POLYCYSTIC OVARY SYNDROME AND AUTOIMMUNITY
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Abstract
Polycystic ovary syndrome (PCOS) is characterized by laboratory and/or clinical features consisting of hyperandrogenism with chronic anovulation and is currently one of the most common endocrinopaties in women of fertile age. PCOS is associated with a variety of endocrine and metabolic disturbances. It was demonstrated that the prevalence of autoimmune thyroiditis is higher among these patients than in the general population. Recent studies reveal a higher incidence of autoantibodies such as antihistone, anti dsDNA presented in systemic autoimmune disease, however their clinical significance is still unknown. According to results of current research the syndrome could be possibly associated with some autoimmune diseases. 

Further studies are required to determine the role of organ specific and non-specific autoantibodies in patients with PCOS. 
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Rezumat

Sindromul ovarelor polichistice (PCOS) este caracterizat prin trăsături de laborator și/sau clinice constând din hiperandrogenism cu anovulație cronică și reprezintă în mod curent una dintre cele mai comune endocrinopatii la femeile de vârstă fertilă. PCOS este asociat cu o varietate de tulburări endocrine și metabolice. S-a demonstrat că prevalența tiroiditei autoimune este mai mare printre aceste paciente decât în populația generală. Studii recente arată, de asemenea, o incidență mai mare a anticorpilor, cum sunt cei antihistone, antiADNds prezenți în bolile autoimune sistemice, totuși, semnificația clinică a acestora este încă necunoscută. Conform rezultatelor cercetării curente, sindromul ar putea fi asociat cu unele boli autoimune.

Sunt necesare studii suplimentare pentru a determina rolul autoanticorpilor specifici de organ și al anticorpilor nespecifici la pacienții cu PCOS.

Cuvinte cheie: sindromul ovarelor polichistice, autoimunitate, autoanticorpi, hiperandrogenism.
Introduction

Polycystic ovary syndrome is one of the most common endocrinopaties among women of childbearing age and cause of infertility. This syndrome was described by Stein and Leventhal in 1935(1), although the presence of sclerocystic ovaries had been recognized for at least 90 years before the publication of that seminal work. The prevalence is around 6.5-8 %(2) affecting 1 in 13–15 unselected women. There are five million affected women in the US and 105 million worldwide. The polycystic ovary syndrome is characterized by chronic oligoovulatory/anovulatory state, hyperandrogenism and polycystic ovaries on ultrasound vaginal examination. Revised diagnostic criteria have been proposed based upon a 2003 consensus meeting held in Rotterdam. In the revised criteria, two out of three of the following are required to make the diagnosis:

· Oligo- and/or anovulation;
· Clinical and/or biochemical signs of hyperandrogenism;
· Polycystic ovaries (by ultrasound)(3).

It is well accepted to exclude also others etiologies of hyperandrogenism (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing's syndrome) prior to diagnosis of PCOS. The prevalence of PCOS was found to be increased in women who developed premature adrenarche(4), gestational diabetes(5, 6), and in those with first-degree relatives with PCOS(7, 8). Several conditions were also associated with increased prevalence of PCOS including obesity, insulin resistance(9, 10), type 2 diabetes mellitus (DM)(11, 12) and endometrial carcinoma due to prolonged estrogen stimulation unopposed by progesterone(13). Additionally, higher risk of cardio-vascular diseases among these patients has been described(14). Dejager et al.(15) described 13-fold higher risk of acute myocardial infarction.

PCOS and autoimmunity
1. Immune dysregulation in PCOS - cause or effect?

The state of estrogens excess has been linked to different autoimmune diseases. This was confirmed by studies on women of reproductive age, which showed higher prevalence of systemic autoimmune diseases(16) as well as studies in hypogonadal men having relative excess of estrogens. For example in patients with Klinefelter syndrome an association with rheumatic and autoimmune diseases has been reported particularly with rheumatoid arthritis, juvenile idiopathic arthritis, psoriatic arthritis, polymyositis/dermatomyositis, systemic lupus erythematosus (SLE), systemic sclerosis, mixed connective tissue disease, antiphospholipid syndrome and others(17). In another study a correlation between Klinefelter syndrome and rare autoimmune diseases such as primary biliary cirrhosis was suggested(18). High levels of androgens are presented in patients who suffer from PCOS seeming to have a protective role against the development of autoimmune disease, however several mechanisms related to estrogen effects on the immune system oppose these activity. Estrogens increase the secretion of IL-4 in Th2 lymphocytes, IL-1 in monocytes, IL-6 in T-lymphocytes and interferone-γ in Th1 cells. During normal ovulatory menstrual cycle in young women – follicular phase is characterized by elevation of IL-6 whereas its levels are decreased in the luteal phase which is also characterized by negative correlation with progesterone(19). The stimulatory effect of estrogens on the immune system could be inhibited by progesterone. Patients with PCOS present low level of progesterone due to oligo/anovulation therefore the immune system could be over-stimulated leading to production of autoantibodies in these patients. 

In addition the role of vitamin D in regulations of immune mechanism has been described. In a study of 206 PCOS women, 72,8% were found to be with 25 (OH) vitamin D insufficiency (<30 ng/ml). These women had significantly worse metabolic characteristics in comparison with those who present a sufficient 25 (OH) vitamin D levels(20). Although this study has limitations of not including control group and women with metabolic syndrome but without PCOS, large intervention trials might be needed to evaluate the effect of vitamin D supplementation on metabolic disturbances in PCOS women. The hypothesis that vitamin D relates to autoimmune disorders emerged from the observation that people living near the equator were at a decreased risk of developing common autoimmune diseases(21). 

