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Bibliography for Progesterone

· A mid-luteal progesterone level greater than 6.5 ng/mL is felt to represent adequate progesterone support from the corpus luteum, whereas levels >13ng/ml provide more protection against breast cancer. (Micheli 2004)
· The corpus luteum secretes 24-50mg/day during peak production (various estimates)

· Salivary progesterone was found to be approximately 1% of serum progesterone in normally cycling and pregnant women. Int J Gynaecol Obstet. 1994 May;45(2):125-31.
· Progesterone ng/mL x 3.18 = nmol/L, nmol/L /3.18 or x 0.314 = ng/ml
· The proportion of free progesterone in plasma and of salivary progesterone relative to total progesterone in plasma remained constant at approximately 1% and 0.5%. Clin Chem. 1989 Jan;35(1):168-72.
· for progesterone the unbound fraction was 2.5% (2.13--2.78%) and for oestradiol 1.27% (1--1.83%).

· The correlation between blood (y) and serum (x) Po levels (y = 0.439x - 2.98, r = 0.98) was superior to that between salivary (y) and serum levels (x) (y = 0.00637x + 0.020, r = 0.89). Clin Endocrinol (Oxf). 1986 Jan;24(1):31-8.  10ng/ml serum progesterone = 1.41ng/ml blood = 222pmol/L saliva
· the amount of free progesterone in blood was about five times that found in saliva.  Total serum progesterone is 100 times salivary and 20 times free progesterone.  
· Oral cosmetics may result in overestimation of progesterone concentrations by saliva testing.
· Progesterone is a glucocorticoid and mineralocorticoid antagonist (by receptor competition) and thus blunts the effects of high cortisol, has a diuretic action, and can worsen symptoms of low cortisol levels.  The anti-glucocorticoid action may explain how progesterone lowers BP, blood glucose, increases bone mass, and reduces aromatization of estradiol to testosterone in adipose tissue.
· Progesterone is not associated with thrombotic risk, but some progestins are. (Canonico, 2010)
· Transdermal progesterone at 80mg/day gave identical 24hr whole blood progesterone levels as 200mg Prometrium orally.  (Hermann 2005)
· Transdermal progesterone at 20mg twice daily had the same protective effect on the endometrium as Provera 2.5mg daily when given with Premarin 6.25mg. (Leonetti 2005)
Adami HO, Hsieh CC, Lambe M, Trichopoulos D, Leon D, Persson I, Ekbom A, Janson PO. Parity, age at first childbirth, and risk of ovarian cancer. Lancet. 1994 Nov 5;344(8932):1250-4. 


Increasing parity is associated with a reduction in the risk of ovarian cancer, but it is not clear whether this association applies to different histopathological types and to borderline tumours. Moreover, the temporal relations are poorly understood, and the possible role of age at first birth remains unequivocal. We have investigated these issues in a case-control study nested in a nationwide cohort of women born between 1925 and 1960 in Sweden. During follow-up until 1984, 3486 invasive ovarian cancers (2992 epithelial, 330 stromal, 149 germ-cell, 15 not classifiable) and 510 tumours of borderline malignant potential were diagnosed. 5 individually age-matched controls (total 19,980) were selected for each case woman. After simultaneous adjustment for parity and age at first birth, increasing parity was associated with a pronounced consistent decrease in relative risk of all invasive cancers (odds ratio for each additional birth 0.81 [95% Cl 0.77-0.85]), epithelial cancer (0.81 [0.77-0.86]), stromal cancer (0.84 [0.72-0.98]), and germ-cell cancer (0.71 [0.48-1.05]), but a less consistent decrease for borderline tumours (0.92 [0.81-1.04]). The risk of ovarian cancer decreased by about 10% for each 5-year increment in age at first childbirth (odds ratios 0.89 [0.84-0.94] epithelial cancer, 0.92 [0.77-1.10] stromal cancer, 0.92 [0.65-1.32] germ-cell cancer, 0.93 [0.80-1.09] borderline tumours). Because our findings cannot be readily explained by theories involving incessant ovulation or high serum concentrations of gonadotropins, new aetiological hypotheses are needed. Pregnancy-dependent clearance from the ovaries of cells that have undergone malignant transformation could explain the reproductive risk factors for ovarian cancer.

Adler T Science News. 1994; 146[22]: 357. Annual scientific meet​ing of the American Heart Association in Dallas, November 1994.

Ansquer Y, Legrand A, Bringuier AF, Vadrot N, Lardeux B, Mandelbrot L, Feldmann G. Progesterone induces BRCA1 mRNA decrease, cell cycle alterations and apoptosis in the MCF7 breast cancer cell line. Anticancer Res. 2005 Jan-Feb;25(1A):243-8. 


BACKGROUND: Inherited mutations of the BRCA1 gene are responsible for hereditary breast and ovarian cancer syndrome. However, little is known of how disruption of BRCA1 functions preferentially increases cancer risk in hormone-dependent organs. We aimed to study whether BRCA1 was regulated by progesterone in the MCF7 breast cancer cell line. MATERIALS AND METHODS: MCF7 breast cancer cells were incubated with 10(-4) or 10(-10) M progesterone for 24 or 48 hours. BRCA1 expression, proliferation and apoptosis were analysed. RESULTS: 10(-4) M progesterone decreased cell proliferation, cell cycle progression and induced apoptosis. In addition, BRCA1 and cyclin A mRNA decreased. In contrast, none of these effects were observed in MCF7 cells incubated with 10(-10) M progesterone. CONCLUSION: The down-regulation of BRCA1 in MCF7 cells incubated with 10(-4) M progesterone seems to be a consequence of cell cycle alterations rather than a direct effect of the hormone on BRCA1. (These findings indicate that progesterone will be protective against breast cancer, and even an effective treatment of breast cancer.-HHL)
Boudou P, Taieb J, Mathian B, Badonnel Y, Lacroix I, Mathieu E, Millot F, Queyrel N, Somma-Delpero C, Patricot MC.  Comparison of progesterone concentration determination by 12 non-isotopic immunoassays and gas chromatography/mass spectrometry in 99 human serum samples. J Steroid Biochem Mol Biol. 2001 Jul;78(1):97-104. 


A single serum progesterone determination may be highly predictive for early pregnancy and in vitro fertilisation and embryo-transfer outcomes. We therefore compared 12 direct non-isotopic progesterone immunoassays with gas-chromatography/mass spectrometry (GC/MS). For each assay, data from the analysis of 99 individual sera were compared with data obtained by GC/MS, using regression and bias plot analyses and the ratio method. We observed a larger difference in concentration between high and low values and a broader distribution of results for immunoassays than for GC/MS. All immunoassays displayed bias in the calibration process and a lack of specificity and/or sensitivity, to various degrees. We tried to identify the parameters of the assay procedure that might contribute to these discrepancies. None of the criteria investigated (antibodies, control and preparation of calibrators, blocking agents and choice of tracer) had a significant effect when studied alone. (Immunoassays measure progesterone metabolites also.—HHL)
Bu SZ, Yin DL, Ren XH, Jiang LZ, Wu ZJ, Gao QR, Pei G. Progesterone induces apoptosis and up-regulation of p53 expression in human ovarian carcinoma cell lines. Cancer. 1997 May 15;79(10):1944-50. 


BACKGROUND: Progesterone (PROG) has been shown to reduce the risk of developing ovarian carcinoma in postmenopausal women who have undergone estrogen and progestogen replacement therapy, and it has been clinically used to treat some types of ovarian tumors. It is not yet clear whether or not the antitumor activity of progestogen is due to its ability to induce apoptosis in precarcinomatous and carcinomatous ovarian cells. The apoptosis-related genes p53, bcl-2, and c-myc have important roles in the regulation of programmed cell death, and thus may be involved in the process of the suspected PROG-induced apoptosis. METHODS: Antiproliferation effects of PROG on 3AO and AO ovarian carcinoma cells were determined by 3H-thymidine incorporation. Apoptosis of the PROG-treated cells was determined by DNA laddering analysis and was quantitated by both nuclear condensation and flow cytometry after cells were stained with propidium iodide. Cell cycle analysis was also performed by flow cytometry. The expression of p53, bcl-2, and c-myc after 72 hours of PROG treatment was detected by Northern blot analysis. RESULTS: In both 3AO and AO cell lines, cells proliferation was maximally inhibited by PROG after 72 hours of treatment at 10 microM concentration. Under the same conditions, more than 50% of PROG-treated cells had undergone apoptosis, whereas less than 3% of the cells were apoptotic in untreated cell cultures. After exposure to PROG for 72 hours, cells were arrested in the G1 phase of the cell cycle, and the levels of p53 mRNA were remarkably increased in both cell lines. No changes in expression of bcl-2 or c-myc were detected. CONCLUSIONS: PROG significantly inhibited cell proliferation and induced apoptosis in both of the ovarian carcinoma cell lines tested in this study. PROG treatment markedly up-regulated p53 expression in these cells, indicating involvement of p53 in PROG-induced apoptosis.

Campagnoli C, Clavel-Chapelon F, Kaaks R, Peris C, Berrino F. Progestins and progesterone in hormone replacement therapy and the risk of breast cancer. J Steroid Biochem Mol Biol. 2005 Jul;96(2):95-108.

Controlled studies and most observational studies published over the last 5 years suggest that the addition of synthetic progestins to estrogen in hormone replacement therapy (HRT), particularly in continuous-combined regimen, increases the breast cancer (BC) risk compared to estrogen alone. By contrast, a recent study suggests that the addition of natural progesterone in cyclic regimens does not affect BC risk. This finding is consistent with in vivo data suggesting that progesterone does not have a detrimental effect on breast tissue. The increased BC risk found with the addition of synthetic progestins to estrogen could be due to the regimen and/or the kind of progestin used. Continuous-combined regimen inhibits the sloughing of mammary epithelium that occurs after progesterone withdrawal in a cyclic regimen. More importantly, the progestins used (medroxyprogesterone acetate and 19-Nortestosterone-derivatives) are endowed with some non-progesterone-like effects, which can potentiate the proliferative action of estrogens. Particularly relevant seem to be the metabolic and hepatocellular effects (decreased insulin sensitivity, increased levels and activity of insulin-like growth factor-I, and decreased levels of SHBG), which contrast the opposite effects induced by oral estrogen. (Major review article concludes that progesterone does not promote breast cancer, but much of the evidence they present indicates that progesterone prevents breast cancer!—HHL)
Canonico M, Fournier A, Carcaillon L, Olié V, Plu-Bureau G, Oger E, Mesrine S, Boutron-Ruault MC, Clavel-Chapelon F, Scarabin PY. Postmenopausal hormone therapy and risk of idiopathic venous thromboembolism: results from the E3N cohort study. Arterioscler Thromb Vasc Biol. 2010 Feb;30(2):340-5.

OBJECTIVE: Oral estrogen therapy increases venous thromboembolism risk among postmenopausal women. Although recent data showed transdermal estrogens may be safe with respect to thrombotic risk, the impact of the route of estrogen administration and concomitant progestogens is not fully established. METHODS AND RESULTS: We used data from the E3N French prospective cohort of women born between 1925 and 1950 and biennially followed by questionnaires from 1990. Study population consisted of 80 308 postmenopausal women (average follow-up: 10.1 years) including 549 documented idiopathic first venous thromboembolism. Hazard ratios (HR) and 95% confidence intervals (CI) were estimated using Cox proportional models. Compared to never-users, past-users of hormone therapy had no increased thrombotic risk (HR=1.1; 95% CI: 0.8 to 1.5). Oral not transdermal estrogens were associated with increased thrombotic risk (HR=1.7; 95% CI: 1.1 to 2.8 and HR=1.1; 95% CI: 0.8 to 1.8; homogeneity: P=0.01). The thrombotic risk significantly differed by concomitant progestogens type (homogeneity: P<0.01): there was no significant association with progesterone, pregnanes, and nortestosterones (HR=0.9; 95% CI: 0.6 to 1.5, HR=1.3; 95% CI: 0.9 to 2.0 and HR=1.4; 95% CI: 0.7 to 2.4). However, norpregnanes were associated with increased thrombotic risk (HR=1.8; 95% CI: 1.2 to 2.7). CONCLUSIONS: In this large study, we found that route of estrogen administration and concomitant progestogens type are 2 important determinants of thrombotic risk among postmenopausal women using hormone therapy. Transdermal estrogens alone or combined with progesterone might be safe with respect to thrombotic risk. PMID: 19834106

Canonico M, Oger E, Plu-Bureau G, Conard J, Meyer G, Levesque H, Trillot N, Barrellier MT, Wahl D, Emmerich J, Scarabin PY; Estrogen and Thromboembolism Risk (ESTHER) Study Group. Hormone therapy and venous thromboembolism among postmenopausal women: impact of the route of estrogen administration and progestogens: the ESTHER study. Circulation. 2007 Feb 20;115(7):840-5. 


BACKGROUND: Oral estrogen therapy increases the risk of venous thromboembolism (VTE) in postmenopausal women. Transdermal estrogen may be safer. However, currently available data have limited the ability to investigate the wide variety of types of progestogen. METHODS AND RESULTS: We performed a multicenter case-control study of VTE among postmenopausal women 45 to 70 years of age between 1999 and 2005 in France. We recruited 271 consecutive cases with a first documented episode of idiopathic VTE (208 hospital cases, 63 outpatient cases) and 610 controls (426 hospital controls, 184 community controls) matched for center, age, and admission date. After adjustment for potential confounding factors, odds ratios (ORs) for VTE in current users of oral and transdermal estrogen compared with nonusers were 4.2 (95% CI, 1.5 to 11.6) and 0.9 (95% CI, 0.4 to 2.1), respectively. There was no significant association of VTE with micronized progesterone and pregnane derivatives (OR, 0.7; 95% CI, 0.3 to 1.9 and OR, 0.9; 95% CI, 0.4 to 2.3, respectively). In contrast, norpregnane derivatives were associated with a 4-fold-increased VTE risk (OR, 3.9; 95% CI, 1.5 to 10.0). CONCLUSIONS: Oral but not transdermal estrogen is associated with an increased VTE risk. In addition, our data suggest that norpregnane derivatives may be thrombogenic, whereas micronized progesterone and pregnane derivatives appear safe with respect to thrombotic risk. If confirmed, these findings could benefit women in the management of their menopausal symptoms with respect to the VTE risk associated with oral estrogen and use of progestogens.

Carmody BJ, Arora S, Wakefield MC, Weber M, Fox CJ, Sidawy AN. Progesterone inhibits human infragenicular arterial smooth muscle cell proliferation induced by high glucose and insulin concentrations. J Vasc Surg. 2002 Oct;36(4):833-8.

INTRODUCTION: Diabetes mellitus is a significant risk factor for atherosclerotic peripheral vascular disease. Hyperglycemia and hyperinsulinemia, as encountered in patients with type II diabetes, have been shown to stimulate vascular smooth muscle cell (VSMC) proliferation, a paramount feature in atherosclerosis. Female sex hormones, such as estrogen, have been suggested to inhibit VSMC proliferation. However, the role of progesterone, particularly in patients with diabetes mellitus, has not been examined. Therefore, we studied the effect of progesterone on VSMCs exposed to various concentrations of glucose and insulin. METHODS: Human infragenicular VSMCs isolated from the tibial arteries of five male patients with diabetes undergoing lower extremity amputation were used. Immunocytochemical studies with confocal microscopy were performed for progesterone receptor identification in these VSMCs. Cells were grown to subconfluence, followed by exposure to deprived media with various glucose (100 and 200 mg/dL) and insulin (no insulin and 100 ng/mL) concentrations. Cells were then additionally exposed to physiologic progesterone (10 ng/mL, progesterone group) and compared with a no-progesterone group. Cell count and methyl-(3)H-thymidine incorporation were used to determine cellular proliferation. Cell count with hemocytometry was performed on day 6. DNA synthesis as reflected through methyl-(3)H-thymidine incorporation was measured at 24 hours. RESULTS: Immunocytochemical studies with confocal microscopy showed cytosolic progesterone receptors. The no-progesterone group showed a significant rise in cell count (P <.05) at all concentrations of glucose or insulin compared with the control group containing 100 mg/dL glucose concentration. The no-progesterone group also showed a significant rise in thymidine incorporation (P <.05) in the 100 mg/dL glucose-100 ng/mL insulin group and the 200 mg/dL glucose-100 ng/mL insulin group compared with the 100 mg/dL glucose group. In the cell count studies, progesterone significantly inhibited cellular proliferation in several settings. All cell groups cultured with insulin or an elevated glucose concentration showed a significant (P <.05) antiproliferative effect when exposed to progesterone. With thymidine incorporation, progesterone showed a similar antiproliferative effect in cells stimulated with glucose or insulin. CONCLUSION: Significant reductions in cell proliferation as determined with both cell count and thymidine incorporation suggest that progesterone is an inhibitor of VSMC proliferation induced by our in vitro models of hyperglycemia and hyperinsulinemia. Therefore, progesterone may have a protective role against the atherosclerotic changes associated with type II diabetes.

Chang KJ, Lee TTY et al. Influences of percutaneous administration of estradiol and progesterone on the human breast epithelial cell in vivo. Fertil Steril 1995;63:785-91

OBJECTIVE: To study the effect of E2 and P on the epithelial cell cycle of normal human breast in vivo. DESIGN: Double-blind, randomized study. Topical application to the breast of a gel containing either a placebo, E2, P, or a combination of E2 and P, daily, during the 10 to 13 days preceding breast surgery. PATIENTS: Forty premenopausal women undergoing breast surgery for the removal of a lump. MAIN OUTCOME MEASURES. Plasma and breast tissue concentrations of E2 and P. Epithelial cell cycle evaluated in normal breast tissue areas by counting mitoses and proliferating cell nuclear antigen immunostaining quantitative analyses. RESULTS: Increased E2 concentration increases the number of cycling epithelial cells. Increased P concentration significantly decreases the number of cycling epithelial cells. CONCLUSION: Exposure to P for 10 to 13 days reduces E2-induced proliferation of normal breast epithelial cells in vivo. (40 women applied either placebo, estradiol (E2) 1.5mg, progesterone(P) 25mg, or E2+P cream to the breast before lumpectomy at mid-cycle.  The mitotic index was significantly lower in the P group c/w placebo.  Mitosis per 1000cells was 0.5-placebo, 0.17-P, 0.83-E2, 0.5-E2+P.)

Chatterton RT Jr, Geiger AS, Mateo ET, Helenowski IB, Gann PH. Comparison of hormone levels in nipple aspirate fluid of pre- and postmenopausal women: effect of oral contraceptives and hormone replacement. J Clin Endocrinol Metab. 2005 Mar;90(3):1686-91. 

The effects of ovarian suppression by oral contraceptives as well as hormone replacement therapy were studied on hormone levels and on products of hormone action in nipple aspirate fluid (NAF) from breasts of pre- and postmenopausal women. Multiple samples per subject revealed high consistency (intraclass correlation coefficients) for all products measured. Compared with premenopausal women, NAF progesterone was much lower in postmenopausal women, but NAF androstenedione, dehydroepiandrosterone, and dehydroepiandrosterone sulfate concentrations were not different. With oral contraceptive use, estradiol, estrone sulfate, and progesterone levels were similarly lower in serum and NAF. In postmenopausal women, NAF estradiol and estrone sulfate were not significantly less than those in premenopausal women, nor were epidermal growth factor or cathepsin D levels, but IL-6 was elevated. Despite corresponding changes in hormones in serum and NAF over time, correlations based on simultaneous sampling were not significant. It is concluded that: 1) potential precursors of estradiol remain at comparable levels in the breast after menopause; 2) local synthesis is important for maintenance of estradiol levels in NAF of postmenopausal women but less important for progesterone; and 3) changes in the serum parameters are accurately reflected in NAF, but only after a matter of days. These findings provide additional validation for the physiological relevance of NAF hormone levels as potential breast cancer risk markers.

(Note: Estradiol levels in postmenopausal breast tissue identical to premenopausal breast, yet progesterone much lower.  If progesterone protects against breast CA as other evidence suggests, this would explain increase incidence of breast CA with menopause-HHL)

Chatterton RT Jr, Geiger AS, Khan SA, Helenowski IB, Jovanovic BD, Gann PH. Variation in estradiol, estradiol precursors, and estrogen-related products in nipple aspirate fluid from normal premenopausal women. Cancer Epidemiol Biomarkers Prev. 2004 Jun;13(6):928-35.

