogle Scholar





	
[bookmark: R275-89]89 
              Pico C, Puigserver P, Oliver P, Palou A. 
              2-Methoxyestradiol, an endogenous metabolite of 17beta- estradiol, inhibits adipocyte proliferation. 
              Mol Cell Biochem. 
              1998; 
              189 
              1-7 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-90]90 
              Purohit A, Reed M J, Morris N C, Williams G J, Potter B VL. 
              Regulation and inhibition of steroid sulfatase activity in breast cancer. 
              Ann NY Acad Sci. 
              1996; 
              784 
              40-49 
            





PubMedGoogle Scholar





	
[bookmark: R275-91]91 
              Rogerson B J, Eagon P K. 
              A male specific hepatic estrogen binding protein: characteristics and binding properties. 
              Arch Biochem Biophys. 
              1986; 
              250 
              70-85 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-92]92 
              Rosen C A, Woodson G E, Tompson J W, Hengesteg A P, Bradlow H L. 
              Preliminary results of the use of indole-3-carbinol for recurrent respiratory papillomatosis. 
              Otolaryngol Head Neck Surg. 
              1998; 
              118 
              810-815 
            





PubMedGoogle Scholar





	
[bookmark: R275-93]93 
              Schneider J, Huh M M, Bradlow H L, Fishman J. 
              Antiestrogen action of 2-hydroxyestrone on MCF-7 human breast cancer cells. 
              J Biol Chem. 
              1984; 
              259 
              4840-4845 
            





PubMedGoogle Scholar





	
[bookmark: R275-94]94 
              Schneider J, Kinne D, Fracchia A, Pierce V, Anderson K E, Bradlow H L, Fishman J. 
              Abnormal oxidative metabolism of estradiol in women with breast cancer. 
              Proc Natl Acad Sci USA. 
              1982; 
              79 
              3047-3051 
            





PubMedGoogle Scholar





	
[bookmark: R275-95]95 
              Schütze N, Vollmer G, Tiemann I, Geiger M, Knuppen R. 
              Catecholestrogens are MCF-7 cell estrogen receptor agonists. 
              J Steroid Biochem Mol Biol. 
              1993; 
              46 
              781-789 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-96]96 
              Seeger H, Huober J, Wallwiener D, Mueck A O. 
              Effect of tamoxifen and 2- methoxyestradiol alone and in combination on human breast cancer cell proliferation. 
              J Steroid Biochem Mol Biol. 
              2003; 
              84 
              255-257 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-97]97 
              Seeger H, Mueck A O, Lippert T H. 
              Effect of estradiol metabolites on prostacyclin synthesis in human endothelial cell cultures. 
              Life Sci. 
              1999; 
              65 
              167-170 
            





PubMedGoogle Scholar





	
[bookmark: R275-98]98 
              Seeger H, Mueck A O, Lippert T H. 
              Effect of estradiol metabolites on the susceptibility of low density lipoprotein to oxidation. 
              Life Sci. 
              1997; 
              61 
              856-868 
            





PubMedGoogle Scholar





	
[bookmark: R275-99]99 
              Seeger H, Mueck A O, Lippert T H. 
              Effect of norethisterone acetate on estradiol metabolism in postmenopausal women. 
              Horm Metab Res. 
              2000; 
              32 
              436-439 
            





PubMedGoogle Scholar





	
[bookmark: R275-100]100 
              Seeger H, Mueck A O, Lippert T H. 
              The antiproliferative effect of 17ß-estradiol metabolites on human coronary artery smooth muscle cells. 
              Med Sci Res. 
              1998; 
              26 
              481-482 
            





PubMedGoogle Scholar





	
[bookmark: R275-101]101 
              Seeger H, Mueck A O, Diesing D, Huober J, Wallwiener D. 
              Urinary excretion of estradiol metabolites in postmenopausal women with and without breast cancer. 
              Europ J Clin Pharmacol. 
              2002; 
              58 
              S84 
            





PubMedGoogle Scholar





	
[bookmark: R275-102]102 
              Seegers J C, Aveling M L, van Aswegen C H, Cross M, Koch F, Joubert W S. 
              The cytotoxic effects of estradiol 17ß, catecholestradiols and methoxyestradiols on dividing MCF-7 and HeLa cells. 
              J Steroid Biochem. 
              1989; 
              32 
              797-809 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-103]103 
              Seegers J C, Lottering M L, Grobler C J, van Papendlorp D H, Habbersett P RC, Shou Y, Lehnert B E. 
              The mammalian metabolite, 2-methoxyestradiol, affects p53 levels and apoptosis induction in transformed cells, but not in normal cells. 
              J Steroid Biochem Mol Biol. 
              1997; 
              62 
              253-267 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-104]104 
              Sepkovic D W, Bradlow H L, Ho G, Hankinson S E, Gong L, Osborne M P, Fishman J. 
              Estrogen metabolite ratios and risk assessment of hormone-related cancers: Assay validation and prediction of cervical cancer risk. 
              Ann NY Acad Sci. 
              1995; 
              768 
              312-316 
            





