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Bibliography for Breast Cancer

· Estradiol is carcinogenic in the female breast unless balanced by progesterone

· Breastfeeding is prolonged in natural human societies and is protective against breast cancer.  Estradiol concentrations in serum during lactation are around 50pg/ml  (Ilcol 2006)  Progesterone concentration during lactation is the same as during the follicular phase, around 1 ng/ml, or 1000pg/ml for a progesterone/estradiol ratio of 20.

· Prolactin promotes breast cancer.
· Progesterone is protective against breast cancer

· Pregnancy protects against breast cancer—due to high progesterone, iodine uptake, permanent change in breast epithelial stem cells, permanent reduction in prolactin levels, or other factors

· 17Beta-hydroxysteroid dehydrogenases (17beta-HSDs) are a family of enzymes that regulate steroid availability within a tissue by catalysing the interconversion of active and inactive forms. Type 1 is up-regulated in many breast tumours, and is responsible for the reduction of oestrone to active oestradiol which stimulates cell proliferation within the tumour. Type 2 oxidises many active steroids to their inactive forms, including oestradiol to oestrone. Progesterone inhibits type 1 and induces production of type 2—both reduce the availability of estradiol. 
· Nipple aspiration studies show that the postmenopausal breast has intraductal estradiol levels as high as those in the premenopausal breast, yet much lower progesterone levels. Intraductal progesterone levels correlate with serum levels. Estradiol in the breast is primarily produced locally (Simpson 2003), whereas progesterone in the breast is derived from the serum. (Chatterton, Gann) Therefore, it is essential to restore progesterone levels in peri and post-menopause in order to prevent breast cancer! 
· Review—transdermal estradiol + progesterone causes less or no increase in breast cancer. (L’Hermite 2009)
· Tamoxifen 20mg/day raises FSH/LH marginally, greatly increases Luteal estradiol levels, has antiprogestational effect (Sherman 1979)
· Lowest risk group for breast cancer was estradiol+progesterone at 0.4%, lower than the women not on HRT (0.7%). (Espie, 2007)
· EPIC 3N study also found lowest risk for breast cancer in the estradiol +progesterone group at 0.9. No HRT relative risk=1. Transdermal estradiol only gave increased risk of 1.2, estradiol+progesterone gave the greatest increase in risk of 1.4. (Fournier 2005)

· Testosterone—some studies show that higher levels are associated with an increased risk of breast CA, however it’s likely that the hormone disorder that produced the high levels is the actual cause—PCOS, ovarian hyperactivity, anovulation, and most importantly, progesterone deficiency  (Grattarola).  High dose tesosterone given to F to M transsexuals causes involution of the breast (Slagter), adding testosterone to estrogen/progestin reduces breast cell proliferation (Hofling).

· Risk of breast cancer 40% lower in women taking estradiol and progesterone than in women taking no hormones after menopause. (Espie 2007).

· Women with breast cancer have more autoimmune thyroiditis than women with benign breast problems. (Gogas, 2001) The connection may be relatively low cortisol helping to produce both conditions.

· Tamoxifen and aromatase inhibitors cause cognitive decline in women (Bender 2007)

· T3 induces apoptosis in cultured breast cancer cells (Sar, 2011).

· Testosterone and high dose estradiol produce 50 and 40% regression rates in breast cancer (Oberfield 1975)

Aceves C, Anguiano B, Delgado G. Is iodine a gatekeeper of the integrity of the mammary gland? J Mammary Gland Biol Neoplasia. 2005 Apr;10(2):189-96. 


This paper reviews evidence showing iodine as an antioxidant and antiproliferative agent contributing to the integrity of normal mammary gland. Seaweed is an important dietary component in Asian communities and a rich source of iodine in several chemical forms. The high consumption of this element (25 times more than in Occident) has been associated with the low incidence of benign and cancer breast disease in Japanese women. In animal and human studies, molecular iodine (I(2)) supplementation exerts a suppressive effect on the development and size of both benign and cancer neoplasias. This effect is accompanied by a significant reduction in cellular lipoperoxidation. Iodine, in addition to its incorporation into thyroid hormones, is bound into antiproliferative iodolipids in the thyroid called iodolactones, which may also play a role in the proliferative control of mammary gland. We propose that an I(2) supplement should be considered as an adjuvant in breast cancer therapy.

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.

Arsen'eva MG, Savchenko ON, Stepanov GS, Ryzhova RK. [Hormonal function of the ovaries in women with breast hyperplasia] Vopr Onkol. 1976;22(3):13-9.

In females showing fibrous-cystic mastopathy and fibroadenomatosis of mammary glands a specific form of progesterone insufficiency- relative one, was revealed, a high persistantly maintained level of urine pregnandiol and blood progesterone in a luteal phase (indicating a high hormonal activity of the corpus luteum) being observed. But luteal transformations were insignificant both in endometrium and vaginal epithelium, a moderate hypoestrogenemia being noted in the first phase and increased estrogen excretion- in the second phase of the cycle. PMID: 936522 (In other words they found progesterone resistance—HHL)
Badwe RA, Gregory WM, Chaudary MA, Richards MA, Bentley AE, Rubens RD, Fentiman IS. Timing of surgery during menstrual cycle and survival of premenopausal women with operable breast cancer. Lancet. 1991 May 25;337(8752):1261-4. 


Timing of operation in relation to menstrual phase might affect outlook in premenopausal women with operable breast cancer. We examined the records of 249 such women treated between 1975 and 1985, and compared overall and recurrence-free survival in those whose operation was 3-12 days after their last menstrual period (LMP) (group 1, n = 75) with those in whom it was 0-2 or 13-32 days after LMP (group 2, n = 174). (group 2 should have higher progesterone levels—HHL) Overall and recurrence-free survival were greatly reduced in group 1 women (p less than 0.001 for both). Actuarial survival at 10 years was 54% in group 1 versus 84% in group 2. This effect was independent of other factors, was of much the same importance as nodal status in multivariate analysis, was largely confined to histologically node-positive cases, seemed to be greater in women with small tumours (less than or equal to 2 cm), and was seen in patients with oestrogen-receptor positive and negative tumours. Thus phase of menstrual cycle at operation is of great importance for long-term outlook in premenopausal women with breast cancer.

Banerjee S, Saxena N, Sengupta K, Tawfik O, Mayo MS, Banerjee SK. WISP-2 gene in human breast cancer: estrogen and progesterone inducible expression and regulation of tumor cell proliferation. Neoplasia. 2003 Jan-Feb;5(1):63-73. 

WISP-2 mRNA and protein was overexpressed in preneoplastic and cancerous cells of human breast. Statistical analyses show a significant association between WISP-2 expression and estrogen receptor (ER) positivity. In normal breast, the expression was virtually undetected. The studies showed that WISP-2 is an estrogen-induced early response gene in MCF-7 cells and the expression was continuously increased to reach a maximum level at 24 h. The estrogen effect was inhibited by a pure antiestrogen (ICI 182,780). Human mammary epithelial cells, in which WISP-2 expression was undetected or minimally detected, responded to 17beta-estradiol by upregulating the WISP-2 gene after transfection with ER-alpha, providing further evidences that WISP-2 expression is mediated through ER-alpha. Overexpression of WISP-2 mRNA by estrogen may be accomplished by both transcriptional activation and stabilization. MCF-7 cells exposed to progesterone had a rapid but transient increase in WISP-2 expression, and PR antagonist RU38486 blocked this mRNA induction. In combination with estradiol, progesterone acted as an antagonist inhibiting the expression of WISP-2 mRNA. Moreover, disruption of WISP-2 signaling in MCF-7 cells by use of antisense oligomers caused a significant reduction in tumor cell proliferation. The results are consistent with the conclusion that WISP-2 expression is a requirement for breast tumor cells proliferation.

Barrat J, de Lignières B, Marpeau L, Larue L, Fournier S, Nahoul K, Linares G, Giorgi H, Contesso G. [The in vivo effect of the local administration of progesterone on the mitotic activity of human ductal breast tissue. Results of a pilot study] J Gynecol Obstet Biol Reprod (Paris). 1990;19(3):269-74.

Breast tissue samples were taken during surgery in premenopausal women with various benign breast diseases. Surgery was scheduled between day 11 to 13 of their menstrual cycle, before presumed ovulation and endogenous production of progesterone. Each patient was treated 11 to 13 days before surgery by daily percutaneous topical application on breast of either a placebo gel, a gel containing progesterone or a gel containing estradiol. Treatments were assigned at random and the study conducted double-blind. The mean estradiol concentration in breast tissue was significantly higher (3,409 pg/g) in the estrogen-treated group than in the placebo (365 pg/g) and the progesterone (523 pg/g) treated groups. The mean progesterone concentration in breast tissue was significantly higher (69.1 ng/g) in the progesterone treated group than in the placebo (1.95 ng/g) and the estradiol (3 ng/g) treated groups. Mitotic activity was calculated by counting with light microscopy mitoses in epithelial cells of normal lobular area. Mean mitotic activity was significantly lower in progesterone treated group (0.04/1,000 cells) than in placebo (0.10/1,000 cells) or in estradiol (0.22/1,000 cells) treated groups. High concentration of progesterone sustained in human breast tissue in vivo during 11 to 13 days does not increase, but actually decreases mitotic activity in normal lobular epithelial cells.

Batur P, Blixen CE, Moore HC, Thacker HL, Xu M. Menopausal hormone therapy (HT) in patients with breast cancer. Maturitas. 2006 Jan 20;53(2):123-32.

OBJECTIVES: To assess the effect of menopausal hormone therapy (HT) on reoccurrence, cancer-related mortality, and overall mortality after a diagnosis of breast cancer. METHODS: We performed a quantitative review of all studies reporting experience with menopausal HT for symptomatic use after a diagnosis of breast cancer. Rates of reoccurrence, cancer-related mortality, and overall mortality were calculated in this entire group. A subgroup analysis was performed in studies using a control population to assess the odds ratio of cancer reoccurrence and mortality in hormone users versus non-users. RESULTS: Fifteen studies encompassing 1416 breast cancer survivors using HT were identified. Seven studies included a control group comprised of 1998 patients. Among the 1416 HT users, reoccurrence was noted in 10.0% (95% CI: 8.4-11.6%). Cancer-related mortality occurred at a rate of 2.6% (95% CI: 1.8-3.7%), while overall mortality was 4.5% (95% CI: 3.4-5.8%). Compared to non-users, patients using HT had a decreased chance of reoccurrence and cancer-related mortality with combined odds ratio of 0.5 (95% CI: 0.2-0.7) and 0.3 (95% CI: 0.0-0.6), respectively. CONCLUSIONS: In our review, menopausal HT use in breast cancer survivors was not associated with increased cancer reoccurrence, cancer-related mortality or total mortality. Despite conflicting opinions on this issue, it is important for primary care physicians to feel comfortable medically managing the increasing number of breast cancer survivors. In the subset of women with severe menopausal symptoms, HT options should be reviewed if non-hormonal methods are ineffective. Future trials should focus on better ways to identify breast cancer survivors who may safely benefit from HT versus those who have a substantial risk of reoccurrence with HT use. PMID: 16368466

Bender CM, Sereika SM, Brufsky AM, Ryan CM, Vogel VG, Rastogi P, Cohen SM, Casillo FE, Berga SL. Memory impairments with adjuvant anastrozole versus tamoxifen in women with early-stage breast cancer. Menopause. 2007 Nov-Dec;14(6):995-8.

OBJECTIVE: Hormones have been implicated as modulators of cognitive functioning. For instance, results of our previous work in women with breast cancer showed that cognitive impairment was more severe and involved more memory domains in those who received adjuvant tamoxifen therapy compared with women who received chemotherapy alone or no adjuvant therapy. Recently aromatase inhibitors such as anastrozole have been used in lieu of tamoxifen for the adjuvant treatment of postmenopausal women with hormone receptor-positive, early-stage breast cancer. Plasma estrogen levels are significantly lower in women who receive anastrozole compared with those who receive tamoxifen. We hypothesized, therefore, that anastrozole would have a more profound effect on cognitive function than tamoxifen, a mixed estrogen agonist/antagonist. DESIGN: To test this hypothesis we compared cognitive function in women with early-stage breast cancer who received tamoxifen with those who received anastrozole therapy in a cross-sectional study. We evaluated cognitive function, depression, anxiety, and fatigue in 31 postmenopausal women with early-stage breast cancer who were between the ages of 21 and 65 years and treated with tamoxifen or anastrozole for a minimum of 3 months. RESULTS: The results showed that women who received anastrozole had poorer verbal and visual learning and memory than women who received tamoxifen. CONCLUSIONS: Additional, prospective studies are needed to validate and confirm the changes in cognitive function associated with hormone therapy for breast cancer. PMID: 17898668

Beral V; Million Women Study Collaborators. Breast cancer and hormone-replacement therapy in the Million Women Study. Lancet. 2003 Aug 9;362(9382):419-27. 


BACKGROUND: Current use of hormone-replacement therapy (HRT) increases the incidence of breast cancer. The Million Women Study was set up to investigate the effects of specific types of HRT on incident and fatal breast cancer. METHODS: 1084110 UK women aged 50-64 years were recruited into the Million Women Study between 1996 and 2001, provided information about their use of HRT and other personal details, and were followed up for cancer incidence and death. FINDINGS: Half the women had used HRT; 9364 incident invasive breast cancers and 637 breast cancer deaths were registered after an average of 2.6 and 4.1 years of follow-up, respectively. Current users of HRT at recruitment were more likely than never users to develop breast cancer (adjusted relative risk 1.66 [95% CI 1.58-1.75], p<0.0001) and die from it (1.22 [1.00-1.48], p=0.05). Past users of HRT were, however, not at an increased risk of incident or fatal disease (1.01 [0.94-1.09] and 1.05 [0.82-1.34], respectively). Incidence was significantly increased for current users of preparations containing oestrogen only (1.30 [1.21-1.40], p<0.0001), oestrogen-progestagen (2.00 [1.88-2.12], p<0.0001), and tibolone (1.45 [1.25-1.68], p<0.0001), but the magnitude of the associated risk was substantially greater for oestrogen-progestagen than for other types of HRT (p<0.0001). Results varied little between specific oestrogens and progestagens or their doses; or between continuous and sequential regimens. The relative risks were significantly increased separately for oral, transdermal, and implanted oestrogen-only formulations (1.32 [1.21-1.45]; 1.24 [1.11-1.39]; and 1.65 [1.26-2.16], respectively; all p<0.0001). In current users of each type of HRT the risk of breast cancer increased with increasing total duration of use. 10 years' use of HRT is estimated to result in five (95% CI 3-7) additional breast cancers per 1000 users of oestrogen-only preparations and 19 (15-23) additional cancers per 1000 users of oestrogen-progestagen combinations. Use of HRT by women aged 50-64 years in the UK over the past decade has resulted in an estimated 20000 extra breast cancers, 15000 associated with oestrogen-progestagen; the extra deaths cannot yet be reliably estimated. INTERPRETATION: Current use of HRT is associated with an increased risk of incident and fatal breast cancer; the effect is substantially greater for oestrogen-progestagen combinations than for other types of HRT.

Bergkvist L, Adami H-O, Persson I, et al. Prognosis after breast can​cer diagnosis in women exposed to estrogen and estrogen-progestogen replacement therapy. Am J Epidem 130;221-227, 1989.

Bernstein L, Yuan JM, Ross RK, Pike MC, Hanisch R, Lobo R, Stanczyk F, Gao YT, Henderson BE. Serum hormone levels in pre-menopausal Chinese women in Shanghai and white women in Los Angeles: results from two breast cancer case-control studies. Cancer Causes Control. 1990 Jul;1(1):51-8. 


To assess whether risk of breast cancer in young women is associated with differences in luteal-phase hormone production and to attempt to explain differences in risk of breast cancer of young Shanghai Chinese and Los Angeles white women, two concurrent case-control studies of serum hormone concentrations were conducted. Both studies were carefully controlled for the possible confounding effects of age, weight, height, pregnancy history, and day of the menstrual cycle, by individually matching cases and controls on these factors. Case eligibility was limited to women with localized breast cancer. Sixteen of 39 Shanghai breast-cancer cases were sampled prior to the histologic diagnosis of their disease. The remaining 23 Shanghai cases and all 42 Los Angeles cases were diagnosed, and treated by surgery only, at least six months prior to hormonal evaluation. All subjects were sampled on day 22 of the menstrual cycle. Overall, cases had 13.5% higher serum estradiol concentrations (p = 0.038) with a case-to-control excess of 16.6% in Shanghai subjects (p = 0.089) and 10.8% in Los Angeles subjects (p = 0.23). There were no appreciable differences in amounts of sex-hormone binding globulin between cases and controls. Cases had lower progesterone levels than controls, but the situation was reversed when the analysis was restricted to subjects with evidence of ovulation. Los Angeles controls had 20.6% greater estradiol concentrations than Shanghai controls (p = 0.036); adjustment for body weight accounted for only 25.7% of this difference.(ABSTRACT TRUNCATED AT 250 WORDS)

Brinton LA, Key TJ, Kolonel LN, Michels KB, Sesso HD, et al., Prediagnostic Sex Steroid Hormones in Relation to Male Breast Cancer Risk. J Clin Oncol. 2015 Jun 20;33(18):2041-50. 

PURPOSE: Although previous studies have implicated a variety of hormone-related risk factors in the etiology of male breast cancers, no previous studies have examined the effects of endogenous hormones. PATIENTS AND METHODS: Within the Male Breast Cancer Pooling Project, an international consortium comprising 21 case-control and cohort investigations, a subset of seven prospective cohort studies were able to contribute prediagnostic serum or plasma samples for hormone quantitation. Using a nested case-control design, multivariable unconditional logistic regression analyses estimated odds ratios and 95% CIs for associations between male breast cancer risk and 11 individual estrogens and androgens, as well as selected ratios of these analytes. RESULTS: Data from 101 cases and 217 matched controls were analyzed. After adjustment for age and date of blood draw, race, and body mass index, androgens were found to be largely unrelated to risk, but circulating estradiol levels showed a significant association. Men in the highest quartile had an odds ratio of 2.47 (95% CI, 1.10 to 5.58) compared with those in the lowest quartile (trend P = .06). Assessment of estradiol as a ratio to various individual androgens or sum of androgens showed no further enhancement of risk. These relations were not significantly modified by either age or body mass index, although estradiol was slightly more strongly related to breast cancers occurring among younger (age < 67 years) than older men. CONCLUSION: Our results support the notion of an important role for estradiol in the etiology of male breast cancers, similar to female breast cancers. PMID: 25964249

Campagnoli C, Ambroggio S, Biglia N, Sismondi P. Conjugated estrogens and breast cancer risk. Gynecol Endocrinol. 1999 Dec;13 Suppl 6:13-9. 


Available epidemiologic data suggest the possibility that the use of oral conjugated equine estrogens (CEE) 0.625 mg/day as a first-choice dose could be associated with a very limited (if any) breast cancer risk increase. Some biological peculiarities of oral CEE back the possibility of a limited detrimental effect on breast tissue, due to either direct or indirect actions. Direct actions. Some experimental findings suggest that the 17 alpha-dihydroderivatives of equilenin and equilin (15% of the CEE components) have a non-estrogenic or even an anti-estrogenic effect on breast tissue. This could partially counterbalance the stimulatory action of the other CEE components. Indirect actions. Oral estrogens, through their metabolic and hepatocellular effects (emphasized by the first liver passage) cause a sharp increase in sex hormone binding globulin (SHBG) level which is followed by a lower quantity of both estrogen and androgen in the free, bioavailable, form. More importantly, they cause a decrease in circulating insulin-like growth factor I (IGF-I) activity, due to both a reduction in IGF-I synthesis by the liver and an increase in IGF-binding protein-1 level. A strong relationship between breast cancer risk and the concentration of circulating IGF-I in premenopausal women has been recently found. Actually, estrogens and IGF-I have a synergistic effect on cell proliferation, and IGF-I is necessary for maximum estrogen-receptor activation in breast cancer cell lines. The possibility does exist that the SHBG level increase and the IGF-I bioavailability decrease, caused by oral CEE, balance the increased estrogen stimulation on breast tissue.
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. PMID 15908197
Campagnoli C, Abba C, Ambroggio S, Peris C. Pregnancy, progesterone and progestins in relation to breast cancer risk. J Steroid Biochem Mol Biol. 2005 Dec;97(5):441-50. Epub 2005 Oct 24. 


In the last two decades the prevailing opinion, supported by the "estrogen augmented by progesterone" hypothesis, has been that progesterone contributes to the development of breast cancer (BC). Support for this opinion was provided by the finding that some synthetic progestins, when added to estrogen in hormone replacement therapy (HRT) for menopausal complaints, increase the BC risk more than estrogen alone. However, recent findings suggest that both the production of progesterone during pregnancy and the progesterone endogenously produced or exogenously administered outside pregnancy, does not increase BC risk, and could even be protective. The increased BC risk found with the addition of synthetic progestins to estrogen in HRT seems in all likelihood due to the fact that these progestins (medroxyprogesterone acetate and 19-nortestosterone-derivatives) are endowed with some non-progesterone-like effects which can potentiate the proliferative action of estrogens. The use of progestational agents in pregnancy, for example to prevent preterm birth, does not cause concern in relation to BC risk.

Cann SA, van Netten JP, van Netten C.  Hypothesis: iodine, selenium and the development of breast cancer. Cancer Causes Control. 2000 Feb;11(2):121-7. 

BACKGROUND: In this paper we examine some of the evidence linking iodine and selenium to breast cancer development. Seaweed is a popular dietary component in Japan and a rich source of both of these essential elements. We hypothesize that this dietary preference may be associated with the low incidence of benign and malignant breast disease in Japanese women. In animal and human studies, iodine administration has been shown to cause regression of both iodine-deficient goiter and benign pathological breast tissue. Iodine, in addition to its incorporation into thyroid hormones, is organified into anti-proliferative iodolipids in the thyroid; such compounds may also play a role in the proliferative control of extrathyroidal tissues. Selenium acts synergistically with iodine. All three mono-deiodinase enzymes are selenium-dependent and are involved in thyroid hormone regulation. In this way selenium status may affect both thyroid hormone homeostasis and iodine availability. CONCLUSION: Although there is suggestive evidence for a preventive role for iodine and selenium in breast cancer, rigorous retrospective and prospective studies are needed to confirm this hypothesis.

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 intra-mammary estrogen dominance 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. (Progesterone, but not estradiol concentrations are dependent on serum levels. See also Gann—HHL)
Cherry N, McNamee R, Heagerty A, Kitchener H, Hannaford P. Long-term safety of unopposed estrogen used by women surviving myocardial infarction: 14-year follow-up of the ESPRIT randomised controlled trial. BJOG. 2014 May;121(6):700-5; discussion 705.
OBJECTIVE: To compare health outcomes during 14-year observational follow-up in women initially randomised to unopposed estrogen or placebo. DESIGN: At recruitment to the Estrogen for the Prevention of Re-Infarction Trial (ESPRIT) women were assigned to estradiol valerate: 2 mg or placebo treatment for 2 years. SETTING: Women were recruited from 35 hospitals in the northwest of England and Wales in July 1996-February 2000. SAMPLE: Women aged 50-69 surviving their first myocardial infarction. METHODS: All women were followed by data linkage to UK mortality and cancer records; mean follow-up 14.1 and 12.6 years, respectively. In an intention-to-treat analysis, hazard ratios (HRs) were computed, overall and stratified by age at recruitment. OUTCOME  MEASURES: Death (all-cause, cardiac disease, stroke or cancer) and cancer incidence (any, breast or endometrium). RESULTS: There were 418 deaths in 1017 women randomised. The all-cause mortality HR of 1.07 (95% CI 0.88-1.29) indicated no significant difference between treatment groups. Women aged 50-59 years at recruitment had lower HRs than women aged 60-69 years for all outcomes except ischaemic heart disease. Among 149 incident cancers there were seven cases of breast cancer in the intervention arm and 15 in the placebo; HR 0.47 (95% CI 0.19-1.15). There were no deaths from endometrial cancer but three incident cases, one in the active arm and two in placebo. CONCLUSIONS: These results suggest that unopposed estrogen may be used safely by women with an intact uterus surviving a first myocardial infarction.  PMID: 24533510

Chetrite GS, Thole HH, Philippe JC, Pasqualini JR. Dydrogesterone (Duphaston) and its 20-dihydro-derivative as selective estrogen enzyme modulators in human breast cancer cell lines. Effect on sulfatase and on 17beta-hydroxysteroid dehydrogenase (17beta-HSD) activity. Anticancer Res. 2004 May-Jun;24(3a):1433-8. 


Estradiol (E2) is one of the main factors which control the growth and evolution of breast cancer. Consequently, to block the formation of E2 inside cancer cells has been an important target in recent years. Breast cancer cells possess all the enzymatic systems (e.g. sulfatase, aromatase, 17beta-hydroxysteroid dehydrogenase [17beta-HSD]) involved in the conversion of estrogen precursors into E2. Sulfotransferase, which converts estrogen to its sulfate, is also present in this tumoral tissue. Duphaston is a synthetic progestogen with properties similar to the natural progesterone. In the present study we examined the effect of Duphaston and its 20-dihydro-metabolite on the sulfatase and 17beta-HSD activities in MCF-7 and T-47D breast cancer cells. The cells were incubated with estrone sulfate (E1S) (5x10(-9)M) in the absence or presence of Duphaston or its 20-dihydro-metabolite (5x10(-5) to 5x10(-9)M) for 24h at 37 degrees C. In another series of experiments, estrone (E1) (5x10(-9)M) was incubated with T-47D cells in the absence or presence of the two progestogens (5x10(-5) to 5x10(-9)M) for 24h at 37 degrees C. E1S, E1 and E2 were characterized by thin layer chromatography and quantified using the corresponding standard. Duphaston and its 20-dihydro-metabolite, at concentrations of 5x10(-7) and 5x10(-5)M, inhibited the conversion of E1S to E2 by 14% and 63%, 65% and 74%, respectively, in MCF-7 cells; the values were 15% and 48% and 31% and 51%, respectively, in T-47D cells. In another series of experiments it was observed that, after 24-h incubation, E1 (5x10(-9)M) was converted in a great proportion to E2 in the T-47D cells and that this transformation was significantly inhibited by Duphaston and its 20-dihydro-metabolite. The IC50 value, corresponding to 50% of the inhibition in the conversion of 1 to E2, was 9x10(-6)M for 20-dihydro-metabolite in this cell line. It was concluded that the progestogen Duphaston and its 20-dihydro-metabolite are potent inhibitory agents on sulfatase and 17beta-HSD activities in breast cancer cells. Duphaston is a progestogen with properties similar to the endogenous progesterone. The data open interesting perspectives to study the biological responses of these progestogens in clinical trials of patients with breast cancer. (Therefore, progesterone will also inhibit the conversion of weak estrone into powerful estradiol in breast cells, but why test progesterone—it’s not patented!—HHL)

Ching S, Ingram D, Hahnel R, Beilby J, Rossi E. Serum levels of micronutrients, antioxidants and total antioxidant status predict risk of breast cancer in a case control study. J Nutr. 2002 Feb;132(2):303-6. 


We performed a case control study to assess the association between serum micronutrient and antioxidant levels and the risk of breast cancer. Newly diagnosed breast cancer cases were recruited before any treatment and matched with controls randomly selected from the electoral roll. Blood samples were collected from 153 breast cancer cases and 151 controls. Serum samples were analyzed for retinol, alpha-tocopherol, lycopene, alpha- and beta-carotene by HPLC, and total antioxidant status by the Trolox-equivalent antioxidant assay. Serum albumin, bilirubin and uric acid levels were also determined. After adjustment for age at menarche, parity, dietary fat and alcohol intake, we observed the following reductions in odds ratios for breast cancer risk comparing the highest with the lowest quartiles: 0.47 [95% confidence interval (CI) 0.24, 0.91] for beta-carotene; 0.53 (CI 0.28, 1.01) for retinol; 0.50 (CI 0.26, 0.97) for bilirubin and 0.47 (CI 0.24, 0.94) for total antioxidant status. We conclude that increased serum levels of beta-carotene, retinol, bilirubin and total antioxidant status are associated with reductions in breast cancer risk.

Creasman WT. Hormone replacement therapy after cancers. Curr Opin Oncol. 2005 Sep;17(5):493-9.

PURPOSE OF REVIEW: The role of female hormones in estrogen-dependent cancers has been debated for years. This is particularly true of breast cancer. Retrospective, case, and cohort control studies usually have suggested no influence. The Women's Health Initiative study in 2002, a prospective double-blind study, noted an increased risk of breast cancer if estrogen plus progesterone (sic—they mean “progestins”--HHL) was given. In the estrogen-only arm of that study, a decreased (not significant) risk of breast cancer was noted. With this controversy, can estrogen be given safely to a woman who has been treated for breast cancer? The relation between endometrial cancer and unopposed estrogen is well established. With clear-cut evidence of this relation, is there evidence to suggest a role for replacement therapy in women who have been treated for endometrial cancer? RECENT FINDINGS: Several case-control and cohort studies have noted either no increased risk or actually less risk of recurrence in women taking estrogen after therapy after breast cancer. Although the general consensus is that such a recommendation is contraindicated, the data do not support this admonition. The current data suggest that replacement therapy can be given to the woman who has been treated for endometrial cancer. SUMMARY: There seems to be little if any risk in giving hormone replacement therapy to women who have had breast or endometrial cancer. There are no data to suggest that hormone replacement therapy is contraindicated in women who have been treated for cervical or ovarian cancer.

Cline JM, Soderqvist G, von Schoultz E, Skoog L, von Schoultz B. Effects of hormone replacement therapy on the mammary gland of surgically postmenopausal cynomolgus macaques. Am J Obstet Gynecol. 1996 Jan;174(1 Pt 1):93-100.

OBJECTIVE: Our purpose was to define the proliferative response and receptor status in the mammary glands of surgically postmenopausal macaques given hormone replacement therapy, equivalent for monkeys to that given women. STUDY DESIGN: Surgically postmenopausal adult female cynomolgus macaques (Macaca fascicularis) were given either no treatment (n = 26), conjugated equine estrogens (n = 22), or combined therapy with conjugated equine estrogens and medroxyprogesterone acetate (n = 21). Drugs were administered in the diet, at doses equivalent on a caloric basis to 0.625 mg per woman per day for conjugated equine estrogens and 2.5 mg per woman per day for medroxyprogesterone acetate, for 30 months. Mammary gland proliferation was assessed subjectively and by morphometric and stereologic means. Estrogen receptor and progesterone receptor content and proliferation were studied by immunohistochemistry. RESULTS: In this model combined therapy with conjugated equine estrogens and medroxyprogesterone acetate induced greater proliferation than did conjugated equine estrogens alone. The percentage of estrogen receptor-positive cells was decreased in the conjugated equine estrogens plus medroxyprogesterone acetate group. The percentage of progesterone receptor-positive cells was increased by treatment with conjugated equine estrogens alone. CONCLUSION: These results indicate a proliferative response of mammary gland epithelium to therapy with conjugated equine estrogens plus medroxyprogesterone acetate in postmenopausal macaques. The clinical implication of this finding may be a greater risk for development of breast neoplasms in women receiving combined hormone replacement therapy.

Coldham NG, James VH. A possible mechanism for increased breast cell proliferation by progestins through increased reductive 17 beta-hydroxysteroid dehydrogenase activity. Int J Cancer. 1990 Jan 15;45(1):174-8.

We have investigated whether progestins may be able to regulate breast cell proliferation by altering the fraction of oestradiol relative to oestrone, using the human breast cancer cell line MCF-7. The ability of the two oestrogens, oestradiol and oestrone, to stimulate breast tumour cell proliferation was investigated. Oestradiol in concentration was of 10-fold greater proliferative potency than oestrone. The progestin MPA increased both reductive and oxidative 17 beta-hydroxysteroid oxidoreductase activity when the tissue culture media pH indicator phenol red was included in the media. When phenol red was excluded from the tissue culture media, MPA increased predominantly the reductive 17 beta-hydroxysteroid oxidoreductase activity, (converting inactive estrone to active estradiol-HHL) and to a far greater extent than in the presence of phenol red. Other progestins such as levonorgestrel, norethisterone and norethisterone acetate also increased predominantly reductive 17 beta-hydroxysteroid oxidoreductase activity in the absence of phenol red. The action of MPA on reductive 17 beta-hydroxysteroid oxidoreductase activity was increased by treatment with oestradiol to a small but significant extent. We propose that the progestational increase of reductive 17 beta-hydroxysteroid oxidoreductase activity is a possible mechanism by which progestins may increase breast cell proliferation in vivo. (Progesterone does not increase reductive oxidoreductase activity and therefore does not increase breast cell proliferation.-HHL)

Cooper LS, Gillett CE, Patel NK, Barnes DM, Fentiman IS. Survival of premenopausal breast carcinoma patients in relation to menstrual cycle timing of surgery and estrogen receptor/progesterone receptor status of the primary tumor. Cancer. 1999 Nov 15;86(10):2053-8. 