The purpose of the study was to measure the concentrations of estradiol, its primary precursors, and factors with which it interacts in the breast, and determine their sources of variation. Nipple aspirate fluid (NAF) was collected from premenopausal women during the mid-luteal phase of the menstrual cycle. The fluid was diluted and unconjugated steroids were extracted. Estradiol was further purified by a solvent partition into aqueous NaOH. Androgens were measured in the non-phenolic fraction. Water-soluble, conjugated steroids and proteins were measured in the aqueous residue. All analytes were measured by immunoassays. Permutation methods were used to determine the correlations over multiple periods of time. The average concentration of estradiol in NAF was 435 pmol/L after purification but was many times higher when assayed without purification. Estrone and dehydroepiandrosterone (DHEA) sulfates were present in 3.7 and 75 micromol/L concentrations, respectively, while unconjugated androstenedione and DHEA were present in nanomole per liter concentrations. Lack of the steroid sulfates in NAF in 19% of subjects had no effect on NAF estradiol levels but was associated with a 77% lower concentration of unconjugated DHEA. Progesterone was present in concentrations that were 3- to 4-fold higher than normal serum concentrations (mean: 291 nmol/L). Cathepsin D, epidermal growth factor, and interleukin 6 had average values of 3.4 microg/mL, 424 ng/mL, and 1.7 ng/mL, respectively. Correlations between breasts were between 0.57 and 0.84 for the several analytes; correlations over time ranged from 0.64 and 0.93 with estrone sulfate highest in both categories. The lower correlation between breasts than within breasts indicates that local factors play an important role in determining the levels of many of these analytes in the breast. The high stability of the concentrations of several analytes over time indicates that fluctuations in environmental factors have little immediate effect on levels in the breast, and portends their utility as surrogate breast cancer risk markers.

Cooper A, Spencer C, Whitehead MI, Ross D, Barnard GJ, Collins WP. Systemic absorption of progesterone from Progest cream in postmenopausal women. Lancet 1998;351:1255-6.

16.5mg progesterone cream applied daily resulted in minimal increases in serum progesterone.  The corpus luteum secretes 50mg/day during peak production. (Must look at whole blood progesterone since transdermal steroids saturate RBC membranes--HHLO

Cowan LD, Cardis JA, Tonascia and G.S. Jones. Breast cancer incidence in Women with a history of progesterone deficiency. Am J Epidem 1981;114:209-17.

1083 women evaluated and treated for infertility from 1945-1965 were followed through 1978 to ascertain breast cancer incidence.  Women in the progesterone deficiency group had 5.4 times the risk of premenopausal breast CA compared to those with infertility from non-hormonal causes.  Women in the PD group had a 10x increase in risk from death from all malignant neoplasms compared to the NH group, but no difference in incidence of malignant neoplasms.  The incidence in post-menopausal breast CA did not differ significantly between the two groups.  Late first birth associated with increase breast CA because it prob. represents underlying hormonal abnormality

Cutolo M, Sulli A, Capellino S, Villaggio B, Montagna P, Seriolo B, Straub RH. Sex hormones influence on the immune system: basic and clinical aspects in autoimmunity. Lupus. 2004;13(9):635-8.

Sex hormones seem to play an important role as modulators of the autoimmune disease onset/perpetuation. Generally, steroid hormones are implicated in the immune response, with estrogens as enhancers at least of the humoral immunity and androgens and progesterone (and glucocorticoids) as natural immunosuppressors. Synovial fluid levels (SF) of proinflammatory estrogens relative to androgens are significantly elevated in both male and female rheumatoid arthritis (RA) patients, as compared to controls, which is most probably due to increase of local enzymatic aromatase activity. Serum levels of estrogens have been found altered in RA patients, particularly estradiol in man. Thus, available steroid prehormones are rapidly converted to proinflammatory estrogens in the synovial tissue in the presence of inflammatory cytokines (i.e., TNFalpha, IL-1, IL-6). The increased estrogen concentrations observed in RA SF of both sexes are characterized mainly by the hydroxylated forms, in particular, 16alpha-hydroxyestrone, showing a mitogenic tumor growth stimulating role. Altered serum hydroxylated estrogens have been found also in serum of systemic lupus erythematosus (SLE) patients. As a matter of fact, our recent studies indicate that 17-beta estradiol (E2) clearly enhanced the expression of markers of cell growth and proliferation, whereas testosterone (T) induced an increase of markers indicating DNA damage and apoptosis. In particular, our data further shows that the enhancing role of estrogens on immune/inflammatory response is exerted by activating the NFkB complex pathway. In conclusion, locally increased estrogens (i.e., synovial tissue in RA or skin in SLE) might exert activating effects on cell proliferation, including macrophages and fibroblasts, suggesting new roles for estrogens in autoimmunity.

de Lignieres B, de Vathaire F, Fournier S, Urbinelli R, Allaert F, Le MG, Kuttenn F. Combined hormone replacement therapy and risk of breast cancer in a French cohort study of 3175 women. Climacteric. 2002 Dec;5(4):332-40. 


The largest-to-date randomized trial (Women's Health Initiative) comparing the effects of hormone replacement therapy (HRT) and a placebo concluded that the continuous use of an oral combination of conjugated equine estrogens (CEE) and medroxy-progesterone acetate (MPA) increases the risk of breast cancer. This conclusion may not apply to women taking other estrogen and progestin formulations, as suggested by discrepancies in the findings of in vitro studies, epidemiological surveys and, mostly, in vivo studies of human breast epithelial cell proliferation showing opposite effects of HRT combining CEE plus MPA or estradiol plus progesterone. To evaluate the risk of breast cancer associated with the use of the latter combination, commonly prescribed in France, a cohort including 3175 postmenopausal women was followed for a mean of 8.9 years (28 367 woman-years). In total, 1739 (55%) of these women were users of one type of estrogen replacement with systemic effect during at least 12 months, any time after the menopause, and were classified as HRT users. Among them, 83% were receiving exclusively or mostly a combination of a transdermal estradiol gel and a progestin other than MPA. Some 105 cases of breast cancer occurred during the follow-up period, corresponding to a mean of 37 new cases per 10 000 women/year. Using multivariate analysis adjusted for the calendar period of treatment, date of birth and age at menopause, we were unable to detect an increase in the relative risk (RR) of breast cancer (RR 0.98, 95% confidence interval (CI): 0.65-1.5) in the HRT users. The RR of breast cancer per year of use of HRT was 1.005 (95% CI 0.97-1.05). These results do not justify early interruption of such a type of HRT, which is beneficial for quality of life, prevention of bone loss and cardiovascular risk profile, without the activation of coagulation and inflammatory protein synthesis measured in users of oral estrogens.
de Lignieres B. Effects of progestogens on the postmenopausal breast. Climacteric 2002 Sep;5(3):229-35. 


The potential for an increased risk of breast cancer linked to the use of synthetic progestins combined with oral estrogens is one of the main putative reasons for discouraging postmenopausal women from using any type of hormone replacement therapy (HRT) for more than a few years. Because no definitive proof exists, the available epidemiological results can be interpreted according to what seems biologically plausible to each investigator, including potential differences between various schedules of various steroids in various species and in vitro models. More than 60 years after the discovery of progesterone, the main effects of this endogenous steroid on the physiopathology of the breast during a normal luteal phase are still controversial. The lack of consensus on such basic knowledge concerning one of the most important targets of a natural ovarian hormone discovered in 1934 is amazing. In the most cited studies, nothing has been done to measure progesterone in plasma and to correlate the extremely disparate cytological results with extremely erratic steroid levels at the time of surgical stress. In a recent study, with a better design, the physiological rise of endogenous progesterone during the luteal phase coincided with a drop in proliferation of breast epithelial cells, which appears to be only slightly delayed in comparison with what is described in the endometrium. Differences in doses and schedules of treatments with various synthetic progestins have largely contributed to the inconsistency in clinical recommendations. Based on the analysis of proliferation markers in surgical biopsies from normal human postmenopausal breast tissue, it is plausible that mitogenic activity is not identical during therapy with unopposed estrogens versus estrogens combined with progestogens, and is higher during HRT that combines oral conjugated equine estrogens with medroxyprogesterone acetate than during HRT that combines transdermal estradiol and progesterone. It is misleading to put all progestogens in the same bag irrespective of their chemical structure, and, more important, their effect may vary according to whether it is estrone or estradiol that is mainly accumulated in the breast tissue. The hypothesis of progesterone decreasing the proliferative effect of estradiol in the postmenopausal breast remains highly plausible.

Diaz S, Miranda P, Brandeis A, Cardenas H, Croxatto HB.  Mechanism of action of progesterone as contraceptive for lactating women. Ann N Y Acad Sci. 1991;626:11-21. 


Progesterone vaginal rings releasing 5-15 mg/day were tested as a contraceptive for lactating women. Progesterone plasma levels achieved ranged from 10 to 20 nmol/L(3.1to 6.3ng/ml). Pregnancy rates at the end of the year were less than 1% and 39% in treated (n = 210) and untreated (n = 236) nursing women, respectively. Around 70% of treated and 30% of untreated women were amenorrheic at 8 months post partum. The endocrine profile during the first 8 months post partum was assessed in 36 treated and 28 untreated nursing women. Pre- and postsuckling prolactin (PRL) levels were measured at 1600 hr at fortnightly intervals and E2 determinations and ovarian ultrasound were performed twice a week. Prolactin increases in response to suckling and postsuckling PRL levels were higher, E2 levels were lower, and follicular growth was arrested at earlier stages in progesterone-treated than in untreated women. The pattern observed in progesterone-treated women was similar to that in prolonged lactational amenorrhea. This suggests that progesterone increases the sensitivity of the breast-hypothalamic-pituitary system to suckling and reinforces the mechanism of lactational infertility.

Eriksen EF, Langdahl B, Vesterby A, Rungby J, Kassem M. Hormone replacement therapy prevents osteoclastic hyperactivity: A histomor​phometric study in early postmenopausal women. J Bone Miner Res 1999; 14(7):1217-21.

Fitzpatrick LA, Pace C, Wiita B. Comparison of regimens containing oral micronized progesterone or medroxyprogesterone acetate on quality of life in postmenopausal women: a cross-sectional survey. J Womens Health Gend Based Med 2000 May; 9.  

A cross-sectional survey was conducted to examine quality of life (QOL) related to physiological, somatic, and vasomotor effects of changing progestogen treatment from medroxyprogesterone acetate (MPA) to micronized progesterone in postmenopausal women. Eligible women (n = 176) were currently using hormone replacement therapy (HRT) containing micronized progesterone for 1-6 months and had previously received HRT containing MPA. QOL was assessed via telephone interview using the Greene Climacteric Scale and the Women's Health Questionnaire. When compared with the MPA-containing regimen, women using micronized progesterone-containing HRT experienced significant improvement in vasomotor symptoms, somatic complaints, and anxiety and depressive symptoms. Women reported improved perceptions of their patterns of vaginal bleeding and control of menopausal symptoms while on the micronized progesterone-containing regimen. Approximately 80% of women reported overall satisfaction with the micronized progesterone-containing regimen. A micronized progesterone-containing HRT regimen offers the potential for improved QOL as measured by improvement of menopause-associated symptoms.

Foidart JM, Colin C, Denoo X, Desreux J, Beliard A, Fournier S, de Lignieres B. Estradiol and progesterone regulate the proliferation of human breast epithelial cells. Fertil Steril.1998 May;69(5):963-9. 


OBJECTIVE: To study the effects of estradiol and progesterone on the proliferation of normal human breast epithelial cells in vivo. DESIGN: Double-blind randomized study. SETTING: Departments of gynecology and of cell biology at a university hospital. PATIENT(S): Forty postmenopausal women with untreated menopause and documented plasma FSH levels of >30 mIU/mL and estradiol levels of <20 pg/mL. INTERVENTION(S): Daily topical application to both breasts of a gel containing a placebo, estradiol, progesterone, or a combination of estradiol and progesterone during the 14 days preceding esthetic breast surgery or excision of a benign lesion. MAIN OUTCOME MEASURE(S): Plasma and breast tissue concentrations of estradiol and progesterone. Epithelial cell cycles were evaluated in normal breast tissue by counting mitoses and performing quantitative proliferating cell nuclear antigen immunolabeling analyses. RESULT(S): Increasing the estradiol concentration enhanced the number of cycling epithelial cells, whereas increasing the progesterone concentration significantly limited the number of cycling epithelial cells. CONCLUSION(S): Exposure to progesterone for 14 days reduced the estradiol-induced proliferation of normal breast epithelial cells in vivo.

Formby B, Wiley TS. Progesterone inhibits growth and induces apoptosis in breast cancer cells: inverse effects on Bcl-2 and p53. Ann Clin Lab Sci. 1998 Nov-Dec;28(6):360-9.

Progesterone inhibits the proliferation of normal breast epithelial cells in vivo, as well as breast cancer cells in vitro. But the biologic mechanism of this inhibition remains to be determined. We explored the possibility that an antiproliferative activity of progesterone in breast cancer cell lines is due to its ability to induce apoptosis. Since p53 and bcl-2 genetically control the apoptotic process, we investigated whether or not these genes could be involved in the progesterone-induced apoptosis. We found a maximal 90 percent inhibition of cell proliferation with T47-D breast cancer cells after exposure to 10 microM progesterone for 72 hours. Control progesterone receptor negative MDA-231 cancer cells were unresponsive to these two concentrations of progesterone. After 24 hours of exposure to 10 microM progesterone, cytofluorometric analysis of T47-D breast cancer cells demonstrated 43 percent had undergone apoptosis without signs of necrosis. After 72 hours of exposure to 10 microM progesterone, 48 percent of the cells had undergone apoptosis and 40 percent demonstrated "leaky" membranes. Untreated cancer cells did not undergo apoptosis. Evidence proving apoptosis was also demonstrated by fragmentation of nuclear DNA into multiples of oligonucleosomal fragments. After 24 hours of exposure to either 1 microM or 10 microM progesterone, the expression by T47-D cancer cells of bcl-2 was down-regulated, and that of p53 was up-regulated as detected by semiquantitative RT-PCR analysis. These results demonstrate that progesterone at a concentration similar to that seen during the third trimester of pregnancy exhibited a strong antiproliferative effect on at least two breast cancer cell lines. Apoptosis was induced in the progesterone receptor expressing T47-D breast cancer cells. 

Formby B, Wiley TS. Bcl-2, survivin and variant CD44 v7-v10 are downregulated and p53 is upregulated in breast cancer cells by progesterone: inhibition of cell growth and induction of apoptosis. Mol Cell Biochem. 1999 Dec;202(1-2):53-61. 


 Progesterone inhibits the proliferation of normal breast epithelial cells in vivo, as well as breast cancer cells in vitro. But the biologic mechanism of this inhibition remains to be determined. We explored the possibility that an antiproliferative activity of progesterone in breast cancer cell lines is due to its ability to induce apoptosis. Since p53, bcl-2 and survivin genetically control the apoptotic process, we investigated whether or not these genes could be involved in the progesterone-induced apoptosis. We found a maximal 90% inhibition of cell proliferation with T47-D breast cancer cells after exposure to 10 microM progesterone for 72 h. Control progesterone receptor negative MDA-231 cancer cells were unresponsive to 10 microM progesterone. The earliest sign of apoptosis is translocation of phosphatidylserine from the inner to the outer leaflet of the plasma membrane and can be monitored by the calcium-dependent binding of annexin V in conjunction with flow cytometry. After 24 h of exposure to 10 microM progesterone, cytofluorometric analysis of T47-D breast cancer cells indicated 43% were annexin V-positive and had undergone apoptosis and no cells showed signs of cellular necrosis (propidium iodide negative). After 72 h of exposure to 10 microM progesterone, 48% of the cells had undergone apoptosis and 40% were annexin V positive/propidium iodide positive indicating signs of necrosis. Control untreated cancer cells did not undergo apoptosis. Evidence proving apoptosis was also demonstrated by fragmentation of nuclear DNA into multiples of oligonucleosomal fragments. After 24 h of exposure of T47-D cells to either 1 or 10 microM progesterone, we observed a marked down-regulation of protooncogene bcl-2 protein and mRNA levels. mRNA levels of survivin and the metastatic variant CD44 v7-v10 were also downregulated. Progesterone increased p53 mRNA levels. These results demonstrate that progesterone at relative high physiological concentrations, but comparable to those seen in plasma during the third trimester of human pregnancy, exhibited a strong antiproliferative effect on breast cancer cells and induced apoptosis.

Fournier A, Berrino F, Riboli E, Avenel V, Clavel-Chapelon F. Breast cancer risk in relation to different types of hormone replacement therapy in the E3N-EPIC cohort. Int J Cancer. 2005 Apr 10;114(3):448-54. 


Most epidemiological studies have shown an increase in breast cancer risk related to hormone replacement therapy (HRT) use. A recent large cohort study showed effects of similar magnitude for different types of progestogens and for different routes of administration of estrogens evaluated. Further investigation of these issues is of importance. We assessed the risk of breast cancer associated with HRT use in 54,548 postmenopausal women who had never taken any HRT 1 year before entering the E3N-EPIC cohort study (mean age at inclusion: 52.8 years); 948 primary invasive breast cancers were diagnosed during follow-up (mean duration: 5.8 years). Data were analyzed using multivariate Cox proportional hazards models. In this cohort where the mean duration of HRT use was 2.8 years, an increased risk in HRT users compared to nonusers was found (relative risk (RR) 1.2 [95% confidence interval 1.1-1.4]). The RR was 1.1 [0.8-1.6] for estrogens used alone and 1.3 [1.1-1.5] when used in combination with oral progestogens. The risk was significantly greater (p <0.001) with HRT containing synthetic progestins than with HRT containing micronized progesterone, the RRs being 1.4 [1.2-1.7] and 0.9 [0.7-1.2], respectively. When combined with synthetic progestins, both oral and transdermal/percutaneous estrogens use were associated with a significantly increased risk; for transdermal/percutaneous estrogens, this was the case even when exposure was less than 2 years. Our results suggest that, when combined with synthetic progestins, even short-term use of estrogens may increase breast cancer risk. Micronized progesterone may be preferred to synthetic progestins in short-term HRT. This finding needs further investigation. 

Franke HR, Vermes I.   Differential effects of progestogens on breast cancer cell lines.  Maturitas. 2003 Dec 10;46 Suppl 1:S55-8. 


Our in vitro results indicate that not all progestogens act equally on breast cancer cells. Some progestogens (medroxyprogesterone acetate (MPA), norethisterone acetate (NETA) and dienogest) alone or combined with estradiol (E2) stimulate proliferation of breast cancer cells, while others (dihydrodydrogesterone (DHD), the active metabolite of dydrogesterone, tibolone and progesterone (Prog)) alone or combined with estradiol induce apoptosis. Further pharmacological and clinical studies should be initiated to evaluate these findings in vivo.

Gann PH, Geiger AS, Helenowski IB, Vonesh EF, Chatterton RT. Estrogen and progesterone levels in nipple aspirate fluid of healthy premenopausal women: relationship to steroid precursors and response proteins.Cancer Epidemiol Biomarkers Prev. 2006 Jan;15(1):39-44.

BACKGROUND: Concentrations of estrogen and progesterone within the breast could provide a better reflection of breast cancer risk than levels in the circulation. We developed highly sensitive immunoassays for multiple steroid hormones and proteins in the nipple aspirate fluid (NAF), which can be obtained noninvasively with a simple suction device. Previous studies showed that NAF hormone levels are strongly correlated between breasts and within a single breast over time and are predictably related to hormone replacement therapy or use of oral contraceptives. This study evaluates the relationship of NAF estrogen and progesterone levels to those in serum and saliva, the relationship of NAF estradiol to androgenic and estrogenic precursors in NAF, and the relationship of NAF hormone levels to those of response proteins such as cathepsin D and epidermal growth factor (EGF).METHODS: Normal premenopausal women collected saliva daily and donated blood and NAF in the midluteal phases of menstrual cycles at intervals of 0, 4, 12, and 15 months. Analytes were measured by immunoassays after solvent fractionation. Log-transformed values were fit to repeated measures analysis of covariance models to ascertain associations between analytes.RESULTS: Small nonsignificant associations were found between NAF and serum or salivary estradiol. However, progesterone in NAF was significantly associated with progesterone in serum and saliva (R=0.18 and 0.32, respectively). Within NAF, the estradiol precursors estrone sulfate, androstenedione, and dehydroepiandrosterone were significantly associated with estradiol concentration (P<0.06), and a multiprecursor model explained the majority of variance in NAF estradiol (model R(2)=0.83). Cathepsin D and EGF in NAF could not be predicted from serum or salivary steroid measurements; however, both could be predicted from estradiol and its precursors in NAF (model R(2)=0.70 and 0.93, respectively).CONCLUSIONS: By showing consistent associations between estradiol and its precursors and response proteins, these data provide support for the biological validity of NAF hormone measurements and for the importance of steroid interconversion by aromatase and sulfatase within the breast. The low correlation between estrogen levels in NAF and those in serum or saliva suggests that the degree of association between estrogen or its androgen precursor levels and risk of breast cancer observed in epidemiologic studies using serum estimates might be highly attenuated.
Garland M, Hunter DJ, Colditz GA, Manson JE, Stampfer MJ, Spiegelman D, Speizer F, Willett WC.  Menstrual cycle characteristics and history of ovulatory infertility in relation to breast cancer risk in a large cohort of US women.  Am J Epidemiol. 1998 Apr 1;147(7):636-43.

