Immunity and Auto-Immune Diseases
· High-does estradiol, and especially ethinyl estradiol increases CBG, reducing free cortisol

· Testosterone decreases CBG, increasing free cortisol

Ansar Ahmed S, Young PR, Penhale WJ. Beneficial effect of testosterone in the treatment of chronic autoimmune thyroiditis in rats.  J Immunol. 1986 Jan;136(1):143-7. 

Early thymectomy and sublethal irradiation of normal rats consistently induces a sex-dependent chronic autoimmune thyroiditis. Females are much more susceptible to this autoimmune disorder than are males. The possible therapeutic effects of testosterone (Te) on established autoimmune thyroiditis has been investigated in this model. The pathologic condition of the gland before treatment was monitored by a thyroid grafting and extirpation techniques. The administration by either parenteral injection or implantation caused significant regression of established thyroiditis. Repeated doses of Te ester in oil were found to be more effective than powdered free-Te given by implantation, and frequently produced complete resolution of chronic lesions involving the entire gland. In these thyroids, there was reappearance of normal thyroid architecture and complete absence of mononuclear cellular infiltration. However, no inhibitory effect on serum autoantibody production to thyroglobulin was noted with any form of Te treatment. These observations strengthen the concept that cellular rather than humoral mechanisms are involved in the pathogenesis of thyroiditis.

Arnalich F, Benito-Urbina S, Gonzalez-Gancedo P, Iglesias E, de Miguel E,Gijon-Banos J. Inadequate production of progesterone in women with systemic lupus erythematosus. Br J Rheumatol. 1992 Apr;31(4):247-51.

We have performed a longitudinal study of the hypothalamic-pituitary-ovary axis and adrenal function during the menstrual cycle in 26 women with inactive or quiescent systemic lupus erythematosus (SLE) and in 21 healthy women as controls. In all women studied, the menstrual cycle was proved to be ovulatory by ultrasound imaging and detection of an appropriately elevated value of peak serum progesterone. Blood samples were obtained for hormonal assay on several days of the menstrual cycle studied. Patients with SLE had lower peak and day-7 postovulation serum progesterone concentrations which were both significantly lower than those found in controls, whereas no major differences were observed for any of the other hormones analysed. Although the significance of the inadequate production of progesterone we have observed in SLE women with inactive disease is not clear, our data seem to indicate that a relative deficiency of progesterone might be considered among the potential predisposing factors for development of SLE in women.
Booji A, Biewenga-Booji CM, Huber-Bruning O, Cornelis C, Jacobs JW, Bijlsma JW. Androgens as adjuvant treatment in postmenopausal female patients with rheumatoid arthritis. Ann Rheum Dis. 1996 Nov;55(11):811-5. 


OBJECTIVE: To examine the possible beneficial effect of androgens in postmenopausal women with active rheumatoid arthritis. METHODS: 107 women participated in a double blind placebo controlled trial to evaluate the effect of 50 mg testosterone propionate intramuscularly every two weeks for one year. RESULTS: An improvement in ESR, Dutch health assessment questionnaire, and pain was noted. In addition, 21% of patients treated with testosterone fulfilled the ACR improvement criteria after one year, versus only 4% of the placebo group. The treatment was well tolerated. CONCLUSIONS: Testosterone may improve the general wellbeing of postmenopausal women with active rheumatoid arthritis.

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


Sex hormones seem to play an important role as modulators of the autoimmune disease onset/perpetuation. Generally, steroid hormones are implicated in the immune response, with estrogens as enhancers at least of the humoral immunity and androgens and progesterone (and glucocorticoids) as natural immunosuppressors. Synovial fluid levels (SF) of proinflammatory estrogens relative to androgens are significantly elevated in both male and female rheumatoid arthritis (RA) patients, as compared to controls, which is most probably due to increase of local enzymatic aromatase activity. Serum levels of estrogens have been found altered in RA patients, particularly estradiol in man. Thus, available steroid prehormones are rapidly converted to proinflammatory estrogens in the synovial tissue in the presence of inflammatory cytokines (i.e., TNFalpha, IL-1, IL-6). The increased estrogen concentrations observed in RA SF of both sexes are characterized mainly by the hydroxylated forms, in particular, 16alpha-hydroxyestrone, showing a mitogenic tumor growth stimulating role. Altered serum hydroxylated estrogens have been found also in serum of systemic lupus erythematosus (SLE) patients. As a matter of fact, our recent studies indicate that 17-beta estradiol (E2) clearly enhanced the expression of markers of cell growth and proliferation, whereas testosterone (T) induced an increase of markers indicating DNA damage and apoptosis. In particular, our data further shows that the enhancing role of estrogens on immune/inflammatory response is exerted by activating the NFkB complex pathway. In conclusion, locally increased estrogens (i.e., synovial tissue in RA or skin in SLE) might exert activating effects on cell proliferation, including macrophages and fibroblasts, suggesting new roles for estrogens in autoimmunity.
Cutolo M, Villaggio B, Foppiani L, Briata M, Sulli A, Pizzorni C, Faelli F, Prete C, Felli L, Seriolo B, Giusti M. The hypothalamic-pituitary-adrenal and gonadal axes in rheumatoid arthritis. Ann N Y Acad Sci. 2000;917:835-43. 