BACKGROUND: Premenopausal breast carcinoma patients who undergo tumor excision during the follicular phase of their menstrual cycle may have a significantly worse prognosis than those whose tumors are excised in other phases of the menstrual cycle. METHODS: Outcome was determined in a series of 112 premenopausal women with operable breast carcinoma in relation to the timing of surgery within the menstrual cycle and the estrogen receptor (ER) and progesterone receptor (PR) status of their primary tumors as determined by immunohistochemistry. RESULTS: Those patients with ER positive tumors who underwent surgery in the early and luteal phase of the cycle had a significantly better survival than women with ER negative tumors (chi-square test = 15.56; P < 0.001). This also was true for PR status (chi-square test = 18.21; P < 0.001). After follicular phase surgery, tumor receptor status had no effect on overall survival. Patients with the best prognosis had ER/PR positive tumors excised on Days 0-2 and 13-32 but even those women with ER or PR negative tumors removed during the luteal phase of their menstrual cycle fared better than patients whose tumors were removed during the follicular phase. CONCLUSIONS: There was a better survival rate for patients with both ER/PR positive and negative tumors treated during the luteal phase of the menstrual cycle. This could be the result of progesterone acting on the surrounding peritumoral normal tissue, thereby exerting a straitjacket effect and improving cohesion of the primary carcinoma. Unopposed estrogen in the follicular phase of the cycle may enable more tumor emboli to escape and successfully establish micrometastases. 

Cooper LS, Gillett CE, Smith P, Fentiman IS, Barnes DM. Cell proliferation measured by MIB1 and timing of surgery for breast cancer. Br J Cancer. 1998 May;77(9):1502-7. 


We have investigated the use of the antibody MIB1 as a proliferative and prognostic marker in breast cancer and whether changes in proliferative activity could account for differences in prognosis of premenopausal women operated on during different phases of the menstrual cycle. MIB1 expression was strongly correlated with S-phase fraction and histological grade. There was no difference in MIB1 scores between different phases of the menstrual cycle. Both MIB1 score and timing of surgery correlated significantly with duration of survival, while the two together were even stronger predictors of overall survival. Women with slowly proliferating tumours surgically removed in the luteal phase had a very good prognosis, whereas women with rapidly proliferating tumours excised at other times of the cycle had a worse prognosis.

Cordina-Duverger E1, Truong T, Anger A, Sanchez M, Arveux P, Kerbrat P, Guénel P. Risk of breast cancer by type of menopausal hormone therapy: a case-control study among post-menopausal women in France. PLoS One. 2013 Nov 1;8(11):e78016. 

BACKGROUND: There is extensive epidemiological evidence that menopausal hormone therapy (MHT) increases breast cancer risk, particularly combinations of estrogen and progestagen (EP). We investigated the effects of the specific formulations and types of therapies used by French women. Progestagen constituents, regimen (continuous or sequential treatment by the progestagen), and time interval between onset of menopause and start of MHT were examined. METHODS: We conducted a population-based case-control study in France in 1555 menopausal women (739 cases and 816 controls). Detailed information on MHT use was obtained during in-person interviews. Odds ratios and 95% confidence interval adjusted for breast cancer risk factors were calculated. RESULTS: We found that breast cancer risk differed by type of progestagen among current users of EP therapies. No increased risk was apparent among EP therapy users treated with natural micronized progesterone. Among users of EP therapy containing a synthetic progestin, the odds ratio was 1.57 (0.99-2.49) for progesterone-derived and 3.35 (1.07-10.4) for testosterone-derived progestagen. Women with continuous regimen were at greater risk than women treated sequentially, but regimen and type of progestagen could not be investigated independently, as almost all EP combinations containing a testosterone-derivative were administered continuously and vice-versa. Tibolone was also associated with an increased risk of breast cancer. Early users of MHT after onset of menopause were at greater risk than users who delayed treatment. CONCLUSION: This study confirms differential effects on breast cancer risk of progestagens and regimens specifically used in France. Formulation of EP therapies containing natural progesterone, frequently prescribed in France, was not associated with increased risk of breast cancer but may poorly protect against endometrial cancer. PMID: 24223752

Costa SD, Lange S, Klinga K, Merkle E, Kaufmann M. Factors influencing the prognostic role of oestrogen and progesterone receptor levels in breast cancer--results of the analysis of 670 patients with 11 years of follow-up. Eur J Cancer. 2002 Jul;38(10):1329-34.

In the last two decades, the prognostic role of the steroid hormone receptors has been the subject of a myriad of publications. Nevertheless, its relevance after long-term follow-up is still not clear. The confusion about the prognostic value is mainly due to the difficulty in comparing analyses. Despite different study-designs and statistical approaches, oestrogen (ER) and progesterone (PR) receptors are widely accepted as prognostic factors. Data from 670 breast cancer patients with a median follow-up of 11.4 years were analysed retrospectively. ER and PR were measured by the dextran-coated charcoal (DCC) assay. To investigate the time dependence of the prognostic relevance of ER and PR, separate analyses were done for follow-up shorter and longer than 5 years. Special focus was directed at patients < or =50 and >50 years, node-negative women, in particular those without adjuvant therapy. Univariate and multivariate analyses were performed. In univariate analysis, ER and PR were associated with a significantly longer overall survival at the cut-off levels 10, 20 or 100 fmol/mg protein. The significant survival benefit occurred in the first 5 years of follow-up and remained unchanged in the following period. In the multivariate analyses, only the PR was of significant prognostic value (for PR> or =20 fmol/mg P=0.036, for PR> or =100 P=0.01, Cox analysis). In patients younger than 51 years, only PR was an independent prognosticator at the cut-off level of 100 fmol/mg protein, while in patients >50 years both hormone receptors were not significant. In N0 patients, only the PR reached long-term prognostic independence at a cut-off point of > or =100 fmol/mg (P=0.018). In addition, in the group of node-negative women < or =50 years without adjuvant therapy the PR level reached prognostic significance. The hormone receptor status was a prognostic factor only during the first 5 years of follow-up. Our data suggest that age, lymph node status, length of follow-up and probably the ER/PR assay are important for the evaluation of ER and PR as prognostic variables. In most analyses, PR appeared to be superior to ER in predicting the prognosis of primary breast cancer patients.

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 (mostly bioidentical progesterone—HHL). 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 Waard F, Thijssen JH. Hormonal aspects in the causation of human breast cancer: epidemiological hypotheses reviewed, with special reference to nutritional status and first pregnancy.  J Steroid Biochem Mol Biol. 2005 Dec;97(5):451-8. Epub 2005 Oct 17. 


Epidemiology of breast cancer has identified early age at menarche, late first pregnancy, low parity and late menopause as risk factors, but in addition genetic factors, height, weight and living in western countries play a significant role. The international variation in incidence is almost exclusively due to non-genetic factors. Hypotheses in prevention-oriented research are reviewed: 1. obesity-related oestrogen production as a stimulus of the tumour in postmenopausal women; 2. nutritional status and energy expenditure during puberty and adolescence, developed for fertility and fecundity and extended later to breast cancer; 3. reproductive life during early adulthood, age at first pregnancy and its specific effects on breast tissues. The message of preventability of breast cancer is that mammary epithelial differentiation should come early. Our insight concerning events in puberty and early adulthood can be consolidated in one concept on the risk of extended proliferation of breast epithelium during early adulthood in the absence of full differentiation induced by pregnancy. The combined effects of Western-type nutrition, lack of exercise and Western-type women's emancipation sets the stage for breast cancer already at a young age. Since it is unlikely that emancipated women in affluent societies will return to the original life-style of getting pregnant as soon as it is biologically possible, a novel daring way of protection has to be considered. Could a "Breast Differentiation Pill" be developed to offer protection? (High-dose estrogen/progesterone cream for 9 months? Prolactin?—HHL)

Decensi A, Bonanni B, Baglietto L, Guerrieri-Gonzaga A, Ramazzotto F, Johansson H, Robertson C, Marinucci I, Mariette F, Sandri MT, Daldoss C, Bianco V, Buttarelli M, Cazzaniga M, Franchi D, Cassano E, Omodei U. A two-by-two factorial trial comparing oral with transdermal estrogen therapy and fenretinide with placebo on breast cancer biomarkers. Clin Cancer Res. 2004 Jul 1;10(13):4389-97.

PURPOSE: Oral conjugated equine estrogen (CEE) and medroxyprogesterone acetate (MPA) increase breast cancer risk, whereas the effect of transdermal estradiol (E2) and MPA is less known. Fenretinide may decrease second breast malignancies in premenopausal women but not in postmenopausal women, suggesting a hormone-sensitizing effect. We compared the 6 and 12-month changes in insulin-like growth factor-I (IGF-I), IGF-binding protein-3 (IGFBP-3), IGF-I:IGFBP-3 ratio, sex-hormone binding-globulin, and computerized mammographic percent density during oral CEE or transdermal E2 with sequential MPA and fenretinide or placebo. EXPERIMENTAL DESIGN: A total of 226 recent postmenopausal healthy women were randomly assigned in a two-by-two factorial design to either oral CEE 0.625 mg/day (n = 111) or transdermal E2, 50 microg/day (n = 115) and to fenretinide 100 mg/twice a day (n = 112) or placebo (n = 114) for 12 months. Treatment effects were investigated by the Kruskall-Wallis test and analysis of covariance. P values were two-sided. RESULTS: After 12 months, oral CEE decreased IGF-I by 26% [95% confidence interval (CI), 22-30%] and increased sex-hormone binding-globulin by 96% (95% CI, 79-112%) relative to baseline, whereas no change occurred with transdermal E2 (P < 0.001 between groups). Fenretinide decreased IGFBP-3 relative to placebo (P = 0.04). Percentage of breast density showed an absolute increase of 3.5% (95% CI, 2.5-4.6%) during hormone therapy without differences between groups (P = 0.39). CONCLUSIONS: Oral CEE has more favorable changes than transdermal E2 on circulating breast cancer risk biomarkers but gives similar effects on mammographic density. Fenretinide exerted little modulation on most biomarkers. The clinical implications of these findings require additional studies.

Decker DA, Pettinga JE, VanderVelde N, Huang RR, Kestin L, Burdakin JH. Estrogen replacement therapy in breast cancer survivors: a matched-controlled series.  Menopause. 2003 Jul-Aug;10(4):277-85.

OBJECTIVE: We prospectively administered estrogen replacement therapy (ERT) to control estrogen deficiency symptoms in breast cancer survivors as part of our clinical practice. We report the consequences of ERT compared with a historical matched-control group. DESIGN: Two hundred seventy-seven disease-free survivors received ERT. Controls were matched for exact stage, a recurrence-free period similar to the period to ERT initiation in the ERT group, approximate age, and duration of follow-up. The mean time from breast cancer diagnosis to initiation of ERT was 3.61 (+/- 0.25) years, with a median of 1.88 years. The mean duration of ERT was 3.7 (+/- 3.01) years, with a median of 3.05 years. RESULTS: Hot flashes were relieved in 206 of 223 women (92%), dyspareunia/vaginal dryness in 149 of 167 women (89%), and reactive depression/anxiety/mood change in 111 of 126 women (88%). Univariate analysis demonstrated no statistical differences between the groups for age, stage, pathology at diagnosis, progesterone receptor status, local therapy, breast at risk, prior chemotherapy, and duration of follow-up. The ERT group was more likely to be estrogen receptor negative (P = 0.01), to have received prior ERT (P < 0.001), and to have received no adjuvant tamoxifen (P < 0.001). There was no significant difference between the ERT and control groups in ipsilateral primary/recurrence (5/155 v 5/143; P = 0.85), contralateral breast cancers (10/258 v 9/260; P = 0.99), or systemic metastasis (8/277 v 15/277; P = 0.13). Noncause-specific deaths in the control group numbered 15 (of 277), and in the ERT group, 7 (of 277) (P = 0.03). Overall survival favored the ERT group (P = 0.02). CONCLUSIONS: In these selected patients, ERT relieved estrogen deficiency symptoms and did not increase the rate or time to an ipsilateral recurrence/new primary, contralateral new primary, local-regional recurrence, or systemic metastases.

Desreux J, Kebers F, Noel A, Francart D, Van Cauwenberge H, Heinen V, Thomas JL, Bernard AM, Paris J, Delansorne R, Foidart JM. Progesterone receptor activation. an alternative to SERMs in breast cancer.Eur J Cancer. 2000 Sep;36 Suppl 4:S90-1. 

Data regarding the effects of progesterone and a progestagen on human normal breast epithelial cell proliferation and apoptosis are presented here. In postmenopausal women, adding progesterone to percutaneously administrated oestradiol significantly reduces the proliferation induced by oestradiol. In vitro and in premenopausal women, stopping the administration of nomegestrol acetate triggers a peak of apoptosis. Fibro-adenoma and cancerous cells do not show this regulation of apoptosis. Progesterone seems to be important in normal breast homeostasis.

Di Carlo F, Pacilio G, Conti G. [Mechanism of action of progestins in the treatment of hormone-dependent breast cancer (author's transl)] Tumori. 1975 Nov-Dec;61(6):501-8.

PIP: For the purpose of explaining the mechanism of action of progestins in the treatment of human hormone-dependent breast cancer, interference of some progestins with the binding of radioactive 17beta-estradiol to its specific receptors in a cytosol substrate in vitro was studied. A decrease of up to 85% in the binding capacity of estradiol was observed with high concentrations of progesterone, clogestone, and medrogestone. These findings appear to confirm those obtained by the same authors using the same progestins on rat uterine estrogen receptors in vitro and in vivo, and support the hypothesis that the mechanism of action of progestins in the treatment of breast and possibly uterine cardinoma is to some extent related to the inhibition of estradiol binding to its specific receptors, thereby inhibiting the formation of the estrogen-receptor system which is the cause of cell growth in such tumors. This would also explain the greater frequency of successful treatment when using higher doses of progestins. PMID: 1224393

Dimitrakakis C, Jones RA, Liu A, Bondy CA. Breast cancer incidence in postmenopausal women using testosterone in addition to usual hormone therapy. Menopause. 2004 Sep-Oct;11(5):531-5. 


OBJECTIVE: There is now convincing evidence that usual hormone therapy for ovarian failure increases the risk for breast cancer. We have previously shown that ovarian androgens normally protect mammary epithelial cells from excessive estrogenic stimulation, and therefore we hypothesized that the addition of testosterone to usual hormone therapy might protect women from breast cancer. DESIGN: This was a retrospective, observational study that followed 508 postmenopausal women receiving testosterone in addition to usual hormone therapy in South Australia. Breast cancer status was ascertained by mammography at the initiation of testosterone treatment and biannually thereafter. The average age at the start of follow-up was 56.4 years, and the mean duration of follow-up was 5.8 years. Breast cancer incidence in this group was compared with that of untreated women and women using usual hormone therapy reported in the medical literature and to age-specific local population rates. RESULTS: There were seven cases of invasive breast cancer in this population of testosterone users, for an incidence of 238 per 100,000 woman-years. The rate for estrogen/progestin and testosterone users was 293 per 100,000 woman-years--substantially less than women receiving estrogen/pro-gestin in the Women's Health Initiative study (380 per 100,000 woman-years) or in the "Million Women" Study (521 per 100,000 woman-years). The breast cancer rate in our testosterone users was closest to that reported for hormone therapy never-users in the latter study (283 per 100,000 woman-years), and their age-standardized rate was the same as for the general population in South Australia. CONCLUSIONS: These observations suggest that the addition of testosterone to conventional hormone therapy for postmenopausal women does not increase and may indeed reduce the hormone therapy-associated breast cancer risk-thereby returning the incidence to the normal rates observed in the general, untreated population.

Dimitrakakis C, Glaser R, Zava D, Marinopoulos S, Tsigginou A, Antsaklis A. “Low salivary testosterone levels in patients with breast cancer.”  BMC Cancer 2010; 10(547):1-8.  

The role of endogenous hormones in breast cancer was studied using saliva testing of 347 women with breast cancer and 184 age-matched control women.  The women with breast cancer had significantly lower salivary testosterone, estriol, and DHEA-S levels than the controls, while estradiol and estrone levels were higher in the breast cancer cases than the controls.  The authors suggest that bioavailable testosterone protects against the proliferative effects of estrogens on breast tissue.
DiSaia PJ, Grosen EA, Kurosaki T, et al. Hormone replacement ther​apy in breast cancer survivors: a cohort study. Obstetrics Gynecology 147:1495,1996.

Dunn JE Jr. Breast cancer among American Japanese in the San Francisco Bay area. Natl Cancer Inst Monogr. 1977 Dec;47:157-60.

The Japanese-American population was particularly well suited for the study of cancer occurrence because: 1) An American-born population as well as the immigrant Japanese-American population could be studied; 2) good cancer incidence and mortality data from Japan could be compared with data from the United States; and 3) some differences in the rate of occurrence of several specific cancer sites in Japan as compared with the United States were striking. The most significant of these involved the gastrointestinal tract and sex organs. Data were presented concerning cancer incidence rates for the Japanese-American population of the San Francisco Bay area. The high gastric rates for the Japanese in Japan were reduced in a stepwise fashion in the immigrant Japanese-American population to the American-born Japanese who were approaching the low rate of the United States. Colon cancer rates, which were low in Japan, approached the rates in the United States in both the immigrants from Japan and in Japanese Americans. The low rates of cancers of the breast, uterine corpus, and ovary of Japanese women in Japan and for prostate cancer among men rapidly approached the higher rates for these cancer sites that existed in the United States. A study of nutritional factors related to the increase of cancer of the breast in Japanese Americans is being conducted.

Durna EM, Wren BG, Heller GZ, Leader LR, Sjoblom P, Eden JA.  Hormone replacement therapy after a diagnosis of breast cancer: cancer recurrence and mortality. Med J Aust. 2002 Oct 7;177(7):347-51. 


OBJECTIVE: To determine whether hormone replacement therapy (HRT) after treatment for breast cancer is associated with increased risk of recurrence and mortality. DESIGN: Retrospective observational study. PARTICIPANTS AND SETTING: Postmenopausal women diagnosed with breast cancer and treated by five Sydney doctors between 1964 and 1999. OUTCOME MEASURES: Times from diagnosis to cancer recurrence or new breast cancer, to death from all causes and to death from primary tumour were compared between women who used HRT for menopausal symptoms after diagnosis and those who did not. Relative risks (RRs) were determined from Cox regression analyses, adjusted for patient and tumour characteristics. RESULTS: 1122 women were followed up for 0-36 years (median, 6.08 years); 154 were lost to follow-up. 286 women used HRT for menopausal symptoms for up to 26 years (median, 1.75 years). Compared with non-users, HRT users had reduced risk of cancer recurrence (adjusted relative risk [RR], 0.62; 95% CI, 0.43-0.87), all-cause mortality (RR, 0.34; 95% CI, 0.19-0.59) and death from primary tumour (RR, 0.40; 95% CI, 0.22-0.72). Continuous combined HRT was associated with a reduced risk of death from primary tumour (RR, 0.32; 95% CI, 0.12-0.88) and all-cause mortality (RR, 0.27; 95% CI, 0.10-0.73). CONCLUSION: HRT use for menopausal symptoms by women treated for primary invasive breast cancer is not associated with an increased risk of breast cancer recurrence or shortened life expectancy.

Early Breast Cancer Trialists' Collaborative Group.  Favourable and unfavourable effects on long-term survival of radiotherapy for early breast cancer: an overview of the randomised trials. Lancet. 2000 May 20;355(9217):1757-70. 

BACKGROUND: The long-term effects of radiotherapy on mortality from breast cancer and other causes remain uncertain. METHODS: A meta-analysis was done of 10-year and 20-year results from 40 unconfounded randomised trials of radiotherapy for early breast cancer. It involved central review of individual patients' data on recurrence and cause-specific mortality from 20000 women, half with "node-positive" disease. Radiotherapy fields generally included not only chest wall (or breast) but also axillary, supraclavicular, and internal mammary nodes. FINDINGS: A reduction of approximately two-thirds in local recurrence was seen in all trials, largely independent of the type of patient or type of radiotherapy (8.8% vs 27.2% local recurrence by year 10). Hence, to assess effects on breast cancer mortality of substantially better local control, results from all trials were combined. Breast cancer mortality was reduced (2p=0.0001) but other, particularly vascular, mortality was increased (2p=0.0003), and overall 20-year survival was 37.1% with radiotherapy versus 35.9% control (2p=0.06). There was little effect on early deaths, but logrank analyses of later deaths indicate that, on average after year 2, radiotherapy reduced annual mortality rates from breast cancer by 13.2% (SE 2.5) but increased those from other causes by 21.2% (SE 5.4). Nodal status, age, and decade of follow-up strongly affected the ratio of breast cancer mortality to other mortality, and hence affected the ratio of absolute benefit to absolute hazard from these proportional changes in mortality. INTERPRETATION: Radiotherapy regimens able to produce the two-thirds reduction in local recurrence seen in these trials, but without long-term hazard, would be expected to produce an absolute increase in 20-year survival of about 2-4% (except for women at particularly low risk of local recurrence). The average hazard seen in these trials would, however, reduce this 20-year survival benefit in young women and reverse it in older women.

Eliassen AH, Missmer SA, Tworoger SS, Spiegelman D, Barbieri RL, Dowsett M, Hankinson SE. Endogenous steroid hormone concentrations and risk of breast cancer among premenopausal women. J Natl Cancer Inst. 2006 Oct 4;98(19):1406-15. 


BACKGROUND: Higher levels of endogenous sex steroid hormones are associated with increased risks of breast cancer in postmenopausal women. Data for premenopausal women are sparse, in part because of the complexity of measuring hormone levels that vary cyclically. We prospectively evaluated associations between plasma sex hormone levels and breast cancer risk among premenopausal women in a case-control study nested within the Nurses' Health Study II. METHODS: From 1996 to 1999, blood samples were collected from 18,521 premenopausal women during the early follicular and midluteal phases of their menstrual cycles. A total of 197 cases of breast cancer were diagnosed among these women after blood collection and before June 1, 2003; these case subjects were matched to 394 control subjects. Logistic regression models, controlling for breast cancer risk factors, were used to calculate relative risks (RRs) and 95% confidence intervals (CIs). All statistical tests were two-sided. RESULTS: Women in the highest (versus the lowest) quartiles of follicular total and free estradiol levels had statistically significantly increased risks of breast cancer (RR = 2.1 [95% CI = 1.1 to 4.1], P(trend) = .08, and RR = 2.4 [95% CI = 1.3 to 4.5], P(trend) = .01, respectively); the associations were stronger for invasive breast cancer and for estrogen and progesterone receptor-positive (ER+/PR+) tumors. Luteal estradiol levels were not associated with breast cancer risk. Higher levels of total and free testosterone and androstenedione in both menstrual cycle phases were associated with modest, non-statistically significant increases in overall risk of breast cancer and with stronger, statistically significant increases in risks of invasive and ER+/PR+ cancers (e.g., RR of invasive cancers for the top [versus bottom] quartile of luteal total testosterone levels = 2.0 [95% CI = 1.1 to 3.6], P(trend) = .05, and RR of ER+/PR+ cancers = 2.9 [95% CI = 1.4 to 6.0], P(trend) = .02). Levels of estrone, estrone sulfate, progesterone, and sex hormone-binding globulin were not associated with breast cancer risk. The absolute number of cases observed over 3 years were 30 among women in the lowest 25% of follicular total estradiol levels and 50 among women in the highest 25%. CONCLUSIONS: Levels of circulating estrogens and androgens may be important in the etiology of premenopausal breast cancer.

Eskin BA.  Iodine and mammary cancer. Adv Exp Med Biol. 1977;91:293-304. 


From laboratory studies presented, iodine appears to be a requisite for the normalcy of breast tissue in higher vertebrates. When lacking, the parenchyma in rodents and humans show atypia, dysplasia, and even neoplasia. Iodine-deficient breast tissues are also more susceptible to carcinogen action and promote lesions earlier and in greater profusion. Metabolically, iodine-deficient breasts show changes in RNA/DNA ratios, estrogen receptor proteins, and cytosol iodine levels. Clinically, radionuclide studies have shown that breast atypia and malignancy have increased radioactive iodine uptakes. Imaging of the breasts in high-risk women has localized breast tumors. The potential use of breast iodine determination to determine estrogen dependence of breast cancer has been considered and the role of iodide therapy discussed. In conclusion, iodine appears to be a compulsory element for the breast tissue growth and development. It presents great potential for its use in research directed toward the prevention, diagnosis, and treatment of breast cancer.

Eskin BA, Parker JA, Bassett JG, George DL. Human breast uptake of radioactive iodine. Obstet Gynecol. 1974 Sep;44(3):398-402. 


Espié M, Daures JP, Chevallier T, Mares P, Micheletti MC, De Reilhac P. Breast cancer incidence and hormone replacement therapy: results from the MISSION study, prospective phase. Gynecol Endocrinol. 2007 Jul;23(7):391-7.

BACKGROUND: The MISSION Study (Menopause: Risk of Breast Cancer, Morbidity and Prevalence) is a historical-prospective study with random patient selection to determine breast cancer incidence in postmenopausal women with or without hormone replacement therapy (HRT). The first prospective follow-up phase started on 5 January 2004 and the cut-off date for data collection was 30 June 2006. PARTICIPANTS: Patients were divided into two groups: an 'exposed group' of women on HRT regimens commonly prescribed in France or who had stopped < or =5 years previously; and an 'unexposed group' of women who had never received HRT or stopped >5 years previously. In total 6755 patients were included; and prospective data were available for 4949 patients: 2693 in the exposed group and 2256 in the unexposed group. Women in the exposed group were younger, less overweight, and had fewer first-degree family histories of breast cancer than women of the unexposed group. Mean duration of HRT exposure was 8.3 years, with 31% being exposed for > or =10 years. RESULTS: The incidence of new breast cancer cases was 0.64% in the exposed group and 0.70% in the unexposed group (relative risk RR(exposed/unexposed) = 0.914, 95% confidence interval = 0.449-1.858; not modified when adjusted for age). Mean age at breast cancer diagnosis was similar in both groups. Breast cancer incidence in the exposed group was not significantly affected by the route of estradiol administration (cutaneous 0.69%; oral 0.52%) or HRT type (estradiol alone 0.28%; estradiol + progesterone 0.40%; estradiol + synthetic progestin 0.94%). CONCLUSION: No evidence was found for an increased risk of breast cancer in women exposed to HRT compared with non-exposed women. (Lowest risk of breast cancer in the estradiol+progesterone group—0.4% vs. 0.7%--compared to women without hormone replacement!-HHL)
Esserman L, Shieh Y, Thompson I. Rethinking screening for breast cancer and prostate cancer. JAMA. 2009 Oct 21;302(15):1685-92.

After 20 years of screening for breast and prostate cancer, several observations can be made. First, the incidence of these cancers increased after the introduction of screening but has never returned to prescreening levels. Second, the increase in the relative fraction of early stage cancers has increased. Third, the incidence of regional cancers has not decreased at a commensurate rate. One possible explanation is that screening may be increasing the burden of low-risk cancers without significantly reducing the burden of more aggressively growing cancers and therefore not resulting in the anticipated reduction in cancer mortality. To reduce morbidity and mortality from prostate cancer and breast cancer, new approaches for screening, early detection, and prevention for both diseases should be considered. PMID: 19843904 (avoiding 1 breast cancer-related death requires annual screening of more than 800 women (age range, 50–70) for 6 years, which generates hundreds of biopsies and overly aggressive treatment for many patients with low-grade cancers—HHL).
Figueiredo JC, Bernstein L, Capanu M, Malone KE, Lynch CF, Anton-Culver H, Stovall M, Bertelsen L, Haile RW, Bernstein JL; WECARE Study Group. Oral contraceptives, postmenopausal hormones, and risk of asynchronous bilateral breast cancer: the WECARE Study Group. J Clin Oncol. 2008 Mar 20;26(9):1411-8. 

PURPOSE: To investigate whether oral contraceptive (OC) use and postmenopausal hormones (PMH) are associated with an increased risk of developing asynchronous bilateral breast cancer among women diagnosed with breast cancer younger than 55 years. PATIENTS AND METHODS: The WECARE (Women's Environment, Cancer, and Radiation Epidemiology) study is a population-based, multicenter, case-control study of 708 women with asynchronous bilateral breast cancer and 1,395 women with unilateral breast cancer. Risk factor information collected during a telephone interview focused on exposures before and after the first breast cancer diagnosis. Treatment and tumor characteristics were abstracted from medical records. Multivariable conditional logistic regression was used to estimate rate ratios (RR) and 95% CIs. RESULTS: OC use before the first breast cancer diagnosis was not associated with risk of asynchronous bilateral breast cancer (RR = 0.88; 95% CI, 0.67 to 1.16). OC use after breast cancer diagnosis was also not significantly associated with risk (RR = 1.56; 95% CI, 0.71 to 3.45). Risk did not increase with longer duration of use or among women who had begun using OCs at a younger age. No evidence of an increased risk of asynchronous bilateral breast cancer was observed with PMH use before (RR = 1.21; 95% CI, 0.90 to 1.61) or after breast cancer diagnosis (RR = 1.10; 95% CI, 0.67 to 1.77). Neither duration nor type of PMH were associated with risk. Age at and time since first breast cancer diagnosis did not substantially affect these results. CONCLUSION: This study provides no strong evidence that OC or PMH use increases the risk of a second cancer in the contralateral breast.

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.

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. (c) 2004 Wiley-Liss, Inc.

Fournier A, Clavel-Chapelon F. Breast cancer risk in relation to different types of hormone replacement therapy: Update of the E3N cohort study results. Climacteric 2005;8(Suppl 2):1–2 

Most epidemiological studies have shown an increase in breast cancer risk related to hormone replacement therapy (HRT) use. The first results of the French E3N cohort study assessing the relationship between different HRT types and breast cancer risk were recently published. They showed an increased breast cancer risk that was limited to the HRTs combining estrogens (either orally or transdermally administered) and synthetic progestins; estrogens associated with micronized progesterone did not appear to increase risk. This analysis was based on nearly 55,000 postmenopausal women for which exposure data was collected until 1997; the mean follow-up duration was 6 years, and 948 primary invasive breast cancers were diagnosed. Women predominantly used transdermally administered estrogens. Since then, two follow-up questionnaires have been sent to participants (the last one in 2002) and the collected data was used to update our analysis. More than 10,000 newly postmenopausal women were added to the analytical dataset; the mean follow-up duration was approximately 8 years and the number of cases was twice that of the precedent analysis. Our main conclusions remained unchanged, except for estrogens used alone, for which the moderate increase in risk became significant. We were further able to investigate in more details the effect of HRT according to the progestagens used in association with the estrogens : norethisterone acetate, cyproterone acetate and medroxyprogesterone acetate were the progestins the most frequently used with oral estrogens; micronized progesterone, nomegestrol acetate, retroprogesterone, promegestone, chlormadinone acetate and medrogestone, with transdermal estrogens. All these combined HRTs were associated with significantly increased breast cancer risk, except those containing micronized progesterone, for which no significant increase in risk was observed. We also assessed the possibility of an effect modification of HRT use according to BMI; for HRT containing oral estrogens, the increase in risk seemed limited to lean women, whereas the impact of HRT containing transdermal estrogens did not vary according to BMI.

Fournier A, Berrino F, Clavel-Chapelon F. Unequal risks for breast cancer associated with different hormone replacement therapies: results from the E3N cohort study. Breast Cancer Res Treat. 2008 Jan;107(1):103-11. 

Large numbers of hormone replacement therapies (HRTs) are available for the treatment of menopausal symptoms. It is still unclear whether some are more deleterious than others regarding breast cancer risk. The goal of this study was to assess and compare the association between different HRTs and breast cancer risk, using data from the French E3N cohort study. Invasive breast cancer cases were identified through biennial self-administered questionnaires completed from 1990 to 2002. During follow-up (mean duration 8.1 postmenopausal years), 2,354 cases of invasive breast cancer occurred among 80,377 postmenopausal women. Compared with HRT never-use, use of estrogen alone was associated with a significant 1.29-fold increased risk (95% confidence interval 1.02-1.65). The association of estrogen-progestagen combinations with breast cancer risk varied significantly according to the type of progestagen: the relative risk was 1.00 (0.83-1.22) for estrogen-progesterone, 1.16 (0.94-1.43) for estrogen-dydrogesterone, and 1.69 (1.50-1.91) for estrogen combined with other progestagens. This latter category involves progestins with different physiologic activities (androgenic, nonandrogenic, antiandrogenic), but their associations with breast cancer risk did not differ significantly from one another. This study found no evidence of an association with risk according to the route of estrogen administration (oral or transdermal/percutaneous). These findings suggest that the choice of the progestagen component in combined HRT is of importance regarding breast cancer risk; it could be preferable to use progesterone or dydrogesterone.