Menstrual cycle characteristics and ovulatory infertility were evaluated in relation to breast cancer risk among 116,678 women in the Nurses' Health Study II, a prospective cohort study of female registered nurses who were aged 25-42 years and living in 14 US states at enrollment in 1989. During 396,299 person-years of follow-up between return of the baseline questionnaire and June 1993, 251 cases of breast cancer were identified in this cohort. The multivariate relative risk (RR) associated with age at menarche > 13 years compared with age < or = 12 years was 0.66 (95% confidence interval (CI) 0.44-0.99). Short and long menstrual cycle lengths at ages 18-22 years were associated with reduced risk. Compared with menstrual cycle length 26-31 days, the multivariate relative risks (95% CIs) for more extreme cycle lengths were: < 26 days, 0.50 (0.25-0.98); 32-39 days, 0.81 (0.51-1.28); and > 39 days or too irregular for estimation of a usual cycle length, 0.41 (0.18-0.94). The multivariate relative risk associated with a history of ovulatory infertility, compared with no such history, was 0.41 (95% CI 0.18-0.93). These results are consistent with the hypothesis 
Gentile GP, Helbig DW, Zacur H, Park T, Lee YJ, Westhoff CL. Hormone levels before and after tubal sterilization. Contraception. 2006 May;73(5):507-11. Epub 2006 Feb 23. 


OBJECTIVE: The aim of this study was to determine whether women experience significant luteal phase hormonal changes following interval tubal sterilization. DESIGN: This is a partly randomized, prospective clinical study. SETTING: This study involved healthy volunteers in an academic research environment. PATIENTS: This study involved 118 fertile women seeking tubal sterilization and 57 fertile controls with at least three normal cyclic menstrual periods before entry into the study. INTERVENTIONS: The patients were randomized to bipolar cautery or Hulka clip as sterilization methods. Barrier contraception or abstinence was used by controls. MAIN OUTCOME MEASURES: The main outcome measures are serum estradiol and progesterone levels and urinary estradiol and pregnanediol levels obtained during the luteal phase before, 1 year and 2 years after sterilization. RESULTS: The women randomized to the bipolar cautery group had lower midluteal progesterone levels measured between Days 5 and 11 postovulation (15.5 ng/mL before sterilization, 14.5 ng/mL at 1 year and 14.5 ng/mL at 2 years) than did the other two groups. The clip group had progesterone levels of 14.1, 12.0 and 12.5 ng/mL at baseline, 1 year and 2 years, respectively, and the control group had levels of 12.0, 11.9 and 11.3 ng/mL for the same periods. Serum estradiol and progesterone and urinary pregnanediol and estradiol were not significantly changed over the 2-year period, nor were there significant differences between the two groups. CONCLUSIONS: There were no significant hormonal changes in sterilized women over a period of 2 years when compared with their baseline levels or when compared with unsterilized age-matched controls (But there was a difference-especially in the first year)

Giuliani A, Concin H, Wieser F, Boritsch J, Wilfert H, Gruber D, Urdl. Hormone replacement therapy with a transdermal estradiol gel and oral micronized progesterone. Effect on menopausal symptoms and lipid metabolism. Wien Klin Wochenschr 2000 Jul 28;112(14):629-33.

In a multicenter observational study, the efficacy and acceptance of two different regimens of postmenopausal hormone replacement therapy in the form of a combination of 17 beta-estradiol in percutaneous gel application and micronized oral progesterone were evaluated. Forty-eight patients (aged 40-66 years) received 2.5 g estradiol gel plus either continuously micronized progesterone 100 per day (group A) or, sequentially, 200 mg per day between day 16 and 25 of a monthly cycle (group B) for two months. A significant reduction in typical menopausal symptoms, especially vasomotor complaints like hot flushes or sweating, was observed in both groups (score average at the beginning for hot flushes: 2.0 in group A and 1.8 in group B; after two months of treatment, 0.7 in group A and 0.4 in group B). Cholesterol levels were slightly reduced but statistically significant (235.9 +/- 49.55 mg/dl vs. 226.3 +/- 52.24 mg/dl; p < 0.05) only in group A; a trend towards lower cholesterol was observed in group B (236.5 +/- 47.82 mg/dl vs. 227.4 +/- 44.72 mg/dl). Lipoprotein (a) was also significantly reduced in group A (32.57 +/- 36.52 mg/dl vs. 28.28 +/- 31.03 mg/dl in group A; 31.7 +/- 28.42 mg/dl vs. 28.34 +/- 23.71 in group B; p < 0.05). The overall acceptance of this therapy was excellent or good in 91.3% of group A and 92.8% of group B patients.

Goumenou AG, Chow C, Taylor A, Magos A. Endometriosis arising during estrogen and testosterone treatment 17 years after abdominal hysterectomy: a case report. Maturitas. 2003 Nov 20;46(3):239-41. 

OBJECTIVE: To report the possible association between the use of oestrogen replacement therapy and endometriosis in a postmenopausal woman. METHODS: We present a case of a postmenopausal, previously hysterectomised, woman who received hormonal replacement therapy and developed a large broad ligament cyst. Two years prior to her presentation she had been complaining of pelvic pain and deep dyspareunia. RESULTS: Pelvic ultrasound showed an adnexal cyst that was increasing in size. CA-125 was normal. Laparoscopy revealed multiple endometriotic deposits and a broad ligament cyst. Cystectomy and oophorectomy were done. Histology confirmed a diagnosis of endometriosis including the broad ligament cyst. CONCLUSIONS: Hormonal replacement therapy can be associated with de novo endometriosis including at sites, which are unusual. (Message: Unopposed estrogen can induce endometriosis!  Must include progesterone!-HHL)

Hargrove JT, Maxson WS, Wentz AC, Burnett LS. Menopausal hormone replacement therapy with continuous daily oral micronized estradiol and progesterone. Obstet Gynecol. 1989 Apr;73(4):606-12. 

The safety and efficacy of a daily combination of micronized estradiol (E2) (0.7-1.05 mg) and progesterone (200-300 mg) were evaluated in ten menopausal women with moderate to severe vasomotor symptoms and/or vaginal atrophy over a 12-month study interval. For comparison, five similar women were placed on conjugated estrogens, 0.625 mg daily, and medroxyprogesterone acetate, 10 mg daily, for the first 10 days of each calendar month for 12 months. Patients were evaluated at 0, 1, 3, 6, and 12 months. Estrogens rose significantly from baseline in both groups (P less than .01). Progesterone increased significantly above baseline in the E2 and progesterone group (P less than .01), but did not change in the conjugated estrogens and medroxyprogesterone acetate users. All women on E2 and progesterone had a decrease in total cholesterol and an increase in high-density lipoprotein cholesterol from baseline (P less than .01). Those on conjugated estrogens and medroxyprogesterone acetate had no significant change from baseline in total cholesterol; however, they did have an increase in high-density lipoprotein cholesterol values (P less than .01). In the E2 and progesterone group, the endometrial histology became completely quiescent and there was no uterine bleeding after 6 months of observation. Four of five women on conjugated estrogens and medroxyprogesterone acetate continued regular withdrawal bleeding throughout the study period, but no endometrial hyperplasia was encountered. This study demonstrates that the daily administration of a combination of micronized E2 and progesterone results in symptomatic improvement, minimal side effects, an improved lipid profile, and amenorrhea without endometrial proliferation or hyperplasia in menopausal women.

Harris B, Lovett L, Newcombe RG, Read GF, Walker R, Riad-Fahmy D. Maternity blues and major endocrine changes: Cardiff puerperal mood and hormone study II. BMJ. 1994 Apr 9;308(6934):949-53.

 OBJECTIVES--To define relation between mood and concentrations of progesterone and cortisol during perinatal period to test hypothesis that rapid physiological withdrawal of steroid hormones after delivery is associated with depression. DESIGN--Prospective study of primiparous women from two weeks before expected date of delivery to 35 days postpartum. SETTING--Antenatal clinic in university hospital, obstetric inpatient unit, patients' homes. SUBJECTS--120 of 156 primiparous women interviewed. Remainder excluded because of major marital, socioeconomic, or medical problems or because caesarean section required. MAIN OUTCOME MEASURES--Concentrations of progesterone and cortisol in saliva samples; women's moods assessed by various scores for depression. RESULTS--Changes in salivary progesterone and cortisol concentrations were similar to those already characterised for plasma. Peak mean score for maternity blues (5.3 on Stein scale) was on day five postpartum (P < 0.02 compared with mean scores on other postpartum days). High postpartum scores for maternity blues were associated with high antenatal progesterone concentrations on day before delivery (P < 0.05), with high rate of rise of antenatal progesterone concentrations (P < 0.05), with decreasing progesterone concentrations from day of delivery to day of peak blues score (P > or = 0.01), and with low progesterone concentrations on day of peak blues score (P < 0.01). Seventy eight women were designated as having maternity blues (peak score > or = 8 on Stein scale) while 39 had no blues. Women with blues had significantly higher antenatal progesterone concentrations and lower postnatal concentrations than women without blues (geometric mean progesterone concentrations: one day before delivery 3860 pmol/l v 3210 pmol/l respectively, P = 0.03; ten days postpartum 88 pmol/l v 114 pmol/l, P = 0.048). Cortisol concentrations were not significantly associated with mood. CONCLUSION--Maternal mood in the days immediately after delivery is related to withdrawal of naturally occurring progesterone.

Helzlsouer KJ, Alberg AJ, Bush TL, Longcope C, Gordon GB, Comstock GW.  A prospective study of endogenous hormones and breast cancer.  Cancer Detect Prev. 1994;18(2):79-85. 


To examine the association prospectively between endogenous hormones and breast cancer, a population-based, nested case-control study was conducted using serum collected in 1974. Serum hormone levels among 51 women, who subsequently developed breast cancer, were compared with controls matched on age and time since last menstrual period. The levels of estrogens, progesterone, sex-hormone binding globulin, and androstenedione were compared between cases and controls. No statistically significant differences in endogenous hormones levels were observed between women who subsequently developed breast cancer and controls. Despite the fact that risk factors for breast cancer implicated endogenous hormones, especially estrogen, in the etiology of this disease, our study failed to demonstrate a statistically significant association between endogenous hormones and the risk of breast cancer. If there is an association between endogenous hormones and breast cancer, the magnitude of the effect is weak.(One blood test 20 years before, only 51 women.—HHL)

Herges H, Klinger W, Gethmann U, Knuppen R. Determining progesterone in saliva Zentralbl Gynakol. 1992;114(11):533-8.

A radioimmunoassay for the determination of progesterone in saliva using a 125J-labelled progesterone derivate has been developed. The assay is characterized by the excellent sensitivity of 3.12 pg progesterone/ml. During the menstrual cycle of normal women the biphasic rhythm of progesterone in saliva could not been clearly demonstrated. In the follicle phase high peaks of progesterone have been shown and even in the luteal phase individual low values have been observed. The circadian rhythms of progesterone in saliva are characterized by irregular oscillations. The saliva flow rate is not responsible for the progesterone concentration. The measurement of progesterone in serum seems to be more useful in the diagnosis of sterility.

Hermann AC, Nafziger AN, Victory J, Kulawy R, Rocci ML Jr, Bertino JS Jr. Over-the-counter progesterone cream produces significant drug exposure compared to a food and drug administration-approved oral progesterone product.  J Clin Pharmacol 2005;45:614-619
Progesterone products are available in prescription form as well as over-the-counter (OTC) topical preparations sold for "cosmetic" uses. In a randomized study design, the authors compared the drug exposure from an OTC progesterone cream to a Food and Drug Administration-approved oral preparation at the labeled daily doses recommended for each product. Twelve healthy postmenopausal women received 200-mg oral progesterone capsules once daily for 12 days or progesterone cream 40 mg twice daily for 12 days. At steady state (day 12 of each phase), whole-blood samples were collected over 24 hours (oral progesterone) or 12 hours (topical progesterone) and assayed for total progesterone concentration (by LC/MS/MS). No significant differences were found in dose-normalized 24-hour progesterone exposure comparing the cream to oral capsules (median AUC(0-24) 12.5 ng x h/mL vs 10.5 ng x h/mL, respectively; P = .81). In light of the potential risks associated with long-term progesterone use, the authors question whether topical progesterone products should be available OTC.
Hermsmeyer RK, Mishra RG, Pavcnik D, Uchida B, Axthelm MK, Stanczyk FZ, Burry KA, Illingworth DR, Juan C, Nordt FJ. Prevention of coronary hyperreactivity in preatherogenic menopausal rhesus monkeys by transdermal progesterone. Arterioscler Thromb Vasc Biol. 2004 May;24(5):955-61. Epub 2004 Mar 18.

OBJECTIVE: To test if transdermal progesterone (P) confers coronary vascular protection in surgically menopausal preatherosclerotic rhesus monkeys. METHODS AND RESULTS: Ovariectomized rhesus monkeys fed an atherogenic diet (AD) for 19 months were treated with an investigational transdermal P cream (n=7) or identical placebo cream (n=5) for 4 weeks. Aorta and carotids showed fatty streaks and Oil Red O staining demonstrated lipid deposition. Serum P levels in P-treated rhesus monkeys (0.6 ng/mL) were significantly greater than placebo (0.2 ng/mL). Significant elevation of cholesterol, LDL cholesterol, and HDL cholesterol, was noted in all animals. Lp(a) was significantly attenuated in the AD-fed P-treated monkeys. Coronary angiographic experiments stimulating vasoconstriction by intracoronary injections of serotonin plus U46619 showed exaggerated prolonged actions amplified by AD, but significant protection against severe prolonged vasoconstriction in P-treated monkeys. Immunocytochemistry confirmed co-expression of P and thromboxane prostanoid (TP) receptors in coronaries and aorta. Western blotting demonstrated TP receptor attenuation in vascular muscle after P treatment. CONCLUSIONS: Coronary hyperreactivity, a putative component of coronary artery disease mediated via increased vascular muscle thromboxane prostanoid receptors, can be prevented by subphysiological levels of P, not only in nonatherosclerotic (previously shown) but also in preatherosclerotic primates.

Ho SM. Estrogen, progesterone and epithelial ovarian cancer. Reprod Biol Endocrinol. 2003 Oct 7;1:73. 

Ovarian carcinoma (OCa) continues to be the leading cause of death due to gynecologic malignancies and the vast majority of OCa is derived from the ovarian surface epithelium (OSE) and its cystic derivatives. Epidemiological evidence strongly suggests that steroid hormones, primarily estrogens and progesterone, are implicated in ovarian carcinogenesis. However, it has proved difficult to fully understand their mechanisms of action on the tumorigenic process. New convincing data have indicated that estrogens favor neoplastic transformation of the OSE while progesterone offers protection against OCa development. Specifically, estrogens, particularly those present in ovulatory follicles, are both genotoxic and mitogenic to OSE cells. In contrast, pregnancy-equivalent levels progesterone are highly effective as apoptosis inducers for OSE and OCa cells. In this regard, high-dose progestin may exert an exfoliation effect and rid an aged OSE of pre-malignant cells. A limited number of clinical studies has demonstrated efficacies of antiestrogens, aromatase inhibitors, and progestins alone or in combination with chemotherapeutic drugs in the treatment of OCa. As a result of increased life expectancy in most countries, the number of women taking hormone replacement therapies (HRT) continues to grow. Thus, knowledge of the mechanism of action of steroid hormones on the OSE and OCa is of paramount significance to HRT risk assessment and to the development of novel therapies for the prevention and treatment of OCa.

Hofseth LJ, Raafat AM, Osuch JR, Pathak DR, Slomski CA, Haslam SZ. Hormone replacement therapy with estrogen or estrogen plus medroxryprogesterone acetate is associated with increased epithelial proliferation in the normal postmenopausal breast. J Clin Endocrinol Metab 1999 Dec; 84 (12): 4559-65.

The relative effects of postmenopausal hormone replacement therapy (HRT) with estrogen alone vs. estrogen+progestin on breast cell proliferation and on breast cancer risk are controversial. A cross-sectional observational study was carried out to examine the proliferative effects of HRT with estrogen or estrogen plus the progestin, medroxyprogesterone acetate(P), in breast tissue of postmenopausal women. Benign breast biopsies from 86 postmenopausal women were analyzed with antiproliferating cell nuclear antigen (anti-PCNA) and Ki67 antibodies to measure relative levels of cell proliferation. Epithelial density and estrogen and progesterone receptor status were also determined. The women were categorized either as users of: 1) estrogen (E) alone; 2) estrogen+medroxyprogesterone acetate (E+P); or 3) no HRT. Compared with no HRT, the breast epithelium of women who had received either E+P or E alone had significantly higher PCNA proliferation indices, and treatment with E+P had a significantly higher index (PCNA and Ki67) than treatment with E alone. Breast epithelial density was significantly greater in postmenopausal women treated with E and E+P, compared with no HRT. Thus, the present study shows that postmenopausal HRT with E+P was associated with greater breast epithelial cell proliferation and breast epithelial cell density than E alone or no HRT. Furthermore, with E+P, breast proliferation was localized to the terminal duct-lobular unit of the breast, which is the site of development of most breast cancers. Further studies are needed to assess the possible association between the mitogenic activity of progestins and breast cancer risk.

Igarashi TM, Bruner-Tran KL, Yeaman GR, Lessey BA, Edwards DP, Eisenberg E, Osteen KG. Reduced expression of progesterone receptor-B in the endometrium of women with endometriosis and in cocultures of endometrial cells exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Fertil Steril. 2005 Jul;84(1):67-74. 


OBJECTIVE: To analyze endometrial progesterone receptor (PR) expression in women with endometriosis compared with disease-free women and to assess the impact of in vitro 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) exposure on PR isotype expression. DESIGN: Controlled laboratory study. SETTING: University medical center. PATIENT(S): Healthy volunteers and women with surgically diagnosed endometriosis. INTERVENTION(S): None. MAIN OUTCOME MEASURE(S): Analysis of in vivo PR-A and PR-B expression in endometrium from women with and without endometriosis. The impact of in vitro TCDD exposure on PR-B/PR-A ratio and cell-specific matrix metalloproteinase (MMP) expression was also determined. RESULT(S): The PR-B/PR-A ratio was lower in endometrial tissues from women with endometriosis compared with normal tissues. A similar ratio was induced in normal stromal cells cocultured with epithelial cells and exposed to TCDD. Disruption of stromal PR expression following TCDD exposure was associated with a failure of P-mediated down-regulation of both stromal-specific pro-MMP-3 and epithelial-specific pro-MMP-7. CONCLUSION(S): Our data suggest that reduced progesterone (P) sensitivity in the endometrium of women with endometriosis may be related to an altered pattern of PR expression. The ability of TCDD to selectively down-regulate stromal PR-B expression and increase MMP expression in both stromal and epithelial cells suggests that exposure to this toxin may negatively impact P-mediated cell-cell communication in the human endometrium.

Koefoed P, Brahm The permeability of the human red cell membrane to steroid sex hormones. J.Biochim Biophys Acta. 1994 Oct 12;1195(1):55-62. 

The release rates of the 3H-labeled steroid sex hormones estrone, estradiol, estriol, progesterone, and testosterone from the human red blood cell and resealed red cell ghosts were studied at 38 degrees C and pH 7.2 by means of the rapid continuous flow tube method which has a time resolution of a few milliseconds. Further, the equilibria between unbound hormone and hormone bound to red cells, resealed red cell ghosts and albumin were studied by partitioning analysis of trace amounts of labeled hormones. The half-times for release from erythrocytes under physiological conditions ranged from 4 ms (testosterone) to 150 ms (estriol). The release from ghosts was significantly faster than from cells preincubated with hormones at unphysiological high concentrations. Affinities of hormone binding to cells and hormone indicate that as much as 15-35% of the total hormone content in whole blood is confined to red cells. The ratio between bound and free hormone in the cell ranged from 5 to 10, and the ratio between cytoplasma-bound and membrane-bound hormone ranged between 3 and 9. The results are compatible with a model of fast transition of hormone through the red cell membrane and intracellular binding of hormone. We suggest that red cells function as carriers of sex hormones in the bloodstream in a manner similar to that of albumin, and that red cells may be responsible for 5-15% of sex hormone delivery to target tissues. (And a much greater percent with transdermal hormone replacement—HHL)
Kumar S, Mansel RE, Wilson DW, Read GF, Truran PL, Hughes LE, Griffiths K. Daily salivary progesterone levels in cyclical mastalgia patients and their controls.Br J Surg. 1986 Apr;73(4):260-3.

Progesterone levels were measured in samples of saliva collected daily throughout the menstrual cycle in patients with pronounced cyclical mastalgia and breast nodularity. A control group matched for age, length of menstrual cycle and parity was also studied. No significant differences in progesterone levels were detected between the two groups for the luteal phase of the cycle. These data indicate that cyclical mastalgia is not associated with significant luteal phase progesterone insufficiency, as demonstrated by salivary levels and, by implication, serum levels of progesterone. (Herges, H et al. above demonstrated that salivary progesterone is an unreliable indicator.-HHL)

Laidlaw IJ, Clarke RB, Howell A, Owen AW, Potten CS, Anderson E. The proliferation of normal human breast tissue implanted into athymic nude mice is stimulated by estrogen but not progesterone. Endocrinology. 1995 Jan;136(1):164-71.