The hypothalamic-pituitary-adrenal (HPA) and the hypothalamic-pituitary-gonadal (HPG) axes involvement or response to immune activation seems crucial for the control of excessive inflammatory and immune conditions such as autoimmune rheumatic diseases, including rheumatoid arthritis (RA). However, female patients seem to depend more on the HPA axis, whereas male patients seem to depend more on the HPG axis. In particular, hypoandrogenism may play a pathogenetic role in male RA patients because adrenal and gonadal androgens, both products of the HPA and HPG axes, are considered natural immunosuppressors. A significantly altered steroidogenesis of adrenal androgens (i.e., dehydroepiandrosterone sulfate, DHEAS and DHEA) in nonglucocorticoid-treated premenopausal RA patients has been described. The menopausal peak of RA suggests that estrogens and/or progesterone deficiency also play a role in the disease, and many data indicate that estrogens suppress cellular immunity, but stimulate humoral immunity (i.e., deficiency promotes cellular Th1-type immunity). A range of physical and psychosocial stressors are also implicated in the activation of the HPA axis and related HPG changes. Chronic and acute stressors appear to have different actions on immune mechanisms with experimental and human studies indicating that acute severe stressors may be even immunosuppressive, while chronic stress may enhance immune responses. The interactions between the immunological and neuroendocrine circuits is the subject of active and extensive ongoing research and might in the near future offer highly promising strategies for hormone-replacement therapies in RA.

Dane S, Timur H. Sex-related differences in tuberculin reaction, free and total testosterone concentrations in patients with autoimmune disorders and controls. Int J Neurosci. 2005 Jun;115(6):911-6. 


Earlier studies reported the associations among testosterone hormone, autoimmunity, and left-handedness. In the present study, sex differences in tuberculin reaction, a measure of cell-mediated hypersensitivity, serum free and total testosterone levels in controls and patients with autoimmune diseases were studied. There was a sex difference in right and left tuberculin reactions in controls, but not in patients. Both right and left tuberculin reactions were smaller in male and female patients than male and female controls. Free and total testosterone levels were higher in male controls than in male patients. Total testosterone levels were higher in female controls than in female patients. These results suggest that autoimmune diseases may be associated with a decrease in the blood testosterone concentrations.

Da Silva JA. Sex hormones and glucocorticoids: interactions with the immune system. Ann N Y Acad Sci. 1999 Jun 22;876:102-17; discussion 117-8. 


Gender and sex hormones exert powerful effects in the susceptibility and progression of numerous human and experimental autoimmune diseases. This has been attributed to direct immunological effects of sex hormones that impact a clear gender dimorphism on the immune system. Globally, estrogens depress T cell-dependent immune function and diseases, but enhance antibody production and aggravate B cell-dependent diseases. Androgens suppress both T-cell and B-cell immune responses and virtually always result in the suppression of disease expression. Defects in the hypothalamic-pituitary-adrenal (HPA) axis have been proposed to play an important role in the pathogenesis of autoimmune diseases. Glucocorticoid response to stress, including immune challenge, is strongly inhibited by androgens and enhanced by estrogens. Complex three-way interactions between these systems appear to be involved in gender dimorphism of the immune system. This paper reviews the mechanisms involved in interactions between sex steroids and the HPA axis, addresses the possibility of similar interactions on immunocompetent cells, and explores an integrated perspective of the impact of these interplays on the immune system. 

From the paper, “ Therefore, at least in males, endogenous androgens would seem to have a stronger immunosuppressive effect in vivo than endogenous glucocorticoids. Alternatively, androgens may potentiate glucocorticoid effects on the immune system, in the same way as it enhances glucocorticoid negative feedback in the HPA axis. This might allow for effective control of excessive immune responses in the presence of lower cortisol levels in male animals.?

Fassler R, Dietrich H, Kromer G, Bock G, Brezinschek HP, Wick G. The role of testosterone in spontaneous autoimmune thyroiditis of Obese strain (OS) chickens. J Autoimmun. 1988 Feb;1(1):97-108. 