Fournier A, Mesrine S, Boutron-Ruault MC, Clavel-Chapelon F. Estrogen-progestagen menopausal hormone therapy and breast cancer: does delay from menopause onset to treatment initiation influence risks? J Clin Oncol. 2009 Nov 1;27(31):5138-43. 

PURPOSE: To investigate whether the relation between estrogen-progestagen menopausal hormone therapy (EP-MHT) and breast cancer risk varies according to the delay between menopause onset and treatment initiation. PARTICIPANTS AND METHODS: Between 1992 and 2005, 1,726 invasive breast cancers were identified among 53,310 postmenopausal women from the French E3N cohort (mean duration of follow-up, 8.1 years). Hazard ratios (HRs) and CIs were estimated using Cox models, with MHT never users as the reference. RESULTS: Among recent users of EP-MHT, the risk of breast cancer varied according to the timing of treatment initiation. This variation was confined to short durations of use (< or = 2 years): the HR was 1.54 (95% CI, 1.28 to 1.86) for short treatments initiated in the 3-year period following menopause onset and 1.00 (95% CI, 0.68 to 1.47) for short treatments initiated later (P = .04 for homogeneity). However, this pattern of risks was not observed in users of EP-MHT containing progesterone, among whom there was no significantly increased risk associated with short duration of use (HR was 0.87 [95% CI, 0.57 to 1.32] for treatments initiated < or = 3 years after menopause, and HR was 0.90 [95% CI, 0.45 to 1.81] for treatments initiated later). Longer durations of EP-MHT use were generally associated with increases in breast cancer risk, whatever the gap time. CONCLUSION: Our results suggest that, for some EP-MHT, the timing of treatment initiation transiently modulates the risk of breast cancer and that, when initiated close to menopause, even short durations of use are associated with an increased breast cancer risk. Estrogen + progesterone combinations might be an exception in this regard. PMID: 19752341

Fournier S, Kuttenn F, de Cicco F, Baudot N, Malet C, Mauvais-Jarvis P. Estradiol 17 beta-hydroxysteroid dehydrogenase activity in human breast fibroadenomas. J Clin Endocrinol Metab. 1982 Sep;55(3):428-33.

In the human endometrium, the presence of the progesterone-dependent enzyme 17 beta-hydroxysteroid dehydrogenase (E2DH) permits the conversion of an active estrogen, estradiol, into a less active one, estrone. This E2DH activity contributes to the antiestrogenic properties of progesterone. In the present study, E2DH activity was assayed in 54 surgically removed fibroadenomas. This benign breast disease was chosen since it offers rather homogeneous epithelial concentrations and still remains close to normal breast tissue from a pathological and hormonal point of view. E2DH activity was highest in fibroadenomas with high epithelial cell density. In addition, in these high epithelial cell density fibroadenomas (n = 18), E2DH activity increased markedly throughout the luteal phase of the menstrual cycle. Thus, it was 3- to 4-fold higher in fibroadenomas removed at the end of the luteal phase (1520 +/- 166 fmol/mg protein.h) than in those obtained during the follicular phase (375 +/- 95 fmol/mg protein.h). In addition, a striking increase in E2DH activity was observed in fibroadenomas from 5 patients treated with oral progestins (4080 +/- 650 fmol/mg protein.h) and 3 patients receiving progesterone topically applied upon the breast (3830 +/- 475 fmol/mg protein.h). E2DH activity, therefore, appears to be an important mechanism involved in the control by progesterone of estradiol action in breast tissue, as it is in the endometrium. It is also a good index of cellular differentiation and progesterone action at the molecular level. It is hypothesized that E2DH activity might be a specific marker of progesterone receptor itself and could be proposed in the evaluation of the hormone dependence of human breast tissue.

Fournier A, Fabre A, Mesrine S, Boutron-Ruault MC, Berrino F, Clavel-Chapelon F. Use of different postmenopausal hormone therapies and risk of histology- and hormone receptor-defined invasive breast cancer. J Clin Oncol. 2008 Mar 10;26(8):1260-8.

PURPOSE: We previously found that the risk of invasive breast cancer varied according to the progestagen component of combined postmenopausal hormone therapy (CHT): progesterone, dydrogesterone, or other progestagens. We conducted the present study to assess how these CHTs were associated with histology- and hormone receptor-defined breast cancer. PATIENTS AND METHODS: We used data from the French E3N cohort study, with 80,391 postmenopausal women followed for a mean duration of 8.1 years; 2,265 histologically confirmed invasive breast cancers were identified through biennial self-administered questionnaires completed from 1990 to 2002. The relative risks (RRs) were estimated using Cox proportional hazards models. RESULTS: Compared with postmenopausal hormone therapy (HT) never-use, ever-use of estrogen+progesterone was not significantly associated with the risk of any breast cancer subtype, but increasing duration of estrogen+progesterone was associated with increasing risks of lobular (P = .06) and estrogen receptor-positive/progesterone receptor-negative (ER+/PR-; P = .02). Estrogen+dydrogesterone was associated with a significant increase in risk of lobular carcinoma (RR, 1.7; 95% CI, 1.1 to 2.6). Estrogen+other progestagens was associated with significant increases in risk of ductal and lobular carcinomas (RR, 1.6; 95% CI, 1.3 to 1.8; and 2.0; 95% CI, 1.5 to 2.7, respectively), of ER+/PR+ and ER+/PR- carcinomas (RR, 1.8; 95% CI, 1.5 to 2.1; and 2.6; 95% CI, 1.9 to 3.5, respectively), but not of ER-/PR+ or ER-/PR- carcinomas (RR, 1.0; 95% CI, 0.5 to 2.1; and 1.4; 95% CI, 0.9 to 2.0, respectively). CONCLUSION: The increase in risk of breast cancer observed with the use of CHTs other than estrogen+progesterone and estrogen+dydrogesterone seems to apply preferentially to ER+ carcinomas, especially those ER+/PR-, and to affect both ductal and lobular carcinomas. PMID: 18323549

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.

Franke HR, Kole S, Ciftci Z, Haanen C, Vermes I. In vitro effects of estradiol, dydrogesterone, tamoxifen and cyclophosphamide on proliferation vs. death in human breast cancer cells. Cancer Lett. 2003 Feb 10;190(1):113-8.

The effects of 17 beta-estradiol, dihydrodydrogesterone, tamoxifen and cyclophosphamide upon parameters of cell maturation (Mucine1 expression), cell proliferation (Cyclin D1 expression) and apoptosis (loss of nuclear DNA) were studied in estrogen receptor positive (ER+) and negative (ER-) human breast cancer cells. Tamoxifen was the most potent inducer of apoptosis in ER+ and ER- breast cancer cells. 17 beta-estradiol in a concentration of 10(-6) M induced proliferation in ER+ cells after 144 h. incubation, while equimolar co-incubation with dihydrodydrogesterone prevented this effect and even induced a significant increase of cell death. It is speculated that the continuous use of combined 17 beta-estradiol plus dihydrodydrogesterone might be given as hormone replacement therapy without increased risk of breast cancer and even may reduce the relapse rate in breast cancer patients. (Dihydrodydrogesterone is the progestin that is most similarin structure to natural progesterone. Thus this study implies that estradiol combined with progesterone may prevent and treat breast cancer.—HHL)

Frankenberg-Schwager M, Garg I, Fran-Kenberg D, Greve B, Severin E, Uthe D, Gohde W. Mutagenicity of low-filtered 30 kVp X-rays, mammography X-rays and conventional X-rays in cultured mammalian cells. Int J Radiat Biol. 2002 Sep;78(9):781-9. 

PURPOSE: To measure the mutagenic effectiveness of low-filtered 30 kVp X-rays, mammography X-rays and conventional (200 kVp) X-rays in mammalian cells. MATERIALS AND METHODS: Two different cell lines and mutation assays were used. Exponentially growing SV40-transformed human fibroblasts were exposed to graded doses of mammography (29 kVp, tungsten anode, 50 microm Rh filter) or conventional X-rays and the frequency of 6-thioguanine-resistent HPRT-deficient mutants was determined. Exponentially growing hamster A(L) cells, which contain a single human chromosome 11 conferring the expression of the human surface protein CD59, were subjected to magnetic cell separation (MACS) in order to remove spontaneous mutants before irradiation with low-filtered 30 kVp (tungsten anode, 0.5 mm Al filter) or conventional X-rays. Fractions of radiation-induced CD59- mutants were quantified by flow-cytometry after immunofluorescence labelling of CD59 proteins. RESULTS: Mammography X-rays were more effective than conventional X-rays at inducing killing of human fibroblasts, whereas 30 kVp X-rays and conventional X-rays were about equally effective at killing Al. cells. Mutant frequencies were linearly related to dose in both mutation assays. An RBE = 2.7 was calculated for the yield of HPRT mutants in human fibroblasts exposed to mammography relative to conventional X-rays and an RBE = 2.4 was obtained for the CD59 mutant frequency in A(L) cells irradiated with low-filtered 30 kVp relative to conventional X-rays. CONCLUSIONS: Both low-filtered 30 kVp and mammography X-rays are mutagenic in mammalian cells in vitro. It is unknown if and how the enhanced mutagenicity of mammography X-rays measured in human cells in vitro translates into breast cancer risk for predisposed women with an enhanced inherited risk for breast cancer. Although the ICRP guidelines attribute the same relative biological effectiveness to all radiations of low LET, including X- and gamma-radiations of all energies for radiobiological protection purposes including the assessment of risks in general terms, they also state that 'for the estimation of the likely consequences of an exposure of a known population, it will sometimes be better to use absorbed dose and specific data relating to the relative biological effectiveness of the radiations concerned and the probability coefficients relating to the exposed population' (ICRP 1991: 32). This latter statement may apply for the population of familial predisposed women. We hope that the presented data on the enhanced mutagenicity of mammography X-rays may stimulate a re-evaluation of the risk assessment of mammography for familial predisposed women. In the meantime, one should be cautious and avoid early and frequent mammography exposure of predisposed women. Alternative examination methods should be applied for these women with an inherited increased risk for breast cancer.

Funahashi H, Imai T, Mase T, Sekiya M, Yokoi K, Hayashi H, Shibata A, Hayashi T, Nishikawa M, Suda N, Hibi Y, Mizuno Y, Tsukamura K, Hayakawa A, Tanuma S. Seaweed prevents breast cancer? Jpn J Cancer Res. 2001 May;92(5):483-7. 


To investigate the chemopreventive effects of seaweed on breast cancer, we have been studying the relationship between iodine and breast cancer. We found earlier that the seaweed, wakame, showed a suppressive effect on the proliferation of DMBA (dimethylbenz(a)anthracene)-induced rat mammary tumors, possibly via apoptosis induction. In the present study, powdered mekabu was placed in distilled water, and left to stand for 24 h at 4 degrees C. The filtered supernatant was used as mekabu solution. It showed an extremely strong suppressive effect on rat mammary carcinogenesis when used in daily drinking water, without toxicity. In vitro, mekabu solution strongly induced apoptosis in 3 kinds of human breast cancer cells. These effects were stronger than those of a chemotherapeutic agent widely used to treat human breast cancer. Furthermore, no apoptosis induction was observed in normal human mammary cells. In Japan, mekabu is widely consumed as a safe, inexpensive food. Our results suggest that mekabu has potential for chemoprevention of human breast cancer.

Gadducci A, Biglia N, Cosio S, Sismondi P, Genazzani AR. Progestagen component in combined hormone replacement therapy in postmenopausal women and breast cancer risk: a debated clinical issue. Gynecol Endocrinol. 2009;25(12):807-15.

The relevance of the progestagen component in combined hormone replacement therapy (HRT) for breast cancer risk has been long debated. In vitro studies have shown that progestins exert both genomic transcriptional and non-genomic effects that can enhance the proliferation, invasiveness and spread of breast cancer cells. According to a novel hypothesis, progestins can still activate cancer stem cells in patients with pre-existing, clinically undetected breast cancer. However, some experimental and clinical data suggest that different progestins may have a different impact on the pathophysiology of malignant breast cells. In vitro studies on estrogen receptor (ER)+ breast cancer cells have shown that the addition of medroxyprogesterone acetate (MPA) to estradiol (E(2)) produces a significantly higher increase of the mRNA levels and activities of estrogen-activating enzymes aromatase, 17beta hydroxysteroid dehydrogenase type-1 and sulfatase when compared with progesterone plus E(2). In randomised trial performed on ovariectomised adult female monkeys, oral E(2) plus MPA have resulted in a significantly greater proliferation of breast lobular and ductal epithelium when compared with placebo, whereas E(2) plus micronised progesterone have not. In the same experimental model, oral E(2) plus MPA have been found to induce the expression of genes encoding epidermal growth factor receptor (EGFR) ligands and downstream targets, whereas E(2) alone or E(2) plus micronised progesterone had no or modest effects on EGFR-related genes. In last years, some clinical studies on HRT users have shown that androgenic progestin- or MPA-based formulations are associated with an increased breast cancer incidence, whereas micronised progesterone- or dydrogesterone-based formulations are not. Further basic and clinical investigations on this topic are strongly warranted to elucidate whether the choice of the progestagen component in combined HRT could be of clinical relevance as for breast cancer risk. PMID: 19906000

Gammon MD, Thompson WD. Polycystic ovaries and the risk of breast cancer. Am J Epidemiol. 1991 Oct 15;134(8):818-24. 


Data from a case-control study that was conducted between 1980 and 1982 were analyzed to investigate the possible association between polycystic ovaries and the risk of breast cancer. The multicenter, population-based study included in-home interviews with 4,730 women with breast cancer and 4,688 control women aged 20-54 years. The age-adjusted odds ratio for breast cancer among women with a self-reported history of physician-diagnosed polycystic ovaries was 0.52 (95% confidence interval 0.32-0.87). The inverse association was not an artifact of infertility, age at first birth, or surgical menopause. Because women with this syndrome have abnormal levels of certain endogenous hormones, the observation of a low risk of breast cancer in this group may provide new insights into hormonal influences on breast cancer. (Elevated androgen levels in PCOS may protect against breast CA by opposing estrogenic stimulation.)

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.
Gogas J, Kouskos E, Tseleni-Balafouta S, Markopoulos C, Revenas K, Gogas G, Kostakis A. Autoimmune thyroid disease in women with breast carcinoma. Eur J Surg Oncol. 2001 Nov;27(7):626-30.

AIMS: Estimation of prevalence of autoimmune thyroid disorders in Greek breast cancer patients (prospective study). METHODS: The prevalence of autoimmune thyroiditis was estimated in 310 Greek breast cancer patients, in 100 women with benign breast disease and in 190 women without any breast disease, by submitting them to clinical examination, ultrasound thyroid evaluation, serum thyroid antibody determination and fine needle aspiration (FNA) of the thyroid gland. RESULTS: Autoimmune thyroiditis was found in 136/310 (43.9%) breast cancer women: 95 were diagnosed by positive autoantibodies, 19 had positive FNA findings and 22 had both positive autoantibodies and positive FNA findings. In 117 cases, thyroid autoantibodies were positive (37.7% whereas the control groups had respective rates of 19% and 18.4% autoantibody positivity). CONCLUSIONS: There is evidence of high incidence of autoimmune thyroiditis in Greek breast cancer patients, increasing in relation to cancer stage. PMID:  11669589 (Insufficient cortisol is a predisposing factor for autoimmune disease in general, including Hashimoto’s thyroiditis. Cortisol has anti-estrogenic--anti-proliferative--effects in the uterus and it seems in the breast also. I find that most Hashimoto’s patients have borderline or low cortisol levels/effects.—HHL)
Gompel A. Micronized progesterone and its impact on the endometrium and breast vs. progestogens. Climacteric. 2012 Apr;15 Suppl 1:18-25. 

It is well established that progestogens protect the endometrium against the proliferative effects of estrogens in postmenopausal women receiving hormone replacement therapy (HRT). Therefore, micronized progesterone and progestogens are recommended as part of combined HRT in women with an intact uterus. The protective effect of progestogens against hyperplasia and endometrial cancer does not appear to differ with different progestogens (micronized progesterone or progestogens), but appears to be affected by the regimen and thus the dose, with continuous combined treatment conferring better protection. However, the protective effect of progestogens seen in the endometrium is not replicated in the breast. Progestogens combined with estrogens are generally associated with a small increase in the risk of invasive breast cancer, which is believed to be due to a promoter effect. However, all progestogens are not equivalent in their effects on the breast and breast cancer risk. Micronized progesterone does not increase cell proliferation in breast tissue in postmenopausal women compared with synthetic medroxyprogesterone acetate (MPA). Experimental evidence suggests that the opposing effects of MPA and micronized progesterone on breast tissue are related to the non-specific effects of MPA, including glucocorticoid activity and differences in the regulation of gene expression. Therefore, for women with an intact uterus, micronized progesterone may be the optimal choice as part of combined HRT. PMID: 22432812

Gotzsche PC, Olsen O. Is screening for breast cancer with mammography justifiable? Lancet. 2000 Jan 8;355(9198):129-34. 


BACKGROUND: A 1999 study found no decrease in breast-cancer mortality in Sweden, where screening has been recommended since 1985. We therefore reviewed the methodological quality of the mammography trials and an influential Swedish meta-analysis, and did a meta-analysis ourselves. METHODS: We searched the Cochrane Library for trials and asked the investigators for further details. Meta-analyses were done with Review Manager (version 4.0). FINDINGS: Baseline imbalances were shown for six of the eight identified trials, and inconsistencies in the number of women randomised were found in four. The two adequately randomised trials found no effect of screening on breast-cancer mortality (pooled relative risk 1.04 [95% CI 0.84-1.27]) or on total mortality (0.99 [0.94-1.05]). The pooled relative risk for breast-cancer mortality for the other trials was 0.75 (0.67-0.83), which was significantly different (p=0.005) from that for the unbiased trials. The Swedish meta-analysis showed a decrease in breast-cancer mortality but also an increase in total mortality (1.06 [1.04-1.08]); this increase disappeared after adjustment for an imbalance in age. INTERPRETATION: Screening for breast cancer with mammography is unjustified. If the Swedish trials are judged to be unbiased, the data show that for every 1000 women screened biennially throughout 12 years, one breast-cancer death is avoided whereas the total number of deaths is increased by six. If the Swedish trials (apart from the Malmo trial) are judged to be biased, there is no reliable evidence that screening decreases breast-cancer mortality.

Grattarola R. Androgens in breast cancer. I. Atypical endometrial hyperplasia and breast cancer in married premenopausal women. Am J Obstet Gynecol. 1973 Jun 1;116(3):423-8. 


PIP: This report is based on a study of 19 patients with breast cancer, 11 patients with atypical endometrial hyperplasia, and 7 women as controls. Single 24-hour urine collections were made for steroid determinations on Days 22 or 23 of the menstrual cycle. Among the patients with atypical endometrial hyperplasia, with or without breast cancer, a high incidence of involuntary sterility was noted. The range of testosterone excretion values with atypical endometrial hyperplasia w as significantly increased (p less than .01). In the breast cancer patients in whom the menstrual cycle was anovulatory and the endometrium obtained at the premenstrual period showed an atypical endometrial pattern the testosterone excretion level was markedly increased (p less than . 01). During the follow-up period of 2-3 years, 5 of the 10 breast cancer patients with atypical endometrial patterns had developed distant metastases. Of the 9 breast cancer patients with ovulatory menstrual cycles, as shown by normal progestational endometrium, only 1 developed distant metastases. This patient had the highest urinary testosterone value in the group. In view of the high testosterone excretion levels, 7 cancer patients were offered ovariectomy. 4 refused but then underwent ovariectomy 4-8 months later for metastases. Of the 3 who accepted early ovariectomy, none have yet had metastases. The removed ovaries were shown to have polycystic ovarian disease with luteinized theca cells in the follicular cysts and marked interstitial cell hyperplasia. It was thought that androgens must play an important role in the development of breast cancer and endometrial hyperplasia. The increased level of estrogens may have resulted from peripheral conversion. Ovarian interstitial tissue has been suggested as being a distinct gland of internal secretion that is principally concerned with the formation of androgens.(Interpretation: progesterone made during normal ovulatory cycles prevents metastases, elevated testosterone occurs with non-ovulatory cycles in PCOS and thus is correlated with low progesterone levels.  Testosterone is also aromatized to estrogen increasing estrogenic stimulation of breast cancer cells.-HHL)

Groshong SD, Owen GI, Grimison B, Schauer IE, Todd MC, Langan TA, Sclafani RA, Lange CA, Horwitz KB. Biphasic regulation of breast cancer cell growth by progesterone: role of the cyclin-dependent kinase inhibitors, p21 and p27(Kip1). Mol Endocrinol. 1997 Oct;11(11):1593-607.

Depending on the tissue, progesterone is classified as a proliferative or a differentiative hormone. To explain this paradox, and to simplify analysis of its effects, we used a breast cancer cell line (T47D-YB) that constitutively expresses the B isoform of progesterone receptors. These cells are resistant to the proliferative effects of epidermal growth factor (EGF). Progesterone treatment accelerates T47D-YB cells through the first mitotic cell cycle, but arrests them in late G1 of the second cycle. This arrest is accompanied by decreased levels of cyclins D1, D3, and E, disappearance of cyclins A and B, and sequential induction of the cyclin-dependent kinase (cdk) inhibitors p21 and p27(Kip1). The retinoblastoma protein is hypophosphorylated and extensively down-regulated. The activity of the cell cycle-dependent protein kinase, cdk2, is regulated biphasically by progesterone: it increases initially, then decreases. This is consistent with the biphasic proliferative increase followed by arrest produced by one pulse of progesterone. A second treatment with progesterone cannot restart proliferation despite adequate levels of transcriptionally competent PR. Instead, a second progesterone dose delays the fall of p21 and enhances the rise of p27(Kip1), thereby intensifying the progesterone resistance in an autoinhibitory loop. However, during the progesterone-induced arrest, the cell cycling machinery is poised to restart. The first dose of progesterone increases the levels of EGF receptors and transiently sensitizes the cells to the proliferative effects of EGF. We conclude that progesterone is neither inherently proliferative nor antiproliferative, but that it is capable of stimulating or inhibiting cell growth depending on whether treatment is transient or continuous. We also suggest that the G1 arrest after progesterone treatment is accompanied by cellular changes that permit other, possibly tissue-specific, factors to influence the final proliferative or differentiative state. (Continuous progesterone exposure is anti-proliferative in these breast cancer cells-HHL)

Guo YX, Zeng WS, Liu YW, Li YS, Lin J, Xiong JB, Luo SQ. [BRCA1 regulates progesterone receptors A and B protein expressions in breast cancer cells in vitro]. Nan Fang Yi Ke Da Xue Xue Bao. 2008 Jul;28(7):1157-60.

OBJECTIVE: To study the regulatory role of BRCA1 in the expression of progesterone receptors A and B (PRA and PRB) in breast cancer cells. METHODS: Breast cancer MCF-7 cells were transfected with pFlag-CMV2-BRCA1 wt plasmid containing a full-length BRCA1 cDNA or with BRCA1-specific siRNA via lipofectamine 2000 to induce overexpression or suppressed expression of BRCA1, respectively. Twenty-four hours after the transfection, the cells were incubated in fresh culture medium containing 100 nmol/L progesterone for 24 h. The total RNA extract or whole cell lysate was prepared for detecting BRCA1, PRA and PRB expressions using RT-PCR and Western blotting. RESULTS: The protein expressions of PRA and PRB were significantly decreased whereas their mRNA expressions remained unchanged in MCF-7 cells overexpressing BRCA1. In MCF-7 cells with BRCA1 knock-down, in contrast, the PRA and PRB protein expressions were markedly increased. CONCLUSION: In breast cancer cells, exogenous and endogenous BRCA1 can both down-regulate the expressions of PRA and PRB at the protein level. PMID: 18676251

Guzman RC, Yang J, Rajkumar L, Thordarson G, Chen X, Nandi S. Hormonal prevention of breast cancer: mimicking the protective effect of pregnancy. Proc Natl Acad Sci U S A. 1999 Mar 2;96(5):2520-5. 


Full term pregnancy early in life is the most effective natural protection against breast cancer in women. Rats treated with chemical carcinogen are similarly protected by a previous pregnancy from mammary carcinogenesis. Proliferation and differentiation of the mammary gland does not explain this phenomenon, as shown by the relative ineffectiveness of perphenazine, a potent mitogenic and differentiating agent. Here, we show that short term treatment of nulliparous rats with pregnancy levels of estradiol 17beta and progesterone has high efficacy in protecting them from chemical carcinogen induced mammary cancers. Because the mammary gland is exposed to the highest physiological concentrations of estradiol and progesterone during full term pregnancy, it is these elevated levels of hormones that likely induce protection from mammary cancer. Thus, it appears possible to mimic the protective effects of pregnancy against breast cancer in nulliparous rats by short term specific hormonal intervention.

Hardin C, Pommier R, Calhoun K, Muller P, Jackson T, Pommier S. A New Hormonal Therapy for Estrogen Receptor-Negative Breast Cancer. World J Surg. 2007 May;31(5):1041-6. 

BACKGROUND: We postulate that the androgen dehydroepiandrosterone sulfate (DHEAS) may represent an innovative hormonal treatment for estrogen (ER), progesterone (PR) receptor-negative, but androgen receptor (AR)-positive breast cancers by inhibiting breast cancer cell growth through AR stimulation. METHODS: Three ER,PR-negative breast cancer cell lines (HCC 1137, 1954, and 38), were treated with DHEAS. DHEAS-induced growth was measured by a methylthiotetrazole (MTT) proliferation assay and apoptosis by TUNEL fluorescence. Androgen receptor gene expression levels were determined using quantitative real-time polymerase chain reaction (q-RT-PCR). RESULTS: HCC cell lines 1954 and 1937 were positive for AR expression; HCC 38 was weakly positive. MTT analysis showed DHEAS-induced decreases in cell proliferation of 47% in HCC 1937, 27% in HCC 1954, and 0.4% in HCC 38. Ten days of culturing HCC 1954 cells after the removal of DHEAS resulted in a 3.5-fold increase in growth. Continuous treatment for the same duration induced a 2.8-fold decrease in growth. Parallel experiments showed no significant changes in HCC 38 cultures. TUNEL assays showed DHEAS-induced apoptosis fold increases of 2.8 in HCC 1937, 1.9 in HCC 1954, and no significant difference in HCC 38 cultures. Q-RT-PCR of HCC 1954 cells showed a 6-fold DHEAS-induced decrease in AR gene expression at 4 h. Co-treatment with Casodex nullified this effect. CONCLUSIONS: DHEAS inhibited growth of ER,PR-negative, AR-positive breast cancer cells. DHEAS was cytotoxic to these breast cancer cells via the apoptosis pathway. DHEAS may be an effective treatment for a population previously excluded from hormone therapy.

Harvey PW, Everett DJ, Springall CJ. Hyperprolactinaemia as an adverse effect in regulatory and clinical toxicology: role in breast and prostate cancer. Hum Exp Toxicol. 2006 Jul;25(7):395-404.

Historically, hyperprolactinaemia has been considered of low toxicological relevance when detected in toxicity studies, and even mammary carcinogenesis induced in the rat by prolactin excess has been considered of no relevance to humans. However, recent findings from human epidemiology and molecular biology suggests that prolactin is a risk factor for human breast cancer, and probably prostate cancer. Therefore, this new evidence should be considered in the various decisions to develop and license a new drug or chemical if the compound causes hyperprolactinaemia. This emerging evidence suggests that prolactin can also be produced locally from human breast cancer cells, and that, regardless of source (ie, pituitary or autocrine/paracrine production from cancer cells), prolactin is mitogenic, stimulates proliferation and suppresses apoptosis in breast and prostate cancer cells. This review outlines the evidence that hyperprolactinaemia should be considered a toxicological adverse effect and concludes that prolactin-induced rodent mammary carcinogenesis is relevant to humans and is not species-specific. The effects of prolactin on the prostate gland are also discussed; hyperprolactinaemia may be an additional risk factor for prostate cancer and this also requires consideration in toxicological risk assessments. The implications of increased prolactin secretion as an adverse effect for regulatory toxicology of drugs and chemicals, and in high risk patients receiving therapeutic drugs with hyperprolactinaemic side effects, is discussed. Alteration of prolactin level is also a novel mechanism that requires consideration in endocrine disruption research, since both endogenous oestrogens and also xenoestrogens stimulate prolactin secretion or affect prolactin receptors.

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.(This is the single citation by Speroff to dismiss the role of progesterone!  All samples would have to be taken during Luteal peak to investigate progesterone levels.  Randomly-timed samples would not work.--HHL)
Hofling M, Hirschberg A, Skoog L, B Von Schoultz B. Testosterone addition may inhibit estrogen-progestogen induced breast cell proliferation. Climacteric 2005;8(Suppl 2):1–2

Objectives: To study the effect of testosterone addition on breast cell proliferation during estrogen/progestogen treatment.  Methods: A 6 months prospective, randomized, double blind, placebocontrolled study. Postmenopausal women were given continous combined E2 2mg/NETA 1 mg and were equally randomized to receive additional treatment with a testosterone (300mcg/day) or a placebo patch. Breast cells were collected by fine needle aspiration biopsies at baseline and after 6 months. Cell proliferation (% MIB-1 positive cells) was correlated with levels of hormones, growth factors and binding proteins. Results: In the placebo group there was a more than threefold increase (p = 0.001) in breast cell proliferation from baseline (median 1.22%) to 6 months (median 4.35%).During testosterone addition no significant increase was recorded (1.42% vs 2.11%). The change in IGF-1 displayed a positive association with free testosterone (rs = 0.33; p50.05).  Conclusion: The results suggest that testosterone may counteract breast cell proliferation as induced by estrogen-progestogen therapy. The current discussion on breast safety during HT has stimulated the interest in alternative regimens. There is a need to define treatment regimens with aminimum of effects on the breast. Increased breast cell proliferation should be regarded as an adverse event during HT. 

Holmberg L, et al. Increased risk of recurrence after hormone replacement therapy in breast cancer survivors. J Natl Cancer Inst. 2008 Apr 2;100(7):475-82. 

BACKGROUND: Hormone replacement therapy (HT) is known to increase the risk of breast cancer in healthy women, but its effect on breast cancer risk in breast cancer survivors is less clear. The randomized HABITS study, which compared HT for menopausal symptoms with best management without hormones among women with previously treated breast cancer, was stopped early due to suspicions of an increased risk of new breast cancer events following HT. We present results after extended follow-up. METHODS: HABITS was a randomized, non-placebo-controlled noninferiority trial that aimed to be at a power of 80% to detect a 36% increase in the hazard ratio (HR) for a new breast cancer event following HT. Cox models were used to estimate relative risks of a breast cancer event, the maximum likelihood method was used to calculate 95% confidence intervals (CIs), and chi(2) tests were used to assess statistical significance, with all P values based on two-sided tests. The absolute risk of a new breast cancer event was estimated with the cumulative incidence function. Most patients who received HT were prescribed continuous combined or sequential estradiol hemihydrate and norethisterone. RESULTS: Of the 447 women randomly assigned, 442 could be followed for a median of 4 years. Thirty-nine of the 221 women in the HT arm and 17 of the 221 women in the control arm experienced a new breast cancer event (HR = 2.4, 95% CI = 1.3 to 4.2). Cumulative incidences at 5 years were 22.2% in the HT arm and 8.0% in the control arm. By the end of follow-up, six women in the HT arm had died of breast cancer and six were alive with distant metastases. In the control arm, five women had died of breast cancer and four had metastatic breast cancer (P = .51, log-rank test). CONCLUSION: After extended follow-up, there was a clinically and statistically significant increased risk of a new breast cancer event in survivors who took HT. (Norethisterone was shown to increase the risk of primay breast cancer in the Million Woman Study. Progesterone has been shown to decrease the risk of primary breast cancer in the EPIC-3N study. Progesterone has never been shown to increase the risk of breast cancer recurrence. Why has no study been done on the use of progesterone after breast cancer? Given the extensive cellular evidence of progesterone’s inhibitory effects on breast proliferation and breast cancer cell proliferation, it should be the first candidate for study in women with breast cancer.)

Horwitz KB, Mockus MB, Pike AW, Fennessey PV, Sheridan RL. Progesterone receptor replenishment in T47D human breast cancer cells. Roles of protein synthesis and hormone metabolism. J Biol Chem. 1983 Jun 25;258(12):7603-10.