In order to resolve the question of which ovarian steroid stimulates normal human mammary epithelial cell proliferation, we have implanted pieces of normal human breast tissue subcutaneously into athymic nude mice. These mice were then treated with slow-release pellets containing estradiol (E2) or progesterone (P) such that serum levels of E2 and P were increased to those seen in normal women. The proliferative activity of the tissue implants was assessed by uptake of tritiated thymidine and steroid receptor expression was measured immunocytochemically. Insertion of a 2 mg E2 pellet 14 days after tissue implantation increased the thymidine labeling index (TLI) from a median of 0.4% (n = 34) to a median of 2.1% after 7 days (n = 43; P < 0.001 by Mann Whitney U test). In contrast, treatment with a P pellet (4 mg) had no effect upon the TLI whereas P (4 mg) in combination with E2 (2 mg) had no effect over and above that of E2 alone. There was a significant correlation between the increase in TLI and either the E2 content of the pellets (P < 0.001 by linear regression) or the serum E2 levels achieved (P < 0.001). Expression of the P receptor was increased 15- to 20-fold by E2 treatment. We conclude that E2 is sufficient to stimulate human breast epithelial cell proliferation at physiologically relevant concentrations and that P does not affect proliferation either alone or after E2 priming.

Lee, J.R. "Osteoporosis Reversal: The Role of Progesterone," Int. Clin. Nutr. Rev. 10:384-91, 1990.

Transdermal progesterone supplementation(20mg/day?) with and without conjugated estrogens was evaluated in a clinical setting using 100 women aged 38 to 83 years. The average time from onset of menopause was 16 years. 63 women were followed for three years with dual photon absorptiometry. Treatment also included dietary changes, nutritional supplements, and exercise. All individuals followed showed an increase in bone mineral density over the three years, with the greatest increase occurring in the first year. There was no difference noted between estrogen/progesterone and progesterone only groups. Subjective changes included increased libido, diminished hot flushes, reduced joint pain, and increased mobility and energy. No side effects were noted during treatment protocol.
Leonetti HB, Landes J, Steinberg D, Anasti JN  Transdermal progesterone cream as an alternative progestin in hormone therapy.  Altern Ther Health Med. 2005 Nov-Dec;11(6):36-8. 

OBJECTIVE: To evaluate the endometrial effects and determine patients' acceptance of transdermal progresterone cream compared to standard hormone therapy. METHODS: Healthy menopausal women were recruited and received a pretreatment endometrial biopsy (EMB). They were randomized to 0.625 mg conjugated equine estrogen (CEE) daily and 2.5 mg medroxyprogesterone acetate (MPA) (Prempro, Wyeth USA) or daily 0.625 mg CEE and twice daily 20 mg transdermal PC (Pro-gest, Transitions for Health USA). At the end of 6 months, a repeat EMB was obtained, and the women were crossed over to other treatment. A final EMB was performed after the final 6 months. RESULTS: Twenty-six women completed both arms of the study. Seventy-seven percent of women preferred the CEE/PC to the CEE/MPA (P<.001). Of the 52 post-treatment endometrial biopsies: 40 revealed atrophic endometrium and 12 proliferative endometrium (7 in the oral progestin group and 5 in the PC group). There was no evidence of endometrial hyperplasia in any of the specimens. The incidence of vaginal spotting was similar in both groups. CONCLUSION: Patients preferred transdermal PC over oral MPA. This preliminary data indicate that CEE/PC has a similar effect on the endometrium as standard oral HT over a 6-month period.(Need higher dose of transdermal progesterone-HHL)

Leonetti HB, Longo S, Anasti JN. Transdermal progesterone cream for vasomotor symptoms and postmenopausal bone loss. Obstet Gynecol 1999;94:225-8.

20mg progesterone applied to the skin daily reduced vasomotor symptoms in 83% of subjects compared to 19% for placebo.  No improvement in bone density after 1 year.  Some spotting was observed in the progesterone group—resolved within 1-2 days. (This was a very small dose, as 100mg/day applied to the skin produces total serum P levels of only 2 to 3 pg/ml-HHL.)

Levine H, Watson N. Comparison of the pharmacokinetics of crinone 8% administered vaginally versus Prometrium administered orally in postmenopausal women(3). Fertil Steril. 2000 Mar;73(3):516-21.

OBJECTIVE: Compare the pharmacokinetics of vaginal progesterone gel (Crinone 8%, 90 mg) with that of oral progesterone (Prometrium, 100 mg). DESIGN: Open-label, randomized, parallel-group protocol. SETTING: Outpatient clinic. PATIENT(s): Twelve healthy postmenopausal women. INTERVENTION(s): Six subjects each were randomized to receive progesterone, which was administered either as 90 mg of progesterone gel (Crinone 8%) given vaginally or 100 mg progesterone in a capsule (Prometrium) given orally. MAIN OUTCOME MEASUREMENT(s): Serum progesterone levels were measured by both radioimmunoassay (RIA) and liquid chromatography-mass spectrometry (LC-MS). RESULT(s): Progesterone given vaginally resulted in greater bioavailability with less relative variability in absorption than oral progesterone (mean AUC(0-24) = 1.48 +/- 0.16 ng. h/mL per milligram vs. 0.035 +/- 0.0052 ng. h/mL per milligram). Mean C(max) for oral progesterone was much lower than that of vaginal progesterone (i.e., 2.20 +/- 3. 06 ng/mL vs. 10.51 +/- 0.46 ng/mL). Mean T(max) occurred earlier for oral progesterone than for Crinone (1.00 +/- 0.41 hours vs. 7.67 +/- 3.67 hours). Radioimmunoassay is inappropriate for determining serum progesterone levels after oral administration, because it provided erroneously high values that were approximately eightfold higher than those obtained with LC-MS. CONCLUSION(s): Crinone (progesterone gel) given vaginally results in greater bioavailability with less relative variability than oral progesterone, thus providing more reliable delivery of progesterone, compared with oral progesterone. Measuring circulating progesterone with use of direct RIA is not appropriate after oral progesterone administration.
Lewis JG, McGill H, Patton VM, Elder PA. Caution on the use of saliva measurements to monitor absorption of progesterone from transdermal creams in postmenopausal women.  Maturitas. 2002 Jan 30;41(1):1-6. 

OBJECTIVES: To determine the levels of progesterone in plasma, red cells and saliva as well as pregnanediol-3-glucuronide excretion in postmenopausal women using transdermal progesterone creams. METHODS: A double-blind placebo controlled study was carried out using 24 postmenopausal women. Creams (placebo, 20 or 40 mg progesterone/g) were applied twice daily for 3 weeks followed by 1 week without before a further 3-week treatment. Morning samples were collected at 0, 1, 3, 4, 7 and 8 weeks for analysis. RESULTS: There were small increases in plasma progesterone levels and pregnanediol-3-glucuronide excretion compared to the placebo group and red cell progesterone levels never exceeded plasma levels during progesterone cream use. Saliva progesterone levels were very high and variable in the progesterone cream groups compared to the placebo group and presented a paradox to the usual relationship observed between plasma and saliva progesterone in premenopausal women. CONCLUSION: The absorption of progesterone from transdermal creams is low and we caution against the use of saliva measurements to monitor progesterone absorption. The low systemic absorption of progesterone may not be due to peripheral conversion by 5 alpha-reductase(s). We also conclude that the low level of progesterone associated with red cells suggests they are not important in the delivery of progesterone to target tissues.

Li TC, Dockery P, Cooke ID. Effect of exogenous progesterone administration on the morphology of normally developing endometrium in the pre-implantation period.Hum Reprod.1991 May;6(5):641-4.

The effects on endometrial morphology of a single, intramuscular dose of 100 mg of progesterone administered in the early luteal phase, between days LH + 1 and LH + 6, were studied in a group (n = 8) of normal, fertile subjects by morphometric techniques and transmission electron microscopy. While the dose of progesterone administered consistently resulted in an increase of salivary progesterone concentration to above the upper limit of the reference range, no significant effect on endometrial development was observed; in particular, endometrial development was not advanced.

Lombardi I, Luisi S, Quirici B, Monteleone P, Bernardi F, Liut M, Casarosa E, Palumbo M, Petraglia F, Genazzani AR. Adrenal response to adrenocorticotropic hormone stimulation in patients with premenstrual syndrome. Gynecol Endocrinol. 2004 Feb;18(2):79-87

Several studies have been performed during recent years to investigate the existence of a possible endocrine cause for premenstrual syndrome (PMS); the results reported are often discordant. Great interest has been raised around allopregnanolone, which could be involved in the determination of mood disorders reported by PMS patients. During the luteal phase, lower levels of this hormone have been detected in PMS patients. The aim of our study was to evaluate estradiol, progesterone, dehydroepiandrosterone (DHEA), DHEA sulfate (DHEAS), androstenedione, total and free testosterone, cortisol, pregnenolone and allopregnanolone levels in 20 patients suffering from PMS and to compare them with those found in 20 fertile healthy women in the follicular and the luteal phases. Adrenocorticotropic hormone (ACTH) tests after dexamethasone suppression were performed in 10 patients of each group during the follicular and the luteal phases. In the PMS group, significantly lower allopregnolone levels were found in the luteal phase, while progesterone was lower in the PMS group in both phases. In the PMS group, higher free testosterone levels were found during the luteal phase and higher DHEA levels in both the follicular and the luteal phases. The present data confirm reduced allopregnanolone levels in the luteal phase in PMS patients, together with higher levels of DHEA and free testosterone. It is possible to conclude that, in addition to the previously described reduced luteal secretion of allopregnanolone, the adrenal gland production of this steroid in PMS sufferers is also impaired in the luteal phase. Considering the specific actions of these hormones on the control of mood and behavior, this specific hormonal milieu may contribute to the cyclic occurrence of anxiety, aggressiveness and irritability reported by PMS patients. 

Losert W, Casals-Stenzel J, Buse M. Progestogens with antimineralocorticoid activity.  Arzneimittelforschung. 1985;35(2):459-71.

The ability of 11 steroids with varying degrees of progestogenic potency to inhibit the renal actions of aldosterone was tested in adrenalectomized, glucocorticoid-treated rats. The rats were continuously infused with an isotonic solution of low sodium content (0.05% NaCl + 5.2% glucose, 3 ml/rat/h) supplemented with d-aldosterone [1 microgram/(kg X h)] resulting in a long-lasting reduction in renal sodium excretion, increase in renal potassium excretion and hence decrease in the urinary Na/K-ratio. The test drugs were administered either subcutaneously or orally 1 h before start of infusion. Their antimineralocorticoid activity was judged by the increase in the aldosterone-lowered Na/K-ratio in urine which was collected at hourly intervals for 15 or 21 h, respectively. Adrenalectomized, glucocorticoid-treated rats receiving an i.v. infusion without aldosterone were used for assessing possible mineralocorticoid effects of the steroids tested. D-Norgestrel, norethisterone acetate, 3-keto-desogestrel (the active metabolite of desogestrel) and cyproterone acetate, respectively, did neither show antimineralocorticoid nor mineralocorticoid activity when injected subcutaneously at a dose of 53.3 mg/kg. In contrast, gestodene (26.7 or 53.3 mg/kg s.c., respectively), progesterone (53.3 mg/kg s.c.), spironolactone (26.7 mg/kg s.c.), spirorenone (13.3 mg/kg s.c.), 1,2-dihydro-spirorenone (13.3 mg/kg s.c.), or 1,2 alpha-methylene-spirorenone (13.3 mg/kg s.c.) exhibited significant anti-mineralocorticoid activity. Canrenone (53.3 mg/kg s.c.) slightly increased the urinary Na/K-ratio. This effect, however, was not significant. Gestodene, like spironolactone or progesterone, was devoid of aldosterone-like mineralocorticoid activity. With the exception of progesterone, the antimineralocorticoid activity of the steroids tested could also be demonstrated after oral administration. Based on the Na/K-ratio or the log (Na X 100)/K-ratio, the potency of each test compound relative to spironolactone was evaluated using regression analysis. The following results (average relative potency, spironolactone = 1.0) were obtained: gestodene: approximately 0.2; canrenone: approximately 0.3-0.35; spirorenone: approximately 7-8; 1,2-dihydro-spirorenone: approximately 8; 1,2 alpha-methylene-spirorenone: approximately 3.5. Progesterone which was evaluated after s.c. injection exhibited an average relative potency of approximately 0.35. Due to these results, gestodene may be regarded as the first progestogen of the nortestosterone series exhibiting a more natural, progesterone-like profile of activity.(ABSTRACT TRUNCATED AT 400 WORDS)

Lukanova A, Kaaks R. Endogenous hormones and ovarian cancer: epidemiology and current hypotheses. Cancer Epidemiol Biomarkers Prev. 2005 Jan;14(1):98-107.

The effect of major epidemiologic risk factors for ovarian cancer has been reviewed in the light of several hormonal hypotheses, including the gonadotropin, androgens, progesterone, estrogens, insulin-like growth factor-I, and insulin hypotheses. The role of inclusion cyst formation and Mullerian epithelium differentiation in the pathology of the disease are also briefly outlined. Although based on limited data, the observed tendency in current evidence suggests possible etiologic roles for elevated androgens and estrogens and decreased progesterone in the pathogenesis of ovarian cancer. A direct effect of gonadotropins cannot be entirely ruled out, but it is plausible that their effect on ovarian cancer risk is mediated by stimulation of ovarian steroidogenesis. Insulin-like growth factor-I also emerges as a hormone that may be directly involved in the pathogenesis of the disease, but thus far only one prospective study has examined this association. Hyperinsulinemia is an unlikely risk factor for ovarian cancer. The observed tendency for an increased risk with androgens from ovarian origin (in premenopausal women), the lack of association with adrenal androgens, and the relatively weak associations observed with obesity, hormonal replacement therapy use, and endogenous hormones after menopause suggest that ovarian synthesis of sex steroids rather than their circulating levels may be etiologically important. More data from prospective studies will be crucial to improve our understanding of the etiologic role of endogenous hormones in the pathogenesis of ovarian cancer. Such data will ultimately provide opportunities for research targeted; at early detection and preventive interventions.

Ma Y, Katiyar P, Jones LP, Fan S, Zhang Y, Furth PA, Rosen EM. The breast cancer susceptibility gene BRCA1 regulates progesterone receptor signaling in mammary epithelial cells. Mol Endocrinol. 2006 Jan;20(1):14-34.

The progesterone receptor (PR) plays roles in normal mammary development and breast cancer formation, where it may exert both stimulatory and inhibitory actions. Previously, the breast cancer susceptibility gene product BRCA1 was found to interact with and inhibit the transcriptional activity of estrogen receptor-alpha. In this study, we found that exogenous wild-type BRCA1 inhibited the activity of the PR in transient transfection assays utilizing a mouse mammary tumor virus-Luc reporter. Wild-type BRCA1 inhibited the activity of endogenous PR in human breast cancer cells (T47D and MCF-7) and inhibited the activity of exogenous PR-A, PR-B, and [PR-A plus PR-B] isoforms. On the other hand, knockdown of endogenous BRCA1 using small interfering RNA enhanced the progesterone-stimulated activity of the PR by about 4-fold. We documented an in vivo association of the endogenous BRCA1 with PR isoforms A and B and a direct in vitro interaction between BRCA1 and PR, which was partially mapped. Whereas down-regulation of the coactivator p300 contributes to the BRCA1-mediated repression of estrogen receptor-alpha, this mechanism does not contribute to inhibition of PR activity, because exogenous p300 did not rescue the BRCA1 repression of PR activity. The BRCA1-PR interaction has functional consequences. Thus, we showed that BRCA1 inhibits the expression of various endogenous progesterone-responsive genes and inhibits progesterone-stimulated proliferation of T47D cells. Finally, exogenous progesterone caused an exaggerated proliferative response in the mammary glands of mice harboring a mammary-targeted conditional deletion of the full-length isoform of Brca1. These findings suggest that BRCA1 regulates the activity of progesterone, a major hormone of pregnancy that may also participate in mammary carcinogenesis.

Massai R, Quinteros E, Reyes MV, Caviedes R, Zepeda A, Montero JC, Croxatto HB. Extended use of a progesterone-releasing vaginal ring in nursing women: a phase II clinical trial. Contraception. 2005 Nov;72(5):352-7. Epub 2005 Jun 29. 


AIM: This study evaluates the performance of extended use of a progesterone (P)-releasing vaginal ring (PVR) in nursing women. METHOD: An open-label, noncomparative study on the safety and contraceptive efficacy of PVR replaced every 4 months of use (instead of 3 months) in 192 PVR acceptors. PVR use was initiated at day 59+/-2 (mean+/-SD) postpartum and continued until weaning or completing the use of three PVRs. RESULTS: Plasma P levels attained with the ring decreased from 17+/-1 to 14+/-1 nmol/L (mean+/-SE) from the third to the fourth month of use. These levels are still over the critical level of 10 nmol/L  (3.14ng/ml) required for contraceptive protection. One pregnancy occurred in the third month of use of the second ring in 1998 woman-months of exposure. Extended use of the ring did not appear to affect breast-feeding performance or the rate of infant growth, and lactational amenorrhea was prolonged. No differences in the characteristics of bleeding between the third and fourth month of ring use were observed. CONCLUSION: The results indicate that use of the PVR for 4 months represents a safe and effective contraceptive for nursing women.

Matthews KA, Owens JF, Salomon K, Harris KF, Berga SL. Influence of hormone therapy on the cardiovascular responses to stress of postmenopausal women. Biol Psychol. 2005 Apr;69(1):39-56. Epub 2005 Jan 4. 


Epidemiological and psychophysiological data suggest that groups that differ in reproductive hormones and stress responses also differ in risk for cardiovascular disease. To evaluate the effects of hormone therapy on women's cardiovascular responses to laboratory stressors, 89 healthy postmenopausal women were tested twice, before and after exposure for about 8 weeks to one of the five conditions: placebo, Estratab (primarily estrone), Estratab plus Prometrium (micronized progesterone), Estratab plus Provera (synthetic progestin), and Estratest (same estrogen as in Estratab plus methyltestosterone). Results showed that women assigned to Estratab plus Prometrium and Estratest had diminished systolic blood pressure responses to stress upon retesting, whereas the other groups did not change in the level of their responses. Women assigned to Estratab plus Prometrium had diminished diastolic blood pressure responses during a speech stressor upon retesting, whereas women assigned to Estratab plus Provera increased. Our findings show that hormone therapy does affect women's stress responses, but they do not provide a simple explanation as to why groups at high and low risk for cardiovascular disease differ in reproductive hormones and stress responses.

Mauvais-Jarvis P, Tamborini A, Sterkers N, Ohlgiesser G, Mowszowicz I. [Hormonal function of the ovarian corpus luteum during benign mammary diseases] J Gynecol Obstet Biol Reprod (Paris). 1975;4(7):965-70.

Plasma progesterone and oestradiol levels were estimated in 54 women who were suffering from breast pathology. (There were 18 cases of benign breast dysplasia, 28 cases of cystic disease of the breast and 8 cases of adenofibromata.) All these women had menstrual cycles that were apparently ovulatory, and the blood sampling was carried out on the 4th day after the rise in the temperature plateau. By way of controls, the same estimations were carried out on 20 normal women of the equivalent age at the same stage of the raised plateau. The levels of plasma oestradiol in patients who had breast pathology (136 +/- 75 pg/ml) were not significantly different from those of normal women (120 +/- 50 pg/ml). On the other hand patients with mastopathies had a far lower level of progesterone in the phase of the cycle that was considered to be luteal (5-7 +/- 3-1 ng/ml) in comparison with normal women (13-2 +/- 3-5 ng/ml). From these results the conclusion can be drawn that women who have benign breast disease while they are active from the ovulation point of view show a defect in secretion of progesterone by the corpus luteum. This defect is an isolated one. The physiopathological implications derived from this observation are discussed. PMID: 1219052

Mauvais-Jarvis P, Kuttenn F. [Is progesterone insufficiency carcinogenic?] Nouv Presse Med. 1975 Feb 1;4(5):323-6.

Estradiol is a natural estrogen which favors cellular hyperplasia at the level of its target organs. As for progesterone, its activity may be synergic or antagonist of estradiol. In the first case, progesterone has generally a secretory activity upon the target cells "prepared" by estrogens, in particular the cells of the female genital tract (uterus, breast). In the second case, progesterone may be an antiestrogen not only at the level of genital cells but also at the level of other receptors such as vascular system, etc. If an unbalance occurs in the quantitative and chronological ratio between estradiol and progesterone production (which determines the number of target cells and their secretory activity), a cellular dysplasia may be observed. This unbalance is generally characterized by an insufficiency in progesterone secretion which may be physiological (puberty, menopause) or pathological. Such a progesterone insufficiency may play a role in the pathogenesis of genital cancers (endometrial and possibly mammary). Experimental data which give some support to such an hypothesis are reported. They emphasize the importance of treatment of the progesterone insufficiency of the premenopausal period in women with the aim of preventing cellular dysplasia of the female genital tract. PMID: 165465

Mauvais-Jarvis P, Sterkers N, Kuttenn F, Beauvais J. [The treatment of benign pathological conditions of the breasts with progesterone and progestogens. The results according to the type of breast condition (260 case records) (author's transl)] J Gynecol Obstet Biol Reprod (Paris). 1978 Apr;7(3):477-84.