We have recently reported a two-fold defect in glucocorticoid mediated immunoregulation in the Obese strain (OS) of chickens with spontaneous autoimmune thyroiditis (SAT): (i) a decreased basal corticosterone (CN) tonus due to an elevation of plasma corticosteroid-binding globulin (CBG) and (ii) an impaired CN rise in response to antigenic stimuli as well as lymphokines produced after mitogenic stimulation. The aim of the present study was to investigate the pathophysiological relevance of testosterone for the development of SAT. Compared to healthy normal White Leghorn chickens (NWL) the basal sex hormone tonus as well as androgen receptors of bursal tissue are not altered in the OS. Administration of sheep red blood cells (SRBC) or lymphokine containing conditioned media not only increased CN plasma levels but concomitantly modulated testosterone serum concentrations, although in an inverse direction and without significant difference between OS and healthy control chickens. These results suggest that, in contrast to the glucocorticoid system, androgen tonus as well as its modulation by immune signals are normal in the OS. The mode of action by which androgens exert their known beneficial effect on the development of SAT was also studied. According to our findings the capacity of testosterone to prevent SAT when administered during the posthatching period can be attributed to direct effects on bursal epithelial cells as well as indirect mechanisms, namely a fall in CBG levels leading to normalization of the CN tonus.

Gold SM, Voskuhl RR. Estrogen and testosterone therapies in multiple sclerosis. Prog Brain Res. 2009;175:239-51.

It has been known for decades that females are more susceptible than men to inflammatory autoimmune diseases, including multiple sclerosis (MS), rheumatoid arthritis, and psoriasis. In addition, female patients with these diseases experience clinical improvements during pregnancy with a temporary "rebound" exacerbation postpartum. These clinical observations indicate an effect of sex hormones on disease and suggest the potential use of the male hormone testosterone and the pregnancy hormone estriol, respectively, for the treatment of MS. A growing number of studies using the MS animal model experimental autoimmune encephalomyelitis (EAE) support a therapeutic effect of these hormones. Both testosterone and estriol have been found to induce anti-inflammatory as well as neuroprotective effects. Findings from two recent pilot studies of transdermal testosterone in male MS patients and oral estriol in female MS patients are encouraging. In this paper, we review the preclinical and clinical evidence for sex hormone treatments in MS and discuss potential mechanisms of action. PMID: 19660660

Gomez F, Ruiz P, Briceno F, Lopez R, Michan A. Treatment with progesterone analogues decreases macrophage Fcgamma receptors expression. Clin Immunol Immunopathol. 1998 Dec;89(3):231-9. 


Macrophage Fcgamma receptors (FcgammaRs) are critical for host defense against infection and have an important role in immune cytopenias. Modulation of macrophage FcgammaRs expression is a potential therapeutic approach to immune disorders. Glucocorticoids and synthetic progesterone analogues decrease macrophage FcgammaRs expression. We assessed the effect of treatment with commonly employed progestins on the expression of macrophage FcgammaRs using an experimental model in the guinea pig. Eight clinically available progesterones, medroxyprogesterone acetate (P3), megestrol acetate (P4), medrogestone (P5), alylestrenol (P6), linestrenol (P7), didrogesterone (P8), norethisterone (P9), and gestonorone caproate (P10) and two endogenous progesterones, progesterone (P1) and 17 alpha-hydroxyprogesterone (P2), were studied. Following in vivo treatment of guinea pigs, we determined the clearance of IgG-sensitized erythrocytes in vivo, the binding of IgG-sensitized erythrocytes by isolated splenic macrophages, and splenic macrophage Fcgamma receptor cell surface expression. All progesterones impaired the clearance of IgG-sensitized erythrocytes by decreasing splenic macrophage Fcgamma receptor expression. P5, P6, P7, and P8 were less effective. Flow cytometry and fluorescence microscopy with monoclonal antibodies demonstrated that progesterones decreased the cell surface expression of FcgammaR2 more than that of FcgammaR1,2. Clinically employed progestins impair the clearance of IgG-coated cells by decreasing splenic macrophage FcgammaRs expression. Thus, progesterones are candidate drugs for the treatment of immune disorders.

Kawai T, Katoh K, Matsunaga K, Tani K, Okubo T. [A case of systemic lupus erythematosus after taking oral contraceptives] Nippon Naika Gakkai Zasshi. 1989 May;78(5):710-1. 