T47D are unusual human breast cancer cells that do not require estrogen to synthesize high levels of progesterone receptors. These cells can, therefore, be used to study the mechanisms by which progesterone, freed of estrogen interference, controls the synthesis of its receptors. In a recent paper we described progesterone receptor translocation and a subsequent very rapid nuclear processing step that results in an apparent loss of 60 to 80% of cellular progesterone receptors, 30 to 60 min after progesterone treatment. This paper deals with the replenishment of cellular receptors following processing. If progesterone is removed from cells after 60 min of treatment, cytoplasmic progesterone receptors replenish in 16 to 20 h. However, replenishment occurs even during chronic progesterone treatment; this is an artifact created by the extremely rapid (t1/2 approximately 2 h) metabolism of progesterone in media exposed to cells. If progesterone metabolism is blocked, then replenishment is not seen, probably because the hormone continuously retranslocates the newly replenished sites. There is an early protein synthesis-dependent step; cycloheximide in the first 4 h inhibits replenishment 24 h later, but if cycloheximide is slightly delayed (beyond 4 h), replenishment proceeds normally. In contrast to progesterone, the synthetic progestin R5020 completely suppresses progesterone receptor replenishment even 96 h after its removal from the medium. This compound can bind covalently to receptors and may be very difficult to remove from cells. Clearly, progestin treatment, and by analogy, circulating progesterone, will have profound effects on cytoplasmic and nuclear progesterone receptor levels when these are measured in biopsied human tumors as an adjunct to endocrine therapy.
Huggins C, Moon RC, Morii S. Extinction of experimental mammary cancer. I. Estradiol-17beta and progesterone. Proc Natl Acad Sci U S A. 1962 Mar 15;48:379-86. 

Estrogen and progesterone ,given to rats 15 days after a carcinogen, prevented or killed breast cancers.

Ingram DM, Nottage EM, Roberts AN. Prolactin and breast cancer risk.  Med J Aust. 1990 Oct 15;153(8):469-73.

A study of 424 women was undertaken to determine whether there was an association between serum prolactin levels and breast cancer; whether prolactin levels would reflect degrees of risk of developing breast cancer; and whether associations between known risk factors for breast cancer and serum prolactin concentrations could be demonstrated. Prolactin levels higher than the median value in control subjects were found to be associated with a more than two-fold increase in the risk of breast cancer (relative risk, 2.1; confidence interval [CI], 1.0-4.5). Moreover, a relative risk of 1.7 (CI, 0.9-3.3) for a group of women with benign epithelial hyperplasia (high risk of developing breast cancer), and a relative risk of 1.0 (CI, 0.6-1.8) for a group with benign fibrocystic disease (low risk of developing breast cancer), provided supportive evidence that prolactin plays a role in the development of breast cancer. A considerable fall in the concentration of prolactin at menopause was noted, so those women who have an early menopause have a reduced period of exposure to high concentrations of prolactin. Similarly, there was a considerable reduction in prolactin concentration after the first pregnancy. Finally, our results showed that, in premenopausal women, a high intake of saturated fats was associated with a high prolactin concentration. Our study supports the concept that parity, menstrual status, and saturated fat consumption influence a woman's exposure to prolactin and therefore the risk of developing breast cancer.

Inoh A, Kamiya K, Fujii Y, Yokoro K. Protective effects of progesterone and tamoxifen in estrogen-induced mammary carcinogenesis in ovariectomized W/Fu rats. Jpn J Cancer Res. 1985 Aug;76(8):699-704.   

The protective effect of progesterone or tamoxifen, an antiestrogenic agent, was investigated in estrogen-induced mammary carcinogenesis. Multiple mammary tumors (MT) of tubular or medullary carcinoma type developed at a high rate following prolonged treatment of ovariectomized W/Fu rats with diethylstilbestrol or 17 beta-estradiol. All MTs were located adjacent to the nipple and were slow-growing. The induction rate, multiplicity and size of estrogen-induced MTs were reduced by the simultaneous administration of either progesterone or tamoxifen. The estrogen-induced pituitary tumorigenesis was effectively inhibited by tamoxifen treatment, but it was not affected by progesterone. The results indicated that the inhibitory effect of progesterone or tamoxifen in estrogen-induced carcinogenesis is attributable to interference with the binding of estrogen to the estrogen receptors on the target cells.

Juricskay S, Szabo I, Kett K. Urinary steroids at time of surgery in postmenopausal women with breast cancer. Breast Cancer Res Treat. 1997 May;44(1):83-9. 


Urinary steroid metabolites were measured by capillary gas chromatography in 22 postmenopausal women with operable breast cancer on day before the tumour excision and in 20 hospitalised control who were before an operation from other cause than cancer. Serum dehydroepiandrosterone-sulphat (DHEAS) and testosterone (T) level were measured by radioimmunassay in the same groups and same time. There was no significant difference in the level of urinary androgen metabolites. Pregnanediol level was significantly lower (P < 0.05) in cancer patients. (Pregnanediol is a metabolite of progesterone.) In the 5 patients with positive axillary nodes the tetrahydrocortisol and alpha-cortolone levels were significantly (P < 0.05) higher than in node negative ones. There was no significant differences in the serum DHEAS and T levels. These results indicate that metabolic changes are existing in postmenopausal patients which may be a cause or a consequence of the disease.

Kaaks R, et al. Serum sex steroids in premenopausal women and breast cancer risk within the European Prospective Investigation into Cancer and Nutrition (EPIC).J Natl Cancer Inst. 2005 May 18;97(10):755-65. 


BACKGROUND: Contrasting etiologic hypotheses about the role of endogenous sex steroids in breast cancer development among premenopausal women implicate ovarian androgen excess and progesterone deficiency, estrogen excess, estrogen and progesterone excess, and both an excess or lack of adrenal androgens (dehydroepiandrosterone [DHEA] or its sulfate [DHEAS]) as risk factors. We conducted a case-control study nested within the European Prospective Investigation into Cancer and Nutrition cohort to examine associations among premenopausal serum concentrations of sex steroids and subsequent breast cancer risk. METHODS: Levels of DHEAS, (Delta4-)androstenedione, testosterone, and sex hormone binding globulin (SHBG) were measured in single prediagnostic serum samples from 370 premenopausal women who subsequently developed breast cancer (case patients) and from 726 matched cancer-free control subjects. Levels of progesterone, estrone, and estradiol were also measured for the 285 case patients and 555 matched control subjects who had provided information about the day of menstrual cycle at blood donation. Conditional logistic regression models were used to estimate relative risks of breast cancer by quartiles of hormone concentrations. All statistical tests were two-sided. RESULTS: Increased risks of breast cancer were associated with elevated serum concentrations of testosterone (odds ratio [OR] for highest versus lowest quartile = 1.73, 95% confidence interval [CI] = 1.16 to 2.57; P(trend) = .01), androstenedione (OR for highest versus lowest quartile = 1.56, 95% CI = 1.05 to 2.32; P(trend) = .01), and DHEAS (OR for highest versus lowest quartile = 1.48, 95% CI = 1.02 to 2.14; P(trend) = .10) but not SHBG. Elevated serum progesterone concentrations were associated with a statistically significant reduction in breast cancer risk (OR for highest versus lowest quartile = 0.61, 95% CI = 0.38 to 0.98; P(trend) = .06). The absolute risk of breast cancer for women younger than 40 followed up for 10 years was estimated at 2.6% for those in the highest quartile of serum testosterone versus 1.5% for those in the lowest quartile; for the highest and lowest quartiles of progesterone, these estimates were 1.7% and 2.6%, respectively. Breast cancer risk was not statistically significantly associated with serum levels of the other hormones. CONCLUSIONS: Our results support the hypothesis that elevated blood concentrations of androgens are associated with an increased risk of breast cancer in premenopausal women. (Testosterone itself is anti-proliferative in the breast (See Slagter, Labrie), therefore this association of high testosterone with breast cancer probably indicates that the presence of a cancer-producing pathology that incidentally raises testosterone levels—re: PCOS, ovarian hyperactivity, anovulatory cycles, low progesterone levels. Also higher DHEAS levels are seen in many women with low cortisol, and cortisol also has anti-estrogen effects in the uterus and breast. One would need to control each case of elevated androgens by progesterone level and cortisol levels in order to eliminate these confounding effects.—HHL)

Kapdi CC, Wolfe JN. Breast cancer. Relationship to thyroid supplements for hypothyroidism. JAMA. 1976 Sep 6;236(10):1124-7. 


This study was undertaken to determine the relationship between thyroid supplements and breast cancer. The incidence of breast cancer among the patients who received thyroid supplements was 12.13%, while in the control group it was 6.2%. The incidence rate of breast cancer was 10%, 9.42%, and 19.48% among patients who received thyroid supplements for one to five, 5 to 15, and for more than 15 years, respectively. The incidence of breast cancer among nulliparous women who received thyroid supplements was 33%, while in the nulliparous women without thyroid supplements the incidence was only 9.25%. Even in a specific age group, the incidence rate of breast cancer was higher among patients receiving thyroid supplements, when compared to the control patients in the same age group. (Thyroid supplementation being an indicator of iodine deficiency!-HHL)

Key T, Appleby P, Barnes I, Reeves G; Endogenous Hormones and Breast Cancer Collaborative Group. Endogenous sex hormones and breast cancer in postmenopausal women: reanalysis of nine prospective studies. J Natl Cancer Inst. 2002 Apr 17;94(8):606-16. 

BACKGROUND: Reproductive and hormonal factors are involved in the etiology of breast cancer, but there are only a few prospective studies on endogenous sex hormone levels and breast cancer risk. We reanalyzed the worldwide data from prospective studies to examine the relationship between the levels of endogenous sex hormones and breast cancer risk in postmenopausal women. METHODS: We analyzed the individual data from nine prospective studies on 663 women who developed breast cancer and 1765 women who did not. None of the women was taking exogenous sex hormones when their blood was collected to determine hormone levels. The relative risks (RRs) for breast cancer associated with increasing hormone concentrations were estimated by conditional logistic regression on case-control sets matched within each study. Linear trends and heterogeneity of RRs were assessed by two-sided tests or chi-square tests, as appropriate. RESULTS: The risk for breast cancer increased statistically significantly with increasing concentrations of all sex hormones examined: total estradiol, free estradiol, non-sex hormone-binding globulin (SHBG)-bound estradiol (which comprises free and albumin-bound estradiol), estrone, estrone sulfate, androstenedione, dehydroepiandrosterone, dehydroepiandrosterone sulfate, and testosterone. The RRs for women with increasing quintiles of estradiol concentrations, relative to the lowest quintile, were 1.42 (95% confidence interval [CI] = 1.04 to 1.95), 1.21 (95% CI = 0.89 to 1.66), 1.80 (95% CI = 1.33 to 2.43), and 2.00 (95% CI = 1.47 to 2.71; P(trend)<.001); the RRs for women with increasing quintiles of free estradiol were 1.38 (95% CI = 0.94 to 2.03), 1.84 (95% CI = 1.24 to 2.74), 2.24 (95% CI = 1.53 to 3.27), and 2.58 (95% CI = 1.76 to 3.78; P(trend)<.001). The magnitudes of risk associated with the other estrogens and with the androgens were similar. SHBG was associated with a decrease in breast cancer risk (P(trend) =.041). The increases in risk associated with increased levels of all sex hormones remained after subjects who were diagnosed with breast cancer within 2 years of blood collection were excluded from the analysis. CONCLUSION: Levels of endogenous sex hormones are strongly associated with breast cancer risk in postmenopausal women. (Notice progesterone not studied! They didn’t look at the one hormone that appears to protect against breast cancer!)

Kiang DT, Gay J, Goldman A, Kennedy BJ. A randomized trial of chemotherapy and hormonal therapy in advanced breast cancer.N Engl J Med. 1985 Nov 14;313(20):1241-6. 

We randomized 81 postmenopausal women with advanced breast cancer, whose tumors were rich in estrogen receptors or of unknown estrogen-receptor status, to receive either estrogen therapy alone or estrogen therapy combined with chemotherapy. An additional 31 patients, whose tumors were poor in estrogen receptors, were randomized to receive either chemotherapy alone or estrogen combined with chemotherapy. The median duration of follow-up was 87 months. In the receptor-rich group, the survival of the 21 patients receiving combined therapy was significantly longer than that of 19 patients receiving estrogen as initial therapy (followed by chemotherapy after failure or relapse). The median survivals were 72 and 29 months, respectively (P = 0.05 by the generalized Wilcoxon method). Among 41 patients with tumors of unknown receptor status, a survival advantage from combined therapy over chemotherapy was seen in the first two years and then disappeared. The survival in 31 patients with receptor-poor tumors was uniformly short regardless of the therapeutic method. We conclude that combined therapy offers a survival advantage in postmenopausal patients with receptor-rich tumors.

Kilbane MT, Ajjan RA, Weetman AP, Dwyer R, McDermott EW, O'Higgins NJ, Smyth PP. Tissue iodine content and serum-mediated 125I uptake-blocking activity in breast cancer. J Clin Endocrinol Metab. 2000 Mar;85(3):1245-50. 


In the thyroid, active transport of iodide is under control of the TSH-dependent Na+/I- symporter (NIS), whereas in the breast such control is less well understood. In this study, NIS expression was demonstrated by RT-PCR in 2 of 2 fibroadenomata and 6 of 7 breast carcinoma messenger ribonucleic acid isolates. In addition, mean total tissue iodine levels of 80.9 +/- 9.5 ng I/mg protein in 23 benign tumors (fibroadenomata) were significantly higher than those in 19 breast cancers taken from either the tumor (18.2 +/- 4.6 ng I/mg) or morphologically normal tissue taken from within the tumor-bearing breast (31.8 +/- 4.9 ng I/mg; P < 0.05 in each case). Inhibition of 125I uptake into NIS-transfected CHO cells was observed in serum from 20 of 105 (19.0%) breast carcinoma, 8 of 49 (16.3%) benign breast disease, and 27 of 86 (31.4%) Graves' patients, but in only 1 of 33 (3.0%) age-matched female controls. IgG purified from serum of patients showing positive 125I uptake inhibition also inhibited iodide uptake, suggesting that such inhibition was antibody mediated. 125I uptake inhibition was significantly associated with thyroid peroxidase antibody positivity (P < 0.05) in sera from breast cancer patients, but not in those with benign breast disease, once again suggesting an association between thyroid autoimmunity and breast carcinoma. (Author’s comment on this paper in another paper of his: Some support for a role for iodine in the human breast is provided by our own findings, which showed that tissue iodine levels were relatively low in patients with breast cancer as compared with normal tissues or benign breast tumours (fibroadenomata.)
Kraemer GR, Kraemer RR, Ogden BW, Kilpatrick RE, Gimpel TL, Castracane VD. Variability of serum estrogens among postmenopausal women treated with the same transdermal estrogen therapy and the effect on androgens and sex hormone binding globulin. Fertil Steril. 2003 Mar;79(3):534-42.

OBJECTIVE: To examine the variability of serum estrogens in response to transdermal estrogen replacement therapy (ET), and to determine the effects on androgens and sex hormone binding globulin (SHBG). DESIGN: Randomized, double-blind, placebo-controlled study. SETTING: Women's hospital. PATIENT(S): Two groups of postmenopausal women: [1] 21 women not on ET enrolled and 17 completed the study; [2] 19 women on continuous transdermal ET enrolled and 13 completed the study. INTERVENTION(S): Women not on ET were administered a placebo patch or a newly initiated estrogen patch, then crossed over to the alternate treatment. Serum samples were obtained at baseline and the subsequent 3 days from the placebo and new-patch groups and from a separate group of women receiving continuous estrogen patch treatment. MAIN OUTCOME MEASURE(S): Estradiol (E(2)), estrone, estrone sulfate, T, dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate (DHEAS), androstenedione, free androgen index, and SHBG. RESULT(S): There was considerable intrapatient and interpatient variability in the estrogen response to identical treatment doses, with E(2) values differing between women as much as 138 pg/mL and E(2) increases above baseline differing as much as 90 pg/mL. Continuous treatment increased SHBG and decreased androstenedione levels; however, levels of T, DHEA, DHEAS, and free androgen index did not change. CONCLUSION(S): There is great variability of estrogen in response to transdermal ET, but minimal effect on circulating androgens.

Kuijpens JL, Nyklictek I, Louwman MW, Weetman TA, Pop VJ, Coebergh JW. Hypothyroidism might be related to breast cancer in post-menopausal women. Thyroid. 2005 Nov;15(11):1253-9. 


An association between breast cancer and thyroid (autoimmune) diseases or the presence of thyroid peroxidase antibodies (TPOAb; a marker of thyroid autoimmune disease) has been suggested. However, little is known about whether women with thyroid (autoimmune) diseases are at increased risk for developing breast cancer. This cross-sectional and prospective cohort study investigated whether the presence of TPOAb or thyroid dysfunction is related to the presence or development of breast cancer. An unselected cohort of 2,775 women around menopause was screened for the thyroid parameters thyrotropin (TSH), free thyroxine (FT(4)), and TPOAb during 1994. Detailed information on previous or actual thyroid disorders and breast cancer, and on putative factors related to breast cancer and thyroid disorders, was obtained. Clinical thyroid dysfunction was defined by both abnormal FT4 and TSH, and subclinical thyroid dysfunction by abnormal TSH (with normal FT4). A TPOAb concentration >or= 100 U/ml was defined as positive (TPOAb(+)). The study group was linked with the Eindhoven Cancer Registry to detect all women with (in situ) breast cancer (ICD-O code 174) diagnosed between 1958 and 1994. Subsequently, in the prospective study, all women who did not have breast cancer in 1994 (n = 2,738) were followed up to July, 2003, and all new cases of (in situ) breast cancer and all cancer-related deaths were registered. Of the 2,775 women, 278 (10.0%) were TPOAb(+). At the 1994 screening, 37 women (1.3%) had breast cancer. TPOAbs were (independently) related to a current diagnosis of breast cancer (OR = 3.3; 95% CI 1.3-8.5). Of the remaining women, 61 (2.2%) developed breast cancer. New breast cancer was related to: (1) an earlier diagnosis of hypothyroidism (OR = 3.8; 95% CI 1.3-10.9); (2) the use of thyroid medication (OR = 3.2; 95% CI 1.0-10.7); and (3) low FT4 (lowest tenth percentile: OR = 2.3; 95% CI 1.2-4.6). In the first 3 years follow up, the relationship between FT4 and log-TSH was disturbed in women with a new breast cancer diagnosis. The presence of TPOAb was not related to breast cancer during follow-up. A direct relationship between thyroid autoimmunity and breast cancer is unlikely. Hypothyroidism and low-normal FT4 are related with an increased risk of breast cancer in post-menopausal women. Studies are needed to clarify the origins of this possible association.

Labrie F, Simard J, de Launoit Y, Poulin R, Theriault C, Dumont M, Dauvois S, Martel C, Li SM. Androgens and breast cancer. Cancer Detect Prev. 1992;16(1):31-8. 


We have recently demonstrated that physiological levels of androgens exert direct and potent inhibitory effects on the growth of human breast cancer ZR-75-1 cells in vivo in nude mice as well as in vitro under both basal and estrogen-stimulated conditions. The inhibitory effect of androgens has also been confirmed on the growth of dimethylbenz(a)anthracene (DMBA)-induced mammary carcinoma in the rat. Such observations are in close agreement with the clinical data showing that androgens and the androgenic compound medroxyprogesterone acetate (MPA) have beneficial effects in breast cancer in women comparable to other endocrine therapies, including tamoxifen. Although the inhibitory action of androgens on cell proliferation in estrogen-induced ZR-75-1 cells results, in part, from their suppressive effect on expression of the estrogen receptor, the androgens also exert a direct inhibitory effect independent of estrogens. Androgens cause a global slowing effect on the duration of the cell cycle. These observations support clinical data showing that androgenic compounds induce an objective remission after failure of antiestrogen therapy as well as those indicating that the antiproliferative action of androgens is additive to that of antiestrogens. We have also recently demonstrated in ZR-75-1 human breast cancer cells the antagonism between androgens and estrogens on the expression of GCDFP-15 and GCDFP-24 which are two major proteins secreted in human gross cystic disease fluid. The effects of androgens and estrogens as well as those of progestins and glucocorticoids on GCDFP-15 and GCDFP-24 mRNA levels and secretion are opposite to those induced by the same steroids on cell growth in ZR-75-1 cells.(ABSTRACT TRUNCATED AT 250 WORDS)

Labrie F. Dehydroepiandrosterone, androgens and the mammary gland. Gynecol Endocrinol. 2006 Mar;22(3):118-30. 


Mainly through the transformation of dehydroepiandrosterone (DHEA) into androgens in peripheral tissues by intracrine mechanisms, women synthesize at least two-thirds of the androgens found in men. Such data strongly suggest that androgens exert very important but so far underestimated physiological functions in women, including in the breast. In fact, the mammary gland possesses all the enzymatic machinery required to transform DHEA into both androgens and estrogens, although androgens are the predominant steroids synthesized from DHEA in the mammary gland. Early clinical studies have shown beneficial effects of androgens on breast cancer which are comparable to those observed with other hormonal therapies. In fact, a long series of preclinical and clinical data clearly indicate that proliferation of both the normal mammary gland and breast cancer results from the balance between the stimulatory effect of estrogens and the inhibitory effect of androgens. Moreover, the data showing the additive inhibitory effects of antiestrogens and androgens suggest that taking advantage of the inhibitory effect of androgens on breast cancer proliferation could well improve the efficacy of the currently used estrogen deprivation therapies for the treatment and prevention of breast cancer, the best and most physiological candidate being DHEA that limits the androgenic exposure to the tissues which possess the required enzymatic intracrine machinery.

Lacey JV, Mink PJ, Lubin JH, et at. Menopausal Hormone Replacement Therapy and Risk of Ovarian Cancer. JAMA 2002 July; 288:3: 334-341.

Estrogen stimulates ovarian cancer cell lines and normal ovarian surface epithelial cells.  Premarin therapy was associated with a RR of 1.6 to 3.2—increasing with years of Premarin use.  Many women used higher doses of Premarin than are used today.  Combined Premarin/Provera use after ERT had a RR of only 1.5, and combined Prem/Provera use only had a RR of 1.1. Oral contraceptive use and parity were inversely associated with ovarian cancer.  “Confirmation that progestins account for the reduced risk associated with oral contraceptives and pregnancy could provide a biological basis for weak or null associations with HRT formulations that include progestins.”

Lamy PJ, Pujol P, Thezenas S, Kramar A, Rouanet P, Guilleux F, Grenier J. Progesterone receptor quantification as a strong prognostic determinant in postmenopausal breast cancer women under tamoxifen therapy. Breast Cancer Res Treat. 2002 Nov;76(1):65-71. 


There is now an emerging body of evidence that shows there is a relationship between the survival of breast cancer patients and the expression level of steroid receptors. The aim of this study was to determine the relationship existing between estrogen receptors (ER) and progesterone receptors (PR) cytosolic content and the prognosis of postmenopausal breast cancer women under tamoxifen therapy. Two hundred and nineteen postmenopausal patients, without neoadjuvant chemotherapy and treated postoperatively with tamoxifen for at least 2 years, were followed up in our Cancer Center. We used flexible regression modeling and log likelihood methods for determining optimum cut-off values for steroid receptors, which allows the separation of patients into significantly different categories in term of survival. For PR, 3 categories were defined (category 1: PR < 10, category 2: 10 < or = PR < 60 and category 3: PR > or = 60 fmol/mg P). Univariate analysis at 8 years indicated that significant differences in event-free survival (EFS) were found for tumor size (T) (p = 0.005), lymph node status (N) (p = 0.003), histological Scarff, Bloom and Richardson grade (p = 0.003), ER values divided into 5 categories (p = 0.02) and PR values divided into 3 categories (p = 1 x 10(-5)). Eight-year EFS rate for the 3 PR categories, adjusted for N, were 39, 66 and 81%, respectively. Multivariate Cox analysis indicated that only T, N and PR values were significant variables for EFS. Patients with PR values > or = 60 present significantly greater EFS rates than patients with PR < 60 (p < 0.001). Our results show that the PR level in ER positive postmenopausal women is a strong prognostic marker in postmenopausal breast cancer women under tamoxifen therapy.
Landau RL, Ehrlich EN, Huggins C. Estradiol benzoate and progesterone in advanced human-breast cancer. JAMA. 1962 Nov 10;182(6):632-6.

PIP: 9 of 15 patients, including 1 man, with advanced mammary cancer were improved by treatment with a combination of 50 mg of progesterone and 5 mg of estradiol benzoate administered intramuscularly every day. The effectiveness of estradiol and progesterone therapy was evaluated on the basis of its influence on the state of well-being of the patients, the relief of pain, changes in visible or palpable tumors, and alterations in bone metastases as revealed by X-ray examination. 7 of the 9 patients who improved with treatment had previously responded to endocrine therapy (adrenalectomy, hypophysectomy, castration, estrogen, or androgen). Serum alkaline phosphatase concentrations rose during the first 2 weeks of treatment in all patients in whom the disease ameliorat ed, but in only 2 of the 6 who were not improved. No toxic or adverse reactions were observed. Although the benefit secured by this treatment was sometimes short-lived, the results seemed sufficiently encouraging to merit more exhaustive trials. PMID: 12305404

Lando JF, Heck KE, Brett KM. Hormone replacement therapy and breast cancer risk in a nationally representative cohort. Am J Prev 1999 Oct; 17(3): 176-80.

5761 women followed for 20 years.  Relative risk for breast CA in HRT ever-users was 0.8.  No differentiation was made between ERT and combined HRT.

Lapointe J, Fournier A, Richard V, Labrie C. Androgens down-regulate bcl-2 protooncogene expression in ZR-75-1 human breast cancer cells. Endocrinology. 1999 Jan;140(1):416-21. 


Although a large proportion of primary human breast cancers express the androgen receptor, and treatment with androgens exerts beneficial effects in women with breast cancer, the role and especially the mechanism of action of androgens in breast cancer development and growth are not well understood. The potential effect of androgens on bcl-2 protooncogene expression was investigated in a human breast cancer cell line whose proliferation is known to be inhibited by androgens. The estrogen-responsive ZR-75-1 cells were grown in the presence or absence of 5alpha-dihydrotestosterone (DHT), alone or in combination with 17beta-estradiol. DHT caused a marked down-regulation of Bcl-2 protein and messenger RNA levels in both the presence and absence of 17beta-estradiol. The inhibitory effect of DHT was completely prevented by coincubation with the pure antiandrogen hydroxyflutamide. The present data indicate that androgens can down-regulate bcl-2 protooncogene levels via an androgen receptor-mediated mechanism, thus providing a novel mechanism for their known inhibitory effect on breast cancer cell growth.

Lee SH, Kim SO, Kwon SW, Chung BC. Androgen imbalance in premenopausal women with benign breast disease and breast cancer. Clin Biochem. 1999 Jul;32(5):375-80.

OBJECTIVE: The alteration of steroid hormonal status in premenopausal breast disease (benign and malignant) were investigated by comparing the urinary profile of androgens and corticoids. METHODS: The urinary concentrations of 25 androgens and corticoids were quantitatively determined by a gas chromatographymass spectrometry system in patients with benign breast disease (35 cases, 20-54 years), breast cancer (34, 27-54), and healthy controls of similar age (25, 22-51). RESULTS: In premenopausal patients with breast cancer, a significantly lower rate of excretion of 11-deoxy-17-ketosteroids and their metabolites was found in comparison with normal females. These levels were also inversely associated with benign breast disease. No significant differences were found between the three groups for the concentration of 11-oxy-17-ketosteroids, 17-hydroxy-corticoids and their metabolites. The urinary ratio of adrenal androgen metabolites to cortisol metabolites [(11-DOKS & M)/11-OKS] declined in the order of normal female control (4.04 +/- 0.72; mean +/- SD), breast benign mass (2.29 +/- 0.42) and breast cancer (0.94 +/- 0.27). CONCLUSION: Our data suggest that the hormonal imbalance of androgen deficiency and/or corticoid sufficiency is closely associated with the benign and malignant conditions of premenopausal breast disease and the ratio of (11-DOKS & M)/11-OKS may be an effective discriminant factor of these groups.

L'hermite M, Simoncini T, Fuller S, Genazzani AR. Could transdermal estradiol + progesterone be a safer postmenopausal HRT? A review. Maturitas. 2008 Jul-Aug;60(3-4):185-201. 

Hormone replacement therapy (HRT) in young postmenopausal women is a safe and effective tool to counteract climacteric symptoms and to prevent long-term degenerative diseases, such as osteoporotic fractures, cardiovascular disease, diabetes mellitus and possibly cognitive impairment. The different types of HRT offer to many extent comparable efficacies on symptoms control; however, the expert selection of specific compounds, doses or routes of administration can provide significant clinical advantages. This paper reviews the role of the non-oral route of administration of sex steroids in the clinical management of postmenopausal women. Non-orally administered estrogens, minimizing the hepatic induction of clotting factors and others proteins associated with the first-pass effect, are associated with potential advantages on the cardiovascular system. In particular, the risk of developing deep vein thrombosis or pulmonary thromboembolism is negligible in comparison to that associated with oral estrogens. In addition, recent indications suggest potential advantages for blood pressure control with non-oral estrogens. To the same extent, a growing literature suggests that the progestins used in association with estrogens may not be equivalent. Recent evidence indeed shows that natural progesterone displays a favorable action on the vessels and on the brain, while this might not be true for some synthetic progestins. Compelling indications also exist that differences might also be present for the risk of developing breast cancer, with recent trials indicating that the association of natural progesterone with estrogens confers less or even no risk of breast cancer as opposed to the use of other synthetic progestins. In conclusion, while all types of hormone replacement therapies are safe and effective and confer significant benefits in the long-term when initiated in young postmenopausal women, in specific clinical settings the choice of the transdermal route of administration of estrogens and the use of natural progesterone might offer significant benefits and added safety.PMID: 18775609
Lippman M, Monaco ME, Bolan G. Effects of estrone, estradiol, and estriol on hormone-responsive human breast cancer in long-term tissue culture. Cancer Res. 1977 Jun;37(6):1901-7.

The effects of estrone, estradiol, and estriol on MCF-7 human breast cancer are compared. In this estrogen-responsive cell line, all three estrogens are capable of inducing equivalent stimulation of amino acid and nucleoside incorporation. Estriol is capable of partially overcoming antiestrogen inhibition with Tamoxifen (lCl 46474), even when antiestrogen is present in 1000-fold excess. Antiestrogen effects are completely overcome by 100-fold less estriol. Studies of metabolism of estrogens by MCF-7 cells revealed no conversion of estriol to either estrone or estradiol. All three steroids bind to a high-affinity estrogen receptor found in these cells. The apparent dissociation constant is lower for estradiol than for estrone and estriol, but all three bind to an equal number of sites when saturating concentrations are used. Tritiated estrogens used in binding studies were shown to be radiochemically pure. We conclude that estriol can bind to estrogen receptor and stimulate human breast cancer in tissue culture. Our data do not support an antiestrogenic role for estriol in human breast cancer. PMID: 870192

Lipworth L, Adami HO, Trichopoulos D, Carlstrom K, Mantzoros C. Serum steroid hormone levels, sex hormone-binding globulin, and body mass index in the etiology of postmenopausal breast cancer. Epidemiology. 1996 Jan;7(1):96-100. 


Serum concentrations of estrone, androstenedione, testosterone, and sex hormone-binding globulin (SHBG) were measured postoperatively in 122 postmenopausal women with incident breast cancer and 122 age-matched population controls. After mutual adjustment, through conditional logistic regression, between the hormonal variables and body mass index (BMI), the odds ratios for increasing control-defined quartiles of estrone and androstenedione, respectively, were 1.00, 1.44, 1.76, 1.94 and 1.00, 0.83, 0.97, 2.43; there was no association of testosterone with breast cancer risk. Moreover, the odds ratios for increasing quartiles of SHBG and BMI were 1.00, 0.72, 0.28, 0.25 and 1.00, 0.39, 0.28, 0.19, respectively. This study reveals sharp contrasts in breast cancer risk between women with high estrone and low BMI and SHBG, vs women with low estrone and high BMI and SHBG.

Longacre TA, Bartow SA. A correlative morphologic study of human breast and endometrium in the menstrual cycle. Am J Surg Pathol. 1986 Jun;10(6):382-93. 
   

Seventy-five premenopausal women autopsied under medical examiner auspices were selected for a correlative study of breast and endometrial morphology proceeding through the menstrual cycle. Criteria for selection included adequate preservation of the endometrial and breast tissue, relatively even distribution of women by age (range 15-56), menstrual cycle date, and parity status. Hormonal therapy and disease states that might influence pituitary-ovarian cycling were reasons for exclusion from the study. Proliferative phase breast was characterized by small lobules with few terminal duct structures. Terminal duct epithelial mitoses were uncommon. Intralobular stroma was condensed and continuous with interlobular stroma. Secretory phase breasts were characterized by increasing size of lobules and number of terminal duct structures and duct epithelial basal vacuolization and mitoses. Intralobular stroma became increasingly loose and edematous. Stromal lymphocytic population increased toward the end of secretory phase. Perimenstrual breasts underwent lobular contraction with necrosis and sloughing of duct epithelium. There was a concomitant marked increase in lobular stromal lymphocytic infiltrate and metachromasia. These features heralded a return to the proliferative phase appearance. These marked cyclical changes have implications for routine pathologic diagnosis as well as for the newer noninvasive diagnostic techniques.