This work reports the clinical results which were obtained after treating 260 women who had pathological conditions of the breasts using a combination of a progestogen which was given by a generalised route (orally or by injection) and progesterone which was applied locally so that its effect would be percutaneous on the breasts. These results were evaluated according to the effectiveness of the treatment according to the different symptoms or groups of clinical symptoms and radiological findings which had been noted at the time of the first examination. A better therapeutic effect was found in cases of early lesions where oedema was the dominant factor (mastodynia) and glandular hyperplasia (diffuse polyadenomatosis). On the other hand, longstanding lesions (sclerocystic mastopathia) where sclerosis was marked showed a much more variable result of treatment with progestogens. Therefore its seems that benign conditions of the breasts should be treated early and particularly in the stage of mastodynia if development into irreversible sclerotic conditions is to be avoided. It also has to be carried on for a long time, especially if there are other risk factors for cancer which are associated with conditions in the breast. The prophylactic role of this treatment in regard to cancer of the breast is discussed. PMID: 681701

Menendez JA, Oza BP, Colomer R, Lupu R. The estrogenic activity of synthetic progestins used in oral contraceptives enhances fatty acid synthase-dependent breast cancer cell proliferation and survival. Int J Oncol. 2005 Jun;26(6):1507-15. 


Overexpression of the lipogenic enzyme fatty acid synthase (FAS) is a common molecular feature in subsets of sex-steroid-related tumors including breast carcinomas that is associated with poor prognosis. In this study, we explored whether breast-cancer associated FAS (oncogenic antigen-519) is regulated by the progestin component in oral contraceptives. In addition, we examined the role of FAS hyperactivity on progestin-regulated breast cancer cell proliferation, survival and metastatic properties. We found that in estrogen receptor (ER)- and progesterone receptor (PR)-positive MCF-7 human breast cancer cells, synthetic progestins used in oral contraceptives including norethynodrel (NOR) and norethindrone, induced a dose-dependent increase of FAS enzymatic activity, with a maximum response (> or = 4-fold) occurring at a concentration of 10(-8) M. FAS activity was only slightly stimulated after exposure to two other progestins, medroxy-progesterone acetate (MPA) and megestrol acetate (MGA), which are used in postmenopausal hormone replacement therapy and high-dose progestin treatment therapy. Western blot analyses showed that NOR-induced stimulation of FAS activity correlated closely with NOR-induced up-regulation of FAS protein expression. To determine the role of FAS accumulation following NOR exposure, we pharmacologically examined the requirement for FAS activity in NOR-stimulated breast cancer cell proliferation and survival. The novel small compound C75 (a slow-binding FAS inhibitor) blocked NOR-induced breast cancer cell proliferation in anchorage-dependent assays. More importantly, pharmacological inhibition of FAS activity completely abolished NOR-stimulated soft-agar colony formation of MCF-7 cells. To evaluate the involvement of PR and ER signalings in NOR-induced up-regulation of FAS expression and activity, NOR was used in combination with either the anti-progestin RU486 (mifepristone) or the pure antiestrogen ICI 182,780 (Faslodex). RU486 and ICI 182,780 similarly abolished NOR-induced FAS activation, supporting the notion that PR- and ER-mediated FAS up-regulation might play different roles in NOR-stimulated breast cancer cells. Interestingly, when we evaluated the involvement of PR and ER signalings on NOR-induced breast cancer cell proliferation, the anti-estrogen ICI 182,780, but not the anti-progestin RU486, was found to inhibit NOR-stimulated proliferation and survival of MCF-7 cells in anchorage-dependent and -independent assays. To further determine whether NOR produced their effects via the ER, we evaluated its effects on endogenous ER transcriptional activity by using transient transfection assays with an estrogen-response element reporter construct (ERE-Luciferase). In the absence of E2 stimulation, treatment with NOR dramatically increased the levels of ERE-dependent transcriptional activity. This estrogenic like-effect of NOR was blocked by the addition of ICI 182,780, whereas RU486 failed to inhibit NOR-induced ERE activity. In summary, this study provides direct evidence that: a) a number of synthetic progestins used in oral contraceptives significantly activates breast cancer-associated FAS (OA-519) activity and expression in hormone-dependent breast cancer cells; b) FAS activity is necessary for progestin-induced anchorage-independent growth and survival of human breast cancer cells, and c) activation of ER, but not PR signaling, is the stimulatory mechanism through which synthetic progestins enhance a FAS-dependent proliferative and pro-survival signaling. These findings should be helpful to explain the conflicting evidence linking oral contraceptives and breast cancer risk through the estrogenic activation of tumor-associated FAS (OA-519), a molecular marker associated with poor clinical outcome of breast cancer disease.

Micheli A, Muti P, Secreto G, Krogh V, Meneghini E, Venturelli E, Sieri S, Pala V, Berrino F. Endogenous sex hormones and subsequent breast cancer in premenopausal women. Int J Cancer. 2004 Nov 1;112(2):312-8. 


Because of large intra-individual variation in hormone levels, few studies have investigated the relation of serum sex hormones to breast cancer (BC) in premenopausal women. We prospectively studied this relation, adjusting for timing of blood sampling within menstrual cycle. Premenopausal women (5,963), recruited to the Hormones and Diet in the Etiology of Breast Tumors (ORDET) cohort study, provided a blood sample in the 20-24th day of their menstrual cycle. After 5.2 years of follow-up, 65 histologically confirmed BC cases were identified and matched individually to 4 randomly selected controls. Sera, stored at -80 degrees C, were assayed blindly for dehydroepiandrosterone sulfate, total and free testosterone (FT), androstenedione, androstanediol-glucoronide, progesterone, 17-OH-progesterone, sex hormone-binding globulin, follicle-stimulating hormone (FSH) and luteinizing hormone (LH). Fifty-five cases had information for multivariate analyses. Compared to controls, BC cases had shorter cycles and intervals between blood sampling and bleeding, and lower LH and FSH. FT was significantly associated with BC risk: relative risk (RR; adjusted for age, body mass index and ovarian cycle variables) of highest vs. lowest tertile was 2.85 [95% confidence interval (CI) = 1.11-7.33, p for trend = 0.030]. Progesterone was inversely associated with adjusted RR for highest vs. lowest tertile of 0.40 (95% CI = 0.15-1.08, p for trend = 0.077), significantly so in women with regular menses, where adjusted RR was 0.12 (95% CI = 0.03-0.52, p for trend = 0.005). These findings support the hypothesis that ovarian hyperandrogenism associated with luteal insufficiency increases the risk of BC in premenopausal women.     (free testosterone is increased in women with anovulation-PCOS, and free testosterone decreases SHBG thus increasing free estradiol-HHL)

Miller BE, DeSouza MJ, Slade K, Luciano AA. Sublingual adminis​tration of micronized estradiol and progesterone, with and without micronized testosterone: effect on biochemical markers of bone metabolism and bone mineral density. Menopause 2000;7:318-32G.

OBJECTIVES: The purpose of this investigation was to evaluate the relative efficacy of the sublingual administration of micronized estradiol (E2), progesterone (P4), and testosterone (T) on bone mineral density and biochemical markers of bone metabolism. DESIGN: In this double-blind, prospective study, postmenopausal women were randomly assigned to one of four treatment groups: hysterectomized women were assigned to either 1) micronized E2 (0.5 mg) or 2) micronized E2 (0.5 mg) + micronized T (1.25 mg). Women with intact uteri were assigned to either 3) micronized E2 (0.5 mg) + micronized P4 (100 mg) or 4) micronized E2 (0.5 mg) + micronized P4 (100 mcg) + micronized T (1.25 mg). For the purpose of this study, the four treatment groups were combined into two groups for all comparisons. The E2 and E2+P4 groups were combined into the HRT alone group (n=30), and the E2+T and E2+P4+T groups were combined into the HRT + T group (n=27). Hormones were administered sublingually as a single tablet twice a day for 12 months. Bone mineral density was measured in the anterior-posterior lumbar spine and total left hip via dual energy x-ray absorptiometry. Bone metabolism was assessed via serum bone-specific alkaline phosphatase and urinary deoxypyridinoline and cross-linked N-telopeptide of type I collagen, both normalized to creatinine. Data were analyzed via a repeated measures analysis of variance and a Student's t test (alpha=0.05). RESULTS: The subjects were of similar age (54.0 +/- 0.8 years), height (64.0 +/- 0.3 in), weight (157.6 +/- 4.2 lb), and had similar baseline follicle-stimulating hormone (66.4 +/- 3.2 mIU/L), E2 (26.4 +/- 1.5 pg/ml), P4 (0.3 +/- 0.1 ng/ml), total T (19.0 +/- 1.5 ng/dL), and bioavailable T (3.7 +/- 0.3 ng/dL) levels. During therapy, serum levels increased (p < 0.05) for each hormone. Bone mineral density and bone markers at baseline were similar for each treatment group. Bone-specific alkaline phosphatase decreased (p < 0.05) by -14.3 +/- 4.1% in the HRT alone group and by -8.2 +/- 4.6% in the HRT + T group. Deoxypyridinoline levels decreased significantly in the HRT alone and HRT + T groups, - 14.4 +/- 6.8% and -26.9 +/- 7.6%, respectively. Significant reductions (p < 0.05) in cross-linked N-telopeptide of type I collagen were also observed in both groups, -24.4 +/- 6.5% and -39.5 +/- 8.6%, respectively. Bone mineral density in the lumbar spine increased (p < 0.05) by +2.2 +/- 0.5% the HRT alone group and by + 1.8 +/- 0.6% in the HRT + T group. Total hip bone mineral density was maintained in the HRT alone group (+0.4 +/- 0.4%) and increased (p < 0.05) in the HRT + T group (+ 1.8 +/- 0.5%). CONCLUSIONS: Sublingual micronized HRT favorably decreases serum and urine markers of bone metabolism, prevents bone loss, and results in a slight increase in spine and hip bone mineral density. Although the addition of testosterone to HRT for 1 year did not result in added benefit to the spine bone mineral density, it did result in a significant increase in hip bone mineral density. Longer duration of therapy may have further improved these outcomes.
Miyagawa K, Rssch J, Stanczyk F, Hermsmeyer K. Medroxyprogesterone interferes with ovarian steroid protection against coronary vasospasm. Nature Med. 1997;3:324-327.

Cardiovascular disease, the major cause of death in post-menopausal women, can be reduced by replacement of ovarian steroid hormones. To compare medroxyprogesterone with progesterone as the progestin in hormone replacement therapy from the standpoint of coronary artery vasospasm, we treated ovariectomized rhesus monkeys with physiological levels of estradiol-17 beta in combination with medroxyprogesterone or progesterone for four weeks. Coronary vasospasm in response to pathophysiological stimulation without injury showed that progesterone plus estradiol protected but medroxyprogesterone plus estradiol failed to protect, allowing vasospasm. We conclude that medroxyprogesterone in contrast to progesterone increases the risk of coronary vasospasm.

Modan B, Ron E, Lerner-Geva L, Blumstein T, Menczer J, Rabinovici J, Oelsner G, Freedman L, Mashiach S, Lunenfeld B.  Cancer incidence in a cohort of infertile women. Am J Epidemiol. 1998 Jun 1;147(11):1038-42. 


Among 2,496 infertile Israeli women treated between 1964 and 1974, 143 cancer cases were observed as compared with 116.1 expected (standardized incidence ratio (SIR) = 1.2, 95% confidence interval (CI) 1.0-1.5) through 1991. Site-specific analysis revealed 12 ovarian cancers versus 7.2 expected (SIR = 1.6, 95% CI 0.8-2.9), 21 endometrial cancers versus 4.3 expected (SIR = 4.85, 95% CI 3.0-7.4), and 59 breast cancers versus 46.6 expected (SIR = 1.3, 95% CI 0.96-1.6). Sensitivity analysis revealed that confounding was unlikely to explain the raised risk of endometrial cancer, but nulliparity might explain the increased risk of ovarian cancer. The excess of endometrial cancer was prominent among patients with normal estrogen production but progesterone deficiency (SIR = 9.4, 95% CI 5.0-16.0). The risk for ovarian cancer was similar among the total groups of treated and untreated patients (SIR = 1.7 vs. 1.6). The standardized incidence ratio for endometrial cancer was higher among the treated group than the untreated group, although not significantly. Treatment with ovulation-inducing drugs does not appear to increase the risk for ovarian cancer, but its role cannot be completely excluded.

Modena MG, Sismondi P, Mueck AO, Kuttenn F, Lignieres B, Verhaeghe J, Foidart JM, Caufriez A, Genazzani AR; The TREAT. New evidence regarding hormone replacement therapies is urgently required transdermal postmenopausal hormone therapy differs from oral hormone therapy in risks and benefits. Maturitas. 2005 Sep 16;52(1):1-10. 


Controversies about the safety of different postmenopausal hormone therapies (HTs) started 30 years ago and reached a peak in 2003 after the publication of the results from the Women Health Initiative (WHI) trial and the Million Women Study (MWS) [Writing group for the women's health initiative investigations. Risks and benefits of estrogen plus progestin in healthy postmenopausal women. JAMA 2002;288:321-33; Million women study collaborators. Breast cancer and hormone-replacement therapy in the million women study. Lancet 2003;362:419-27]. The single HT formulation used in the WHI trial for non hysterectomized women-an association of oral conjugated equine estrogens (CEE-0.625 mg/day) and a synthetic progestin, medroxyprogesterone acetate (MPA-2.5 mg/day)-increases the risks of venous thromboembolism, cardiovascular disease, stroke and breast cancer. The MWS, an observational study, showed an increased breast cancer risk in users of estrogens combined with either medroxyprogesterone acetate (MPA), norethisterone, or norgestrel. It is unclear and questionable to what extent these results might be extrapolated to other HRT regimens, that differ in their doses, compositions and administration routes, and that were not assessed in the WHI trial and the MWS. Significant results were achieved with the publication of the WHI estrogen-only arm study [Anderson GL, Limacher M, Assaf AR, et al. Effects of conjugated equine estrogen in postmenopausal women with hysterectomy: the Women's Health Initiative randomized controlled trial. JAMA 2004;291:1701-1712] in which hormone therapy was reserved to women who had carried out hysterectomy. What emerged from this study will allow us to have some important argument to develop. CONCLUSION: The hypothesis of progesterone and some progesterone-like progestins decreasing the proliferative effect of estradiol in the postmenopausal breast remains highly plausible and should be, until the coming of new evidences, the first choice for symptomatic postmenopausal women.

Mohr PE, Wang DY, Gregory WM, et al. Br J Cancer. 1996 Jun; 73(12):1552-5.

Several studies have now shown that women with operable breast cancer undergoing tumour excision during the luteal phase of the menstrual cycle have a better prognosis than those having surgery during the follicular phase. As part of a prospective study of prognostic factors in breast cancer, blood was taken at the time of surgery. Between 1975 and 1992 this was available from 289 premenopausal women within 3 days of tumour excision. All were treated by either modified radical mastectomy or breast conservation including axillary clearance and the date of last menstrual period (LMP) was known in 239 (80%) cases. Blood samples were assayed for both oestradiol (E2) and progesterone (P). Because of the wide inter-individual variation in E2 levels there was no clear relationship between E2 and LMP. However, using a running mean smoothing technique the expected cyclical variation could be discerned. There was no significant association between E2 and survival. Smoothing of the P data yielded a pattern similar to the normal hormone profile. Those cases with a progesterone level of 4 ng/ml or more had a significantly better survival than those with a level < 4 ng/ml. This was especially clear in node-positive patients (P < 0.01). The possibility of misclassification of menstrual cycle status, because of misreported LMP, has been minimised by applying an independent hormonal measurement (P) of cycle activity. This parameter will also identify women who may be undergoing anovular cycles. Thus this study has confirmed that a raised level of progesterone at the time of tumour excision is associated with an improvement in prognosis for women with operable breast cancer.

Montplaisir J, Lorrain J, Denesle R, Petit D. Sleep in menopause: differential effects of two forms of hormone replacement therapy. Menopause. 2001 Jan-Feb;8(1):10-6. 


OBJECTIVES: The aim of the present study was to evaluate differences between two regimens of estrogen/progestogen replacement therapy on nocturnal sleep in postmenopausal women. METHODS: Twenty-one (21) postmenopausal women were studied. They were randomized into two treatment groups: (1) estrogen (Premarin 0.625 mg) and medroxyprogesterone acetate (Provera 5 mg) (n = 11) or (2) estrogen (Premarin 0.625 mg) and oral micronized progesterone (Prometrium 200 mg) (n = 10). Postmenopausal women were recorded for two consecutive nights in the sleep laboratory at baseline and again after 6 months of treatment in a randomized trial. The women also had to fill out evening and morning sleep and vigilance questionnaires for 7 days before baseline recordings and for 23 days before month 6 recordings. RESULTS: Sleep efficiency was found to be significantly improved in the micronized progesterone group. It increased by 8% (p = 0.014) with no such increase observed in the medroxyprogesterone acetate group. Time spent awake after sleep onset was also significantly improved in the micronized progesterone group but not in the medroxyprogesterone acetate group. On the other hand, menopausal symptoms and subjective measures of sleep (questionnaires) improved in both groups after treatment. CONCLUSION: This study suggests that medroxyprogesterone acetate and micronized progesterone are both effective for treating menopausal symptoms but that the latter might better improve the quality of sleep in postmenopausal women taking estrogen. 

Mote PA, Leary JA, Avery KA, Sandelin K, Chenevix-Trench G, Kirk JA, Clarke CL; kConFab Investigators. Germ-line mutations in BRCA1 or BRCA2 in the normal breast are associated with altered expression of estrogen-responsive proteins and the predominance of progesterone receptor A. Genes Chromosomes Cancer. 2004 Mar;39(3):236-48. 


The breast cancer susceptibility genes BRCA1 and BRCA2 are responsible for a large proportion of familial breast and ovarian cancer, yet little is known of how disruptions in the functions of the proteins these genes encode increased cancer risk preferentially in hormone-dependent tissue. There is no information on whether a germ-line mutation in BRCA1 or BRCA2 causes disruptions in hormone-signaling pathways in the normal breast. In this study markers of hormone responsiveness were measured in prophylactically removed normal breast tissue (n = 31) in women bearing a germ-line pathogenic mutation in one of the BRCA genes. The estrogen receptor (ER) and proteins associated with ER action in hormone-sensitive tissues, namely, PS2 and the progesterone receptor (PR), were detected immunohistochemically. ER expression was not different in BRCA mutation carriers than in noncarriers, but there was a reduction in PS2 expression. PR expression was also reduced, and there was a striking lack of expression of the PRB isoform, which resulted in cases with PRA-only expression in BRCA1 and BRCA2 mutation carriers. The alterations in PS2 and PR expression were similar in the BRCA1 and BRCA2 carriers, demonstrating that although these proteins are structurally and functionally distinct, there is overlap in their interaction with hormone-signaling pathways. This study provides evidence for altered cell function arising from loss of function of one BRCA allele in the normal breast, leading to PS2 loss, preferential PRB loss, and expression of PRA alone. In breast cancer development, PRA overexpression becomes evident in premalignant lesions and is associated with features of poor prognosis in invasive disease and altered cell function in vitro. The results of this study suggest that heterozygosity for a germ-line mutation in BRCA1 or BRCA2 results in development of PRA predominance. This is likely to lead to changes in progesterone signaling in hormone-dependent tissues, which may be a factor in the increased risk of cancer in these tissues in women with germ-line BRCA1 or BRCA2 mutations. 

Moyer DL, de Lignieres B, Driguez P, Pez JP.  Prevention of endometrial hyperplasia by progesterone during long-term estradiol replacement: influence of bleeding pattern and secretory changes.  Fertil Steril. 1993 May;59(5):992-7. 


OBJECTIVE: To determine the relative influences of induction of withdrawal bleedings secretory transformation, and reduction of mitosis in glands on prevention of endometrial hyperplasia during long-term hormonal replacement therapy. DESIGN: Observational expanded clinical case report. SETTING: Reproductive Endocrine Department of Hospital Necker, Paris, France, and Pathology Department of Women's Hospital, Los Angeles County and University of Southern California Medical Center, Los Angeles, California. PATIENTS: Postmenopausal women seeking treatment for symptomatic menopause. INTERVENTIONS: Endometrial biopsy and/or ambulatory hysteroscopy. MAIN OUTCOME MEASURE: Endometrial histology including progestational maturation patterns and glandular epithelial mitosis rates. Macroscopic endometrial appearance. RESULTS: The use of larger doses of E2 and P induced more marked secretory changes and more frequent withdrawal bleeding than the lower doses. There was no evidence of endometrial hyperplasia after 5 years of E2/P replacement therapy independently of bleeding pattern or progestational maturation. Consistent reduction of mitosis rates in glandular epithelium was found after 9 or more days of P administration in each cycle. CONCLUSIONS: Control of endometrial growth is mainly related to control of mitosis in glands by a relatively low doses of P. Induction of withdrawal bleeding and endometrial secretory transformation, which require larger doses of Progesterone, do not provide additional benefit for prevention of hyperplasia. Induction of amenorrhea with a relatively low dose of P may be offered to women seeking hormone replacement therapy with similar levels of safety.

Mueck AO, Seeger H, Wallwiener D. Comparison of the proliferative effects of estradiol and conjugated equine estrogens on human breast cancer cells and impact of continuous combined progestogen addition.  Climacteric  2003 Sep;6(3):221-7. 