PIP: In December, 1986, a 29 year old woman developed nephrosis due to systemic lupus erythematosus after taking oral contraceptives (OC) for 6.5 years. Hospitalized for 3 months, she received steroid treatment, which lowered albumin in urine. At the time of hospitalization, the following symptoms were noted. Edema on all her limbs, 4.5 g/dl of urine albumin per day, white blood cell count of 2600/mm, 640 time positive anti-nuclear antibodies, pseudo-positive response to syphilis via bentonite flocculation on particle (BFP). OC she had taken since 1980 were 0.5 mg of norgestrel day and 0/05 mg of ethinyl estradiol day. She had been routinely checked on her kidney function biannually and everything had been normal till then. For 2 months starting in December, 1987, at the patient's request, progesterone along (dydrogesterone 10 mg/day) was administered for contraception. No urine albumin was detected. It appears that autoimmune-type thyroid gland abnormality preceded systemic lupus erythematosus (SLE) which was triggered by the oral contraceptive use. Estrogen metabolism of SLE patients is characterized by estrogen active 16 alpha hydroxyestrone.

Mastorakos G, Ilias I. Relationship between interleukin-6 (IL-6) and hypothalamic-pituitary-adrenal axis hormones in rheumatoid arthritis. Z Rheumatol. 2000;59 Suppl 2:II/75-9.

Systemic symptoms in rheumatoid arthritis (RA) are mediated, at least in part, by elevated levels of circulating interleukin 6 (IL-6), which is a potent activator of the human hypothalamic-pituitary-adrenal (HPA) axis. In a recent study, we observed that the 24 h time-integrated plasma ACTH and cortisol, as well as urinary free cortisol levels of untreated RA patients were not significantly different from control subjects, in spite of their active disease. However, an earlier morning surge of plasma ACTH and cortisol in RA patients was found. Plasma ACTH and cortisol responses to oCRH were similar between RA patients and controls. Plasma IL-6 levels showed a pronounced circadian variation and were significantly increased in the RA patients, compared to control subjects. In the RA patients, we detected a positive temporal correlation between plasma levels of IL-6 and ACTH/cortisol, with IL-6 preceding ACTH and cortisol by 1 and 2 h, respectively. In the same patients, we detected a negative effect of cortisol upon IL-6 exerted with a delay of 5 h. In patients with early untreated RA--although endogenous IL-6 stimulates the ACTH and cortisol secretion--the overall secretory activity of the HPA axis remains "inappropriately" normal despite elevated plasma IL-6 levels. The resulting "inappropriately" normal cortisol levels are apparently insufficient to satisfactorily limit the inflammation in these patients. In patients with Sjögren's syndrome the ACTH and cortisol response after CRH stimulation has been found to be blunted. On the other hand, patients suffering from systemic lupus erythematosus, when subjected to insulin tolerance testing, showed a lower cortisol response compared to healthy controls. These data indicate a direct and/or indirect involvement of a defective HPA axis in the pathogenesis of certain autoimmune-related pathologic entities. PMID: 11155809

Page ST, Plymate SR, Bremner WJ, Matsumoto AM, Hess DL, Lin DW, Amory JK, Nelson PS, Wu JD. Effect of medical castration on CD4+ CD25+ T cells, CD8+ T cell IFN-gamma expression, and NK cells: a physiological role for testosterone and/or its metabolites. Am J Physiol Endocrinol Metab. 2006 May;290(5):E856-63. Epub 2005 Dec 13.

The higher prevalence of autoimmune disease among women compared with men suggests that steroids impact immune regulation. To investigate how sex steroids modulate cellular immune function, we conducted a randomized trial in 12 healthy men aged 35-55 yr treated for 28 days with placebo, a GnRH antagonist, acyline to induce medical castration, or acyline plus daily testosterone (T) gel to replace serum T, followed by a 28-day recovery period. Serum hormones were measured weekly and peripheral blood lymphocytes (PBLs) were collected biweekly for analyses of thymus-derived lymphocyte (T cell) subtypes and natural killer (NK) cells. Compared with the other groups and to baseline throughout the drug exposure period, men receiving acyline alone had significant reductions in serum T (near or below castrate levels), dihydrotestosterone, and estradiol (P < 0.05). Medical castration significantly reduced the percentage of CD4+ CD25+ T cells (P < 0.05), decreased mitogen-induced CD8+ T cell IFN-gamma expression, and increased the percentage of NK cells without affecting the ratio of CD4+ to CD8+ T cells and the expression of NK cell-activating receptor NKG2D or homing receptor CXCR1. No changes in immune composition were observed in subjects receiving placebo or acyline with replacement T. These data suggest that T and/or its metabolites may help maintain the physiological balance of autoimmunity and protective immunity by preserving the number of regulatory T cells and the activation of CD8+ T cells. In addition, sex steroids suppress NK cell proliferation. This study supports a complex physiological role for T and/or its metabolites in immune regulation.