Malet C, Spritzer P, Guillaumin D, Kuttenn F.  Progesterone effect on cell growth, ultrastructural aspect and estradiol receptors of normal human breast epithelial (HBE) cells in culture. J Steroid Biochem Mol Biol. 2000 Jun;73(3-4):171-81. 


The stimulating effect of estradiol (E2) on breast cell growth is well documented. However, the actions of progesterone (P) and its derivatives remain controversial. Additional information is therefore necessary. On a culture system of normal human breast epithelial (HBE) cells, we observed an inhibitory effect on cell growth of a long-term P treatment (7 days) in the presence or absence of E2, using two methods: a daily cell count providing a histometric growth index, and [3H]-thymidine incorporation during the exponential phase of cell growth. A scanning electron microscopy study confirmed these results. Cells exhibited a proliferative appearance after E2 treatment, and returned to a quiescent appearance when P was added to E2. In both studies, P proved to be as efficient as the synthetic progestin R5020. Moreover, the immunocytochemical study of E2 receptors indicated that E2 increases its own receptor level whereas P and R5020 have the opposite effect, thus limiting the stimulatory effect of E2 on cell growth. In the HBE cell culture system and in long-term treatment, P and R5020 appear predominantly to inhibit cell growth, both in the presence and absence of E2.

Malin A, Dai Q, Yu H, Shu XO, Jin F, Gao YT, Zheng W.  Evaluation of the synergistic effect of insulin resistance and insulin-like growth factors on the risk of breast carcinoma. Cancer. 2004 Feb 15;100(4):694-700.

BACKGROUND: The purpose of the current study was to investigate the association between insulin resistance (which was measured using fasting blood C-peptide) and its joint association with insulin-like growth factors (IGF-1, IGF-2, and IGF binding protein-3 [IGFBP-3]) on the risk of breast carcinoma. METHODS: Included in the current study were 400 case-control pairs from the Shanghai Breast Cancer Study. Pretreatment biospecimens and interview data were collected from all breast carcinoma cases and their individually matched controls. RESULTS: Breast carcinoma risk was found to be statistically significantly increased when higher blood levels of C-peptide and IGFs were noted in a dose-response manner. There was a statistically significant twofold to threefold increased risk of breast carcinoma for women in the highest quartile of C-peptide, IGF-1, or IGFBP-3 compared with women in the lowest quartiles. Women with high levels of both C-peptide and IGF-1 or IGFBP-3 also were found to have a substantially higher risk of breast carcinoma than those women with a high level of only one of these molecules. The adjusted odds ratios (ORs) were 3.79 (95% confidence interval [95% CI], 2.03-7.08) for those with a higher level of both C-peptide and IGF-1 and 4.03 (95% CI, 2.06-7.86) for those with a higher level of both C-peptide and IGFBP-3. CONCLUSIONS: The results of the current study suggest that insulin resistance and IGFs may synergistically increase the risk of breast carcinoma.

Mauvais-Jarvis P, Kuttenn F, Gompel A. Antiestrogen action of progesterone in breast tissue.  Breast Cancer Res Treat. 1986;8(3):179-88. 

In normal breast, estrogen stimulates growth of the ductal system, while lobular development depends on progesterone. Thus, estrogen and progesterone, when secreted in an adequate balance, permit the complete and proper development of the mammary gland. Progesterone may also have an antagonistic activity against estradiol, mediated through a decrease in the replenishment of the estrogen receptor, and also through increased 17 beta-hydroxysteroid dehydrogenase which leads to accelerated metabolism of estradiol to estrone in the target organ. Thus, it can be inferred that long periods of luteal phase defect leading to an unopposed estrogen effect on the breast might promote breast carcinogenesis.

Mauvais-Jarvis P, Kuttenn F, Gompel A, Malet C, Fournier S. [Estradiol-progesterone interaction in normal and pathological human breast cells] Ann Endocrinol (Paris). 1986;47(3):179-87. 


In most target tissues of the female genital tract, an adequate cell differentiation can be obtained with the successive and synergistic action of estradiol (E2) and progesterone (P), essentially because the progesterone receptor (PR) synthesis implicates the previous action of E2 via its E2 receptor (ER). In normal breast, E2 stimulates the growth of the ductal system whereas the development of acini depends on P secretion. In other words, when E2 plus P are secreted by the ovaries in balanced proportions, the two hormones permit a complete and harmonious development of the mammary gland. The antiestrogenic activity of P is carried out through the decrease of ER resynthesis and stimulation of 17 beta-hydroxysteroid dehydrogenase enzyme activity, which transforms E2 into its less active metabolite estrone (E1) in the target cells. These biochemical events are well documented concerning the endometrium. They have also been observed in normal mammary cells in primary cultures as well as in breast fibroadenomas with high epithelial cellularity. Moreover, data from literature indicate that E2 could be both a direct and indirect factor of cell multiplication in cancerous cell lines. P as well as progestins have the opposite effect. Recent results from this laboratory indicate that E2 and P also have antagonistic effects on the cell multiplication of normal human mammary cells in primary culture. Therefore, the hypothesis that a lack of P during a long period of the female genital life could be a factor in the promotion of breast cancer must be considered.

Meyer F, Brown JB, Morrison AS, MacMahon B. Endogenous sex hormones, prolactin, and breast cancer in premenopausal women. J Natl Cancer Inst. 1986 Sep;77(3):613-6. 


Forty-one women with breast cancer and 119 controls participated in a case-control study of the relation of endogenous sex hormones to breast carcinoma in premenopausal women. During the follicular phase of the menstrual cycle, one overnight urine specimen was collected. During the luteal phase, urine and blood specimens were obtained. 17 beta-Estradiol, sex hormone-binding globulin, progesterone, and prolactin were measured in plasma, whereas estrogen metabolites (estrone, estradiol, and estriol) and pregnanediol were assessed in the urine. Breast cancer was associated with high-plasma estradiol and prolactin and with low progesterone. Similar but weaker associations were observed for urinary estrogens and pregnanediol in the luteal phase.

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. (I would argue that the luteal phase insufficiency is the problem, and it had a much stronger correlation.  Higher testosterone levels could cause a higher free estradiol levels through lower SHBG and preferential testosterone binding to SHBG displacing estradiol. The protective effect of progesterone is much stronger.—HHL) 
Missmer SA, Eliassen AH, Barbieri RL, Hankinson SE. Endogenous estrogen, androgen, and progesterone concentrations and breast cancer risk among postmenopausal women. J Natl Cancer Inst. 2004 Dec 15;96(24):1856-65.

BACKGROUND: Levels of endogenous hormones have been associated with the risk of breast cancer among postmenopausal women. Little research, however, has investigated the association between hormone levels and tumor receptor status or invasive versus in situ tumor status. Nor has the relation between breast cancer risk and postmenopausal progesterone levels been investigated. We prospectively investigated these relations in a case-control study nested within the Nurses' Health Study. METHODS: Blood samples were prospectively collected during 1989 and 1990. Among eligible postmenopausal women, 322 cases of breast cancer (264 invasive, 41 in situ, 153 estrogen receptor [ER]-positive and progesterone receptor [PR]-positive [ER+/PR+], and 39 ER-negative and PR-negative [ER-/PR-] disease) were reported through June 30, 1998. For each case subject, two control subjects (n = 643) were matched on age and blood collection (by month and time of day). Endogenous hormone levels were measured in blood plasma. We used conditional and unconditional logistic regression analyses to assess associations and to control for established breast cancer risk factors. RESULTS: We observed a statistically significant direct association between breast cancer risk and the level of both estrogens and androgens, but we did not find any (by year) statistically significant associations between this risk and the level of progesterone or sex hormone binding globulin. When we restricted the analysis to case subjects with ER+/PR+ tumors and compared the highest with the lowest fourths of plasma hormone concentration, we observed an increased risk of breast cancer associated with estradiol (relative risk [RR] = 3.3, 95% confidence interval [CI] = 2.0 to 5.4), testosterone (RR = 2.0, 95% CI = 1.2 to 3.4), androstenedione (RR = 2.5, 95% CI = 1.4 to 4.3), and dehydroepiandrosterone sulfate (RR = 2.3, 95% CI = 1.3 to 4.1). In addition, all hormones tended to be associated most strongly with in situ disease. CONCLUSION: Circulating levels of sex steroid hormones may be most strongly associated with risk of ER+/PR+ breast tumors. (Note: Estrogen levels most strongly associated with risk of breast CA, less strong assoc. with testosterone and DHEA.  Plasma progesterone levels are very low in all post menopausal women—so this study does not contradict the probable protective effect of progesterone. HHL)
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. (From text of article: “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.”)

Moore MR, Spence JB, Kiningham KK, Dillon JL. Progestin inhibition of cell death in human breast cancer cell lines.  J Steroid Biochem Mol Biol. 2006 Mar;98(4-5):218-27. Epub 2006 Feb 8. 


Previously, we have shown that progestins both stimulate proliferation of the progesterone receptor (PR)-rich human breast cancer cell line T47D and protect from cell death, in charcoal-stripped serum-containing medium. To lessen the variability inherent in different preparations of serum, we decided to further characterize progestin inhibition of cell death using serum starvation to kill the cells, and find that progestins protect from serum-starvation-induced apoptosis in T47D cells. This effect exhibits specificity for progestins and is inhibited by the antiprogestin RU486. While progestin inhibits cell death in a dose-responsive manner at physiological concentrations, estradiol-17beta surprisingly does not inhibit cell death at any concentration from 0.001 nM to 1 microM. Progestin inhibition of cell death also occurs in at least two other human breast cancer cell lines, one with an intermediate level of PR, MCF-7 cells, and, surprisingly, one with no detectable level of PR, MDA-MB-231 cells. Further, we have found progestin inhibition of cell death caused by the breast cancer chemotherapeutic agents doxorubicin and 5-fluorouracil. These data are consistent with the building body of evidence that progestins are not the benign hormones for breast cancer they have been so long thought to be, but may be harmful both for undiagnosed cases and those undergoing treatment.

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. PMID: 14732925

Mouridsen HT, Møller S, Christiansen P. Danish Breast Cancer Cooperative Group. Ugeskr Laeger. 2012 Oct 15;174(42):2532.
Mueck AO, Seeger H, Kraemer EA. Progesterone and synthetic progestins differ in their action on the proliferation of normal and cancerous human breast cells. Climacteric 2005;8(Suppl 2):1–2 

Objectives: The proliferation of human breast cells is evidently controlled by sex hormones, and there is considerable data available substantiating the role of estrogens in breast cell proliferation. However, evidence is increasing suggesting that the addition of progestagens to hormone replacement therapy may be more harmful then beneficial. Nevertheless, it is debatable whether all progestagens act equally on breast cells. In this study, we investigated the effects of natural progesterone, medroxyprogesterone acetate (a C-21 progesterone derivative) and norethisterone (a C-19 nortestosterone derivative) on the proliferation of normal and cancerous human breast cells. Methods: MCF10A cells (human epithelial, estrogen- and progesterone-receptor negative, normal breast cells) wereincubated with progesterone (P), medroxyprogesterone acetate (MPA) and norethisterone (NET) in concentrations of 10-6, 10-7, 10-8, 10-9 and 10-10M for 7 days in the presence of the growth factors (GFs) EGF, FGF and IGF-I at a concentration of 10-12M. HCC1500 cells (human estrogen- and progesterone-receptor positive primary breast cancer cells) were incubated with the above progestagens in the presence of estradiol 10-10M. Cell proliferation rate was measured by the ATP-assay. Results: P slightly reduced proliferation of MCF10A in combination with GFs. MPA induced a significant increase of GF-stimulated proliferation of MCF10A at the three highest concentrations. NET had no significant effect on proliferation. Assays using the proliferation inhibitors PD98059 and LY294002 showed that the proliferative effects of growth factors on MCF10A cells and of MPA in the presence of growth factors occur via mixed pathways, including activation of MAP kinase and PI3K. P, MPA and NET all caused significant inhibition of proliferation of HCC1500 at concentrations of 10-6 to 10-9M in combination with estradiol. Conclusions: These results indicate that the various progestagens do not act equally on breast cells, and the same progestogen may have a different influence on normal and cancerous breast cells. The choice of progestagen may therefore be important in terms of influencing a possible breast cancer risk.

Murkes D, Lalitkumar PG, Leifland K, Lundström E, Söderqvist G. Percutaneous estradiol/oral micronized progesterone has less-adverse effects and different gene regulations than oral conjugated equine estrogens/medroxyprogesterone acetate in the breasts of healthy women in vivo. Gynecol Endocrinol. 2012 Oct;28 Suppl 2:12-5. 

Gene expression analysis of healthy postmenopausal women in a prospective clinical study indicated that genes encoding for epithelial proliferation markers Ki-67 and progesterone receptor B mRNA are differentially expressed in women using hormone therapy (HT) with natural versus synthetic estrogens. Two 28-day cycles of daily estradiol (E2) gel 1.5 mg and oral micronized progesterone (P) 200 mg/day for the last 14 days of each cycle did not significantly increase breast epithelial proliferation (Ki-67 MIB-1 positive cells) at the cell level nor at the mRNA level (MKI-67 gene). A borderline significant beneficial reduction in anti-apoptotic protein bcl-2, favouring apoptosis, was also seen followed by a slight numeric decrease of its mRNA. By contrast, two 28-day cycles of daily oral conjugated equine estrogens (CEE) 0.625 mg and oral medroxyprogesterone acetate (MPA) 5 mg for the last 14 days of each cycle significantly increased proliferation at both the cell level and at the mRNA level, and significantly enhanced mammographic breast density, an important risk factor for breast cancer. In addition, CEE/MPA affected around 2,500 genes compared with just 600 affected by E2/P. These results suggest that HT with natural estrogens affects a much smaller number of genes and has less-adverse effects on the normal breast in vivo than conventional, synthetic therapy. PMID: 22834417

Musey VC, Collins DC, Musey PI, Martino-Saltzman D, Preedy JR. Long-term effect of a first pregnancy on the secretion of prolactin. N Engl J Med. 1987 Jan 29;316(5):229-34. 
  

An early first pregnancy is known to protect against subsequent breast cancer. We speculated that this effect may be mediated by a long-term depression of prolactin secretion after pregnancy. We therefore measured basal and post-stimulation serum levels of prolactin, luteinizing hormone (LH), and follicle-stimulating hormone (FSH) in two groups--15 women 18 to 23 years of age and 9 women 29 to 40--before and after a first full-term pregnancy, and in 40 appropriate nulliparous controls. We observed no significant change in basal levels of serum LH or FSH or in the levels stimulated by gonadotropin-releasing hormone in any group. A significant decrease was seen, however, in basal and perphenazine-stimulated levels of prolactin after pregnancy in both the younger and older first-pregnancy groups but not in the controls. In a separate cross-sectional study, we compared basal serum prolactin levels in 29 parous and 19 nulliparous women of similar age. The serum prolactin levels were significantly lower in the parous group but were not related to the number of pregnancies (one to three) or the time elapsed (12 to 150 months) since the last delivery. We conclude that a first pregnancy leads to a long-term decrease in serum prolactin secretion, lasting at least 12 to 13 years.

Natrajan PK, Gambrell RD Jr. Estrogen replacement therapy in patients with early breast cancer. Am J Obstet Gynecol. 2002 Aug;187(2):289-94; discussion 294-5. 


    OBJECTIVE: Most physicians believe that estrogen replacement therapy is contraindicated once a patient is diagnosed with breast cancer. Recently, several studies have shown that estrogen replacement therapy may be safely used in patients with early breast cancer that has been treated successfully. These women can have severe menopausal symptoms and are at risk for osteoporosis. We reviewed the current status of women in our practice with breast cancer who received estrogen replacement therapy, who did not receive hormone replacement therapy, and who did not receive estrogenic hormone replacement therapy. STUDY DESIGN: The study group consisted of 123 women (mean age, 65.4 +/- 8.85 years) who were diagnosed with breast cancer in our practice, including 69 patients who received estrogen replacement therapy for < or = 32 years after diagnosis. The comparative groups were 22 women who used nonestrogenic hormones for < or = 18 years and 32 women who used no hormones for < or = 12 years. The group who did not receive estrogenic hormone replacement therapy received androgens with or without progestogens (such as megestrol acetate). Of the 63 living hormone users, 56 women are still being treated in our clinic, as are 15 of the 22 subjects who receive nonestrogenic hormone replacement therapy. Follow-up was done through the tumor registry at University Hospital; those patients whose tumor records were not current were contacted by telephone. RESULTS: There were 18 deaths in the 123 patients: 6 patients who received estrogen replacement therapy (8.69%), 2 patients who received nonestrogenic hormone replacement therapy (9.09%), and 10 patients who received no hormone replacement therapy (31.25%). Of the 18 deaths, 9 deaths were from breast cancer (mortality rate, 7.3%); 3 deaths were from lung cancer; 1 death was from endometrial cancer; 1 death was from myocardial infarction; 1 death was from renal failure; and 3 deaths were from cerebrovascular accidents. The 9 deaths from breast cancer included one patient who received nonestrogenic hormone replacement therapy (mortality rate, 4.5%), 6 patients who received no hormone replacement therapy (mortality rate, 11.3%), and 2 patients who received estrogen replacement therapy (mortality rate, 4.28%). The 9 non-breast cancer deaths included 4 patients who received estrogen replacement therapy (endometrial cancer [1 death], lung cancer [1 death], cerebrovascular accident [1 death], and renal failure [1 death]), 1 patient who did not receive estrogenic hormone replacement therapy group (myocardial infarction), and 4 patients who used no hormones (lung cancer, 2 deaths; stroke, 2 deaths). Carcinoma developed in one patient in the estrogen replacement therapy group in the contralateral breast after 4 years of hormone replacement therapy; she is living and well 2.5 years later with no evidence of disease. Metastatic breast cancer developed in one patient after 8 years of hormone replacement therapy; she is living with disease. CONCLUSION: Estrogen replacement therapy apparently does not increase either the risk of recurrence or of death in patients with early breast cancer. These patients may be offered estrogen replacement therapy after a full explanation of the benefits, risks, and controversies.
Neubauer H, Ruan X, Schneck H, Seeger H, Cahill MA, Liang Y, Mafuvadze B, Hyder SM, Fehm T, Mueck AO. Overexpression of progesterone receptor membrane component 1: possible mechanism for increased breast cancer risk with norethisterone in hormone therapy. Menopause. 2012 Dec 30. [Epub ahead of print]

OBJECTIVE: Clinical trials have demonstrated an increased risk of breast cancer during estrogen/norethisterone (NET) therapy. With this in mind, the effects of estrogen/NET combination on the proliferation of breast cancer cells overexpressing the progesterone receptor membrane component 1 (PGRMC1) were examined. The same combination was used for the first time in a mouse xenograft model to determine its effects on tumor development. METHODS: MCF-7 cells were stably transfected with PGRMC1 expression plasmid (WT-12 cells) or empty vector control (pcDNA-3HA). NET, medroxyprogesterone acetate (MPA), and progesterone were tested alone and sequentially and continuously combined with estradiol (E2). Six-week-old nude mice were inoculated with E2 pellets 24 hours before the injection of tumor cells into both flanks (n = 5-6 mice per group). After 8 days, animals were inoculated with a NET pellet or with placebo pellets, and tumor volumes were recorded twice a week. RESULTS: NET alone significantly increased the proliferation of WT-12 cells, MPA was effective only at the two highest concentrations, and progesterone had no effect. The twofold to threefold E2-induced increase (10 M) was not significantly influenced by the addition of the various progestogens. In contrast, 10 M E2 had no effect; however, addition of MPA and NET triggered a significant proliferative response. In vivo, a sequential combination of NET and E2 also significantly increased the tumor growth of WT-12 cells; empty vector cells did not respond to NET. CONCLUSIONS: We have demonstrated for the first time that an E2/NET combination increases the proliferation of PGRMC1-overexpressing breast cancer cells, both in vivo and in vitro. Our results suggest that undetected tumor cells overexpressing PGRMC1 may be more likely to develop into frank tumor cells in women undergoing E2/NET hormone therapy. PMID: 23277352

Noguchi S, Yamamoto H, Inaji H, Imaoka S, Koyama H. Inability of medroxyprogesterone acetate to down regulate estrogen receptor level in human breast cancer. Cancer. 1990 Mar 15;65(6):1375-9.

The influence of medroxyprogesterone acetate (MPA) on estrogen receptor (ER) and progesterone receptor (PR) levels was studied in 20 postmenopausal patients with ER-positive and PR-positive primary breast cancers. Each patient underwent drill biopsy and subsequently mastectomy. The drill biopsy and surgical specimens were assayed for the total ER and PR levels (cytosolic plus nuclear fraction) by enzyme immunoassay. Between the drill biopsy and mastectomy, ten patients received no treatment (control group) and the other ten patients were given MPA (1200 mg/day) for 7 days. In the control group, the total ER and PR levels of the surgical specimens decreased by 68.2 +/- 7.3% and 60.7 +/- 8.4%, respectively, taking the receptor values of the drill biopsy specimens as 100%, although no treatment was given preoperatively. This decrease seems to be attributable to the receptor degradation due to damages occurring during mastectomy. In the MPA group, the total ER and PR levels of the surgical specimens decreased by 64.2 +/- 8.0% and 23.3 +/- 7.6%, respectively. The decrease in PR, but not ER, was statistically significant between the control and MPA groups (P less than 0.01). These results demonstrate that MPA down regulates PR but not ER in human breast cancer and challenge the conventional idea, extrapolated from the results on the endometrium and endometrial cancer, that MPA antagonizes endogenous estrogens by down regulating ER.

Oberfield RA, Nesto R, Cady B, Pazianos AG, Salzman FA. A multidisciplined approach for the treatment of metastatic carcinoma of the breast. Med Clin North Am. 1975 Mar;59(2):425-30.

We have reviewed our experience in a multidisciplined breast cancer clinic where we have utilized hormonal, ablative, and chemotherapetuci modalities. Our experience seesm to be similar to that of other groups in that oophorectomy treatment produces approximately a 61 per cent response (regression and arrest) rate, androgen therapy produces a 47 per cent response (regression and arrest) rate estrogen therapy produces a 40 per cent response (regression and arrest) rate, and ablative treatment produces approximately a 50 per cent response (regression and arrest) rate. Adrenalectomy and hypophysectomy showed similar response rates. Until it can be shown that hypophysectomy clearly offers enhanced benefits, this will not be utilized by our group except in those patients who cannot tolerate abdominal surgery (that is, patients with poor pulmonary reserve). Of interest is the high response rate (65 per cent) to ablative treatment in patients in whom disease exacerbates on additive hormonal treatment, with an increased duration of response and survival. Survival is increased in patients who are rebound responders after estrogen withdrawal. We expect to report data with future follow-up of this group of patients. New protocols will be instituted after review of the data in the hope of increasing clinical benefit and survival in this group of patients. Carcinoma of the breast accounts for almost 90,000 new cases of cancer a year, with metastases eventually developing in at least half of these patients. All physicians must be aware of the many complex problems associated with this disease and, hopefully, arrive at a logical approach for its control. We believe this can be achieved with a multidisciplined group approach as established at the Lahey Clinic Foundation. PMID: 46945

Olsen O, Gotzsche PC. Cochrane review on screening for breast cancer with mammography. Lancet. 2001 Oct 20;358(9290):1340-2.   

In 2000, we reported that there is no reliable evidence that screening for breast cancer reduces mortality. As we discuss here, a Cochrane review has now confirmed and strengthened our previous findings. The review also shows that breast-cancer mortality is a misleading outcome measure. Finally, we use data supplemental to those in the Cochrane review to show that screening leads to more aggressive treatment.

Olsson H, Landin-Olsson M, Gullberg B. Retrospective assessment of menstrual cycle length in patients with breast cancer, in patients with benign breast disease, and in women without breast disease. J Natl Cancer Inst. 1983 Jan;70(1):17-20.

The length of the menstrual cycle was compared in women with breast cancer, women with benign breast disease, and controls. Older women in general tended to report shorter menstrual cycles (P less than 0.05). After correction for the age difference, breast cancer patients still reported a shorter average menstrual cycle length than benign breast disease patients and controls (P less than 0.006). Very short cycles (less than or equal to 21 days) were present in 20% of the breast cancer patients compared to 8% of the patients with benign breast disease and 4% of the controls (P less than 0.0001). Long cycles (less than or equal to 30 days) were not a feature of breast cancer patients (2%), whereas 20% of the patients with benign breast disease and 20% of the controls reported such long cycles (P less than 0.0001). Irregular menstrual cycles were more common in benign breast disease patients (20%) than in cancer patients (10%) and controls (8%) (P less than 0.001).(Higher progesterone output is cause of longer cycles—progesterone is protective. HHL)

O'Meara ES, Rossing MA, Daling JR, Elmore JG, Barlow WE, Weiss NS.  Hormone replacement therapy after a diagnosis of breast cancer in relation to recurrence and mortality. J Natl Cancer Inst. 2001 May 16;93(10):754-62. 


BACKGROUND: Hormone replacement therapy (HRT) is typically avoided for women with a history of breast cancer because of concerns that estrogen will stimulate recurrence. In this study, we sought to evaluate the impact of HRT on recurrence and mortality after a diagnosis of breast cancer. METHODS: Data were assembled from 2755 women aged 35-74 years who were diagnosed with incident invasive breast cancer while they were enrolled in a large health maintenance organization from 1977 through 1994. Pharmacy data identified 174 users of HRT after diagnosis. Each HRT user was matched to four randomly selected nonusers of HRT with similar age, disease stage, and year of diagnosis. Women in the analysis were recurrence free at HRT initiation or the equivalent time since diagnosis. Rates of recurrence and death through 1996 were calculated. Adjusted relative risks were estimated by use of the Cox regression model. All statistical tests were two-sided. RESULTS: The rate of breast cancer recurrence was 17 per 1000 person-years in women who used HRT after diagnosis and 30 per 1000 person-years in nonusers (adjusted relative risk for users compared with nonusers = 0.50; 95% confidence interval [CI] = 0.30 to 0.85). Breast cancer mortality rates were five per 1000 person-years in HRT users and 15 per 1000 person-years in nonusers (adjusted relative risk = 0.34; 95% CI = 0.13 to 0.91). Total mortality rates were 16 per 1000 person-years in HRT users and 30 per 1000 person-years in nonusers (adjusted relative risk = 0.48; 95% CI = 0.29 to 0.78). The relatively low rates of recurrence and death were observed in women who used any type of HRT (oral only = 41% of HRT users; vaginal only = 43%; both oral and vaginal = 16%). No trend toward lower relative risks was observed with increased dose. CONCLUSION: We observed lower risks of recurrence and mortality in women who used HRT after breast cancer diagnosis than in women who did not. Although residual confounding may exist, the results suggest that HRT after breast cancer has no adverse impact on recurrence and mortality.

Ortmann J, Prifti S, Bohlmann MK, Rehberger-Schneider S, Strowitzki T, Rabe T. Testosterone and 5 alpha-dihydrotestosterone inhibit in vitro growth of human breast cancer cell lines. Gynecol Endocrinol. 2002 Apr;16(2):113-20. 

Androgens are of biological and clinical importance for the growth and development of breast cancer in women, and the androgen receptor (AR) has been shown to be a predictor of tumor differentiation. In the present study, we investigated the relationship between AR status and testosterone and 5 alpha-dihydrotestosterone (DHT)-dependent proliferation of the human breast carcinoma cell lines MCF-7, T47-D, MDA-MB 435S and BT-20. AR status was studied by means of immunocytochemistry and Western blot analysis. All four cell lines stained positively for AR. Western blot analysis revealed a strong expression of AR in MCF-7, in contrast to BT-20 cells. According to proliferation kinetics, we observed a significant (p < or = 0.05) dose-dependent inhibition of cell growth by testosterone and DHT treatment in all four cell lines. In the estrogen receptor (ER)-negative cell lines BT-20 and MDA-MB 435S, testosterone was a more potent inhibitor of cell proliferation than DHT (p < or = 0.05), in contrast to the ER-positive cells lines MCF-7 and T47-D, in which a stronger inhibition of proliferation was achieved by DHT. A partial transformation of testosterone to estrogen in ER-positive cells might be an explanation for this effect. Our data favor a possible role of androgens in growth regulation of breast cancer. Clinical studies are needed to analyze the importance of AR as a possible predictor in response to endocrine therapy of breast cancer.

Palmer JR, Viscidi E, Troester MA, Hong CC, Schedin P, Bethea TN, Bandera EV, Borges V, McKinnon C, Haiman CA, Lunetta K, Kolonel LN, Rosenberg L, Olshan AF, Ambrosone CB. Parity, Lactation, and Breast Cancer Subtypes in African American Women: Results from the AMBER Consortium. J Natl Cancer Inst. 2014 Sep 15;106(10). 

BACKGROUND: African American (AA) women have a disproportionately high incidence of estrogen receptor-negative (ER-) breast cancer, a subtype with a largely unexplained etiology. Because childbearing patterns also differ by race/ethnicity, with higher parity and a lower prevalence of lactation in AA women, we investigated the relation of parity and lactation to risk of specific breast cancer subtypes. METHODS: Questionnaire data from two cohort and two case-control studies of breast cancer in AA women were combined and harmonized. Case patients were classified as ER+ (n = 2446), ER- (n = 1252), or triple negative (ER-, PR-, HER2-; n = 567) based on pathology data; there were 14180 control patients. Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated in polytomous logistic regression analysis with adjustment for study, age, reproductive and other risk factors. RESULTS: ORs for parity relative to nulliparity was 0.92 (95% CI = 0.81 to 1.03) for ER+, 1.33 (95% CI = 1.11 to 1.59) for ER-, and 1.37 (95% CI = 1.06 to 1.70) for triple-negative breast cancer. Lactation was associated with a reduced risk of ER- (OR = 0.81, 95% CI = 0.69 to 0.95) but not ER+ cancer. ER- cancer risk increased with each additional birth in women who had not breastfed, with an OR of 1.68 (95% CI = 1.15 to 2.44) for 4 or more births relative to one birth with lactation. CONCLUSIONS: The findings suggest that parous women who have not breastfed are at increased risk of ER- and triple-negative breast cancer. Promotion of lactation may be an effective tool for reducing occurrence of the subtypes that contribute disproportionately to breast cancer mortality. PMID: 25224496

Park JJ, Irvine RA, Buchanan G, Koh SS, Park JM, Tilley WD, Stallcup MR, Press MF, Coetzee GA. Breast cancer susceptibility gene 1 (BRCAI) is a coactivator of the androgen receptor. Cancer Res. 2000 Nov 1;60(21):5946-9. 


In the present study, the role of BRCA1 in ligand-dependent androgen receptor (AR) signaling was assessed. In transfected prostate and breast cancer cell lines, BRCA1 enhanced AR-dependent transactivation of a probasin-derived reporter gene. The effects of BRCA1 were mediated through the NH2-terminal activation function (AF-1) of the receptor. Cotransfection of p160 coactivators markedly potentiated BRCA1-mediated enhancement of AR signaling. In addition, BRCA1 was shown to interact physically with both the AR and the p160 coactivator, glucocorticoid receptor interacting protein 1. These findings suggest that BRCA1 may directly modulate AR signaling and, therefore, may have implications regarding the proliferation of normal and malignant androgen-regulated tissues. From Discussion: It may be that in women with germ-line BRCA1 mutations (and therefore, with reduced functional BRCA1 protein), breast epithelial cells are under reduced androgen-mediated growth inhibition and tumors develop more rapidly in those women expressing less efficient ARs.

Pasqualini JR. Progestins in the menopause in healthy women and breast cancer patients. Maturitas. 2009 Apr 20;62(4):343-8.

At present, more than 200 progestin compounds are synthetized, but their biological effects are different: this is function of their structure, receptor affinity, metabolic transformations, the target tissues considered, dose. The action of progestins in breast cancer is controversial; some studies indicate an increase in breast cancer incidence, others show no differences, and yet others indicate a decrease. Many studies agree that treatment with progestins plus estrogens at a low dose and during a limited period (less than 5 years) can have beneficial effects in peri- and post-menopausal women. It was demonstrated that various progestins (e.g. nomegestrol acetate, medrogestone, promegestone), as well as tibolone and its metabolites, can block the enzymes involved in estradiol bioformation (sulfatase, 17beta-hydroxysteroid dehydrogenase) in breast cancer. Progesterone is converted into various metabolic products: in normal breast tissue the transformation is mainly to 4-ene derivatives, whereas in the tumor tissue 5alpha-pregane derivatives are predominant. Aromatase activity is the last step in the formation of estrogens by the conversion of androgens. In recent studies it was shown that 20alpha-dihydroprogesterone, a metabolite (of progesterone, not of other progestins-HHL) found mainly in normal breast tissue and having anti-proliferative properties, can act as an anti-aromatase agent. The data suggest the possible utilization of this compound in breast cancer prevention. In conclusion, in order to clarify and better understand the response of progestins in breast cancer (incidence and mortality), as well as in hormone replacement therapy or in endocrine dysfunction, new clinical trials are necessary using other progestins in function of the dose and period of treatment.