OBJECTIVES: So far, most epidemiological studies investigating breast cancer risk and hormone replacement therapy have been conducted with conjugated equine estrogens (CEE). Recent trials indicate that the addition of progestogens may increase breast cancer risk. In the present study, we compared the effects of the human estrogen 17beta-estradiol (E(2)) with those of the main equine components of CEE, i.e. equilin (Eq) and 17alpha-dihydroequilin (Dheq) on the proliferation of human breast cancer cells. The proliferative effect of progestogen addition was also investigated. MATERIALS AND METHODS: The well-established human breast cancer cell line MCF-7 was used as an in vitro model. The proliferative effect of E(2), Eq and Dheq was tested in the concentration range 0.01-10 nmol/l. The progestogens progesterone, medroxyprogesterone acetate (MPA) and norethisterone (NET) were continuously combined with 0.1 nmol/l estrogen at concentrations of 0.01 nmol/l, 1 nmol/l, 0.1 mumol/l and 10 mumol/l. Proliferation was measured after 7 days by the adenosine triphosphate (ATP) chemosensitivity test. RESULTS: All three estrogens increased the proliferation of MCF-7 cells by between 40 and 180%. The most proliferatively potent estrogen was E(2), followed by Eq and Dheq, which showed a slightly lower proliferative activity than E(2). The addition of progesterone inhibited E(2)-induced proliferation by about 30%, but only at the high non-physiological concentration of 10 mumol/l. All three progestogens inhibited Eq-induced proliferation, although their effect tended to be low, with values between 5 and 40%. No progestogen reduced Dheq-induced proliferation by more than 20%. In contrast, MPA slightly increased the proliferation rate by about 5% at the high physiological concentration of 0.1 mumol/l when combined with Dheq. The same held true when MPA and NET were added at the high pharmacological concentration of 10 mumol/l, causing increases of about 10%. CONCLUSIONS: Our results indicate that equine estrogens have a proliferative action similar to that of 17beta-estradiol. Continuous addition of progestogens does not result in any major reduction of proliferative potency. Some progestogens may even enhance the estrogen-induced proliferation of pre-existing breast cancer cells, particularly when combined with certain equine estrogens. However, in none of the tested circumstances do progestogens increase the proliferative effect of estradiol, and progesterone has no deleterious effect even at pharmacological levels, in contrast to progestogens.

Mueck AO, Seeger H, Bühling KJ. Use of dydrogesterone in hormone replacement therapy. Maturitas. 2009 Dec;65 Suppl 1:S51-60.

According to the Women's Health Initiative study, the most important risks during combined hormone replacement therapy (HRT) are breast cancer, stroke and venous thromboembolism. To date, combinations of estradiol with natural progesterone or its retroisomer dydrogesterone are the only combined HRT regimens for which large case-control or cohort studies show no increase in any of these three risks. Moreover, due to the neutral effect of dydrogesterone on the vascular and metabolic systems, the preventive effect of the estradiol component with respect to myocardial infarction and metabolic syndrome can be maintained if HRT is started early after the menopause. Although a study with the same design as the WHI has not been performed, these results appear to be plausible considering the positive experimental evidence, particularly in the context of breast cancer and cardiovascular risks/benefits. Combination with dydrogesterone avoids endometrial hyperproliferation, maintains the beneficial effects of estradiol (i.e. efficacy against climacteric symptoms and prevention of osteoporotic fractures) and minimizes the most important risks known to be associated with the progestogen components of HRT regimens. PMID: 19836909

Nilsen J, Brinton RD.  Impact of progestins on estrogen-induced neuroprotection: synergy by progesterone and 19-norprogesterone and antagonism by medroxyprogesterone acetate. Endocrinology. 2002 Jan;143(1):205-12. 


Estrogen replacement therapy is associated with improvement of cognitive deficits and reduced incidence of Alzheimer's disease. To compare the impact of therapeutically relevant progestins on estrogen-induced neuroprotection, we treated primary hippocampal neuron cultures with 17beta-E2 and progestin, alone and in combination, 48 h before glutamate insult. Estrogen, progesterone, and 19-norprogesterone, alone or in combination, protected against glutamate toxicity. In contrast, medroxyprogesterone acetate (MPA) failed to protect against glutamate toxicity. Not only was MPA an ineffective neuroprotectant but it attenuated the estrogen-induced neuroprotection when coadministered. We addressed the role of MAPK activation in neuroprotection by ovarian steroids. Estrogen and all three progestins tested, alone or in combination, activated MAPK, indicating another mechanism of protection. Bcl-2 expression has been shown to prevent cell death and is up-regulated by 17beta-E2. Progesterone and 19-norprogesterone, alone or in combination with estrogen, increased Bcl-2 expression. In contrast, MPA blocked estrogen-induced Bcl-2 expression when coadministered. These results may have important implications for the effective use of hormone replacement therapy in the maintenance of neuronal function during menopause and aging and for protection against neurodegenerative diseases such as Alzheimer's disease.

Oettel M, Mukhopadhyay AK. Progesterone: the forgotten hormone in men? Aging Male. 2004 Sep;7(3):236-57. 


'Classical' genomic progesterone receptors appear relatively late in phylogenesis, i.e. it is only in birds and mammals that they are detectable. In the different species, they mediate manifold effects regarding the differentiation of target organ functions, mainly in the reproductive system. Surprisingly, we know little about the physiology, endocrinology, and pharmacology of progesterone and progestins in male gender or men respectively, despite the fact that, as to progesterone secretion and serum progesterone levels, there are no great quantitative differences between men and women (at least outside the luteal phase). In a prospective cohort study of 1026 men with and without cardiovascular disease, we were not able to demonstrate any age-dependent change in serum progesterone concentrations. Progesterone influences spermiogenesis, sperm capacitation/acrosome reaction and testosterone biosynthesis in the Leydig cells. Other progesterone effects in men include those on the central nervous system (CNS) (mainly mediated by 5alpha-reduced progesterone metabolites as so-called neurosteroids), including blocking of gonadotropin secretion, sleep improvement, and effects on tumors in the CNS (meningioma, fibroma), as well as effects on the immune system, cardiovascular system, kidney function, adipose tissue, behavior, and respiratory system. A progestin may stimulate weight gain and appetite in men as well as in women. The detection of progesterone receptor isoforms would have a highly diagnostic value in prostate pathology (benign prostatic hypertrophy and prostate cancer). The modulation of progesterone effects on typical male targets is connected with a great pharmacodynamic variability. The reason for this is that, in men, some important effects of progesterone are mediated non-genomically through different molecular biological modes of action. Therefore, the precise therapeutic manipulation of progesterone actions in the male requires completely new endocrine-pharmacological approaches.

O'Leary P, Feddema P, Chan K, Taranto M, Smith M, Evans S.   Salivary, but not serum or urinary levels of progesterone are elevated after topical application of progesterone cream to pre-and postmenopausal women.Clin Endocrinol (Oxf). 2000 Nov;53(5):615-20. 


OBJECTIVE: The use of topically applied micronised ('natural') progesterone as a substitute for synthetic oestrogens and progestogen preparations is controversial. The aim of this study was to examine the changes in blood and salivary concentrations of progesterone following a single topical application of a progesterone cream. PATIENTS AND MEASUREMENTS: We investigated six premenopausal women in the luteal phase and six postmenopausal women to determine the short-term changes in serum, urinary and salivary progesterone concentrations following a single 64 mg topical application of micronised progesterone. RESULTS: Serum progesterone concentrations did not increase during the first 3 hours after application of progesterone cream, however, salivary values rose significantly in both premenopausal and postmenopausal women, consistent with the view that progesterone is absorbed and transported through the body. Salivary progesterone concentrations were significantly elevated above basal levels by 30-60 minutes and reached peak levels at 1-4 h, with mean levels approximately fivefold higher in premenopausal, than in menopausal women. CONCLUSIONS: Salivary progesterone measurements confirm that topically applied progesterone is absorbed, despite the lack of change in serum progesterone concentrations. However, at the dose administered, serum progesterone levels do not reach those observed after oral or vaginally delivered progesterone preparations. Higher doses may be required to induce biological responses within the endometrium.

Osteen KG, Bruner-Tran KL, Eisenberg E. Reduced progesterone action during endometrial maturation: a potential risk factor for the development of endometriosis. Fertil Steril. 2005 Mar;83(3):529-37. 


OBJECTIVE: To discuss the role that reduced endometrial responsiveness to progesterone (P) might play in the pathophysiology of endometriosis. DESIGN: A review of experimental evidence regarding the failure of P to regulate the expression of matrix metalloproteinases (MMPs) in the endometrium of patients with endometriosis. CONCLUSION(S): Progesterone and locally produced differentiation factors act cooperatively to reduce MMP expression by maternal endometrial cells within the pro-inflammatory micro-environment of early pregnancy. Our in vitro studies with normal human endometrium demonstrate that prior P exposure not only down-regulates MMP expression, but also limits the ability of locally produced proinflammatory cytokines to stimulate expression of these enzymes. In contrast, endometrial tissues from women with endometriosis demonstrate an altered response to P, allowing a continuous expression of MMPs throughout the secretory phase. Although the factors that influence the loss of P sensitivity in the endometrium of patients with endometriosis have not yet been defined, alterations in cell-cell communication seem to contribute to dysregulated MMP expression. Specifically, proinflammatory cytokines produced by epithelial cells oppose stromal cell responses to P, inhibiting production of key differentiation factors necessary for cell-specific MMP regulation. The resulting loss in normal MMP regulation enhances the invasive capacity of endometrial tissue, promoting ectopic establishment in an experimental model.

Pedersen SB.  Studies on receptors and actions of steroid hormones in adipose tissue. Dan Med Bull. 2005 Dec;52(4):258. 


Adipose tissue distribution is different between women and men. Therefore, we have investigated the expression of steroid receptors in human adipose tissue and report that receptors for glucocorticoid androgen and estrogen are present in human adipose tissue. Furthermore, we discovered regional differences in expression pattern, indicating that steroid hormones might affect the different adipose tissue depots differently. Glucocorticoids promote accumulation of adipose tissue in the intra-abdominal depot. Accordingly, we found four fold higher glucocorticoid receptor number in this depot compared to the subcutaneous depot. In contrast we were unable to detect progesterone receptors in human adipose tissue. Ligand binding assays revealed that progesterone acts as a glucocorticoid receptor antagonist and studies in rodents showed that progesterone treatment could block the effects of glucocorticoids in adipose tissue. These results suggest that progesterone in pre-menopausal women might protect against cortisol-induced intra-abdominal fat accumulation. Thus, men and post-menopausal women who have low progesterone level might experience the full-blown cortisol effect on intra-abdominal fat accumulation and therefore tend to accumulate a larger proportion of their fat intra-abdominally. Our studies have shown that human adipose tissue contains as many testosterone receptors as the prostate, indicating that testosterone probably affects adipose tissue directly via binding to the receptor. However, the precise metabolic pathways by which testosterone affects adipose tissue accumulation are not fully revealed. Estrogen is known to promote the female fat distribution and we demonstrate that human adipose tissue contain both the estrogen receptor subtype alpha as well as the subtype beta. Estrogen increases the number of the adrenergic receptor subtype alpha2A (which posses antilipolytic activity) in adipocytes from the subcutaneous depot. In contrast estrogen did not influence the adrenergic receptor in adipose tissue from the intra-abdominal depot. Thus, estrogen seems to increase the amount of subcutaneous adipose tissue by blunting the lipolytic response in this depot via up-regulating the antilipolytic adrenergic receptor alpha2A. Our data supports the notion that adipose tissue accumulation is controlled by steroid hormones. Moreover, the individual fat depots seems to be controlled individually, indicating that it might be possible selectively to slow down intra-abdominal fat accumulation and thus promote a more healthy fat distribution.

Perry LA, Wathen N, Chard T.Horm Metab Res. 1987 Sep;19(9):444-7. Saliva levels of oestradiol and progesterone in relation to non-protein-bound concentrations in blood during late pregnancy.

Serum and saliva samples were obtained from 25 women in the last eight weeks of pregnancy. The concentrations of oestradiol and progesterone were measured by radioimmunoassay. The proportion of each hormone which was not bound to protein in serum was measured by centrifugal ultrafiltration: for progesterone the unbound fraction was 2.5% (2.13--2.78%) and for oestradiol 1.27% (1--1.83%). There was only a weak relationship between the free hormone concentrations estimated in blood and the levels measured in saliva. We conclude that, for the situation examined here, saliva does not provide a useful measure of unbound, biologically active steroid.

Plu-Bureau G, Le MG, Thalabard JC, Sitruk-Ware R, Mauvais-Jarvis P.  Percutaneous progesterone use and risk of breast cancer: results from a French cohort study of premenopausal women with benign breast disease.  Cancer Detect Prev. 1999;23(4):290-6. 

Percutaneous progesterone topically applied on the breast has been proposed and widely used in the relief of mastalgia and benign breast disease by numerous gynecologists and general practitioners. However, its chronic use has never been evaluated in relation to breast cancer risk. The association between percutaneous progesterone use and the risk of breast cancer was evaluated in a cohort study of 1150 premenopausal French women with benign breast disease diagnosed in two breast clinics between 1976 and 1979. The follow-up accumulated 12,462 person-years. Percutaneous progesterone had been prescribed to 58% of the women. There was no association between breast cancer risk and the use of percutaneous progesterone (RR = 0.8; 95% confidence interval 0.4-1.6). Although the combined treatment of oral progestogens with percutaneous progesterone significantly decreased the risk of breast cancer (RR = 0.5; 95% confidence interval 0.2-0.9) as compared with nonusers, there was no significant difference in the risk of breast cancer in percutaneous progesterone users versus nonusers among oral progestogen users. Taken together, these results suggest at least an absence of deleterious effects caused by percutaneous progesterone use in women with benign breast disease.

Potten CS, Watson RJ, Williams GT, Tickle S, Roberts SA, Harris M, Howell A. The effect of age and menstrual cycle upon proliferative activity of the normal human breast. Br J Cancer. 1988 Aug;58(2):163-70. 


The aim of this study was to determine the proliferative activity within the epithelial cells of the normal human breast in 122 patients (6 reduction mammoplasties and 116 fibroadenoma excisions) in relation to age and the phase of the menstrual cycle. Thirty three of the patients were on oral contraceptives and 33 were parous. Thin tissue slices were incubated with tritiated thymidine and processed for autoradiography. Other samples were fixed directly and prepared for histology. The labelling, mitotic and apoptotic indices (LI, MI and AI) were determined and all illustrated considerable variability. The labelling indices are significantly (P less than 0.05) influenced by both patient age and stage during the menstrual cycle and ranged from 0-11.5%. Maximum LI values were obtained on the 20.8th day of the cycle. A square root transformation of the data was used to reduce the skewness of the data to a more normal distribution. The square root of the LI declined by 0.22 per decade. The mitotic data showed similar significant (P less than 0.05) correlations against age and day of cycle with a peak on the 21.5th day of the cycle, a decline by 0.072 per decade and a range from 0-0.6%. The data for apoptotic cells were less clearly influenced by the stage of the menstrual cycle but showed a significant (P less than 0.5) decline with age. The AI in parous patients was significantly higher than that in non-parous patients. There was no significant effect of oral contraceptives on any of the parameters measured when age and stage of cycle were taken into account. The considerable variability in the data could not be fully accounted for by either technical factors, the age of the patients, or the day of the cycle. We conclude that proliferation is negatively related to age and is influenced by the menstrual cycle but that additional as yet unknown factors must account for a large part of the variability seen in the data. (Notice that peak activity occurs in mid luteal phase, not in late luteal.  Mid-luteal peak is due to earlier estradiol stimulation plus an increased effect at the onset of rising progesterone concentrations.  Prolonged progesterone exposure then reduces the proliferation. HHL)

Prifti S, Lelle I, Zhong G, Strowitzki T, Rabe T. Matrix metalloproteinase 2 and tissue inhibitor of metalloproteinase 2 expression is not regulated by norgestimate or norelgestromin. Gynecol Endocrinol. 2004 Jan;18(1):23-7. 

Steroid hormones regulate endometrial expression of matrix metalloproteinases (MMPs) and their inhibitors. Synthetic progestins are widely used in oral contraceptives and for hormone replacement therapy. To assess whether the synthetic progestins norgestimate and its derivative norelgestromin (17-deacetylnorgestimate) modulate the expression of MMPs, Ishikawa endometrial cancer cells were separately treated with 17 beta-estradiol, 17 alpha-hydroxyprogesterone, norgestimate and norelgestromin. Culture supernatants were assayed for MMPs 2, 3 and 9, and for tissue inhibitors of MMPs (TIMP-1 and TIMP-2) by enzyme-linked immunosorbent assays (ELISAs). No marked modulation of MMP-2 and TIMP-2 expression was observed upon incubation of the cells with the synthetic progestins. By ELISA, neither MMP-3 or MMP-9 nor TIMP-1 immunoreactivity was detected. Interestingly, TIMP-2 expression was down-regulated by 17 beta-estradiol and 17 alpha-hydroxyprogesterone.

Prior JC.  Progesterone as a bone-trophic hormone. Endocr Rev 1990 May;11(2):386-98

Experimental, epidemiological, and clinical data indicate that progesterone is active in bone metabolism. Progesterone appears to act directly on bone by engaging an osteoblast receptor or indirectly through competition for a glucocorticoid osteoblast receptor. Progesterone seems to promote bone formation and/or increase bone turnover. It is possible, through estrogen-stimulated increased progesterone binding to the osteoblast receptor, that progesterone plays a role in the coupling of bone resorption with bone formation. A model of the interdependent actions of progesterone and estrogen on appropriately-"ready" cells in each bone multicellular unit can be tied into the integrated secretions of these hormones within the ovulatory cycle. Figure 5 is an illustration of this concept. It shows the phases of the bone remodeling cycle in parallel with temporal changes in gonadal steroids across a stylized ovulatory cycle. Increasing estrogen production before ovulation may reverse the resorption occurring in a "sensitive" bone multicellular unit while gonadal steroid levels are low at the time of menstrual flow. The bone remodeling unit would then be ready to begin a phase of formation as progesterone levels peaked in the midluteal phase. From this perspective, the normal ovulatory cycle looks like a natural bone-activating, coherence cycle. Critical analysis of the reviewed data indicate that progesterone meets the necessary criteria to play a causal role in mineral metabolism. This review provides the preliminary basis for further molecular, genetic, experimental, and clinical investigation of the role(s) of progesterone in bone remodeling. Much further data are needed about the interrelationships between gonadal steroids and the "life cycle" of bone. Feldman et al., however, may have been prophetic when he commented; "If this anti-glucocorticoid effect of progesterone also holds true in bone, then postmenopausal osteoporosis may be, in part, a progesterone deficiency disease."

Prior JC, Vigna YM, Schechter MT, Burgess AE. Spinal bone loss and ovulatory disturbances.  N Engl J Med. 1990 Nov 1;323(18):1221-7.

BACKGROUND. Osteoporosis develops in women with estrogen deficiency and amenorrhea who lose bone at an accelerated rate. It is not known to what extent bone loss differs between ovulatory women with regular menstrual cycles who are training intensely and those who are sedentary. METHODS. We measured the density of cancellous spinal bone from the 12th thoracic vertebra to the 3rd lumbar vertebra by quantitative computed tomography on two occasions one year apart in 66 premenopausal women 21 to 42 years of age. All the women had two consecutive ovulatory cycles immediately before entering the study. Twenty-one women were training for a marathon, 22 ran regularly but less intensively, and 23 had normal levels of activity. The lengths of the women's menstrual cycles and luteal phases, diet, exercise levels, and hormonal levels were also determined. We defined ovulatory disturbances as anovulatory cycles and cycles with short luteal phases. RESULTS. The mean (+/- SD) spinal bone density in the 66 women decreased 3.0 +/- 4.8 mg per cubic centimeter per year (2.0 percent per year) (P less than 0.001). Amenorrhea did not develop in any woman during the year of observation (only 2.7 percent of the cycles were greater than 36 days long). Ovulatory disturbances occurred in 29 percent of all cycles, however. Bone loss was strongly associated with these disturbances (r = 0.54, 24 percent of the variance). The 13 women who had anovulatory cycles lost bone mineral at a rate of 6.4 +/- 3.8 mg per cubic centimeter per year (4.2 percent per year). The women training for a marathon had menstrual cycles similar to those of the women in the other two groups. CONCLUSION. Decreases in spinal bone density among women with differing exercise habits correlated with asymptomatic disturbances of ovulation (without amenorrhea) and not with physical activity.

Proietti C, Salatino M, Rosemblit C, Carnevale R, Pecci A, Kornblihtt AR, Molinolo AA, Frahm I, Charreau EH, Schillaci R, Elizalde PV.  Progestins induce transcriptional activation of signal transducer and activator of transcription 3 (Stat3) via a Jak- and Src-dependent mechanism in breast cancer cells. Mol Cell Biol. 2005 Jun;25(12):4826-40. 