Picco P, Gattorno M, Sormani MP, Vignola S, Buoncompagni A, Battilana N, Pistoia V, Ravazzolo R. Involvement of the hypothalamic-pituitary-adrenal axis in children with oligoarticular-onset idiopathic arthritis. Ann N Y Acad Sci. 2002 Jun;966:369-72.

Adult patients with rheumatic arthritis and other rheumatic disorders show inappropriate cortisol secretion and peculiar CRH promoter gene polymorphisms. So far, no data are available about this topic in children with juvenile idiopathic arthritis (JIA). We have studied a series of 13 prepubertal patients (10 female, 3 male) affected with oligoarticular JIA (o-JIA) without clinical and biological signs of disease activity (ESR and IL-6). ACTH plasma concentrations were significantly increased at 8 a.m. in o-JIA patients, whereas no differences were found in cortisol plasma concentrations. The ACTH/cortisol ratio was significantly increased in o-JIA patients with respect to the normal population both at 8 a.m. and at noon. DHEAS and testosterone plasma concentration did not statistically differ in the two populations. The genetic study was aimed at defining the prevalence of polymorphisms A1 and A2 in o-JIA patients, but we failed to find allelic or genotypic differences. Our study suggests the presence of a partial resistance to ACTH with a dysregulated pattern of secretion also in inactive o-JIA patients. These preliminary data need further confirmation in larger pediatric studies. PMID: 12114294

Swinkels LM, van Hoof HJ, Ross HA, Smals AG, Benraad TJ. Concentrations of salivary testosterone and plasma total, non-sex-hormone-binding globulin-bound, and free testosterone in normal and hirsute women during administration of dexamethasone/synthetic corticotropin. Clin Chem. 1991 Feb;37(2):180-5. 


Preliminary data indicate that the concentration of circulating cortisol may affect the binding of testosterone to plasma proteins. This interdependency was evaluated by the assessment of plasma cortisol, salivary (ST) and plasma total testosterone (TT), testosterone not bound to sex-hormone-binding globulin (n-SHBGT), and free testosterone (FT) in normal and in hyperandrogenemic women during combined dexamethasone/synthetic corticotropin administration. The concentrations of TT, FT, and ST significantly increased (P less than 0.001) during this dynamic test both in the controls and in hirsute women. Remarkably, however, n-SHBGT remained virtually unchanged in normal women in the follicular phase, decreasing in the luteal phase, and decreasing even more markedly in the hirsute women. Both the normal and the hirsute women showed a statistically significant negative correlation between the percentage of n-SHBGT and plasma total cortisol (P less than 0.001). The apparent decrease of n-SHBGT was the result of displacement of T from corticosteroid-binding globulin (CBG) by the increase in cortisol after the infusion of synthetic corticotropin: the CBG-bound T was measured as n-SHBGT because CBG was not precipitated with 50% saturated ammonium sulfate. Our results indicate that ST or FT better represents the clinical status of androgenicity than does n-SHBGT, as assessed by ammonium sulfate precipitation, because n-SHBGT also depends on the concentration of cortisol.

Schust DJ, Anderson DJ, Hill JA. Progesterone-induced immunosuppression is not mediated through the progesterone receptor. Hum Reprod. 1996 May;11(5):980-5.

Progesterone is a known immunosupressant in humans and may be important in treatment regimens for women with immunological and endocrinological reproductive failure. The molecular mechanism of progesterone-mediated immunosuppression remains controversial. We used the reverse transcriptase polymerase chain reaction (RT-PCR) technique to detect progesterone receptor RNA in human peripheral blood mononuclear cells (PBMCs). No expression could be documented in PBMCs from men or women representing various reproductive states. We also used the glucocorticoid receptor antagonist RU 43044 to address the hypothesis that progesterone exerts immunomodulatory effects via interactions with the glucocorticoid receptor. Both hydrocortisone (10(-6) and 10(-7) M) and progesterone (10(-5), 10(-6) and 10(-7) M) inhibited phytohaemagglutinin-induced lymphocyte proliferation in a dose-dependent fashion. RU 43044 (10(-5) M) significantly reversed the immunosuppressive effect of hydrocortisone but not that of progesterone. These studies indicate that human PBMCs do not express the classical progesterone receptor. Our results further suggest that progesterone does not mediate its immunomodulatory effects via interaction with the glucocorticoid receptor. Interaction with other members of the steroid and thyroid hormone receptor superfamily, local conversion to other steroid substances or non-classical receptor-mediated mechanisms may be involved.