Peck JD, Hulka BS, Poole C, Savitz DA, Baird D, Richardson BE. Steroid hormone levels during pregnancy and incidence of maternal breast cancer. Cancer Epidemiol Biomarkers Prev. 2002 Apr;11(4):361-8. 

Previous studies evaluating pregnancy hormone levels and maternal breast cancer were limited to surrogate indicators of exposure. This study directly evaluates the association between measured serum steroid hormone levels during pregnancy and maternal risk of breast cancer. A nested case-control study was conducted to examine third-trimester serum levels of total unconjugated estradiol, estrone, estriol, and progesterone in women who were pregnant between 1959 and 1966. Cases (n = 194) were diagnosed with in situ or invasive breast cancer between 1969 and 1991. Controls (n = 374) were matched to cases by age at the time of index pregnancy, using randomized recruitment. Elevated progesterone levels were associated with a decreased incidence of breast cancer [odds ratio (OR) for progesterone > or =270 ng/ml, 0.49; 95% confidence interval (CI), 0.22-1.1] relative to those below the lowest decile. This association was stronger for cancers diagnosed at or before age 50 (OR for progesterone > or =270 ng/ml, 0.3; 95% CI, 0.1-0.9). Increased estrone levels were associated with an increased incidence overall (OR for estrone > or =18.7 ng/ml, 2.5; 95% CI, 1.0-6.2), whereas a positive association with estradiol was not observed. Too few cases occurred within 15 years of the index pregnancy to compare adequately the short- and long-term effects of pregnancy hormone exposure. When estrogen-to-progesterone ratios were evaluated, there was an indication of a modest increased incidence of breast cancer for those with high total estrogens and high estrone levels relative to progesterone. These findings suggest that pregnancy steroid hormone levels are risk factors for breast cancer.

Pisha E, Lui X, Constantinou AI, Bolton JL. Evidence that a metabolite of equine estrogens, 4-hydroxyequilenin, induces cellular transformation in vitro. Chem Res Toxicol. 2001 Jan;14(1):82-90.

Estrogen replacement therapy has been correlated with an increased risk of developing hormone-dependent cancers. 4-Hydroxyequilenin (4-OHEN) is a catechol metabolite of equilenin and equilin which are components of the estrogen replacement formulation marketed under the name of Premarin (Wyeth-Ayerst). Previously, we showed that 4-OHEN autoxidizes to potent cytotoxic quinoids which can consume reducing equivalents and molecular oxygen, and cause a variety of DNA lesions, including formation of bulky stable adducts, apurinic sites, and oxidation of the phosphate-sugar backbone and purine/pyrimidine bases [Bolton, J. L., Pisha, E., Zhang, F., and Qiu, S. (1998) Chem. Res. Toxicol. 11, 1113-1127]. All of these deleterious effects could contribute to the cytotoxic/genotoxic effects of equine estrogens in vivo. In the study presented here, we studied the oxidative and carcinogenic potential of 4-OHEN and the catechol metabolite of the endogenous estrogen, 4-hydroxyestrone (4-OHE), in the JB6 clone 41 5a and C3H 10T(1/2) murine fibroblast cells. The relative ability of 4-OHEN and 4-OHE to induce oxidative stress was measured in these cells by oxidative cleavage of 2',7'-dichlorodiacylfluorosceindiacetate to dichlorofluoroscein. 4-OHEN (1 microM) displayed an increase in the level of reactive oxygen species comparable to that observed with 100 microM H(2)O(2). In contrast, 4-OHE demonstrated antioxidant capabilities in the 5-50 microM range. With both cell lines, we assessed single-strand DNA cleavage using the comet assay and the formation of oxidized DNA bases, such as 8-oxodeoxyguanosine, utilizing the Trevigen Fpg comet assay. 4-OHEN caused single-strand breaks and oxidized bases in a dose-dependent manner in both cell lines, whereas 4-OHE did not induce DNA damage. Since oxidative stress has been implicated in cellular transformation, we used the JB6 clone 41 5a anchorage independence assay to ascertain the relative ability of 4-OHEN and 4-OHE to act as tumor promoters. 4-OHEN caused a slight but significant increase in the extent of cellular transformation at the 100 nM dose; however, in the presence of NADH, which catalyzes redox cycling of 4-OHEN, the transformation ability of 4-OHEN was dramatically increased. 4-OHE did not induce transformation of the JB6 clone 41 5a in the 0.1-10 microM range. The initiation, promotion, and complete carcinogenic transformation potentials of both metabolites were measured in the C3H 10T(1/2) cells. 4-OHEN demonstrated activity in all stages of transformation at doses of 10 nM to 1 microM, whereas 4-OHE only demonstrated promotional capabilities at the 10 microM dose. These data suggest that oxidative stress could be partially responsible for the carcinogenic effects caused by 4-OHEN and that 4-OHEN is a more potent transforming agent than 4-OHE in vitro.

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.

Poulin R, Baker D, Labrie F. Androgens inhibit basal and estrogen-induced cell proliferation in the ZR-75-1 human breast cancer cell line. Breast Cancer Res Treat. 1988 Oct;12(2):213-25. 

This study describes the inhibitory effect of 5 alpha-dihydrotestosterone (5 alpha-DHT) and its precursors testosterone (T) and androst-4-ene-3,17-dione (delta 4-DIONE) on the growth of the estrogen-sensitive human breast cancer cell line ZR-75-1. In the absence of estrogens, cell proliferation measured after a 12-day incubation period was 50-60% inhibited by maximal concentrations of 5 alpha-DHT, T, or delta 4-DIONE with half-maximal effects (IC50 values) observed at 0.10, 0.15 and 15 nM, respectively. This growth inhibition by androgens was due to an increase in generation time and a lowering of the saturation density of cell cultures. The antiestrogen LY156758 (300 nM) induced 25-30% inhibition of basal cell growth, its effect being additive to that of 5 alpha-DHT. The mitogenic effect of 1 nM estradiol (E2) was completely inhibited by increasing concentrations of 5 alpha-DHT with a potency (IC50 = 0.10 nM) similar to that measured when the androgen was used alone. E2 had a more rapid effect on cell proliferation than 5 alpha-DHT, the latter requiring at least 5 to 6 days to exert significant growth inhibition. As found in the absence of estrogens, maximal inhibition of cell proliferation in the presence of E2 was achieved by the combination of the antiestrogen and 5 alpha-DHT. Supraphysiological concentrations of E2 (up to 1 microM) were needed to completely reverse the growth inhibitory effect of a submaximal concentration of 5 alpha-DHT (1 nM). The antiproliferative effect of androgens was competitively reversed by the antiandrogen hydroxyflutamide, thus indicating an androgen receptor-mediated mechanism. The present data suggest the potential benefits of an androgen-antiestrogen combination therapy in the endocrine management of breast cancer.

Pratt JH, Longcope C. Estriol production rates and breast cancer. J Clin Endocrinol Metab. 1978 Jan;46(1):44-7. 


We have infused [6,7-3H]estrone or [6,7-3H]estradiol and [4-14C]estriol into seven women who had had breast cancer and into five normal postmenopausal women. We measured the endogenous concentrations and the metabolic clearance rates of estrone, estradiol, and estriol and calculated the blood production rates for these steroids in each group. There were no significant differences between the respective measurements for each group. Our data does not support the argument that physiological amounts of estriol are protective against breast cancer development in women.

Przybylowska K, Kluczna A, Zadrozny M, Krawczyk T, Kulig A, Rykala J, Kolacinska A, Morawiec Z, Drzewoski J, Blasiak J.  Polymorphisms of the promoter regions of matrix metalloproteinases genes MMP-1 and MMP-9 in breast cancer. Breast Cancer Res Treat. 2005 Nov 3;:1-8 

PURPOSE: Matrix metalloproteinases play a crucial role in the cancer invasion and metastasis, angiogenesis and tumorigenicity. A single guanine insertion - the 1G/2G polymorphism in the promoter of the matrix metalloproteinase 1 (MMP-1) gene creates a binding site for the transcription factor AP-1 and thus may affect the transcription level of MMP-1. The C-->T substitution at the polymorphic site of the MMP-9 gene promoter results in a higher transcription activity of the T-allelic promoter trough the loss of binding site for a repressor protein. The aim of this work was to investigate the influence of 1G/2G and C-->T polymorphisms on the MMP-1 and MMP-9 level and therefore on the occurrence and progression of breast cancer. EXPERIMENTAL DESIGN: We investigated the distribution of genotypes and frequency of alleles of the 1G/2G and C-->T polymorphisms for 270 patients with breast cancer and 300 healthy women served as control. The genotypes were determined by RFLP-PCR. Additionally, we estimated the level of MMP-1 and MMP-9 antigens in tumor samples and normal breast tissue using ELISA. RESULTS: The levels of MMP-1 in tumor samples of node positive patients ware significantly higher than in samples of node negative patients (p<0.05). Increased level of MMP-9 correlates with Bloom-Richardson grading III (p<0.05), increased tumor size (p<0.05) and absence of estrogen and progesterone receptors (p<0.01). Additionally, both MMP-1 and MMP-9 levels were higher in tumor than in the normal breast tissue. We showed the higher risk of metastasis development in lymph node for the 2G/2G genotype (OR=2.14; CI 95% 1.24;3.69) and the 2G allele carriers (OR=1.68; CI 95% 1.19;2.39). We found correlation between the T allele (OR=2.61; CI 95% 1.33;4.87), 2G (OR=2.58; CI 95% 1.35;4.91) and malignance. CONCLUSION: The results suggest that MMP-1 is responsible for the local invasion and MMP-9 is associated with the malignance and the growth of the tumor. We suggest that the 2G allele of the 1G/2G MMP-1 gene polymorphism may be associated with the lymph node metastasis in patients with breast cancer and therefore it can be considered as a progression marker in this disease.

Rebbeck TR, Kantoff PW, Krithivas K, Neuhausen S, Blackwood MA, Godwin AK, Daly MB, Narod SA, Garber JE, Lynch HT, Weber BL, Brown M. Modification of BRCA1-associated breast cancer risk by the polymorphic androgen-receptor CAG repeat.Am J Hum Genet. 1999 May;64(5):1371-7. 

Compared with the general population, women who have inherited a germline mutation in the BRCA1 gene have a greatly increased risk of developing breast cancer. However, there is also substantial interindividual variability in the occurrence of breast cancer among BRCA1 mutation carriers. We hypothesize that other genes, particularly those involved in endocrine signaling, may modify the BRCA1-associated age-specific breast cancer risk. We studied the effect of the CAG repeat-length polymorphism found in exon 1 of the androgen-receptor (AR) gene (AR-CAG). AR alleles containing longer CAG repeat lengths are associated with a decreased ability to activate androgen-responsive genes. Using a sample of women who inherited germline BRCA1 mutations, we compared AR-CAG repeat length in 165 women with and 139 women without breast cancer. We found that women were at significantly increased risk of breast cancer if they carried at least one AR allele with >/=28 CAG repeats. Women who carried an AR-CAG allele of >/=28, >/=29, or >/=30 repeats were given a diagnosis 0.8, 1.8, or 6.3 years earlier than women who did not carry at least one such allele. All 11 women in our sample who carried at least one AR-CAG allele with >/=29 repeats had breast cancer. Our results support the hypothesis that age at breast cancer diagnosis is earlier among BRCA1 mutation carriers who carry very long AR-CAG repeats. These results suggest that pathways involving androgen signaling may affect the risk of BRCA1-associated breast cancer.
Rohan TE, Negassa A, Chlebowski RT, Habel L, McTiernan A, Ginsberg M, Wassertheil-Smoller S, Page DL. Conjugated equine estrogen and risk of benign proliferative breast disease: a randomized controlled trial. J Natl Cancer Inst. 2008 Apr 16;100(8):563-71. 

BACKGROUND: Estrogens stimulate proliferation of breast epithelium and may therefore increase the risk of benign proliferative breast disease, a condition that is associated with increased risk of breast cancer. We tested the effect of conjugated equine estrogen (CEE) on risk of benign proliferative breast disease in the Women's Health Initiative (WHI) randomized controlled trial. METHODS: In the WHI CEE trial, 10,739 postmenopausal women were randomly assigned to 0.625 mg/d of CEE or to placebo. Baseline and annual breast examinations and mammograms were required. We identified women in the trial who reported breast biopsies that were free of cancer, obtained the associated histological sections, and subjected them to standardized central review. Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). All statistical tests were two-sided. RESULTS: A total of 232 incident cases of benign proliferative breast disease were ascertained during follow-up (average duration, 6.9 years), with 155 in the CEE group and 77 in the placebo group. Use of CEE was associated with a more than two-fold increase in the risk of benign proliferative breast disease (HR = 2.11, 95% CI = 1.58 to 2.81). For benign proliferative breast disease without atypia, the HR was 2.34 (95% CI = 1.71 to 3.20), whereas for atypical hyperplasia, it was 1.12 (95% CI = 0.53 to 2.40). Risk varied little by levels of baseline characteristics. CONCLUSION: Use of 0.625 mg/d of CEE was associated with a statistically significant increased risk of benign proliferative breast disease. (Of course—estrogen-only hormone replacement produces increased proliferation in the breast. The remedy is progesterone which has been shown to reduce proliferation to baseline when added to estrogen-HHL.)

Ribot C, Tremollieres F. [Hormone replacement therapy in postmenopausal women: all the treatments are not the same.] Gynecol Obstet Fertil. 2007 May;35(5):388-397. Epub 2007 Mar 27. 


Different estrogens combined with various progestins, administered are used in hormone therapy (HT) for postmenopausal women. All these compounds, which do not have the same chemical structure and the same pharmacokinetic behavior as the bio-identicals hormones, estradiol 17beta and progesterone, have intrinsic properties which can lead to tangible differences in therapeutic results. Recent biological and clinical data strongly suggest that the coronary and venous thromboembolic risk as well as the breast cancer risk attributed to HT use would not be the same according to the therapeutic scheme used. This article will briefly review the general principle of a true <<hormone replacement therapy>> and will discuss the recent data supporting the hypothesis that the cardiovascular and breast cancer risks might be lower with bio-identical hormones than with other therapeutic schemes.

Rieche K, Wolff G. Comparison of testosterone decanoate, drostanolone and testololactone in disseminated breast cancer--a randomized clinical study.Arch Geschwulstforsch. 1975;45(5):485-8. 


It can be said that a single hormone therapy with testosterone decanoate, drostanolone, and testosterone gave similar rates of objective responses in metastatic breast cancer. The presented randomized study has been done to prove whether an additional chemotherapy to hormone applications would further improve therapeutic results. During an observation period of 10 to 16 weeks testosterone decanoate and testolactone in combination with cyclophosphamide have more benefitial effects on the patients than drostanolone plus cyclophosphamide. The combination therapy augmented the rate of objective responses from 22-25 percent to 46-55 percent.

Rinaldi S, et al.  Anthropometric measures, endogenous sex steroids and breast cancer risk in postmenopausal women: A study within the EPIC cohort. Int J Cancer. 2005 Dec 29; [Epub ahead of print] 

In a large case-control study on breast cancer risk and serum hormone concentrations, nested within the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, we examined to what extent the relationship of excess body weight with breast cancer risk may be explained by changes in sex steroids. Height, weight, waist and hip circumferences, and serum measurements of testosterone [T], androstenedione [Delta(4)], dehydroepiandrosterone sulphate [DHEAS], estradiol [E(2)], estrone [E(1)] and sex-hormone binding globulin [SHBG] were available for 613 breast cancer cases, and 1,139 matched controls, who were all menopausal at the time of blood donation. Free T [fT] and free E(2) [fE(2)] were calculated using mass action equations. Breast cancer risk was related to body mass index (BMI) (RR = 1.11 [0.99-1.25], per 5 kg/m(2) increase in BMI), and waist (RR = 1.12 [1.02-1.24], per 10 cm increase) and hip circumferences (RR = 1.14 [1.02-1.27], per 10 cm increase). The increase in breast cancer risk associated with adiposity was substantially reduced after adjustment for any estrogens, especially for fE(2) (from 1.11 [0.99-1.25] to 0.99 [0.87-1.12], from 1.12 [1.02-1.24] to 1.02 [0.92-1.14] and from 1.14 [1.02-1.27] to 1.05 [0.93-1.18] for BMI, waist and hip circumferences, respectively). A modest attenuation in excess risk was observed after adjustment for fT, but the remaining androgens had little effect on the association of body adiposity with breast cancer. Our data indicate that the relationship of adiposity with breast cancer in postmenopausal women could be partially explained by the increases in endogenous estrogens, and by a decrease in levels of SHBG.

Rodriguez C, Calle EE, et al. Estrogen replacement and fatal ovarian cancer. Am J Epidem 1995; 141:828-35.

240,073 women followed for 7 years from 1982 to 89.  436 deaths from ovarian CA occurred.  Use of ERT had RR of 1.15 for ever used, 1.4 for 6-10 years, 1.71 for ( 11yrs.  Progesterone use was not queried, however, prior to 1980, fewer than 5% of oral estrogens were accompanied by oral progestogens. 

Rosenberg LU, Magnusson C, Lindström E, Wedrén S, Hall P, Dickman PW. Menopausal hormone therapy and other breast cancer risk factors in relation to the risk of different histological subtypes of breast cancer: a case-control study. Breast Cancer Res. 2006;8(1):R11. 

INTRODUCTION: Breast cancers of different histology have different clinical and prognostic features. There are also indications of differences in aetiology. We therefore evaluated the risk of the three most common histological subtypes in relation to menopausal hormone therapy and other breast cancer risk factors. METHODS: We used a population-based case-control study of breast cancer to evaluate menopausal hormone therapy and other breast cancer risk factors for risk by histological subtype. Women aged 50 to 74 years, diagnosed with invasive ductal (n = 1,888), lobular (n = 308) or tubular (n = 93) breast cancer in Sweden in 1993 to 1995 were compared with 3,065 age-frequency matched controls randomly selected from the population. Unconditional logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for ductal, lobular, and tubular cancer. RESULTS: Women who had used medium potency estrogen alone were at increased risks of both ductal and lobular cancer. Medium potency estrogen-progestin was associated with increased risks for all subtypes, but the estimates for lobular and tubular cancer were higher compared with ductal cancer. We found OR 5.6 (95% CI 3.2-9.7) for lobular cancer, OR 6.5 (95% CI 2.8-14.9) for tubular cancer and OR 2.3 (95% CI 1.6-3.3) for ductal cancer with > or =5 years use of medium potency estrogen-progestin therapy. Low potency oral estrogen (mainly estriol) appeared to be associated with an increased risk for lobular cancer, but the association was strongest for short-term use. Reproductive and anthropometric factors, smoking, and past use of oral contraceptives were mostly similarly related to the risks of the three breast cancer subtypes. Recent alcohol consumption of > 10 g alcohol/day was associated with increased risk only for tubular cancer (OR 3.1, 95% CI 1.4-6.8). CONCLUSION: Menopausal hormone therapy was associated with increased risks for breast cancer of both ductal and lobular subtype, and medium potency estrogen-progestin therapy was more strongly associated with lobular compared with ductal cancer. We also found medium potency estrogen-progestin therapy and alcohol to be strongly associated with tubular cancer. With some exceptions, most other risk factors seemed to be similarly associated with the three subtypes of breast cancer. PMID: 16507159 (No study of progesterone—HHL)
Russo J, Hasan Lareef M, Balogh G, Guo S, Russo IH. Estrogen and its metabolites are carcinogenic agents in human breast epithelial cells. J Steroid Biochem Mol Biol. 2003 Oct;87(1):1-25. 


Estrogens play a crucial role in the development and evolution of human breast cancer. However, it is still unclear whether estrogens are carcinogenic to the human breast. There are three mechanisms that have been considered to be responsible for the carcinogenicity of estrogens: receptor-mediated hormonal activity, a cytochrome P450 (CYP)-mediated metabolic activation, which elicits direct genotoxic effects by increasing mutation rates, and the induction of aneuploidy by estrogen. To fully demonstrate that estrogens are carcinogenic in the human breast through one or more of the mechanisms explained above it will require an experimental system in which, estrogens by itself or one of the metabolites would induce transformation phenotypes indicative of neoplasia in HBEC in vitro and also induce genomic alterations similar to those observed in spontaneous malignancies. In order to mimic the intermittent exposure of HBEC to endogenous estrogens, MCF-10F cells that are ERalpha negative and ERbeta positive were first treated with 0, 0.007, 70 nM and 1 microM of 17beta-estradiol (E(2)), diethylstilbestrol (DES), benz(a)pyrene (BP), progesterone (P), 2-OH-E(2), 4-hydoxy estradiol (4-OH-E(2)) and 16-alpha-OH-E(2) at 72 h and 120 h post-plating. Treatment of HBEC with physiological doses of E(2), 2-OH-E(2), 4-OH-E(2) induce anchorage independent growth, colony formation in agar methocel, and reduced ductulogenic capacity in collagen gel, all phenotypes whose expression are indicative of neoplastic transformation, and that are induced by BP under the same culture conditions. The presence of ERbeta is the pathway used by E(2) to induce colony formation in agar methocel and loss of ductulogenic in collagen gel. This is supported by the fact that either tamoxifen or the pure antiestrogen ICI-182,780 (ICI) abrogated these phenotypes. However, the invasion phenotype, an important marker of tumorigenesis is not modified when the cells are treated in presence of tamoxifen or ICI, suggesting that other pathways may be involved. Although we cannot rule out the possibility, that 4-OH-E(2) may interact with other receptors still not identified, with the data presently available the direct effect of 4-OH-E(2) support the concept that metabolic activation of estrogens mediated by various cytochrome P450 complexes, generating through this pathway reactive intermediates that elicit direct genotoxic effects leading to transformation. This assumption was confirmed when we found that all the transformation phenotypes induced by 4-OH-E(2) were not abrogated when this compound was used in presence of the pure antiestrogen ICI. The novelty of these observations lies in the role of ERbeta in transformation and that this pathway can successfully bypassed by the estrogen metabolite 4-OH-E(2). Genomic DNA was analyzed for the detection of micro-satellite DNA polymorphism using 64 markers covering chromosomes (chr) 3, 11, 13 and 17. We have detected loss of heterozygosity (LOH) in ch13q12.2-12.3 (D13S893) and in ch17q21.1 (D17S800) in E(2), 2-OH-E(2), 4-OH-E(2), E(2) + ICI, E(2) + tamoxifen and BP-treated cells. LOH in ch17q21.1-21.2 (D17S806) was also observed in E(2), 4-OH-E(2), E(2)+ICI, E(2)+tamoxifen and BP-treated cells. MCF-10F cells treated with P or P+E(2) did not show LOH in the any of the markers studied. LOH was strongly associated with the invasion phenotype. Altogether our data indicate that E(2) and its metabolites induce in HBEC LOH in loci of chromosomes 13 and 17, that has been reported in primary breast cancer, that the changes are similar to those induced by the chemical carcinogen (BP) and that the genomic changes were not abrogated by antiestrogens.

Russo IH, Russo J. Hormonal approach to breast cancer prevention. J Cell Biochem Suppl. 2000;34:1-6. 

Breast cancer is more frequent in nulliparous women, while its incidence is significantly reduced by full-term pregnancy. The fact that the protection conferred by pregnancy is observed in women from different countries and ethnic groups, regardless of the endogenous incidence of this malignancy, indicates that this protection does not result from extrinsic factors specific to a particular environmental, genetic, or socioeconomic setting, but rather from an intrinsic effect of parity on the biology of the breast. Using an experimental system we have shown that treatment of young virgin rats with human chorionic gonadotropin (hCG), like full-term pregnancy, efficiently inhibits the initiation and progression of chemically induced mammary carcinomas. Treatment of young virgin rats with hCG induced a profuse lobular development of the mammary gland, reduced the proliferative activity of the mammary epithelium, and induced the synthesis of inhibin, a secreted protein with tumor-suppressor activity. HCG treatment also increased the expression of the programmed cell death (PCD) genes testosterone repressed prostate message 2 (TRPM2), interleukin 1-beta-converting enzyme (ICE), p53, c-myc, and bcl-XS, induced apoptosis, and downregulated cyclins. PCD genes were activated through a p53-dependent process, modulated by c-myc, and with partial dependence on the bcl-2 family-related genes. The possibility that this hormonal treatment activates known or new genes was tested by differential display technique. We have identified a series of new genes, hormone-induced-1 (HI-1) among them. The characterization of their functional role will contribute to clarify the mechanisms through which hCG inhibits the initiation and progression of mammary cancer. Of great significance was the observation that PCD genes remained activated even after lobular formations had regressed due to the cessation of hormone administration. We postulate that this mechanism plays a major role in the long-lasting protection exerted by hCG from chemically induced carcinogenesis, and might be also involved in the lifetime reduction in breast cancer risk induced in women by full-term pregnancy. The implications of these observations are two-fold: on one hand, they indicate that hCG, as pregnancy, may induce early genomic changes that control the progression of the differentiation pathway, and on the other, that these changes are permanently imprinted in the genome, regulating the long-lasting refractoriness to carcinogenesis. The permanence of these changes, in turn, makes them ideal surrogate markers of hCG effect in the evaluation of this hormone as a breast cancer preventive agent.

Russo J, Moral R, Balogh GA, Mailo D, Russo IH. The protective role of pregnancy in breast cancer. Breast Cancer Res. 2005;7(3):131-42. Epub 2005 Apr 7. 


Epidemiological, clinical, and experimental data indicate that the risk of developing breast cancer is strongly dependent on the ovary and on endocrine conditions modulated by ovarian function, such as early menarche, late menopause, and parity. Women who gave birth to a child when they were younger than 24 years of age exhibit a decrease in their lifetime risk of developing breast cancer, and additional pregnancies increase the protection. The breast tissue of normally cycling women contains three identifiable types of lobules, the undifferentiated Lobules type 1 (Lob 1) and the more developed Lobules type 2 and Lobules type 3. The breast attains its maximum development during pregnancy and lactation (Lobules type 4). After menopause the breast regresses in both nulliparous and parous women containing only Lob 1. Despite the similarity in the lobular composition of the breast at menopause, the fact that nulliparous women are at higher risk of developing breast cancer than parous women indicates that Lob 1 in these two groups of women might be biologically different, or might exhibit different susceptibility to carcinogenesis. Based on these observations it was postulated that Lob 1 found in the breast of nulliparous women and of parous women with breast cancer never went through the process of differentiation, retaining a high concentration of epithelial cells that are targets for carcinogens and are therefore susceptible to undergo neoplastic transformation. These epithelial cells are called Stem cells 1, whereas Lob 1 structures found in the breast of early parous postmenopausal women free of mammary pathology, on the contrary, are composed of an epithelial cell population that is refractory to transformation, called Stem cells 2. It was further postulated that the degree of differentiation acquired through early pregnancy has changed the 'genomic signature' that differentiates Lob 1 of the early parous women from that of the nulliparous women by shifting the Stem cells 1 to Stem cells 2 that are refractory to carcinogenesis, making this the postulated mechanism of protection conferred by early full-term pregnancy. The identification of a putative breast stem cell (Stem cells 1) has, in the past decade, reached a significant impulse, and several markers also reported for other tissues have been found in the mammary epithelial cells of both rodents and humans. Although further work needs to be carried out in order to better understand the role of the Stem cells 2 and their interaction with the genes that confer them a specific signature, collectively the data presently available provide evidence that pregnancy, through the process of cell differentiation, shifts Stem cells 1 to Stem cells 2 - cells that exhibit a specific genomic signature that could be responsible for the refractoriness of the mammary gland to carcinogenesis.

Sar P, Peter R, Rath B, Das Mohapatra A, Mishra SK. 3, 3'5 Triiodo L thyronine induces apoptosis in human breast cancer MCF-7 cells, repressing SMP30 expression through negative thyroid response elements. PLoS One. 2011;6(6):e20861.

BACKGROUND: Thyroid hormones regulate cell proliferation, differentiation as well as apoptosis. However molecular mechanism underlying apoptosis as a result of thyroid hormone signaling is poorly understood. The antiapoptotic role of Senescence Marker Protein-30 (SMP30) has been characterized in response to varieties of stimuli as well as in knock out model. Our earlier data suggest that thyroid hormone 3, 3'5 Triiodo L Thyronine (T(3)), represses SMP30 in rat liver. METHODOLOGY/PRINCIPAL FINDINGS: In highly metastatic MCF-7, human breast cancer cell line T3 treatment repressed SMP30 expression leading to enhanced apoptosis. Analysis by flow cytometry and other techniques revealed that overexpression and silencing of SMP30 in MCF-7 resulted in decelerated and accelerated apoptosis respectively. In order to identify the cis-acting elements involved in this regulation, we have analyzed hormone responsiveness of transiently transfected hSMP30 promoter deletion reporter vectors in MCF-7 cells. As opposed to the expected epigenetic outcome, thyroid hormone down regulated hSMP30 promoter activity despite enhanced recruitment of acetylated H3 on thyroid response elements (TREs). From the stand point of established epigenetic concept we have categorised these two TREs as negative response elements. Our attempt of siRNA mediated silencing of TRβ, reduced the fold of repression of SMP30 gene expression. In presence of thyroid hormone, Trichostatin- A (TSA), which is a Histone deacetylase (HDAC) inhibitor further inhibited SMP30 promoter activity. The above findings are in support of categorisation of both the thyroid response element as negative response elements as usually TSA should have reversed the repressions. CONCLUSION: This is the first report of novel mechanistic insights into the remarkable downregulation of SMP30 gene expression by thyroid hormone which in turn induces apoptosis in MCF-7 human breast cancer cells. We believe that our study represents a good ground for future effort to develop new therapeutic approaches to challenge the progression of breast cancer. PMID: 21687737

Schneider C, Jick SS, Meier CR. Climacteric. Risk of gynecological cancers in users of estradiol/dydrogesterone or other HRT preparations. 2009 Dec;12(6):514-24.

OBJECTIVES: Use of postmenopausal hormone replacement therapy (HRT) has been associated with an elevated risk of gynecological cancers. There is evidence that the effect differs with the type of hormone used. Dydrogesterone is pharmacologically very similar to progesterone. METHODS: We used the UK-based General Practice Research Database (GPRD) to conduct a follow-up study with a nested case-control analysis. We assessed and compared the risk of developing breast, ovarian, endometrial/uterine or cervical cancer in estradiol/dydrogesterone (E/D) users, users of other HRT, or non-users of HRT. RESULTS: The breast cancer incidence rates were 2.41 (95% confidence interval (CI) 1.81-3.15), 3.28 (95% CI 3.01-3.55) and 3.16 (95% CI 2.92-3.42) per 1000 person-years for E/D users, users of other HRT or non-users, respectively. In a direct comparison, the breast cancer risk for E/D users was lower than for users of other HRT (odds ratio 0.76, 95% CI 0.56-1.05). The incidence rates of other gynecological cancers were similar or also slightly lower for E/D users than for users of other HRT. CONCLUSION: This study provides evidence that the risk of developing gynecological cancers with E/D use of several months to a few years is similar to the risks of developing gynecological cancer without HRT or use of other HRT. PMID: 19905903 (Dydrogesterone is the progestin closest in structure to progesterone---HHL)

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.
Secreto G, Zumoff B.  Abnormal production of androgens in women with breast cancer. Anticancer Res. 1994 Sep-Oct;14(5B):2113-7.

Two long and broad streams of medical literature, from the 1950's to date, have established the existence of two unrelated abnormalities of androgen production in women with breast cancer. One is the genetically determined presence of subnormal production of adrenal androgens (i.e. DHEA and DHEAS) in women with premenopausal breast cancer and their sisters, who are at increased risk for breast cancer. The other is excessive production of testosterone, of ovarian origin, in subsets of women with either premenopausal or postmenopausal breast cancer and women with atypical breast-duct hyperplasia, who are at increased risk for breast cancer; along with the hypertestosteronism, there is frequently chronic anovulation in the premenopausal patients. The combination of ovarian hypertestosteronism and chronic anovulation is characteristic of the polycystic ovary syndrome and is also frequently seen in women with abdominal ("android") obesity; both PCOS and abdominal obesity are known to be characterized by high risk for postmenopausal cancer. The elevated testosterone levels and the increased levels of insulin, IGF-I, and IGF-II that are seen in PCOS and abdominal obesity could favor the development of breast cancer in several ways, all of which have been demonstrated experimentally: binding of testosterone to cancer cells bearing testosterone receptors, with direct stimulation; intratissular aromatization of testosterone to estradiol, with stimulation of estrogen-sensitive cells; stimulation of the production of epithelial growth factor (EGF) by testosterone, with direct mitogenic effect of EGF on cancer cells; stimulation of aromatase by insulin and IGF-I; direct mitogenic stimulation of cancer cells by insulin, IGF-I, and IGF-II; and stimulation by IGF-I and IGF-II of the intratissular reduction of estrone to estradiol. Since PCOS is probably largely genetically determined, and abdominal obesity may also be, the hypertestosteronism of these conditions may represent a second genetically determined hormonal risk factor for breast cancer.