Interactions between steroid hormone receptors and signal transducer and activator of transcription (Stat)-mediated signaling pathways have already been described. In the present study, we explored the capacity of progestins to modulate Stat3 transcriptional activation in an experimental model of hormonal carcinogenesis in which the synthetic progestin medroxyprogesterone acetate (MPA) induced mammary adenocarcinomas in BALB/c mice and in the human breast cancer cell line T47D. We found that C4HD epithelial cells, from the MPA-induced mammary tumor model, expressed Stat3 and that MPA treatment of C4HD cells up-regulated Stat3 protein expression. In addition, MPA induced rapid, nongenomic Stat3, Jak1, and Jak2 tyrosine phosphorylation in C4HD and T47D cells. MPA treatment of C4HD cells also resulted in rapid c-Src tyrosine phosphorylation. These effects were completely abolished by the progestin antagonist RU486. Abrogation of Jak1 and Jak2 activity by transient transfection of C4HD cells with dominant negative (DN) Jak1 or DN Jak2 vectors, or inhibition of Src activity by preincubation of cells with the Src family kinase inhibitor PP2, blocked the capacity of MPA to induce Stat3 phosphorylation. Treatment of C4HD cells with MPA induced Stat3 binding to DNA. In addition, MPA promoted strong Stat3 transcriptional activation in C4HD and T47D cells that was inhibited by RU486 and by blockage of Jak1, Jak2, and Src activities. To investigate the correlation between MPA-induced Stat3 activation and cell growth, C4HD cells were transiently transfected with a DN Stat3 expression vector, Stat3Y705-F, or with a constitutively activated Stat3 mutant, Stat3-C. While expression of Stat3Y705-F mutant had an inhibitory effect on MPA-induced growth of C4HD cells, transfection with the constitutively activated Stat3-C vector resulted in MPA-independent proliferation. Finally, we addressed the effect of targeting Stat3 in in vivo growth of C4HD breast tumors. Blockage of Stat3 activation by transfection of C4HD cells with the DN Stat3Y705-F expression vector significantly inhibited these cells' ability to form tumors in syngeneic mice. Our results have for the first time demonstrated that progestins are able to induce Stat3 transcriptional activation, which is in turn an obligatory requirement for progestin stimulation of both in vitro and in vivo breast cancer growth.
Quinkler M, Meyer B, Bumke-Vogt C, Grossmann C, Gruber U, Oelkers W, Diederich S, Bahr V. Agonistic and antagonistic properties of progesterone metabolites at the human mineralocorticoid receptor. Eur J Endocrinol. 2002 Jun;146(6):789-99. 


OBJECTIVE: Progesterone binds to the human mineralocorticoid receptor (hMR) with nearly the same affinity as do aldosterone and cortisol, but confers only low agonistic activity. It is still unclear how aldosterone can act as a mineralocorticoid in situations with high progesterone concentrations, e.g. pregnancy. One mechanism could be conversion of progesterone to inactive compounds in hMR target tissues. DESIGN: We analyzed the agonist and antagonist activities of 16 progesterone metabolites by their binding characteristics for hMR as well as functional studies assessing transactivation. METHODS: We studied binding affinity using hMR expressed in a T7-coupled rabbit reticulocyte lysate system. We used co-transfection of an hMR expression vector together with a luciferase reporter gene in CV-1 cells to investigate agonistic and antagonistic properties. RESULTS: Progesterone and 11beta-OH-progesterone (11beta-OH-P) showed a slightly higher binding affinity than cortisol, deoxycorticosterone and aldosterone. 20alpha-dihydro(DH)-P, 5alpha-DH-P and 17alpha-OH-P had a 3- to 10-fold lower binding potency. All other progesterone metabolites showed a weak affinity for hMR. 20alpha-DH-P exhibited the strongest agonistic potency among the metabolites tested, reaching 11.5% of aldosterone transactivation. The agonistic activity of 11beta-OH-P, 11alpha-OH-P and 17alpha-OH-P was 9, 5.1 and 4.1% respectively. At a concentration of 100 nmol/l, progesterone, 17alpha-OH-P and 20alpha-DH-P inhibit nearly 75, 40 and 35% of the transactivation by aldosterone respectively. All other progesterone metabolites tested demonstrate weaker affinity, and agonistic and antagonistic potency. CONCLUSIONS: The binding affinity for hMR and the agonistic and antagonistic activity diminish with increasing reduction of the progesterone molecule at C20, C17 and at ring A. We assume that progesterone metabolism to these compounds is a possible protective mechanism for hMR. 17alpha-OH-P is a strong hMR antagonist and could exacerbate mineralocorticoid deficiency in patients with congenital adrenal hyperplasia.

Reddy DS. Role of neurosteroids in catamenial epilepsy. Epilepsy Res. 2004 Dec;62(2-3):99-118.     

Catamenial epilepsy is a menstrual cycle-related seizure disorder that affects up to 70% of women with epilepsy. Catamenial epilepsy is characterized by an increase in seizures during particular phases of the menstrual cycle. Three distinct patterns of catamenial epilepsy - perimenstrual, periovulatory, and inadequate luteal phase - have been described. Currently, there is no specific treatment for catamenial epilepsy. The molecular mechanisms involved in the pathophysiology of catamenial epilepsy are not well understood. Recent studies suggest that cyclical changes of ovarian hormones estrogens (proconvulsant) and progesterone (anticonvulsant) appear to play a key role in the genesis of catamenial seizures. Progesterone reduces seizure susceptibility partly through conversion to neurosteroids such as allopregnanolone, which enhances GABA(A) receptor function and thereby inhibits neuronal excitability. In animal models, withdrawal from chronic progesterone and, consequently, of allopregnanolone levels in brain, has been shown to increase seizure susceptibility. Natural progesterone therapy has proven effective in women with epilepsy. Moreover, neurosteroids have been shown to be very effective inhibitors of catamenial seizures in animal models. Thus, synthetic neuroactive steroids, such as ganaxolone, which are orally active and devoid of hormonal side effects, represent a novel treatment strategy for catamenial epilepsy. However, their clinical efficacy in catamenial epilepsy has yet to be explored. A greater understanding of the molecular mechanisms is clearly needed for designing effective treatment and prevention strategies of catamenial epilepsy in women at risk.

Rosano GM, Webb CM, Chierchia S, Morgani GL, Gabraele M, Sarre PM, De Ziegler D, Collins P Natural progesterone, but not medroxyprogesterone acetate, enhances the beneficial effect of estro​gen on exercise-induced myocardial ischemia in postmenopausal women. J Am Coll Cardio12000 Dec ;3G(7):2154-9.

OBJECTIVES: We sought to compare the effects of estrogen/transvaginal progesterone gel with estrogen/medroxyprogesterone acetate (MPA) on exercise-induced myocardial ischemia in postmenopausal women with coronary artery disease or previous myocardial infarction, or both. BACKGROUND: Estrogen therapy beneficially affects exercise-induced myocardial ischemia in postmenopausal women; however, women with an intact uterus also take progestin to protect against uterine malignancies. The effects of combination estrogen/progestin therapy on myocardial ischemia are unknown. METHODS: Eighteen postmenopausal women (mean +/- SD age 59+/-7 years) were given 17-beta-estradiol in single-blinded manner for four weeks (1 mg/day for three weeks then 2 mg/day for one week). Estradiol (2 mg/day) was then continued, and the patients were randomized (double-blind) for 12 days to either transvaginal progesterone gel (90 mg on alternate days) and oral MPA placebo (10 mg/day), or vice versa. After another two weeks on estradiol alone, the patients crossed over to progestin treatment and repeated the protocol on the opposite treatment. Patients underwent treadmill exercise testing after each estradiol phase and at day 10 of each progestin phase. RESULTS: Exercise time to myocardial ischemia increased after the first estrogen phase as compared with baseline (mean difference with 95% confidence interval [CI]: 72 s [34 to 110], p = 0.001), and was increased by combination estradiol/progesterone therapy as compared with estradiol/MPA therapy (92 s [35 to 149], p = 0.001)). Two patients (11%) were withdrawn while taking estradiol/MPA owing to unstable angina. CONCLUSIONS: Combination estrogen/transvaginal progesterone gel increases exercise time to myocardial ischemia, as compared with estrogen/MPA. These results imply that the choice of progestin in women at higher cardiovascular risk requires careful consideration.
Ross RK, Paganini-Hill A, Wan PC, Pike MC. Effect of hormone replacement therapy on breast and cancer risk: Estrogen versus estro​gen plus progestin. J Natl Cancer Inst 2000;1G;92(4):328-32.

1897 breast cancer patients were matched with 1637 controls.  Odds ratio for CHRT was 1.24, for ERT was 1.06.  Addition of progestin (Provera) to estrogen markedly increases risk of breast cancer relative to estrogen use alone.

Rylance PB, Brincat M, Lafferty K, De Trafford JC, Brincat S, Parsons V, Studd JW.  Natural progesterone and antihypertensive action.  Br Med J (Clin Res Ed) 1985 Jan 5;290(6461):13-4

In a placebo controlled, double blind crossover study natural progesterone was given by mouth, in increasing doses, to six men and four postmenopausal women with mild to moderate hypertension who were not receiving any other antihypertensive drugs. When compared with values recorded before treatment and during administration of placebo progesterone caused a significant reduction in blood pressure, suggesting that progesterone has an antihypertensive action rather than a hypertensive one as has been previously thought. This possible protective effect of progesterone should be investigated further.

Schmidt M, Renner C, Loffler G. Progesterone inhibits glucocorticoid-dependent aromatase induction in human adipose fibroblasts. J Endocrinol. 1998 Sep;158(3):401-7. 


In fibroblasts derived from human adipose tissue, aromatase induction is observed after exposure to 1 microM cortisol in the presence of serum or platelet-derived growth factor (PDGF). Progesterone suppresses this induction in a dose-dependent manner, 10 microM resulting in complete inhibition. A reduced cortisol concentration (0.1 microM) concomitantly reduces the progesterone concentration required for effective inhibition (10-100 nM). This effect of progesterone is specific, as neither the release of cellular enzymes nor aromatase induction by dibutyryl-cAMP, which acts independently from cortisol, are affected. However, the inhibitory effect of progesterone requires its presence throughout the induction period. Kinetic studies in intact cells reveal a reduced number of aromatase active sites upon progesterone treatment, whereas progesterone at near-physiological concentration (100 nM) does not inhibit aromatase activity in isolated microsomes. Semi-quantitative reverse transcriptase PCR analysis shows reduced amounts of aromatase mRNA in progesterone-treated cells, indicating specific inhibition of the glucocorticoid-dependent pathway of aromatase induction. The inhibitory effect of progesterone is not blocked by the anti-progestin ZK114043, excluding action via progesterone receptors and indicating competition for the glucocorticoid receptor. Progesterone must be considered a potential physiological inhibitor of glucocorticoid-dependent aromatase induction in adipose tissue. It is proposed that it is a suppressor of aromatase induction in adipose tissue in premenopausal women. (Aromatase converts testosterone to estrogens. Inhibition of aromatase by supplemental progesterone would be expected to increase androgen levels and decrease estradiol levels in postmenopausal women.-HHL)

Schmidt IU, Wakley GK, Turner RT.  Effects of estrogen and progesterone on tibia histomorphometry in growing rats. Calcif Tissue Int 2000 Jul;67(1):47-52

The present study was performed to evaluate possible interactions between estrogen and progesterone on peak cancellous bone mass. Ovariectomized (OVX) growing rats were treated with 17beta-estradiol (4.8 microg/day), progesterone (4.8 mg/day), a combination of the two sex steroids, or with vehicle for 14 days beginning 7 days after OVX. The tibiae were removed for histomorphometric analysis of the proximal metaphysis. OVX and growth each resulted in net resorption of cancellous bone at a sampling site adjusted for longitudinal bone growth. Estradiol and progesterone treatment each antagonized bone loss by inhibiting the decrease in trabecular number. Estradiol increased but progesterone had no effect on trabecular thickness. Progesterone did not influence either osteoclast number or the resorption of the pretreatment fluorochrome label. Estradiol reduced osteoclast number and inhibited label resorption, the latter change being accentuated by combination treatment. Estradiol reduced and progesterone enhanced the mineral apposition and bone formation rates. The results indicate that estradiol and progesterone have independent activities on cancellous bone turnover during growth. Whereas estradiol reduced bone turnover, progesterone had a stimulatory effect on bone formation. These findings suggest that progesterone has a role in establishing and maintaining peak cancellous bone volume during growth.

Secreto G, Toniolo P, Berrino F, Recchione C, Di Pietro S, Fariselli G, Decarli A. Increased androgenic activity and breast cancer risk in premenopausal women. Cancer Res. 1984 Dec;44(12 Pt 1):5902-5. 


Blood and urine specimens from 27 premenopausal breast cancer patients and 62 healthy controls have been compared with respect to concentration of testosterone and progesterone in blood and of testosterone and androstanediol in urine, measured in the luteal phase of the menstrual cycle. There was a strong positive association between the concentration of the two androgens, either in blood or urine, and breast cancer risk. A strong association was also observed with decreasing levels of progesterone. The association was statistically significant (p for trend less than 0.01) for each hormone; the rate ratios were 10.2 for serum testosterone (highest category), 5.6 for serum progesterone (lowest category), 8.4 for urinary testosterone (highest category), and 5.2 for androstanediol (highest category). The rate ratio for women presenting both high serum testosterone and low progesterone was 21.8 (4.1 to 116.1). Considering the exposure to at least one of three androgens at the highest level and low progesterone, the rate ratio was as high as 90.2 (8.2 to 989.7). This study provides evidence for the hypothesis that increased androgenic activity is an important risk indicator for breast cancer, particularly when associated with anovulation, as indicated by low serum progesterone level.  (Anovulation often leads to increased androgen levels as increased FSH stimulates thecal cell production of androstenedione, so the testosterone might onlybe  a marker for anovulation and low progesterone-HHL)

Seeger H, Wallwiener D, Mueck AO. The effect of progesterone and synthetic progestins on serum- and estradiol-stimulated proliferation of human breast cancer cells. Horm Metab Res. 2003 Feb;35(2):76-80. 


The results from the Women's Health Initiative study on enhanced breast cancer risk in postmenopausal women using an estrogen/progestin combination clearly indicate the need for a comparison of different progestins with regard to cancer risk. To shed some light on this issue, we have investigated the influence of progesterone and various synthetic C19- and C21-progestins on cell proliferation of a human breast cancer cell line in vitro. Of special interested was the comparison of two different regimens commonly used in HRT, sequential and continuous combination with estradiol. We used the human breast cancer cell line MCF-7 as a model. Progesterone (P), chlormadinone acetate (CMA), dienogest (DNG), gestodene (GSD), 3-ketodesogestrel (KDG), levonorgestrel (LNG), medroxyprogesterone acetate (MPA), and norethisterone (NET) were investigated in the range of 0.01nm to 10 micro M alone and in combination with 10 nM estradiol. Cell proliferation was measured after 7 days using the ATP chemosensitivity test. Tested alone, CMA, DNG, GSD, KDG, MPA and NET significantly stimulated cell proliferation, but only at high dosages. Sequentially combined with estradiol, only CMA inhibited cell proliferation over the whole concentration range. Slight effects were found for DNG, GSD and KDG, whereas P and MPA only showed an effect at the highest concentration. NET had no significant effect on cell proliferation. Continuously combined, all progestins exhibited an inhibitory effect over the whole concentration range. The most prominent effects were found for P, CMA, GSD, and KDG. Only slight effects were found for DNG, MPA and NET. Our in vitro results indicate that the influence on breast cancer risk using HRT in postmenopausal women might depend on the type of progestin used as well as on the regimen applied. However, the net inhibitory in vitro effect of the progestins at clinically relevant dosages is rather minimal, and whether progestins in general can reduce breast cancer risk in long-term treatment remains uncertain. Further clinical trials are urgently needed to clarify this issue.

Shangold MM, Tomai TP, Cook JD, Jacobs SL, Zinaman MJ, Chin SY, Simon JA. Factors associated with withdrawal bleeding after administration of oral micronized progesterone in women with secondary amenorrhea.  Fertil Steril. 1991 Dec;56(6):1040-7. 


OBJECTIVE: To compare two dosages of oral micronized progesterone (P) and placebo for withdrawal bleeding and side effects. DESIGN: Prospective, randomized, double-blind. SETTING: Academic institution. PARTICIPANTS: Out of 190 screened with oligomenorrhea/amenorrhea, 60 who qualified completed the study. INTERVENTIONS: A 10-day course of (1) oral micronized P 300 mg, (2) oral micronized P 200 mg, or (3) placebo. MAIN OUTCOME MEASURES: Withdrawal bleeding, side effects, and changes in lipids. Endogenous estradiol (E2) concentrations at baseline and P concentrations during treatment were correlated with bleeding response. RESULTS: Withdrawal bleeding occurred in 90% of women taking 300 mg, 58% of women taking 200 mg, and 29% of women taking placebo (P less than 0.0002 for 300 mg versus placebo). Side effects occurred similarly among the groups (P = not significant). Lipid concentrations were unchanged. Endogenous E2 and treatment P concentrations were of limited predictive value for withdrawal bleeding. CONCLUSIONS: Progesterone 300 mg induced significantly more withdrawal bleeding than placebo, with similar side effects. Bleeding response cannot be predicted reliably from E2 and P concentrations.

Simon JA, Robinson DE, Andrews MC, Hildebrand JR 3rd, Rocci ML Jr, Blake RE, Hodgen GD. The absorption of oral micronized progesterone: the effect of food, dose proportionality, and comparison with intramuscular progesterone. Fertil Steril. 1993 Jul;60(1):26-33. 


OBJECTIVES: To examine the effects of food ingestion and administered dose on the absorption of oral micronized P (Utrogestan; Besins-Iscovesco, Paris, France) and to compare the bioavailability of intramuscular versus oral routes of administration. DESIGN: Prospective, randomized, open label crossover protocol with 7 days between dosages. SETTING: Academic institution. PARTICIPANTS: Fifteen normal postmenopausal women. INTERVENTIONS: All subjects participated in three separate protocols: [1] micronized P (200 mg) or placebo under fasting or nonfasting conditions once daily for 5 days; [2] micronized P (100, 200, or 300 mg) once daily under fasting conditions for 5 days; and [3] micronized P (200 mg) or intramuscular P (50 mg in oil) administered once daily for 2 days. MAIN OUTCOME MEASURES: Serum P concentrations were measured in all groups. RESULTS: Concomitant food ingestion increased the area under the serum P concentration versus time curve (AUC0 to 24) and the maximum serum P concentration (Cmax) without affecting time to maximum serum concentration (Tmax) (P < 0.05). Micronized P absorption and elimination were first-order processes and exhibited dose-independent pharmacokinetics between 100 and 300 mg. After intramuscular P, Cmax was higher and Tmax occurred later compared with the oral P preparation. Oral P had lower relative bioavailability (8.6%) than intramuscular P. CONCLUSIONS: Absorption of micronized P was enhanced twofold in the presence of food. Both absorption and elimination were dose-independent, dose proportionality being confirmed. Bioavailability of the oral P was approximately 10% compared with intramuscular P.

Simoncini T, Mannella P, Fornari L, Caruso A, Willis MY, Garibaldi S, Baldacci C, Genazzani AR. Differential signal transduction of progesterone and medroxyprogesterone acetate in human endothelial cells. Endocrinology. 2004 Dec;145(12):5745-56. Epub 2004 Sep 9. 


The conjugated equine estrogens-only arm of the Women's Health Initiative trial, showing a trend toward protection from heart disease as opposed to women receiving also medroxyprogesterone acetate (MPA), strengthens the debate on the cardiovascular effects of progestins. We compared the effects of progesterone (P) or MPA on the synthesis of nitric oxide and on the expression of leukocyte adhesion molecules, characterizing the signaling events recruited by these compounds. Although P significantly increases nitric oxide synthesis via transcriptional and nontranscriptional mechanisms, MPA is devoid of such effects. Moreover, when used together with physiological estradiol (E2) concentrations, P potentiates E2 effects, whereas MPA impairs E2 signaling. These findings are observed both in isolated human endothelial cells as well as in vivo, in ovariectomized rat aortas. A marked difference in the recruitment of MAPK and phosphatidylinositol-3 kinase explains the divergent effects of the two gestagens. In addition, both P and MPA decrease the adhesiveness of endothelial cells for leukocytes when given alone or with estrogen. MPA is more potent than P in inhibiting the expression of vascular cell adhesion molecule-1 and intercellular adhesion molecule-1. However, when administered together with physiological amounts of glucocorticoids, MPA (which also binds glucocorticoid receptor) markedly interferes with the hydrocortisone-dependent stabilization of the transcription factor nuclear factor kappaB and with the expression of adhesion molecules, acting as a partial glucocorticoid receptor antagonist. Our findings show significant differences in the signal transduction pathways recruited by P and MPA in endothelial cells, which may have relevant clinical implications.

Simpson HW, McArdle CS, Griffiths K, Turkes A, Beastall GH. Progesterone resistance in women who have had breast cancer. Br J Obstet Gynaecol. 1998 Mar;105(3):345-51.