Tait AS, Butts CL, Sternberg EM. The role of glucocorticoids and progestins in inflammatory, autoimmune, and infectious disease. J Leukoc Biol. 2008 Oct;84(4):924-31. 

A bidirectional communication exists between the CNS and the immune system. The autonomic nervous system, through neurotransmitters and neuropeptides, works in parallel with the hypothalamic-pituitary-adrenal axis through the actions of glucocorticoids to modulate inflammatory events. The immune system, through the action of cytokines and other factors, in turn, activates the CNS to orchestrate negative-feedback mechanisms that keep the immune response in check. Disruption of these interactions has been associated with a number of syndromes including inflammatory, autoimmune, and cardiovascular diseases, metabolic and psychiatric disorders, and the development of shock. The hypothalamic-pituitary-gonadal axis also plays an important part in regulating immunity through the secretion of sex hormones. Although numerous studies have established a role for immunomodulation by estrogen and testosterone, the role of progesterone is less well understood. Progesterone is crucial for reproductive organ development and maintenance of pregnancy, and more recent studies have clearly shown its role as an important immune regulator. The main focus of this review will be about the role of steroid hormones, specifically glucocorticoids and progesterone, in inflammatory responses and infectious diseases and how dysregulation of their actions may contribute to development of autoimmune and inflammatory disease. PMID: 18664528

Then Bergh F, Kümpfel T, Yassouridis A, Lechner C, Holsboer F, Trenkwalder C. Acute and chronic neuroendocrine effects of interferon-beta 1a in multiple sclerosis. Clin Endocrinol (Oxf). 2007 Feb;66(2):295-303.

OBJECTIVE: Treatment of multiple sclerosis with interferon-beta (IFN-beta) results in variable responses interindividually. Cytokine-hormone interactions may modulate the therapeutic effects of IFN-beta. Since hyperactivity of the hypothalamo-pituitary-adrenal (HPA) axis and other neuroendorine disturbances occur in multiple sclerosis, we determined the detailed neuroendocrine response of patients with multiple sclerosis to IFN-beta. DESIGN: Longitudinal open-label study. PATIENTS: Eight patients with relapsing-remitting multiple sclerosis (four women, age 31.9 +/- 1.5 years, EDSS 1.5-2.5). MEASUREMENTS: Plasma ACTH, cortisol, prolactin, GH, TSH, LH and FSH were determined in 30-min intervals during 8 h on four occasions: after intramuscular injection of saline; after the first dose of IFN-beta 1a; after the second IFN-beta dose with oral indomethacin pretreatment; and after 3 months of IFN-beta therapy. Dexamethasone-corticotropin-releasing hormone test was performed before and at 3 months on IFN-beta. RESULTS: Compared to saline, IFN injection resulted in marked rise in plasma ACTH (mean, 370% of baseline), cortisol (214%), prolactin (253%) and GH (756%), between 2 and 6 h after injection. With indomethacin, hormone secretion occurred with reduced peak values. Endocrine response adapted partially after 3 months of treatment. HPA axis activity decreased in most patients, but increased in one patient with frequent relapses. CONCLUSIONS: Marked neuroendocrine effects occur in response to IFN-beta in multiple sclerosis. Upon prolonged treatment, these effects partially adapt, and HPA axis hyperactivity is reduced. Prospective studies to determine the relation to individual treatment response can be based on these findings. PMID: 17224002

Tengstrand B, Carlstrom K, Hafstrom I. Bioavailable testosterone in men with rheumatoid arthritis-high frequency of hypogonadism. Rheumatology (Oxford). 2002 Mar;41(3):285-9.

OBJECTIVES: To study bioavailable testosterone (T) in men with rheumatoid arthritis (RA) by determining non-sex hormone-binding globulin (SHBG)-bound T (NST) under standardized conditions and to investigate if NST is related to disease variables. METHODS: Basal serum concentrations of total T, SHBG and luteinizing hormone (LH) were measured in 104 men with RA, and the levels of NST as well as the quotient T/SHBG were calculated. The data were compared with those of 99 age-matched healthy men. The results were analysed separately for the age groups 30-49, 50-59 and 60-69 yr. RESULTS: The RA men had lower NST levels than the healthy men in all age groups. T levels and the T/SHBG ratio were lower only in the age group 50-59 yr. SHBG did not differ significantly. LH was significantly lower in the patients than in the controls. Thirty-three of the 104 patients were considered to have hypogonadism compared with seven of the 99 healthy men. The only clinical variable apart from age that had a significant impact on NST was the Stanford Health Assessment Questionnaire (HAQ). CONCLUSION: Men with RA had lower levels of bioavailable T and a large proportion were considered hypogonadal. The low levels of LH suggested a central origin of the relative hypoandrogenicity.