Sherman BM, Chapler FK, Crickard K, Wycoff D. Endocrine consequences of continuous antiestrogen therapy with tamoxifen in premenopausal women. J Clin Invest. 1979 Aug;64(2):398-404.

Daily administration of estrogen antagonists to premenopausal women has been incorporated into the adjuvant treatment of breast cancer. We have studied the changes in reproductive hormones, pituitary responses to hypothalamic-releasing hormones, and endometrial histology during treatment with the antiestrogen tamoxifen in five healthy, premenopausal women. These studies were carried out during one menstrual cycle before and during two cycles of antiestrogen treatment. All subjects continued to have regular menses with biphasic basal body temperature records. During treatment, estradiol (E2) levels were increased but followed the usual pattern reflecting follicular maturation and corpus luteum formation. The mean E2 concentration at the midcycle peak and during the luteal phase was twice that observed during the non-treatment cycle. By contrast, the concentrations and secretory patterns of luteinizing hormone and follicle-stimulating hormone were not greatly changed, and the gonadotropin responses to gonadotropin-releasing hormone were not suppressed. Endometrial biopsies obtained during the follicular phase of control and tamoxifen treatment cycles showed no differences whereas biopsies obtained during the luteal phase of tamoxifen cycles uniformly showed a lack of changes attributed to progesterone action with no progression of histologic changes beyond those expected on day 7-8 of the luteal phase.These observations are consistent with maturation of multiple ovarian follicles, a surprising finding considering the normal gonadotropin concentrations. The retarded development of the endometrium in the presence of supranormal serum E2 and progesterone concentrations is a morphologic demonstration of the antiprogestational effect of antiestrogens. The lack of gonadotropin suppression in the presence of hyperestrogenemia suggests a major antiestrogen action on the hypothalmus and pituitary gland.

Shilkaitis A, Green A, Punj V, Steele V, Lubet R, Christov K. Dehydroepiandrosterone inhibits the progression phase of mammary carcinogenesis by inducing cellular senescence via a p16-dependent but p53-independent mechanism. Breast Cancer Res. 2005;7(6):R1132-40. Epub 2005 Nov 16. 


INTRODUCTION: Dehydroepiandrosterone (DHEA), an adrenal 17-ketosteroid, is a precursor of testosterone and 17beta-estradiol. Studies have shown that DHEA inhibits carcinogenesis in mammary gland and prostate as well as other organs, a process that is not hormone dependent. Little is known about the molecular mechanisms of DHEA-mediated inhibition of the neoplastic process. Here we examine whether DHEA and its analog DHEA 8354 can suppress the progression of hyperplastic and premalignant (carcinoma in situ) lesions in mammary gland toward malignant tumors and the cellular mechanisms involved. METHODS: Rats were treated with N-nitroso-N-methylurea and allowed to develop mammary hyperplastic and premalignant lesions with a maximum frequency 6 weeks after carcinogen administration. The animals were then given DHEA or DHEA 8354 in the diet at 125 or 1,000 mg/kg diet for 6 weeks. The effect of these agents on induction of apoptosis, senescence, cell proliferation, tumor burden and various effectors of cellular signaling were determined. RESULTS: Both agents induced a dose-dependent decrease in tumor multiplicity and in tumor burden. In addition they induced a senescent phenotype in tumor cells, inhibited cell proliferation and increased the number of apoptotic cells. The DHEA-induced cellular effects were associated with increased expression of p16 and p21, but not p53 expression, implicating a p53-independent mechanism in their action. CONCLUSION: We provide evidence that DHEA and DHEA 8354 can suppress mammary carcinogenesis by altering various cellular functions, inducing cellular senescence, in tumor cells with the potential involvement of p16 and p21 in mediating these effects.
Shrivastava A, Tiwari M, Sinha RA, Kumar A, Balapure AK, Bajpai VK, Sharma R, Mitra K, Tandon A, Godbole MM. Molecular iodine induces caspase-independent apoptosis in human breast carcinoma cells involving the mitochondria-mediated pathway. J Biol Chem. 2006 Jul 14;281(28):19762-71. Epub 2006 May 5. 

Molecular iodine (I2) is known to inhibit the induction and promotion of N-methyl-n-nitrosourea-induced mammary carcinogenesis, to regress 7,12-dimethylbenz(a)anthracene-induced breast tumors in rat, and has also been shown to have beneficial effects in fibrocystic human breast disease. Cytotoxicity of iodine on cultured human breast cancer cell lines, namely MCF-7, MDA-MB-231, MDA-MB-453, ZR-75-1, and T-47D, is reported in this communication. Iodine induced apoptosis in all of the cell lines tested, except MDA-MB-231, shown by sub-G1 peak analysis using flow cytometry. Iodine inhibited proliferation of normal human peripheral blood mononuclear cells; however, it did not induce apoptosis in these cells. The iodine-induced apoptotic mechanism was studied in MCF-7 cells. DNA fragmentation analysis confirmed internucleosomal DNA degradation. Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling established that iodine induced apoptosis in a time- and dose-dependent manner in MCF-7 cells. Iodine-induced apoptosis was independent of caspases. Iodine dissipated mitochondrial membrane potential, exhibited antioxidant activity, and caused depletion in total cellular thiol content. Western blot results showed a decrease in Bcl-2 and up-regulation of Bax. Immunofluorescence studies confirmed the activation and mitochondrial membrane localization of Bax. Ectopic Bcl-2 overexpression did not rescue iodine-induced cell death. Iodine treatment induces the translocation of apoptosis-inducing factor from mitochondria to the nucleus, and treatment of N-acetyl-L-cysteine prior to iodine exposure restored basal thiol content, ROS levels, and completely inhibited nuclear translocation of apoptosis-inducing factor and subsequently cell death, indicating that thiol depletion may play an important role in iodine-induced cell death. These results demonstrate that iodine treatment activates a caspase-independent and mitochondria-mediated apoptotic pathway.

Simpson ER. Sources of estrogen and their importance. J Steroid Biochem Mol Biol. 2003 Sep;86(3-5):225-30.

In premenopausal women, the ovaries are the principle source of estradiol, which functions as a circulating hormone to act on distal target tissues. However, in postmenopausal women when the ovaries cease to produce estrogen, and in men, this is no longer the case, because estradiol is no longer solely an endocrine factor. Instead, it is produced in a number of extragonadal sites and acts locally at these sites as a paracrine or even intracrine factor. These sites include the mesenchymal cells of adipose tissue including that of the breast, osteoblasts and chondrocytes of bone, the vascular endothelium and aortic smooth muscle cells, and numerous sites in the brain. Thus, circulating levels of estrogens in postmenopausal women and in men are not the drivers of estrogen action, they are reactive rather than proactive. This is because in these cases circulating estrogen originates in the extragonadal sites where it acts locally, and if it escapes local metabolism then it enters the circulation. Therefore, circulating levels reflect rather than direct estrogen action in postmenopausal women and in men. Tissue-specific regulation of CYP19 expression is achieved through the use of distinct promoters, each of which is regulated by different hormonal factors and second messenger signaling pathways. Thus, in the ovary, CYP19 expression is regulated by FSH which acts through cyclic AMP via the proximal promoter II, whereas in placenta the distal promoter I.1 regulates CYP19 expression in response to retinoids. In adipose tissue and bone by contrast, another distal promoter--promoter I.4--drives CYP19 expression under the control of glucocorticoids, class 1 cytokines and TNFalpha. The importance of this unique aspect of the tissue-specific regulation of aromatase expression lies in the fact that the low circulating levels of estrogens which are observed in postmenopausal women have little bearing on the concentrations of estrogen in, for example, a breast tumor, which can reach levels at least one order of magnitude greater than those present in the circulation, due to local synthesis within the breast. Thus, the estrogen which is responsible for breast cancer development, for the maintenance of bone mineralization and for the maintenance of cognitive function is not circulating estrogen but rather that which is produced locally at these specific sites within the breast, bone and brain. In breast adipose of breast cancer patients, aromatase activity and CYP19 expression are elevated. This occurs in response to tumor-derived factors such as prostaglandin E2 produced by breast tumor fibroblasts and epithelium as well as infiltrating macrophages. This increased CYP19 expression is associated with a switch in promoter usage from the normal adipose-specific promoter I.4 to the cyclic AMP responsive promoter, promoter II. Since these two promoters are regulated by different cohorts of transcription factors and coactivators, it follows that the differential regulation of CYP19 expression via alternative promoters in disease-free and cancerous breast adipose tissue may permit the development of selective aromatase modulators (SAMs) that target the aberrant overexpression of aromatase in cancerous breast, whilst sparing estrogen synthesis in other sites such as normal adipose tissue, bone and brain. PMID: 14623515

Sivaraman L, Conneely OM, Medina D, O'Malley BW. p53 is a potential mediator of pregnancy and hormone-induced resistance to mammary carcinogenesis. Proc Natl Acad Sci U S A. 2001 Oct 23;98(22):12379-84. Epub 2001 Oct 16. 


Full-term pregnancy early in reproductive life is protective against breast cancer in women. Pregnancy also provides protection in animals against carcinogen-induced breast cancer, and this protection can be mimicked by using the hormones estrogen and progesterone. The molecular mechanisms that form the basis for this protective effect have not been elucidated. On the basis of our results, we propose a cell-fate hypothesis. At a critical period in adolescence the hormonal milieu of pregnancy affects the developmental fate of a subset of mammary epithelial cells and its progeny, which results in persistent differences in molecular pathways between the epithelial cells of hormone-treated and mature virgin mammary glands. These changes in turn dictate the proliferative response to carcinogen challenge and include a block in carcinogen-induced increase in mammary epithelial cell proliferation and an increased and sustained expression of nuclear p53 in the hormone-treated mammary gland. This hormone-induced nuclear p53 is transcriptionally active as evidenced by increased expression of mdm2 and p21 (CIP1/WAF1). Importantly, exposure to perphenazine, a compound that induces mammary gland differentiation but does not confer protection, does not induce p53 expression, indicating that p53 is not a differentiation marker. The proliferative block and induction of p53 are operative in both rats and mice, results that support the generality of the proposed hypothesis.

Slagter MH, Gooren LJ, Scorilas A, Petraki CD, Diamandis EP. Effects of long-term androgen administration on breast tissue of female-to-male transsexuals. J Histochem Cytochem. 2006 Aug;54(8):905-10. Epub 2006 Apr 17. 


Our aim was to examine the effects of androgen administration on breast tissue histology of female-to-male transsexuals and to study the immunohistochemical expression of three human tissue kallikreins, hK3 (PSA), hK6, and hK10. We studied 23 female-to-male transsexuals who were treated with injectable testosterone for 18-24 months. We also used 10 control female breast tissues. All tissues were fixed in buffered formalin, embedded in paraffin, and examined by hematoxylin-eosin staining and immunohistochemical staining for PSA, hK6, and hK10. Females treated with androgens exhibited similar involutionary changes as those seen in breast of menopausal women, such as marked reduction of glandular tissue, involution of the lobuloalveolar structures, and prominence of fibrous connective tissue, but presence of only small amounts of fat tissue. Fibrocystic lesions were generally not observed. In immunohistochemistry, in control breast tissues, we found moderate to strong cytoplasmic immunoexpression of hK6 and hK10 in the epithelial ductal and lobuloalveolar structures, but myoepithelial cells were negative. Luminal secretions were also positive. In menopausal breast, the immunoexpression of hK6 and hK10 was weaker and focal. No control case showed immunoexpression for PSA. In female-to-male transsexuals, one case showed focal PSA cytoplasmic immunoexpression in the epithelium of moderately involuting lobules. Long-term administration of androgens in female-to-male transsexuals causes marked reduction of glandular tissue and prominence of fibrous connective tissue. These changes are similar to those observed at the end-stage of menopausal mammary involution. (Therefore, testosterone supplementation would not be expected to promote breast cancer in women-HHL)

Smyth PP, Smith DF, McDermott EW, Murray MJ, Geraghty JG, O'Higgins NJ.  A direct relationship between thyroid enlargement and breast cancer. J Clin Endocrinol Metab. 1996 Mar;81(3):937-41. 


Despite extensive study, evidence to support a direct relationship between diseases of the thyroid and breast has not been established. In this study thyroid volume was assessed by ultrasound in 200 patients with breast cancer and 354 with benign breast disease. Results were compared to appropriate female control groups. Both mean thyroid volume (21.1 +/- 1.4 mL) and the percentage of individual patients with enlarged (> 18.0 mL) thyroid glands (41.5%) were significantly greater in the breast cancer group than equivalent values (13.2 +/- 0.5 mL and 10.5%, respectively) in age-matched controls (P < 0.01 in both cases). The mean thyroid volume of 14.5 +/- 0.34 mL in patients with benign breast disease was also significantly greater than that of 12.5 +/- 0.38 mL in younger controls (P < 0.01). The results support a direct association between breast cancer and increased thyroid volume as mean thyroid volumes and the percentage of individual patients with enlarged thyroid glands were similar in those studied both before (20.8 +/- 1.3 mL and 43.0%) and after (21.4 +/- 1.6 mL and 40.0%) therapies for breast cancer. Although there is no evidence that thyroid enlargement represents a risk factor for breast cancer, the results emphasize the importance of raising the consciousness of the coincidence of both disorders. (Implies that breast cancer may be stimulated by iodine-deficiency.)

Smyth PP. Role of iodine in antioxidant defence in thyroid and breast disease. Biofactors. 2003;19(3-4):121-30.

The role played in thyroid hormonogenesis by iodide oxidation to iodine (organification) is well established. Iodine deficiency may produce conditions of oxidative stress with high TSH producing a level of H_2O_2, which because of lack of iodide is not being used to form thyroid hormones. The cytotoxic actions of excess iodide in thyroid cells may depend on the formation of free radicals and can be attributed to both necrotic and apoptotic mechanisms with necrosis predominating in goiter development and apoptosis during iodide induced involution. These cytotoxic effects appear to depend on the status of antioxidative enzymes and may only be evident in conditions of selenium deficiency where the activity of selenium containing antioxidative enzymes is impaired. Less compelling evidence exists of a role for iodide as an antioxidant in the breast. However the Japanese experience may indicate a protective effect against breast cancer for an iodine rich seaweed containing diet. Similarly thyroid autoimmunity may also be associated with improved prognosis. Whether this phenomenon is breast specific and its possible relationship to iodine or selenium status awaits resolution.

Somboonporn W, Davis SR. Postmenopausal testosterone therapy and breast cancer risk. Maturitas. 2004 Dec 10;49(4):267-75. 


BACKGROUND: Testosterone therapy is being increasingly used in the management of postmenopausal women. However, as clinical trials have demonstrated a significantly increased risk of breast cancer with oral combined estrogen-progestin therapy, there is a need to ascertain the risk of including testosterone in such regimens. OBJECTIVE: Evaluation of experimental and epidemiological studies pertaining to the role of testosterone in breast cancer. DESIGN: Literature review. SETTING: The Jean Hailes Foundation, Research Unit. MAIN OUTCOME MEASURES: Mammary epithelial proliferation, apoptosis and breast cancer. RESULTS: In experimental studies, testosterone action is anti-proliferative and pro-apoptotic, and mediated via the AR, despite the potential for testosterone to be aromatized to estrogen. Animal studies suggest that testosterone may serve as a natural, endogenous protector of the breast and limit mitogenic and cancer promoting effects of estrogen on mammary epithelium. In premenopausal women, elevated testosterone is not associated with greater breast cancer risk. The risk of breast cancer is also not increased in women with polycystic ovary syndrome who have chronic estrogen exposure and androgen excess. However, in postmenopausal women, who are oestrogen deplete and have increased adipose aromatase activity, higher testosterone has been associated with greater breast cancer risk. CONCLUSION: Available data indicate the inclusion of testosterone in estrogen-progestin regimens has the potential to ameliorate the stimulating effects of hormones on the breast. However, testosterone therapy alone cannot be recommended for estrogen deplete women because of the potential risk of enhanced aromatisation to estrogen in this setting.

Somboonporn W, Davis SR; National Health and Medical Research Council. Testosterone effects on the breast: implications for testosterone therapy for women. Endocr Rev. 2004 Jun;25(3):374-88. 


Androgens have important physiological effects in women. Postmenopausal androgen replacement, most commonly as testosterone therapy, is becoming increasingly widespread. This is despite the lack of clear guidelines regarding the diagnosis of androgen insufficiency, optimal therapeutic doses, and long-term safety data. With respect to the breast specifically, there is the potential for exogenous testosterone to exert either androgenic or indirect estrogenic actions, with the latter potentially increasing breast cancer risk. In experimental studies, androgens exhibit growth-inhibitory and apoptotic effects in some, but not all, breast cancer cell lines. Differing effects between cell lines appear to be due primarily to variations in concentrations of specific coregulatory proteins at the receptor level. In rodent breast cancer models, androgen action is antiproliferative and proapoptotic, and is mediated via the androgen receptor, despite the potential for testosterone and dehydroepiandrosterone to be aromatized to estrogen. The results from studies in rhesus monkeys suggest that testosterone may serve as a natural endogenous protector of the breast and limit mitogenic and cancer-promoting effects of estrogen on mammary epithelium. Epidemiological studies have significant methodological limitations and provide inconclusive results. The strongest data for exogenous testosterone therapy comes from primate studies. Based on such simulations, inclusion of testosterone in postmenopausal estrogen-progestin regimens has the potential to ameliorate the stimulating effects of combined estrogen-progestin on the breast. Research addressing this is warranted; however, the number of women that would be required for an adequately powered randomized controlled trial renders such a study unlikely.

Stadel BV. Dietary iodine and risk of breast, endometrial, and ovarian cancer. Lancet. 1976 Apr 24;1(7965):890-1. 

Geographic differences in the rates of breast, endometrial, and ovarian cancer appear to be inversely correlated with dietary iodine intake. Endocrinological considerations suggest that a low dietary iodine intake may produce a state of increased effective gonadotrophin stimulation, which in turn may produce a hyperoestrogenic state characterised by relatively high production of oestrone and oestradiol and a relatively low oestriol to oestrone plus oestradiol ratio. This altered endocrine state may increase the risk of breast, endometrial, and ovarian cancer. Increasing dietary iodine intake may reduce the risk of these cancers.

Stanczyk FZ, Hapgood JP, Winer S, Mishell DR Jr. Progestogens Used in Postmenopausal Hormone Therapy: Differences in Their Pharmacological Properties, Intracellular Actions, and Clinical Effects. Endocr Rev. 2013 Apr;34(2):171-208. 

The safety of progestogens as a class has come under increased scrutiny after the publication of data from the Women's Health Initiative trial, particularly with respect to breast cancer and cardiovascular disease risk, despite the fact that only one progestogen, medroxyprogesterone acetate, was used in this study. Inconsistency in nomenclature has also caused confusion between synthetic progestogens, defined here by the term progestin, and natural progesterone. Although all progestogens by definition have progestational activity, they also have a divergent range of other properties that can translate to very different clinical effects. Endometrial protection is the primary reason for prescribing a progestogen concomitantly with postmenopausal estrogen therapy in women with a uterus, but several progestogens are known to have a range of other potentially beneficial effects, for example on the nervous and cardiovascular systems. Because women remain suspicious of the progestogen component of postmenopausal hormone therapy in the light of the Women's Health Initiative trial, practitioners should not ignore the potential benefits to their patients of some progestogens by considering them to be a single pharmacological class. There is a lack of understanding of the differences between progestins and progesterone and between individual progestins differing in their effects on the cardiovascular and nervous systems, the breast, and bone. This review elucidates the differences between the substantial number of individual progestogens employed in postmenopausal hormone therapy, including both progestins and progesterone. We conclude that these differences in chemical structure, metabolism, pharmacokinetics, affinity, potency, and efficacy via steroid receptors, intracellular action, and biological and clinical effects confirm the absence of a class effect of progestogens. PMID: 23238854

Sturgeon SR, Potischman N, Malone KE, Dorgan JF, Daling J, Schairer C, Brinton LA. Serum levels of sex hormones and breast cancer risk in premenopausal women: a case-control study (USA). Cancer Causes Control. 2004 Feb;15(1):45-53. 


High levels of serum estrogens and androgens have been convincingly linked with an increased risk of breast cancer among postmenopausal women. By contrast, the role of blood levels of these hormones in the etiology of premenopausal breast cancer is not well understood. In a case-control study, we sought to examine associations between levels of serum estradiol, sex-hormone binding globulin (SHBG), dehydroepiandrosterone (DHEA), testosterone, androstenedione and progesterone and risk of premenopausal breast cancer. Cases of breast cancer under age 45 were identified using rapid ascertainment systems in Seattle/Puget Sound, Washington and control subjects were identified from the same area through random digit dialing methods. A total of 169 eligible breast cancer cases and 195 control subjects donated blood (either before or six or more weeks after surgery) and were interviewed using a standardized questionnaire. The fully adjusted risk ratios and 95% confidence intervals for the highest versus lowest tertiles of estradiol, according to menstrual cycle phase, were 3.10 (0.8-12.7) for early follicular, 0.54 (0.2-1.7) for late follicular and 0.60 (0.3-1.4) for luteal. Risks for highest versus lowest quartiles of SHBG and androgens were 0.81 (0.4-1.6) for SHBG, 2.42 (1.1-5.2) for DHEA, 1.12 (0.6-2.5) for testosterone, and 1.33 (0.6-2.8) for androstenedione. For luteal progesterone, the RR for the highest versus lowest tertile was 0.55 (0.2-1.4). In summary, we did not find a convincing association between serum SHBG, estradiol, testosterone or androstenedione and premenopausal breast cancer risk. Observed differences between cases and controls subjects in serum levels of DHEA and luteal phase progesterone should be investigated further in large prospective studies.
Suriano KA, McHale M, McLaren CE, Li KT, Re A, DiSaia PJ. Estrogen replacement therapy in endometrial cancer patients: a matched control study. Obstet Gynecol. 2001 Apr;97(4):555-60. 


OBJECTIVE: To determine if estrogen replacement therapy, in women with a history of endometrial cancer, increases the risk of recurrence or death from that disease. METHODS: Two hundred forty-nine women with surgical stage I, II, and III endometrial cancer were treated between 1984 and 1998; 130 received estrogen replacement after their primary cancer treatments and 49% received progesterone in addition to estrogen. Among this cohort, 75 matched treatment-control pairs were identified. The two groups were matched by using decade of age at diagnosis and stage of disease. Both groups were comparable in terms of parity, grade of tumor, depth of invasion, histology, surgical treatment, lymph node status, postoperative radiation, and concurrent diseases. The outcome events included the number of recurrences and deaths from disease. RESULTS: The hormone users were followed for a mean interval of 83 months (95% confidence interval [CI] 71.0, 91.4) and the nonhormone users were followed for a comparable mean interval of 69 months (CI 59.1, 78.7). There were two recurrences (1%) among the 75 estrogen users compared with 11 (14%) recurrences in the 75 nonhormone users. Hormone users had a statistically significant longer disease-free interval than nonestrogen users (P =.006). CONCLUSION: Estrogen replacement therapy with or without progestins does not appear to increase the rate of recurrence and death among endometrial cancer survivors.

Tamimi RM, Hankinson SE, Chen WY, Rosner B, Colditz GA.  Combined estrogen and testosterone use and risk of breast cancer in postmenopausal women. Arch Intern Med. 2006 Jul 24;166(14):1483-9. 

BACKGROUND: The role of androgens in breast cancer etiology has been unclear. Epidemiologic studies suggest that endogenous testosterone levels are positively associated with breast cancer risk in postmenopausal women. Given the increasing trend in the use of hormone therapies containing androgens, we evaluated the relation between the use of estrogen and testosterone therapies and breast cancer. METHODS: We conducted a prospective cohort study in the Nurses' Health Study from 1978 to 2002 to assess the risk of breast cancer associated with different types of postmenopausal hormone (PMH) formulations containing testosterone. During 24 years of follow-up (1 359 323 person-years), 4610 incident cases of invasive breast cancer were identified among postmenopausal women. Information on menopausal status, PMH use, and breast cancer diagnosis was updated every 2 years through questionnaires. RESULTS: Among women with a natural menopause, the risk of breast cancer was nearly 2.5-fold greater among current users of estrogen plus testosterone therapies (multivariate relative risk, 2.48; 95% confidence interval, 1.53-4.04) than among never users of PMHs. This analysis showed that risk of breast cancer associated with current use of estrogen and testosterone therapy was significantly greater compared with estrogen-only therapy (P for heterogeneity, .007) and marginally greater than estrogen and progesterone therapy (P for heterogeneity, .11). Women receiving PMHs with testosterone had a 17.2% (95% confidence interval, 6.7%-28.7%) increased risk of breast cancer per year of use. CONCLUSION: Consistent with the elevation in risk for endogenous testosterone levels, women using estrogen and testosterone therapies have a significantly increased risk of invasive breast cancer. (Authors make the common mistake of calling Provera “progesterone”.  Worse, they use the word “testosterone” for oral methyltestosterone! Methyl testosterone is known to aromatize to a powerful estrogen that increases breast stimulation. One has to wonder who benefits from the use of such inappropriate nomenclature.—HHL)

Teas J, Harbison ML, Gelman RS. Dietary seaweed (Laminaria) and mammary carcinogenesis in rats. Cancer Res. 1984 Jul;44(7):2758-61.     

To test the potential in vivo antitumor effect of dietary seaweed, we induced mammary tumors in female Sprague-Dawley rats with the carcinogen 7,12-dimethylbenz(a)anthracene. Twenty-one-day-old rats (n = 108) were divided into two groups. Controls were fed a standard semipurified diet, and experimental rats received the control diet with 5% Laminaria, a brown seaweed, replacing 5% alphacel . At 55 days of age, each rat received 5 mg 7,12-dimethylbenz(a)anthracene intragastrically. Rats were palpated for mammary tumors and weighed weekly for 26 weeks. Complete autopsies were then done on all rats. The seaweed diet did not alter weight gain or weights of body organs at autopsy. Experimental rats had a significant delay in the time to tumor (p = 0.007); median time until tumor was 19 weeks in experimental rats and 11 weeks in control animals. Among mammary adenocarcinoma tumor-bearing animals, experimental rats had fewer adenocarcinomas/individual (p less than 0.05). There was also an overall 13% reduction in the number of experimental rats with histologically confirmed adenocarcinomas (76% among the control rats compared to 63% among the experimental rats). Components of Laminaria which might account for the observed difference in mammary tumor growth are varied and include the sulfated polysaccharide fucoidan . Rats in the top row of cages had a significant (p = 0.01) delay in time to tumor compared to rats in the lower four rows. In each row, the seaweed-fed rats had a longer time to tumor than did the control rats. (How about iodine?-HHL)

Thomas BS, Bulbrook RD, Goodman MJ, Russell MJ, Quinlan M, Hayward JL, Takatani O. Thyroid function and the incidence of breast cancer in Hawaiian, British and Japanese women.  Int J Cancer. 1986 Sep 15;38(3):325-9. 

Serum-free thyroxine (FT4) concentrations are lower in Hawaiian and Hawaiian Caucasian women than in Hawaiian Japanese, Hawaiian Filipino, Hawaiian Chinese, and English and Japanese mainland women. There is a high inverse correlation between FT4 and risk of breast cancer in these ethnic groups. Thyroid-stimulating hormone (TSH) concentrations, which are inversely correlated with FT4, generally show the same relationship.

Thomas BS, Bulbrook RD, Russell MJ, Hayward JL, Millis R. Thyroid function in early breast cancer. Eur J Cancer Clin Oncol. 1983 Sep;19(9):1213-9. 


Serum 'free thyroxine' was measured as a thyroid function index (TFI) in 238 women with early breast cancer and 107 normal controls. The mean TFI was significantly lower in the cases compared with controls. The TFI was not related to pathological stage but correlated with histological grade, with the highest values found in well-differentiated (grade I) and the lowest in anaplastic tumours (grade III). A similar result was obtained with the urinary and androsterone:aetiocholanolone (5 alpha:5 beta) ratio in that the ratio was significantly lower in patients with grade III than in those with grade I tumours. These results indicate that thyroid hormones may be involved in tumour cell differentiation. Patients with low 5 alpha/5 beta ratios had significantly faster recurrence rates than those with high ratios. A similar trend was found for the TFI. The TFI decreases after mastectomy and at 12 months after operation is still below the pre-operative basal level.

Turken O, NarIn Y, DemIrbas S, Onde ME, Sayan O, KandemIr EG, YaylacI M, Ozturk A. Breast cancer in association with thyroid disorders. Breast Cancer Res. 2003;5(5):R110-3. Epub 2003 Jun 5. 


BACKGROUND: The relationship between breast cancer and thyroid diseases is controversial. Discrepant results have been reported in the literature. The incidences of autoimmune and nonautoimmune thyroid diseases were investigated in patients with breast cancer and age-matched control individuals without breast or thyroid disease. METHODS: Clinical and ultrasound evaluation of thyroid gland, determination of serum thyroid hormone and antibody levels, and fine-needle aspiration of thyroid gland were performed in 150 breast cancer patients and 100 control individuals. RESULTS: The mean values for anti-thyroid peroxidase antibodies were significantly higher in breast cancer patients than in control individuals (P = 0.030). The incidences of autoimmune and nonautoimmune thyroid diseases were higher in breast cancer patients than in control individuals (38% versus 17%, P = 0.001; 26% versus 9%, P = 0.001, respectively). CONCLUSION: Our results indicate an increased prevalence of autoimmune and nonautoimmune thyroid diseases in breast cancer patients.

Tworoger SS, Hankinson SE.  Prolactin and breast cancer risk. Cancer Lett. 2006 Nov 18;243(2):160-9. Epub 2006 Mar 10. 


Prolactin, a hormone involved in normal breast development and lactation, has been hypothesized to be important in the etiology of breast cancer. This review summarizes in vitro, animal, and epidemiologic data supporting this hypothesis. Experimental evidence indicates that prolactin can promote cell proliferation and survival, increase cell motility, and support tumor vascularization. Animal data suggest that prolactin can increase tumor growth rates and the number of metastases, as well as induce both estrogen receptor +(ER) and ER- tumors in a transgenic mouse model in which ER+ tumors are very rare. Epidemiologic data for premenopausal women are sparse; however a recent study with 235 cases reported a significant positive association between plasma prolactin levels and breast cancer risk. Studies in postmenopausal women have reported a positive association as well, and in the largest study (n=851 cases) the association was strongest for ER+ tumors. Overall, the available data support the hypothesis that prolactin increases risk of breast cancer. Future research directions include better characterizing the potential interplay between prolactin and estrogen and determining whether genetic variability in prolactin-related genes is associated with breast cancer risk.

Tworoger SS, Missmer SA, Eliassen AH, Spiegelman D, Folkerd E, Dowsett M, Barbieri RL, Hankinson SE. The association of plasma DHEA and DHEA sulfate with breast cancer risk in predominantly premenopausal women. Cancer Epidemiol Biomarkers Prev. 2006 May;15(5):967-71. 


Concentrations of adrenal androgens are positively associated with postmenopausal breast cancer risk; however, results in premenopausal women are conflicting. Therefore, we conducted a prospective nested case-control study within the Nurses' Health Study II cohort to examine the relationship of DHEA and DHEA sulfate (DHEAS) with breast cancer risk in predominantly premenopausal women. Blood samples were collected from 1996 to 1999. The analysis included 317 cases of breast cancer diagnosed after blood collection and before June 1, 2003; for each case, two controls were matched on age, fasting status, time of day and month of blood collection, race/ethnicity, and timing of blood draw within the menstrual cycle. No associations were observed between DHEA or DHEAS levels and breast cancer risk overall [in situ and invasive; DHEA relative risk (RR), top versus bottom quartile, 1.2; 95% confidence interval (95% CI), 0.8-1.8, P(trend) = 0.53; DHEAS RR, 1.3; 95% CI, 0.9-2.0; P(trend) = 0.07]. However, both DHEA and DHEAS were positively associated with estrogen receptor-positive/progesterone receptor-positive breast cancer (DHEA RR, 1.6; 95% CI, 0.9-2.8, P(trend) = 0.09; DHEAS RR, 1.9; 95% CI, 1.1-3.3, P(trend) = 0.02). We observed a significant interaction by age, with an RR for DHEAS of 0.8 (95% CI, 0.4-1.5, P(trend) = 0.62) for women <45 years old and 2.0 (95% CI, 1.2-3.5, P(trend) = 0.003) for women >/=45 years old; results were similar for DHEA. Our results suggest that adrenal androgens are positively associated with breast cancer among predominately premenopausal women, especially for estrogen receptor-positive/progesterone receptor-positive tumors and among women over age 45 years. (When there is plenty of estradiol, testosterone antagonizes breast stimulation. However, in the low-progesterone environment of menopause,any small increase in estradiol, testosterone, or DHEA increases the risk of breast cancer—perhaps the final pathway being estradiol as both testosterone and DHEA can be converted into estradiol, and are so converted in low estradiol environments. Therefore the KEY to low premenopausal breast CA incidence and the prevention of breast CA in general must be progesterone!!-HHL)

Vassilopoulou-Sellin R, Cohen DS, Hortobagyi GN, Klein MJ, McNeese M, Singletary SE, Smith TL, Theriault RL. Estrogen replacement therapy for menopausal women with a history of breast carcinoma: results of a 5-year, prospective study. Cancer. 2002 Nov 1;95(9):1817-26. 