PubMedGoogle Scholar





	
[bookmark: R275-105]105 
              Simpson E R, Zhao Y. 
              Estrogen biosynthesis in adipose. Significance in breast cancer development. 
              Ann NY Acad Sci. 
              1996; 
              784 
              18-26 
            





PubMedGoogle Scholar





	
[bookmark: R275-106]106 
              Snow R, Barbieri R, Frisch R. 
              Estrogen 2-hydroxylase oxidation and menstrual function among elite oarswomen. 
              J Clin Endocrinol Metab. 
              1989; 
              69 
              369-376 
            





PubMedGoogle Scholar





	
[bookmark: R275-107]107 
              Spicer L J, Hammond J M. 
              Catecholestrogens inhibit proliferation and DNA synthesis of porcine granulosa cells in vitro: Comparison with estradiol, 5alpha-dihydrotestosterone, gonadotropins and catecholamines. 
              Mol Cell Endocrinol. 
              1989; 
              64 
              119-126 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-108]108 
              Steinberg B M, Abramson A L. 
              Laryngeal papillomas. 
              Clinics Dermatolog. 
              1985; 
              3 
              130-138 
            





PubMedGoogle Scholar





	
[bookmark: R275-109]109 
              Telang N T, Axelrod D M, Wong G Y, Bradlow H L, Osborne M P. 
              Biotransformation of estradiol by explant culture of human mammary tissue. 
              Steroids. 
              1991; 
              56 
              37-43 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-110]110 
              Tsukamoto A, Kaneko Y, Yoshida T, Han K, Ichinose M, Kimura S. 
              2-Methoxyestradiol, an endogenous metabolite of estrogen, enhances apoptosis and beta-galactosidase expression in vascular endothelial cells. 
              Biochem Biophys Res Commun. 
              1998; 
              248 
              9-12 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-111]111 
              Tyler C W, Webster L A, Ory H W, Rubin G L. 
              Endometrial cancer: how does cigarette smoking influence the risk of women under age 55 years having this tumor?. 
              Am J Obstet Gynecol. 
              1985; 
              151 
              899-905 
            





PubMedGoogle Scholar





	
[bookmark: R275-112]112 
              Vandewalle B, Lefebre J. 
              Opposite effects of estrogen and catecholestrogen on hormone-sensitive breast cancer cell growth and differentiation. 
              Mol Cell Endocrinol. 
              1989; 
              61 
              239-246 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-113]113 
              Yager J D, Liehr J G. 
              Molecular mechanisms of estrogen carcinogenesis. 
              Annu Rev Pharmacol Toxicol. 
              1996; 
              36 
              203-232 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R275-114]114 
              Yue T L, Wang X, Louden C S, Gupta S, Pillarisetti K, Gu J L, Hart T K, Lysko P G, Feuerstein G Z. 
              2-Methoxyestradiol, an endogenous estrogen metabolite induces apoptosis in endothelial cells and inhibits angiogenesis: possible role for stress-activated protein kinase signaling pathway and Fas expression. 
              Mol Pharmacol. 
              1997; 
              51 
              951-962 
            





PubMedGoogle Scholar





	
[bookmark: R275-115]115 
              Zumoff B, Freed S Z, Levin J, Whitmore W F, Hellman L, Fishman J, Kukushima D K. 
              Metabolism of 3H-estradiol im men with prostate cancer. 
              Eur J Cancer. 
              1980; 
              16 
              219-221 
            





PubMedGoogle Scholar





	
[bookmark: R275-116]116 
              Zumoff B, Fishman J, Cassouto J, Hellman L, Gallagher T F. 
              Estradiol transformation in men with breast cancer. 
              J Clin Endocrinol. 
              1966; 
              26 
              960-966 
            





PubMedGoogle Scholar









[bookmark: SIG1]Priv.-Doz. Dr. Dr. A O Mueck



Schwerpunkt für Endokrinologie und Menopause · Universitäts-Frauenklinik




Calwer Straße 7




72076 Tübingen




Phone: +49/70 71/2 98 48 01




Fax: +49/70 71/29 48 01




Email: endo.meno@med.uni-tuebingen.de
























  >
  
  

    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 3.82.145.95
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  