Valentino R, Savastano S, Tommaselli AP, Riccio A, Mariniello P, Pronesti G, De Divitiis PM, Lombardi G. Hormonal pattern in women affected by rheumatoid arthritis.  J Endocrinol Invest. 1993 Sep;16(8):619-24. 


Gonadal sex hormones may account for the sexual dimorphism in the immune response and for the greater incidence of autoimmune disease in females. We have previously reported the presence of progesterone (P) deficiency in female patients with thyroid and ovarian autoimmune disease. In this context, the hormonal profile in 9 women with rheumatoid arthritis (RA) and in 9 age-matched healthy women, were evaluated to verify the presence of a steroid hormone secretion impairment in a systemic autoimmune disease, further supporting our hypothesis of P deficiency involvement. P and androgen plasma levels, in the luteal phase, were significantly lower (p < 0.05 and 0.005, respectively) in RA patients than in the control group, with a consequent decrease of the free androgen index. Moreover, despite normal cortisol values, corticosterone (B) plasma levels were significantly higher in the RA patients (p < 0.01 and 0.05 in follicular and luteal phase, respectively). Therefore, our present data confirm the androgen deficiency in patients with a systemic autoimmune disease, such as RA and support the immunomodulator effect of P. Finally, the higher B plasma levels in RA patients may suggest the presence of a slight impairment of the immune hypothalamic-pituitary-adrenal axis (HPAA), supporting its role in certain phases of RA pathogenesis. In conclusion, in addition to androgens, the immunomodulator role of P should also be taken into account in the pathogenesis of the systemic autoimmune disease.

Viau V, Meaney MJ.  Testosterone-dependent variations in plasma and intrapituitary corticosteroid binding globulin and stress hypothalamic-pituitary-adrenal activity in the male rat. J Endocrinol. 2004 May;181(2):223-31. 


Hypothalamic-pituitary-adrenal (HPA) activity is governed by glucocorticoid negative feedback and the magnitude of this signal is determined, in part, by variations in plasma corticosteroid-binding globulin (CBG) capacity. Here, in gonadectomized male rats we examine the extent to which different testosterone replacement levels impact on CBG and HPA function. Compared with gonadectomized rats with low testosterone replacement ( approximately 2 ng/ml), plasma adrenocorticotropin and beta-endorphin/beta-lipotropin responses to restraint stress were reduced in gonadectomized rats with high testosterone replacement ( approximately 5 ng/ml). Plasma CBG levels also varied negatively as a function of testosterone concentration. Moreover, glucocorticoid receptor binding in the liver was elevated by higher testosterone replacement, suggesting that testosterone acts to enhance glucocorticoid suppression of CBG synthesis. Since pituitary intracellular CBG (or transcortin) is derived from plasma, this prompted us to examine whether transcortin binding was similarly responsive to different testosterone replacement levels. Transcortin binding was lower in gonadectomized rats with high plasma testosterone replacement ( approximately 7 ng/ml) than in gonadectomized rats with low testosterone replacement ( approximately 2 ng/ml). This testosterone-dependent decrease in pituitary transcortin was associated, in vitro, with an enhanced nuclear uptake of corticosterone. These findings indicate that the inhibitory effects of testosterone on corticotrope responses to stress may be linked to decrements in plasma and intrapituitary CBG. This could permit greater access of corticosterone to its receptors and enhance glucocorticoid feedback regulation of ACTH release and/or proopiomelanocortin processing.

Wiegratz I, Kutschera E, Lee JH, Moore C, Mellinger U, Winkler UH, Kuhl H. Effect of four different oral contraceptives on various sex hormones and serum-binding globulins. Contraception. 2003 Jan;67(1):25-32. 