BACKGROUND: Women with a history of breast carcinoma generally have been advised to avoid estrogen replacement therapy (ERT). The validity of this approach has been scrutinized and debated in recent years, and reassessment through appropriate clinical trials has been suggested. METHODS: The authors conducted a prospective clinical trial to assess the safety and efficacy of prolonged ERT in a group of menopausal women with localized (Stage I or Stage II) breast carcinoma and a minimum disease free interval of 2 years if estrogen receptor (ER) was negative or 10 years if ER status was unknown. For 5 years, the authors followed 77 trial participants and 222 other women with clinical and prognostic characteristics comparable to those of the trial participants. Overall, 56 women were on ERT, and 243 women were not on ERT. The association of ERT with skeletal and lipid changes was assessed in the randomized trial participants. The effect of ERT on the development of recurrent or new breast carcinoma and other carcinomas was analyzed both in the trial participants and in the overall group. RESULTS: Patient and disease characteristics, such as tumor size, number of lymph nodes involved, ER status, menopausal status, and disease free interval were comparable for women who were on ERT and women who were not on ERT. These same parameters also were comparable for women who joined the trial and women who did not. ERT use was associated with modest lipid and skeletal benefits. The introduction of ERT did not compromise disease free survival. Two of 56 women on ERT (3.6%) developed a contralateral, new breast carcinoma. In the group that was not on ERT, 33 of 243 women (13.5%) developed new or recurrent breast carcinoma. There were no differences in the development of other carcinomas with respect to ERT. CONCLUSIONS: ERT did not compromise disease free survival in select patients who were treated previously for localized breast carcinoma. Larger scale randomized trials are needed to confirm these findings.

Venturi S.  Is there a role for iodine in breast diseases? Breast. 2001 Oct;10(5):379-82. 


It is hypothesized that dietary iodine deficiency is associated with the development of mammary pathology and cancer. A review of the literature on this correlation and of the author's own work on the antioxidant function of iodide in iodide-concentrating extrathyroidal cells is reported. Mammary gland is embryogenetically derived from primitive iodide-concentrating ectoderm, and alveolar and ductular cells of the breast specialize in uptake and secretion of iodine in milk in order to supply offsprings with this important trace-element. Breast and thyroid share an important iodide-concentrating ability and an efficient peroxidase activity, which transfers electrons from iodide to the oxygen of hydrogen peroxide, forming iodoproteins and iodolipids, and so protects the cells from peroxidative damage. The mammary gland has only a temporary ability to concentrate iodides, almost exclusively during pregnancy and lactation, which are considered protective conditions against breast cancer.

Wang D, Vélez de-la-Paz OI, Zhai JX, Liu DW. Serum 25-hydroxyvitamin D and breast cancer risk: a meta-analysis of prospective studies. Tumour Biol. 2013 Dec;34(6):3509-17. 

There were some case-control studies, nested case-control studies, and cohort studies with controversial results on the association between serum 25-hydroxyvitamin D [25(OH)D] and breast cancer risk. Case-control studies are prone to selection bias, which limit the strength and quality of the evidence. To overcome the shortcoming of the case-control studies, the meta-analysis of prospective studies including nested case-control studies and cohort studies was conducted. PubMed, Embase, and Web of Science databases were searched, and the last retrieval date was March 24, 2013. For the highest versus the lowest level of serum 25(OH)D, the relative risks (RRs) and its 95% confidence intervals (CIs) from each study were used to estimate summary RR and its 95% CI. Subgroup analyses by geographic region, menopausal status, and adjusted status of RR were also performed, respectively. A dose-response association between serum 25(OH)D concentration and breast cancer risk was assessed. Fourteen articles with 9,110 breast cancer cases and 16,244 controls were included in the meta-analysis. Overall, serum 25(OH)D levels were inversely significantly associated with breast cancer risk (RR = 0.845, 95% CI = 0.750-0.951). Inversely statistically significant associations were observed in North American studies, postmenopausal women, and studies with adjusted and unadjusted RR, respectively. No statistically significant associations were observed in European studies and premenopausal women, respectively. Dose-response analysis showed that every 10 ng/mL increment in serum 25(OH)D concentration was associated with a significant 3.2% reduction in breast cancer risk. This meta-analysis provides evidence of a significantly inverse association between serum 25(OH)D concentration and breast cancer risk. PMID: 23807676

Wang X, Zhao T, Zhao JJ, Xiong JB. [BRCA1 selectively regulates the expression of progesterone receptor A in sporadic invasive ductal breast carcinoma].Zhonghua Yi Xue Za Zhi. 2010 May 25;90(20):1399-402. [Article in Chinese]

OBJECTIVE: To investigate the expression level of BRCA1, progesterone receptor A (PRA) and B (PRB) in tissue of sporadic invasive ductal breast carcinoma and further statistically analyze the BRCA1 effects on the expression rates of PRA and PRB. METHODS: Sixty-eight cases of adenosis of breast and sporadic invasive ductal breast carcinoma were selected. The corresponding paraffin-embodied tissues were collected from the archive of Department of Pathology, Nanfang Hospital. The expressions level of BRCA1, PRA and PRB were detected by immunohistochemistry. Wilcoxon two-sample test was used to analyze the differential expression of BRCA1 between adenosis and sporadic invasive ductal breast carcinoma. Chi-square test was used to analyze the effects of BRCA1 on the PRA or PRB expression rate. P value < 0.05 was considered statistically significant. RESULTS: (1) In invasive sporadic ductal breast carcinoma, the positive rate of BRCA1 expression of 60.29% (41/68) was lower than the positive rate of BRCA1 expression at 85.30% (58/68) in adenosis of breast. And the difference of BRCA1 expression between two groups was statistically significant (P < 0.01); (2) In invasive sporadic ductal breast carcinoma, the positive rate of PRA expression for negative BRCA1 expression samples was 81.48% (22/27) and it was higher than the positive rate of PRA expression at 53.66% (22/47) for positive BRCA1 expression samples. And the difference of PRA expression rates between two groups was statistically significant (P < 0.05). It indicated that the expression of BRCA1 affected the expression rate of PRA; In invasive sporadic ductal breast carcinoma, the PRB expression rates between positive and negative BRCA1 expression samples were not statistically significant (P > 0.05). It indicated that BRCA1 had no effect upon the expression rate of PRB. CONCLUSION: In sporadic breast carcinoma, a negative expression of BRCA1 is selectively associated with a higher expression rate of PRA rather than PRB. Thus BRCA1 selectively regulates the expression of PRA in sporadic breast carcinoma. PMID: 20646629

Wiebe JP. Endocr Relat Cancer. Progesterone metabolites in breast cancer. 2006 Sep;13(3):717-38.

In the 70 years since progesterone (P) was identified in corpus luteum extracts, its metabolism has been examined extensively in many tissues and cell lines from numerous species. In addition to the reproductive tissues and adrenals, every other tissue that has been investigated appears to have one or more P-metabolizing enzyme, each of which is specific for a particular site on the P molecule. In the past, the actions of the P metabolizing enzymes generally have been equated to a means of reducing the P concentration in the tissue microenvironment, and the products have been dismissed as inactive waste metabolites. In human breast tissues and cell lines, the following P-metabolizing enzymes have been identified: 5alpha-reductase, 3alpha-hydroxysteroid oxidoreductase (3alpha-HSO), 3beta-HSO, 20alpha-HSO, and 6alpha-hydroxylase. Rather than providing diverse pathways for inactivating and controlling the concentration of P in breast tissue microenvironments, it is proposed that the enzymes act directly on P to produce two types of autocrines/paracrines with opposing regulatory roles in breast cancer. Evidence is reviewed which shows that P is directly converted to the 4-pregnenes, 3alpha-hydroxy-4-pregnen-20-one (3alpha-dihydroprogesterone; 3alphaHP) and 20alpha-dihydroprogesterone (20alphaHP), by the actions of 3alpha-HSO and 20alpha-HSO respectively and to the 5alpha-pregnane, 5alpha-pregnane-3,20-dione(5alpha-dihydroprogesterone; 5alphaP), by the irreversible action of 5alpha-reductase. In vitro studies on a number of breast cell lines indicate that 3alphaHP promotes normalcy by downregulating cell proliferation and detachment, whereas 5alphaP promotes mitogenesis and metastasis by stimulating cell proliferation and detachment. The hormones bind to novel, separate, and specific plasma membrane-based receptors and influence opposing actions on mitosis, apoptosis, and cytoskeletal and adhesion plaque molecules via cell signaling pathways. In normal tissue, the ratio of 4-pregnenes:5alpha-pregnanes is high because of high P 3alpha- and 20alpha-HSO activities/expression and low P 5alpha-reductase activity/expression. In breast tumor tissue and tumorigenic cell lines, the ratio is reversed in favor of the 5alpha-pregnanes because of altered P-metabolizing enzyme activities/expression. The evidence suggests that the promotion of breast cancer is related to changes in in situ concentrations of cancer-inhibiting and -promoting P metabolites. Current estrogen-based theories and therapies apply to only a fraction of all breast cancers; the majority (about two-thirds) of breast cancer cases are estrogen-insensitive and have lacked endocrine explanations. As the P metabolites, 5alphaP and 3alphaHP, have been shown to act with equal efficacy on all breast cell lines tested, regardless of their tumorigenicity, estrogen sensitivity, and estrogen receptor/progesterone receptor status, it is proposed that they offer a new hormonal basis for all forms of breast cancer. New diagnostic and therapeutic possibilities for breast cancer progression, control, regression, and prevention are suggested. Quote from article: “The synthetic progestins used for contraception and hormone replacement therapy (HRT) do not behave like P in terms of their metabolism and probably not with respect to their actions at the level of the breast tissue microenvironment. As different formulations may exhibit marked differences in chemical structure, metabolism, and pharmacodynamic actions, it is not possible to generalize about them.”

Wingo PA, Layde PM, Lee NC, Rubin G, Ory Hw. The risk of breast cancer in postmenopausal women who have used estrogen replace​ment therapy. JAMA 1987 Jan 9;257(2);209-15.

We studied the association between estrogen replacement therapy (ERT) and the risk of breast cancer as part of the Cancer and Steroid Hormone Study. All subjects in the analysis were postmenopausal women enrolled from eight geographic areas. Women 25 to 54 years old with newly diagnosed breast cancer were identified through population-based tumor registries and diagnosed between Dec 1, 1980, and Dec 31, 1982. Controls were selected from the same eight geographic areas by the random digit dialing of residential telephone numbers. Analyses included 1369 cases and 1645 controls. Among women with bilateral oophorectomy, the relative risk of breast cancer for women who had ever used ERT was 1.3, compared with women who had never used ERT. Among women who had undergone hysterectomy but who still had at least one ovary, the relative risk was 1.1; among women who reported a natural menopause, the relative risk was 0.8. Overall, the risk of breast cancer did not appear to increase appreciably with increasing ERT duration or latency, even for durations and latencies of 20 years or longer. (This and the WHI study indicate that unapposed Premarin is probably less likely to cause breast cancer than unapposed transdermal estradiol, probably due to increased SHBG.—HHL)

Wiseman RA. Breast cancer hypothesis: a single cause for the majority of cases. J Epidemiol Community Health. 2000 Nov;54(11):851-8. 

STUDY OBJECTIVE: The main cause of breast cancer remains unknown. Numerous causal factors or predisposing conditions have been proposed, but account for only a small percentage of the total disease. The current search for multiple causes is unavailing. This report explores whether any single aetiological agent may be responsible for the majority of cases, and attempts to define its properties. METHODS: Examination of all relevant epidemiological and biological evidence. MAIN RESULTS: Genetic inheritance is not the main cause of breast cancer because most cases are sporadic, there is a low prevalence of family history, and genetically similar women have differing rates after migration. Environmental exposure, such as pollution by industrialisation, is not a major cause, as deduced from a spectrum of epidemiological data. The possibility of infection as cause is not persuasive as there is no direct biological evidence and no epidemiological support. Oestrogen status is closely related to breast cancer risk, but there are numerous inconsistencies and paradoxes. It is suggested that oestrogens are not the proximate agent but are promoters acting in concert with the causal agent. Dietary factors, and especially fat, are associated with the aetiology of breast cancer as shown by intervention and ecological correlation studies, but the evidence from case-control and cohort studies is inconsistent and contradictory. CONCLUSIONS: The hypothesis that best fits the epidemiological data is that dietary fat is not itself the causal agent, but produces depletion of an essential factor that is normally protective against the development of breast cancer. Many of the observed inconsistencies in the epidemiology are explainable if deficiency of this agent is permissive for breast cancer to develop. Some properties of the putative agent are outlined, and research investigations proposed. (IODINE?, Progesterone deficiency?-HHL)

Wood CE, Register TC, Lees CJ, Chen H, Kimrey S, Cline JM. Effects of estradiol with micronized progesterone or medroxyprogesterone acetate on risk markers for breast cancer in postmenopausal monkeys. Breast Cancer Res Treat. 2007 Jan;101(2):125-34.

The addition of the synthetic progestin medroxyprogesterone acetate (MPA) to postmenopausal estrogen therapy significantly increases breast cancer risk. Whether this adverse effect is specific to MPA or characteristic of all progestogens is not known. The goal of this study was to compare the effects of oral estradiol (E2) given with either MPA or micronized progesterone (P4) on risk biomarkers for breast cancer in a postmenopausal primate model. For this randomized crossover trial, twenty-six ovariectomized adult female cynomolgus macaques were divided into social groups and rotated randomly through the following treatments (expressed as equivalent doses for women): (1) placebo; (2) E2 (1 mg/day); (3) E2 + P4 (200 mg/day); and (4) E2 + MPA (2.5 mg/day). Hormones were administered orally, and all animals were individually dosed. Treatments lasted two months and were separated by a one-month washout period. The main outcome measure was breast epithelial proliferation, as measured by Ki67 expression. Compared to placebo, E2 + MPA resulted in significantly greater breast proliferation in lobular (P < 0.01) and ductal (P < 0.01) epithelium, while E2 + P4 did not. Intramammary gene expression of the proliferation markers Ki67 and cyclin B1 was also higher after treatment with E2 + MPA (P < 0.01) but not E2 + P4. Both progestogens significantly attenuated E2 effects on body weight, endometrium, and the TFF1 marker of estrogen receptor activity in the breast. These findings suggest that oral micronized progesterone has a more favorable effect on risk biomarkers for postmenopausal breast cancer than medroxyprogesterone acetate.

Wu N, Ye G, Tang Z. [Kinetic effect of testosterone or estradiol on iodine absorption in castrating rat intestine] Wei Sheng Yan Jiu. 1998 Nov 30;27(6):396-9. 


OBJECTIVE: To observe the effect of testosterone or estradiol on iodine absorption in rat intestine. METHOD: 50 male adult Wistar rats were divided into 5 groups randomly. 50 females were divided into another 5 groups. Among them, 4 groups were bilaterally testectomized or ovariectomized, 1 group was sham-operated. 7 days after operation, the castrated rats received testosterone (male rats) or estradiol (female rats) at different dosages by intramuscular injection for three days. Then the kinetics of iodine absorption in jejunum and ileum were observed by perfusion in situ. When finished, serum were obtained for detecting TSH, T4 and testosterone or estradiol. RESULTS: In castrated male rats, the value of K12 reduced, K21 increased, K02 reduced, and SP1/2 (the half time of the slow phase) prolonged, implying that the ability of iodine absorption reduced. It reflected that testosterone could promote iodine absorption in intestine in physiological condition. In castrated female rats, the situation was different from that in male rats, the value of K12 increased, K21 reduced, K02 increased, and SP1/2 shortened in jejunum, implying that the ability of iodine absorption increased. It reflected that estradiol could inhibit iodine absorption in intestine in physiological condition. The levels of serum TSH and T4 were not changed significantly in this experiment. CONCLUSION: In physiological condition, testosterone can promote iodine absorption, while estradiol has the inhibiting effect. The results indicate that gonadol hormone maybe one factor which can influence iodine absorption in intestine. It may explain the phenomenon that the incidence of goiter is different between males and females partly.

Xie B, Tsao SW, Wong YC. Sex hormone-induced mammary carcinogenesis in female noble rats: the role of androgens. Carcinogenesis. 1999 Aug;20(8):1597-606. 


Breast cancer is the most common cancer and the second most frequent cause of cancer death in women. Despite extensive research, the precise mechanisms of breast carcinogenesis remain unclear. We have shown that in female rats, treatment with a combination of oestrogen and testosterone can induce a high incidence of mammary cancer. The dosage of testosterone affects only the latency period of mammary cancer, not the final incidence. Based on these observations, we hypothesize that oestrogen and androgens may act in concert on the mammary gland to induce mammary carcinogenesis, with oestrogen serving as the predominant initiator whereas the androgen acts as a major promoter. In the present study, we report the changes in morphology of the mammary gland with special emphasis on the perialveolar or interlobular stroma after treatment with various sex hormone protocols. Our data showed that after treatment with testosterone, either alone or in combination with 17beta-oestradiol, there was overexpression of the androgen receptor in alveolar or ductal epithelial cells. Concurrent with strong expression of the androgen receptor in epithelium, there was also an increase in the amount of perialveolar and interlobular connective tissue, a decrease in surrounding adipose tissue and an increase in proliferation rate of fibroblast-like cells in the stroma. All these changes were blocked by simultaneous implantation of flutamide, indicating that androgens play a crucial role in the process despite the absence of androgen receptors in stromal cells. We further measured the mammary gland density (MGD), in order to determine the ratio of fatty to non-fatty tissue. The data showed that MGD values were significantly higher in animals treated with testosterone alone or in combination with 17beta-oestradiol than in those treated with 17beta-oestradiol alone or in controls. Furthermore, treatment with different doses of testosterone resulted in an increase in MGD in a dose-dependent manner. These findings highlight the effect of androgens on the stroma, probably through a paracrine action of epithelial cells. The stroma may, in turn, promote mammary carcinogenesis in a reciprocal fashion.(These rats were given extremely large doses of estrogen (22mg) and testosterone (120mg) and no progesterone.  This is the ONE study cited by Wiley to scare women off testosterone replacement!!—HHL)

Yao S, Sucheston LE, Millen AE, Johnson CS, Trump DL, Nesline MK, Davis W, Hong CC, McCann SE, Hwang H, Kulkarni S, Edge SB, O'Connor TL, Ambrosone CB. Pretreatment serum concentrations of 25-hydroxyvitamin D and breast cancer prognostic characteristics: a case-control and a case-series study. PLoS One. 2011 Feb 28;6(2):e17251.

BACKGROUND: Results from epidemiologic studies on the relationship between vitamin D and breast cancer risk are inconclusive. It is possible that vitamin D may be effective in reducing risk only of specific subtypes due to disease heterogeneity. METHODS AND FINDINGS: In case-control and case-series analyses, we examined serum concentrations of 25-hydroxyvitamin D (25OHD) in relation to breast cancer prognostic characteristics, including histologic grade, estrogen receptor (ER), and molecular subtypes defined by ER, progesterone receptor (PR) and HER2, among 579 women with incident breast cancer and 574 controls matched on age and time of blood draw enrolled in the Roswell Park Cancer Institute from 2003 to 2008. We found that breast cancer cases had significantly lower 25OHD concentrations than controls (adjusted mean, 22.8 versus 26.2 ng/mL, p<0.001). Among premenopausal women, 25OHD concentrations were lower in those with high- versus low-grade tumors, and ER negative versus ER positive tumors (p≤0.03). Levels were lowest among women with triple-negative cancer (17.5 ng/mL), significantly different from those with luminal A cancer (24.5 ng/mL, p = 0.002). In case-control analyses, premenopausal women with 25OHD concentrations above the median had significantly lower odds of having triple-negative cancer (OR = 0.21, 95% CI = 0.08-0.53) than those with levels below the median; and every 10 ng/mL increase in serum 25OHD concentrations was associated with a 64% lower odds of having triple-negative cancer (OR = 0.36, 95% CI = 0.22-0.56). The differential associations by tumor subtypes among premenopausal women were confirmed in case-series analyses. CONCLUSION: In our analyses, higher serum levels of 25OHD were associated with reduced risk of breast cancer, with associations strongest for high grade, ER negative or triple negative cancers in premenopausal women. With further confirmation in large prospective studies, these findings could warrant vitamin D supplementation for reducing breast cancer risk, particularly those with poor prognostic characteristics among premenopausal women. PMID: 21386992

Yasui M, Matsui S, Laxmi YR, Suzuki N, Kim SY, Shibutani S, Matsuda T. Mutagenic events induced by 4-hydroxyequilin in supF shuttle vector plasmid propagated in human cells. Carcinogenesis. 2003 May;24(5):911-7. 


Increased incidence of breast, ovarian and endometrial cancers are observed in women receiving estrogen replacement therapy (ERT). Equilin and equilenin are the major components of the widely prescribed drug used for ERT. These equine estrogens are metabolized primarily to 4-hydroxyequilin (4-OHEQ) and 4-hydroxyequilenin, respectively, which are autoxidized to react with DNA, resulting in the various DNA damages. To explore the mutagenic potential of equine estrogen metabolites, a double-stranded pMY189 shuttle vector carrying a bacteria suppressor tRNA gene, supF, was exposed to 4-OHEQ and transfected into human fibroblast. Plasmids containing mutations in the supF gene were detected with indicator bacteria and mutated colonies obtained were analyzed by automatic DNA sequencing. The proportion of plasmids with the mutated supF gene was increased dose-dependently. The majority of the 4-OHEQ-induced mutations were base substitutions (78%); another 22% were deletions and insertions. Among the base substitutions, 56% were single base substitutions and 19% were multiple base substitutions. The majority (86%) of the 4-OHEQ-induced single base substitutions occurred at the C:G site. C:G --> G:C and C:G --> A:T mutations were detected preferentially with lesser numbers of C:G --> T:A transitions. Sixty-two percent of base substitutions were observed particularly at C:G pairs in (5')-TC/AG-(5') sequences. Using (32)P-post-labeling/gel electrophoresis analysis, 4-OHEN-dC was a major adduct, followed by lesser amounts of 4-OHEN-dA adduct. Mutations observed at C:G pairs may result from 4-OHEN-dC adduct. These results indicated that 4-OHEQ is mutagenic, generating mutations primarily at C:G pairs in (5')-TC/AG-(5') sequences.

Yokoe T, Iino Y, Takei H, Horiguchi J, Koibuchi Y, Maemura M, Ohwada S, Morishita Y. Relationship between thyroid-pituitary function and response to therapy in patients with recurrent breast cancer. Anticancer Res. 1996 Jul-Aug;16(4A):2069-72. 

In this study, thyroid (T3, T4, free T3, free T4) and pituitary function (thyrotropin (TSH), growth hormone (GH), prolactin (PRL)) in 38 patients with recurrent breast cancer were examined. The patients were divided into three groups according to their response to the therapy. There were 16 partial response (PR), 10 no change (NC) and 11 progressive disease (PD) patients. The maximum and the minimum value for each hormone throughout the course of treatment were compared between three groups. The PD group showed significantly lower minimum T3 levels than the other two groups (p < 0.05). The maximum TSH level in the PD group was significantly higher than that of the other groups. The minimum TSH level in the PD group was significantly lower than that in the PR group (p < 0.05). The minimum TSH level in the NC group was also lower than that in the PR group. The maximum PRL level in the NC and the PD group was higher than that in the PR group (p < 0.05, p < 0.01, respectively). The tumors of the patients with temporal increase of TSH level were resistant to all subsequent therapies. These five patients died within four months followed by decreasing of the TSH level. It is concluded that thyroid and pituitary function, especially free T4, TSH and PRL, are predictive indicators of therapeutic response and the prognosis of the patients with recurrent breast cancer.

Zeleniuch-Jacquotte A, Bruning PF, Bonfrer JM, Koenig KL, Shore RE, Kim MY, Pasternack BS, Toniolo P. Relation of serum levels of testosterone and dehydroepiandrosterone sulfate to risk of breast cancer in postmenopausal women. Am J Epidemiol. 1997 Jun 1;145(11):1030-8. 

The authors examined the relation between postmenopausal serum levels of testosterone and dehydroepiandrosterone sulfate (DHEAS) and subsequent risk of breast cancer in a case-control study nested within the New York University Women's Health Study cohort. A specific objective of their analysis was to examine whether androgens had an effect on breast cancer risk independent of their effect on the biologic availability of estrogen. A total of 130 cases of breast cancer were diagnosed prior to 1991 in a cohort of 7,054 postmenopausal women who had donated blood and completed questionnaires at a breast cancer screening clinic in New York City between 1985 and 1991. For each case, two controls were selected, matching the case on age at blood donation and length of storage of serum specimens. Biochemical analyses were performed on sera that had been stored at -80 degrees C since sampling. The present report includes a subset of 85 matched sets, for whom at least 6 months had elapsed between blood donation and diagnosis of the case. In univariate analysis, testosterone was positively associated with breast cancer risk (odds ratio (OR) for the highest quartile = 2.7, 95% confidence interval (CI) 1.1-6.8, p < 0.05, test for trend). However, after including % estradiol bound to sex hormone-binding globulin (SHBG) and total estradiol in the statistical model, the odds ratios associated with higher levels of testosterone were considerably reduced, and there was no longer a significant trend (OR for the highest quartile = 1.2, 95% CI 0.4-3.5). Conversely, breast cancer risk remained positively associated with total estradiol levels (OR for the highest quartile = 2.9, 95% CI 1.0-8.3) and negatively associated with % estradiol bound to SHBG (OR for the highest quartile = 0.05, 95% CI 0.01-0.19) after adjustment for serum testosterone levels. These results are consistent with the hypothesis that testosterone has an indirect effect on breast cancer risk, via its influence on the amount of bioavailable estrogen. No evidence was found of an association between DHEAS and risk of breast cancer in postmenopausal women.   (Higher testosterone means lower SHBG, and testosterone binds more strongly to SHBG, leading to greater free estradiol levels. Most studies look only at total estradiol. So while testosterone inhibits breast CA directly, higher levels can promote breast CA through reductions in SHBG producing higher free estradiol levels. The missing element is that all these women had very low progesterone levels. Progesterone supplementation would attenuate the risk of higher tesosterone/free estradiol levels.—HHL)

Zhang F, Swanson SM, van Breemen RB, Liu X, Yang Y, Gu C, Bolton JL.  Equine estrogen metabolite 4-hydroxyequilenin induces DNA damage in the rat mammary tissues: formation of single-strand breaks, apurinic sites, stable adducts, and oxidized bases.  Chem Res Toxicol. 2001 Dec;14(12):1654-9. 


Epidemiological data strongly suggest that a woman's risk of developing breast cancer is directly related to her lifetime estrogen exposure. Estrogen replacement therapy in particular has been correlated with an increased cancer risk. Previously we showed that the equine estrogens equilin and equilenin, which are major components of the estrogen replacement formulation Premarin (Wyeth-Ayerst), are metabolized to the catechol, 4-hydroxyequilenin which autoxidizes to an o-quinone causing oxidation and alkylation of DNA in vitro [Bolton, J. L., Pisha, E., Zhang, F., and Qiu, S. (1998) Chem. Res. Toxicol. 11, 1113-1227]. In the present study, we injected 4-hydroxyequilenin into the mammary fat pads of Sprague-Dawley rats. Analysis of cells isolated from the mammary tissue for DNA single-strand breaks and oxidized bases using the comet assay showed a dose-dependent increase in both types of lesions. In addition, LC-MS-MS analysis of extracted mammary tissue showed the formation of an alkylated depurinating guanine adduct. Finally, extraction of mammary tissue DNA, hydrolysis to deoxynucleosides, and analysis by LC-MS-MS showed the formation of stable cyclic deoxyguanosine and deoxyadenosine adducts as well as oxidized bases. This is the first report showing that 4-hydroxyequilenin is capable of causing DNA damage in vivo. In addition, the data showed that 4-hydroxyequilenin induced four different types of DNA damage that must be repaired by different mechanisms. This is in contrast to the endogenous estrogen 4-hydroxyestrone where only depurinating guanine adducts have been detected in vivo. These results suggest that 4-hydroxyequilenin has the potential to be a potent carcinogen through the formation of variety of DNA lesions in vivo.

Zheng T, Holford TR, Mayne ST, Owens PH, Zhang Y, Zhang B, Boyle P, Zahm SH. Lactation and breast cancer risk: a case-control study in Connecticut. Br J Cancer. 2001 Jun 1;84(11):1472-6. 


In this report, we examined the relationship between lactation and breast cancer risk, in a case-control study of breast cancer, conducted in Connecticut between 1994 and 1998. Included were 608 incident breast cancer cases and 609 age frequency matched controls, aged 30-80 years old. Cases and controls were interviewed by trained study interviewers, using a standardized, structured questionnaire, to obtain information on lactation and other major risk factors. Parous women who reported ever lactation had a borderline significantly reduced risk of breast cancer (OR = 0.83, 95% CI, 0.63-1.09). An OR of 0.53 (95% CI, 0.27-1.04) was observed in those having breastfed more than 3 children compared to those who never lactated. Women having breastfed their first child for more than 13 months had an OR of 0.47 (95% CI, 0.23-0.94) compared to those who never breastfed. Lifetime duration of lactation also showed a risk reduction while none of the ORs were statistically significant. Further stratification by menopausal status showed a risk reduction related to lactation for both pre- and postmenopausal women, while the relationship is less consistent for the latter. These results support an inverse association between breastfeeding and breast cancer risk. 

Zhou J, Ng S, Adesanya-Famuiya O, Anderson K, Bondy CA. Testosterone inhibits estrogen-induced mammary epithelial proliferation and suppresses estrogen receptor expression. FASEB J. 2000 Sep;14(12):1725-30.  

This study investigated the effect of sex steroids and tamoxifen on primate mammary epithelial proliferation and steroid receptor gene expression. Ovariectomized rhesus monkeys were treated with placebo, 17beta estradiol (E2) alone or in combination with progesterone (E2/P) or testosterone (E2/T), or tamoxifen for 3 days. E2 alone increased mammary epithelial proliferation by approximately sixfold (P:<0.0001) and increased mammary epithelial estrogen receptor (ERalpha) mRNA expression by approximately 50% (P:<0.0001; ERbeta mRNA was not detected in the primate mammary gland). Progesterone did not alter E2's proliferative effects, but testosterone reduced E2-induced proliferation by approximately 40% (P:<0.002) and entirely abolished E2-induced augmentation of ERalpha expression. Tamoxifen had a significant agonist effect in the ovariectomized monkey, producing a approximately threefold increase in mammary epithelial proliferation (P:<0.01), but tamoxifen also reduced ERalpha expression below placebo level. Androgen receptor (AR) mRNA was detected in mammary epithelium by in situ hybridization. AR mRNA levels were not altered by E2 alone but were significantly reduced by E2/T and tamoxifen treatment. Because combined E2/T and tamoxifen had similar effects on mammary epithelium, we investigated the regulation of known sex steroid-responsive mRNAs in the primate mammary epithelium. E2 alone had no effect on apolipoprotein D (ApoD) or IGF binding protein 5 (IGFBP5) expression, but E2/T and tamoxifen treatment groups both demonstrated identical alterations in these mRNAs (ApoD was decreased and IGFBP5 was increased). These observations showing androgen-induced down-regulation of mammary epithelial proliferation and ER expression suggest that combined estrogen/androgen hormone replacement therapy might reduce the risk of breast cancer associated with estrogen replacement. In addition, these novel findings on tamoxifen's androgen-like effects on primate mammary epithelial sex steroid receptor expression suggest that tamoxifen's protective action on mammary gland may involve androgenic effects.

Zumoff B. Hormonal profiles in women with breast cancer. Obstet Gynecol Clin North Am. 1994 Dec;21(4):751-72.

The literature findings on endogenous hormonal profiles in women with breast cancer are reviewed in detail. It is concluded that four sets of findings are valid: (1) diminished adrenal androgen production, probably genetic, in women with premenopausal breast cancer; (2) ovarian dysfunction (luteal inadequacy plus increased testosterone production) in breast cancer at all ages; (3) increased 16 alpha-hydroxylation of estradiol in breast cancer at all ages; and (4) evidence that prolactin is a permissive risk factor for breast cancer, and that the pregnancy-induced decrease in prolactin levels may account for the protective effect of early pregnancy against breast cancer.