OBJECTIVE: To investigate whether certain physiological responses to luteal progesterone are normal in women previously treated for breast cancer. DESIGN: Salivary progesterone concentrations, basal body temperatures, and breast blood flow changes (surface temperature method) were all recorded daily for one natural menstrual cycle. SETTING: Participants in the study made saliva collections and temperature measurements at home under semi-standardised conditions with supervisory visits by a project nurse. PARTICIPANTS: Twenty-five controls were compared with 30 women with previous breast cancer; all but three participants were parous and the average ages were 39 years (range 28-48) and 40 years (range 29-46), respectively. On average the women with previous breast cancer had had surgery 2.4 years previously; the operation was usually mastectomy, leaving the contralateral breast for study. RESULTS: Follicular phase (day 1-14) oral temperature averages were statistically indistinguishable between women in the control group and those with previous breast cancer. Luteal progesterone profiles were considered in the normal range for the controls and patients. However, the women with previous breast cancer, on average, exhibited a significantly smaller rise in the luteal phase basal body temperature. Follicular phase breast surface temperature was significantly higher in the breast cancer group (+0.30 degree C). This group showed a highly significant reduction of the luteal heat cycle in their breasts. CONCLUSIONS: Two progesterone-mediated physiological mechanisms have been found to be significantly less responsive in women with previous breast cancer than controls. The literature has been reviewed. Progesterone resistance could be a clinical entity and could be important in carcinogenesis.
Singh M.  Ovarian hormones elicit phosphorylation of Akt and extracellular-signal regulated kinase in explants of the cerebral cortex. Endocrine 2001 Apr;14(3):407-15

Estradiol and progesterone both have been demonstrated to afford neuroprotection against various insults. In an attempt to identify potential mechanisms underlying these neuroprotective effects, two key elements within signal transduction pathways linked to neuroprotection were evaluated. In mouse cerebral cortical explants, both estradiol and progesterone elicited the phosphorylation of Akt, a downstream effector of the phosphoinositide-3 (PI-3) kinase pathway. Progesterone also elicited the phosphorylation of extracellular-signal regulated kinase (ERK), a component of the mitogen-activated protein kinase (MAPK) pathway. These effects were not inhibited by the progesterone receptor antagonist, RU486. However, inhibition of either MAPK/ERK kinase with PD98059 or PI-3 kinase with LY294002 successfully inhibited progesterone's actions on ERK and Akt, respectively. Collectively, the data offer novel mechanisms for both progesterone and estrogen action in the central nervous system, demonstrating the functional and mechanistic diversity of gonadal hormones and supporting their neuroprotective potential for such neurodegenerative disorders as Alzheimer disease.

Singh M. Progesterone-induced neuroprotection. Endocrine. 2006 Apr;29(2):271-4. 


Estrogen and progesterone are two steroid hormones whose biology has been greatly studied within the confines of reproductive function. As a consequence, the effects of these hormones on the brain have focused primarily on the hypothalamus. Growing evidence, however, forces us to recognize that various extrahypothalamic brain regions, including the cerebral cortex and hippocampus, are equally important targets of these hormones. As such, hormones are involved in numerous aspects of brain function, and elicit effects ranging from the regulation of mood and cognition to the regulation of neuronal survival. While estrogen exerts neuroprotective effects in various experimental models, the potential for progesterone as a protective agent has, until recently, been greatly understudied. Here, we review the data from various laboratories including our own that support the protective role of progesterone and describe the multiplicity of mechanisms by which progesterone elicits these protective effects. Finally, we contrast the neurobiology of progesterone with that of the clinically used progestin, medroxyprogesterone acetate (MPA), and suggest that the "natural" progesterone may be the better choice when considering which progestin to use for future therapeutic/ palliative purposes in CNS-related disorders.

Sitruk-Ware R, Sterkers N, Mauvais-Jarvis P. Benign breast disease I: hormonal investigation. Obstet Gynecol. 1979 Apr;53(4):457-60.

One hundred eighty-four patients with benign breast disease (BBD) were studied and compared with 50 normal women. All of the women had ovulatory cycles according to a biphasic basal body temperature and a plasma prolactin in the normal range. Their corpus luteum function was evaluated by way of plasma progesterone (P) and estradiol (E2) determinations at days 5, 7, and 9 of the hyperthermic phase. In the 184 patients, plasma P over plasma E2 ratio during the luteal phase was found significantly lower than in normal women. When the patients were grouped according to type of breast lesions, it appeared that plasma P was constantly lower in all groups than in the normal women, while plasma E2 was either normal or elevated in the groups of patients with adenosis tumors and increased nodularity of both breasts. From these results it may be postulated that an imbalance in the secretion of E2 and P by the corpus luteum is a constant finding in women with benign breast disease. PMID: 571588

Stanczyk FZ, Paulson RJ, Roy S. Percutaneous administration of progesterone: blood levels and endometrial protection. Menopause. 2005 Mar;12(2):232-7.

There is controversy about the beneficial effects of topical progesterone creams used by postmenopausal women. A major concern is that serum progesterone levels achieved with progesterone creams are too low to have a secretory effect on the endometrium. However, antiproliferative effects on the endometrium have been demonstrated with progesterone creams when circulating levels of progesterone are low. Thus, effects of topical progesterone creams on the endometrium should not be based on serum progesterone levels, but on histologic examination of the endometrium. Despite the low serum progesterone levels achieved with the creams, salivary progesterone levels are very high, indicating that progesterone levels in serum do not necessarily reflect those in tissues. The mechanism by which the serum progesterone levels remain low is not known. However, one explanation is that after absorption through the skin, the lipophilic ingredients of creams, including progesterone, may have a preference for saturating the fatty layer below the dermis. Because there appears to be rapid uptake and release of steroids by red blood cells passing through capillaries, these cells may play an important role in transporting progesterone to salivary glands and other tissues. In contrast to progesterone creams, progesterone gels are water-soluble and appear to enter the microcirculation rapidly, thus giving rise to elevated serum progesterone levels with progesterone doses comparable to those used in creams.

Sumiala S, Tuominen J, Huhtaniemi I, Maenpaa J.Salivary progesterone concentrations after tubal sterilization. Obstet Gynecol. 1996 Nov;88(5):792-6.

OBJECTIVE: To find out if ovarian endocrine function is hampered by laparoscopic tubal sterilization. METHODS: Salivary progesterone levels were measured in 55 women undergoing a laparoscopic tubal sterilization with Hulka or Filshie clips. The participants were 31-43 years old (mean 37) and were menstruating regularly. The saliva was collected every morning during three menstrual cycles: on the cycle preceding sterilization, and 3 and 12 months after the procedure. Salivary progesterone levels were determined by a radioimmunoassay. RESULTS: Total progesterone secreted in the luteal phase declined slowly after the sterilization, resulting in the lowest values 1 year after the procedure (1780 +/- 807 versus 2431 +/- 1187 pmol/L before surgery, P = .001). The luteal peak progesterone values were lowest 3 months after sterilization (277 +/- 137 pmol/L). Although the peak progesterone secretion seemed to have started to recover at 12 months (318 +/- 171 pmol/L), it was still significantly less than before surgery (378 +/- 150 pmol/L, P = .015). The length of the entire menstrual cycle and the lengths of the follicular and luteal phases were not affected. CONCLUSION: Although the menstrual pattern was not affected, laparoscopic tubal sterilization caused measureable changes in the luteal function. However, these changes may be temporary in nature.
Suvanto-Luukkonen E, Malinen H, Sundström H, Penttinen J, Kauppila A. Endometrial morphology during hormone replacement therapy with estradiol gel combined to levonorgestrel-releasing intrauterine device or natural progesterone. Acta Obstet Gynecol Scand. 1998 Aug;77(7):758-63.

OBJECTIVES: To evaluate endometrial responses to three different forms of amenorrhea-inducing HRT in postmenopausal women. MATERIAL AND METHODS: Fifty-one postmenopausal women completing a one-year HRT trial with percutaneous estradiol gel containing 1.5 mg estradiol daily combined with a levonorgestrel-releasing intrauterine device (LNG-IUD) (n=18), or natural progesterone 100 mg daily orally (n= 19) or vaginally (n=15) during 1-25 calendar days of each month. Endometrial thickness and uterine size were measured by transvaginal ultrasound, and endometrial cytology/histology was assessed from specimens taken by needle aspiration before the study and at 12 months. RESULTS: Before medication, the median endometrial thickness was 2.0 mm in the LNG-IUD group, 2.4 mm in the oral P group and 2.5 mm in the vaginal P group. At 12 months of therapy the respective values, 3.0, 2.7 and 2.4 mm, did not differ significantly from the initial values. LNG-IUD induced epithelial atrophy in all women, which was accompanied by stromal decidualization in 12 women. On the contrary, only four women in the oral P group and five women in the vaginal P group had an inactive or atrophic endometrium. The remaining cases were dominated by proliferative features. No hyperplasia was seen in any of the groups. CONCLUSION: LNG-IUD appeared to be an effective method of counteracting the stimulatory effect of estrogen on the endometrium, whereas natural progesterone given orally or vaginally was not sufficiently effective in this function at the doses used. The vaginal and oral administrations of progesterone did not differ from each other in this respect.

Thomas T, Rhodin J, Clark L, Garces A. Progestins initiate adverse events of menopausal estrogen therapy. Climacteric. 2003 Dec;6(4):293-301. 


OBJECTIVE: Recent report, particularly the Women's Health Initiative, demonstrated that hormone therapy with combined estrogen plus progestin increased the incidence of heart attacks, stroke, blood clots, breast cancer and dementia in women over 65 years old. We investigated the role of synthetic progestins in initiating the adverse events associated with estrogen therapy. METHODS: We used a fluorescence imaging technique, which allows video microscopic recordings of blood flow, blood vessel morphology and activities of various blood cells in a live animal. The acute peripheral and cerebrovascular responses were measured following intraperitoneal (5 or 10 mg) or intravenous (10 or 100 microg) administration of progesterone, synthetic progestins (medroxyprogesterone acetate and norethindrone) or estrogens (conjugated equine estrogens and 17 beta-estradiol). RESULTS: In both peripheral and cerebral vasculature, synthetic progestins caused endothelial disruption, accumulation of monocytes in the vessel wall, platelet activation and clot formation, which are early events in atherosclerosis, inflammation and thrombosis. Natural progesterone or estrogens did not show such toxicity. CONCLUSION: The risk associate with combined estrogen plus progestin therapy may be a consequence of vascular actions of progestins. Using progestins with minimal vascular toxicity may lead to safer estrogen preparations for menopausal women. (Of course, using progesterone itself is the safest of all, but don’t say that if you want to continue to receive drug company money!-HHL)

Terry KL, De Vivo I, Titus-Ernstoff L, Sluss PM, Cramer DW. Genetic variation in the progesterone receptor gene and ovarian cancer risk. Am J Epidemiol. 2005 Mar 1;161(5):442-51.

Evidence suggests a role for progesterone in ovarian cancer development. Progesterone exerts its effect on target cells by interacting with its receptor. Thus, genetic variations that may cause alterations in the biologic functions of the progesterone receptor can potentially contribute to individual susceptibility to ovarian cancer. Using a population-based, case-control study, the authors genotyped four polymorphisms in the progesterone receptor gene (+44C/T, +331G/A, G393G, V660L) and inferred haplotypes in 987 ovarian cancer cases and 1,034 controls living in New Hampshire and eastern Massachusetts (May 1992-November 2002). Odds ratios and 95% confidence intervals were calculated to evaluate associations with ovarian cancer. No associations were observed between the +44C/T, +331G/A, and G393G polymorphisms and ovarian cancer. However, an inverse association was observed between the V660L variant and ovarian cancer (odds ratio = 0.70, 95% confidence interval: 0.57, 0.85). Associations remained after adjustment for potential confounders. Five haplotypes occurred with greater than 5% frequency, and the haplotype carrying the V660L variant had a significant association with ovarian cancer (odds ratio = 0.76, 95% confidence interval: 0.62, 0.92). Associations were similar after stratifying by ovarian cancer histologies and risk factors.

van den Brule FA, Engel J, Stetler-Stevenson WG, Liu FT, Sobel ME, Castronovo V. Genes involved in tumor invasion and metastasis are differentially modulated by estradiol and progestin in human breast-cancer cells. Int J Cancer. 1992 Oct 21;52(4):653-7.

Invasion of basement membranes by cancer cells is a critical step in metastasis, which requires the coordinated expression of specific genes such as laminin receptors and metalloproteinases. Estradiol and progesterone modulate the clinical progression of steroid-sensitive breast cancers; however, little is known about the molecular regulation of the invasive phenotype by these hormones. We therefore examined the effects of 10 nM estradiol and/or 10 nM progestin R5020 on the expression of 2 non-integrin laminin binding proteins, the 67-kDa laminin receptor (67LR) and HLBP31 as well as the 72-kDa type-IV collagenase (MMP-2) and its inhibitor, TIMP-2, in steroid-receptor-positive (T47D and MCF-7) and -negative (MDA-MB 231) human breast-cancer cells. The relative steady-state level of 67LR mRNA was increased 2- to 3-fold by estradiol in both MCF-7 (p < 0.001) and T47D (p < 0.001) cells, also by R5020, alone or in combination with estradiol, in T47D cells (p < 0.001) and to a much less extent in MCF-7 cells. HLBP31 mRNA and protein levels were increased 2- to 3-fold (p < 0.001) by R5020 alone or in combination with estradiol, but not by estradiol alone. None of the steroid treatments affected the expression or activity of MMP-2. Interestingly, however, TIMP-2 mRNA levels and protein expression in MCF-7 and T47D cells were 50% down-regulated (p < 0.001) by treatment with R5020 or R5020 plus estradiol, but not by treatment with estradiol alone. None of these genes were modulated in steroid-independent MDA-MB231 cells. The data suggest that estradiol and progesterone might act as coordinators regulating specific genes in the steroid-sensitive breast-cancer cell, leading to the acquisition of the metastatic phenotype.

Vashisht A, Wadsworth F, Carey A, Carey B, Studd J. Bleeding profiles and effects on the endometrium for women using a novel combination of transdermal oestradiol and natural progesterone cream as part of a continuous combined hormone replacement regime. BJOG. 2005 Oct;112(10):1402-6. 


OBJECTIVE: Many women are seeking alternatives to conventional forms of hormone replacement. This study evaluates the endometrial effects of natural progesterone cream used in conjunction with transdermal oestradiol. DESIGN: Open plan study conducted over 48 weeks. SETTING: Tertiary referral London teaching hospital. POPULATION: Women at least two years postmenopausal. METHODS: Women were recruited nationally. They applied 40 mg transdermal natural progesterone cream and 1 mg transdermal oestradiol daily. MAIN OUTCOME MEASURES: Endometrial histology, assessed by pipelle endometrial biopsy, ultrasound assessment of endometrial thickness and bleeding diaries. RESULTS: Fifty-four women were recruited of which 41 completed the study. Mean age was 57.4 years. Thirty-two percent of women had evidence of inadequate endometrial opposition (proliferative or hyperplastic) at the end of 48 weeks. At baseline, women had a mean endometrial thickness of 3.3 mm, which had significantly thickened to a mean of 5.3 mm by 24 weeks (P < 0.001). By 48 weeks, there was significantly greater increase in endometrial thickness from baseline in those women who displayed inadequate endometrial opposition, compared with those women who had adequate endometrial opposition (P= 0.004). At 24 weeks, 48% of women had remained entirely amenorrhoeic. By the end of the study, 35% of women had been entirely amenorrhoeic and 50% had had either no bleeding or spotting alone. The number of bleeding episodes did not reduce with time. CONCLUSIONS: The dose of natural progesterone cream in this study was insufficient to fully attenuate the mitogenic effect of oestrogen on the endometrium. We would not recommend this combination of hormones to be used by postmenopausal women. (Need to use at least 80 to 120mg/day—HHL)

Williams JK, Adams MR. Estrogens, progestins, and coronary artery reactivity. Nature Med. 1997;3:273-274.

Wren BG, McFarland K, Edwards L, O'Shea P, Sufi S, Gross B, Eden JA. Effect of sequential transdermal progesterone cream on endometrium, bleeding pattern, and plasma progesterone and salivary progesterone levels in postmenopausal women.Climacteric. 2000 Sep;3(3):155-60. 


BACKGROUND: Transdermal progesterone is being used in some countries as a purported treatment for menopausal symptoms, either alone or prescribed in conjunction with estrogen, but little information exists regarding the biological activity and effectiveness of this method of delivery of progesterone in protecting the endometrium from excess proliferation. This study was designed to evaluate the use of sequential transdermal progesterone. End-points evaluated included endometrial cellular response and bleeding pattern as well as plasma hormone levels and salivary progesterone estimations. METHOD: Twenty-seven postmenopausal women were treated with continuous transdermal estrogen (28-day cycle) and a cream containing 16, 32 or 64 mg of progesterone in each 4-cm extrusion from a tube of Pro-Feme administered daily in a sequential (days 15-28 of cycle) regimen. Blood and endometrial samples were analyzed for progesterone response prior to therapy, after the first 14 days of unopposed transdermal estrogen and following 14 days of transdermal progesterone. Saliva samples were taken during the last 14 days of the 84-day study, when the final progesterone cream therapy was being applied. RESULTS: Hormone assay indicated that physiological levels of estradiol were achieved, but progesterone levels were insufficient to induce any detectable change in the endometrium. Only one patient experienced bleeding during the study period. Levels of salivary progesterone were so variable as to be considered completely unreliable in determining the potential influence on biological activity. INTERPRETATION: Pro-Feme transdermal progesterone administered in a 16-, 32- or 64-mg daily dose for 14 days in a sequential regimen does not appear to be effective in inducing a secretory change in a proliferative endometrium. Salivary progesterone levels were not of value in managing the therapy of postmenopausal women. (Secretory change is not necessary—just reduction in endometrial proliferation which is accomplished with lower doses of progesterone. See Moyer 1999—HHL)
Wright DW, Bauer ME, Hoffman SW, Stein DG.  Serum progesterone levels correlate with decreased cerebral edema after traumatic brain injury in male rats. J Neurotrauma 2001 Sep;18(9):901-9

Previous animal research suggests that progesterone may have powerful neuroprotective effects in traumatic brain injury (TBI). This experiment tested the hypothesis that progesterone levels correlate with decreased cerebral edema in male rats with bilateral medial frontal cortex injuries. Three groups of male Sprague-Dawley rats were used: injured given progesterone (4 mg/kg), injured given vehicle (oil), and uninjured controls given vehicle. Progesterone or vehicle was administered intraperitoneally at 1, 6, and 24 h postinjury. At 48 h postinjury, the rats were killed, brains extracted, and assayed for edema. Percent difference in water content of the area surrounding the lesion was compared to posterior cortex. A strong inverse relationship was found between serum progesterone levels and percent cerebral edema; the higher the progesterone levels, the lower the percent edema. Both progesterone and oil-treated animals had some edema compared to sham-operated controls. The brains of the injured animals given control solution were higher in water content than either the uninjured group or injured progesterone-treated rats 48 h postinjury. These findings confirm that progesterone significantly decreases cerebral edema after TBI in adult male subjects.

Wypych K, Kuzlik R, Wypych P. Hormonal abnormalities in women with breast cysts Ginekol Pol. 2002 Nov;73(11):1117-25. 


OBJECTIVES: Increased estrogen activity and prolactin hypersecretion is a hormonal reason for Benign Breast Diseases. DESIGN: To evaluate hormonal disorders in women with gross breast cysts. MATERIAL AND METHODS: 30 women with gross breast cysts (over 10 mm in diameter) have been investigated. Cytohormonal vaginal swabs and serum levels of prolactin, estradiol and gonadotropins were evaluated. RESULTS: Normal prolactin levels were found in 96.7% of cases, but in 8 women with recurrent breast cysts after repeated FNA-biopsies prolactin secretion stimulated by metoclopramide was significantly increased. Low progesterone activity in all women and low estrogen activity in 65.3% were shown. Absolute high estrogen activity was diagnosed only in 8.7% women with gross breast cysts. CONCLUSIONS: Nearly all patients with gross breast cysts have normal prolactin and low progesterone levels. High estrogen levels appear very seldom and in most cases these patients are hypoestrogenic.

Yu S, Lee M, Shin S, Park J.  Apoptosis induced by progesterone in human ovarian cancer cell line SNU-840. J Cell Biochem 2001;82(3):445-51

Progesterone has been used as an ingredient of anticancer drug for patients with ovarian carcinoma. However, the mechanism of anticancer effects by progesterone has not been understood. In this study, the effects of progesterone on ovarian cancer cells, SNU-840, were investigated. After the incubation with progesterone, the viability of the cells was evaluated by MTT assay. As a result, 45% of the cells were viable after 48 h of incubation with 100 microM progesterone. In addition, [(3)H]thymidine incorporation assay showed that the proliferation of the cells was completely inhibited by progesterone after 48 h of incubation at 100 microM concentration. Colorimetric TUNEL assay revealed the fragmentation of the chromosomal DNA, suggesting that the process of the cell death was apoptosis. The level of the p53 mRNA was determined by northern blotting assay, since many apoptosis processes are mediated by up-regulation of the p53 expression. The level of the p53 mRNA reached its maximum at 12 h and decreased after 24 h of incubation with progesterone. In conclusion, progesterone inhibits the proliferation and elicits apoptosis of SNU-840 cells. Also, it up-regulates the p53 mRNA transiently.