In a double-blind, controlled, randomized, four-arm, bicentric clinical study, the effect of four oral contraceptives (OCs) on various hormone parameters and serum-binding globulins was investigated. Four groups with 25 volunteers each (18-35 years of age) were treated for six cycles with monophasic combinations containing 21 tablets with either 30 microg ethinylestradiol (EE) + 2 mg dienogest (DNG) (30EE/DNG), 20 microg EE + 2 mg DNG (20EE/DNG), 10 microg EE + 2 mg estradiol valerate (EV) + 2 mg DNG (EE/EV/DNG) or 20 microg EE + 100 microg levonorgestrel (LNG) (EE/LNG). The study was completed by 91 subjects. Blood samples were taken after at least 12 h of fasting on Day 21-26 of the preceding control cycle and on Day 18-21 of the first, third and sixth treatment cycle. The serum concentrations of free testosterone were significantly decreased by about 40-60% in all four groups, while those of dehydroepiandrosterone sulfate (DHEAS) showed a time-dependent decrease during treatment. Except for EE/EV/DNG, which increased prolactin significantly during the third and sixth cycles, no change was observed with the EE-containing preparations. There was a significant increase in the levels of serum-binding globulins during treatment, which differed according to the composition of the OCs used. The rise in sex hormone-binding globulin (SHBG) was highest during intake of 30EE/DNG (+320%) and lowest with EE/LNG (+80%), while the effect of 20EE/DNG and EE/EV/DNG was similar (+270%). The thyroxine-binding globulin (TBG) levels increased significantly, by 50-60%, during treatment with the DNG-containing formulations, while the effect of EE/LNG was less significant (+30%). The rise in corticosteroid-binding globulin (CBG), which occurred in all groups, was most pronounced in women treated with 30EE/DNG (+90%) and least with EE/EV/DNG (+55%), indicating a strong influence of EE and no effect of the progestogen component. In all treatment groups, the frequency of intracyclic bleeding rose in the first treatment cycle and decreased thereafter. Cycle control was significantly better with 30EE/DNG or EE/LNG than with 20EE/DNG or EE/EV/DNG. There was no significant change in blood pressure, body mass index or pulse rate throughout the study. In conclusion, the DNG-containing OCs caused a higher rise in SHBG and TBG levels than the LNG-containing preparation. The effects on CBG suggest a lesser hepatic effect of 2 mg EV as compared to 20 or 30 microg EE. In contrast to EE, the use of estradiol in OCs appeared to increase prolactin release, while the cycle control was better with the OC containing 30 microg EE.

Wilder RL. Adrenal and gonadal steroid hormone deficiency in the pathogenesis of rheumatoid arthritis. J Rheumatol Suppl. 1996 Mar;44:10-2. 


Rheumatoid arthritis (RA) is a multifactorial disease in which both environmental and genetic factors play a role. Data also suggest that neuroendocrine factors are involved. I briefly summarize observations that support this hypothesis. RA is characterized by striking age-sex disparities. The incidence of disease in women increases steadily from the age of menarche to its maximal incidence around menopause. The disease is uncommon in men under age 45, but its incidence increases rapidly in older men and approaches the incidence in women. These observations strongly suggest that androgens play a major suppressive role, and, in fact, testosterone levels are depressed in most men with RA. Mechanistically, many data indicate that testosterone suppresses both cellular and humoral immune responses. Dehydroepiandrosterone (DHEA), an adrenal product, is the major androgen in women. Its production is strikingly dependent upon age. Peak production is in the 2nd and 3rd decades, but levels decline precipitously thereafter. DHEA levels are low in both men and women with RA, and recent data show that levels of this hormone may be depressed before the onset of disease. The role of DHEA in immune diseases, however, is controversial. The menopausal peak of RA onset suggests estrogen and/or progesterone deficiency play a role in the disease, and many data indicate that estrogens suppress cellular immunity but stimulate humoral immunity, i.e., deficiency promotes cellular (Th1-type) immunity. Recent data also indicate that progesterone stimulates a switch for Th1 to Th2-type immune responses. RA often develops or flares in the postpartum period, particularly if the mother breastfeeds. This is again consistent with gonadal steroid deficiency playing a role in the onset of disease. Breastfeeding is associated with blunted hypothalamic-pituitary-adrenal function and elevated prolactin synthesis. Gonadal and adrenal steroid hormone deficiency, plus elevated prolactin, probably greatly facilitates the expression of Th1-type immunity, which is widely believed to be critical in the pathogenesis of RA. By contrast, RA typically remits during pregnancy, in parallel with the increasing levels of corticosteroids, estrogens, and progesterone. Pregnancy is characterized by a shift in immune function from Th1-type to Th2-type. Oral contraceptives, which generate a condition of pseudopregnancy, also decrease the risk of RA. These data argue that adrenal and gonadal steroid hormones suppress the development of RA. Several studies indicate that corticosteroid production is inappropriately low in patients with RA, and are reminiscent of observations in Lewis rat models of chronic erosive arthritis. In summary, a growing body of data indicate that RA develops as a consequence of a deficiency in both adrenal and gonadal steroid hormone production. This hypothesis clearly has potential clinical implications. 