Obesity is a risk factor for lower levels of vitamin D, as this vitamin is stored in fat(22). Between 30% and 47% of patients with PCOS have the metabolic syndrome and obesity. Especially central obesity, insulin resistance, and dyslipidemia are also associated with chronic inflammation and rheumatic diseases(23,24). Furthermore, several surveys of rheumatology populations found reduced levels of vitamin D. In a study of Orbach et al.(25) 1029 patients with different autoimmune disorders including scleroderma, polymyositis and dermatomyositis, antiphospholipid syndrome, rheumatoid arthritis and SLE had lower levels (average of 9,3 – 13,7 ng/mL) of 25(OH)D than controls. 

2. Association of PCOS with autoimmune disorders
· PCOS and non-organ specific autoimmunity

Recently few studies addressed the association between PCOS and autoimmunity with controversial results. Hefler-Frischmuth et al. evaluated 109 sera from PCOS patients and performed anti-nuclear antibodies (ANA) screen, anti-histone, anti-nucleosome, and the anti ds-DNA utilizing ELISA tests. Statistical significance (p<0,05) was found only in the levels of anti-histone and anti-dsDNA antibodies(26). In another study, 36 PCOS patients were evaluated for smooth muscle cell (SMA), liver-kidney microsome (LKMA), thyroid microsome (TMA), gastric parietal cell (PCA), ANA, reticulin (ARA) and mitochondrial antibodies (AMA) using indirect immunoflourescence method(27). Significant difference in detection of ANA and SMA was found in 7 PCOS patients (19,4 %) versus 3,6 and 5,1 % incidence in control group of 392 women respectively (p<0,005). The rest of antibodies were negative. The difference in ANA levels between these studies might be explained by using distinct methods. Other autoimmune diseases were reported in association with sexual dimorphism such as systemic lupus erythematosus and estrogen influence(28). 

· PCOS and organ specific autoimmunity

High prevalence of autoimmune thyroiditis (AIT) was documented in a study of 175 patients with PCOS. Thyroid function and thyroid specific antibody tests revealed elevated thyroperoxidase (TPO) or thyroglobulin (TG) antibodies in 14 of 168 controls (8.3%), and in 47 of 175 patients with PCOS (26.9%) (p<0·001). On thyroid ultrasound 42.3% of PCOS patients had a hypoechogenic tissue typical for AIT, in contrast to only 6.5% of the control group (p<0·001). While thyroid hormone levels were normal in all subjects, PCOS patients had a higher mean thyrotropin (TSH) level and a higher incidence of TSH levels above the upper limit of normal (PCOS 10.9%, controls 1.8%) (p<0·001)(29). A case report was published of a patient with autoimmune polyglandular syndrome type II and PCOS: 26-years old woman was diagnosed with: (1) type 1 diabetes, with hyperglycemia, impaired insulin secretion, and positive autoantibodies for GAD-65 and IA-2; (2) autoimmune thyroiditis, with hypothyroidism, positive anti-microsomal and anti-thyroglobulin antibodies; and (3) PCOS, with hyperandrogenic signs that had developed 5 years earlier(30). Recent study on 50 pregnant PCOS patients and 59 normal pregnancies in Chilean women showed no association between anti-GAD65 and anti-IA2 auto-antibodies (2.0% and 1.7%, respectively) known in DM(31).

Studies of anti-ovarian antibodies that were performed so far yielded conflicting results. Evaluation of antibodies directed at human ovary using ELISA resulted in mean ratios which were significantly higher for women with PCOS than for the control group (figure: IgG (p<0·0001), IgA (p<0·003), IgM (p<0·0003). Positive anti-ovarian antibodies for at least one isotype were present in 15 (44%) of 34 of the PCOS (32) women: IgG in nine patients (27%), IgA one (3%) and IgM nine (27%), respectively. However these results could not be confirmed by others(33,34). A significant correlation between levels of antiovarian antibodies and cycles of in vitro fertilization was found. Repeated punctures of ovarian tissue and microtraumatic changes may reveal ovarian antigens so far unknown for immune system and induce a response(35). On the other hand detection of anti-ovarian antibodies after laparoscopic electrocauterization in treatment of PCOS patients resistant to clomiphene citrate did not show higher rates compared to pre-operation state(36). Suh reported histological findings in a case of PCOS consistent with autoimmune oophoritis(37). Lonsdale et al. demonstrated ovarian and adrenal antibodies, and lymphocytic infiltration of ovaries in two patients with PCOS(38). van Gelderen and Gomes dos Santos showed antibodies to human ovarian sections and granulosa cells by immunofluorescence in 4/8 patients with PCOS(39). Anti-FSH antibodies of the IgA class specifically against the ß chain of FSH were significantly higher among 75 PCOS patients compared with 85 healthy controls(40). Another theory suspects a role of oxidative stress as a key in the development of PCOS. Free radicals may harm reproductive cells, early stages of embryonic development or even endometrial cells. In a group of 10 patients with PCOS a significant elevation of anti-endometrial antibodies detected by ELISA has been published as well as antibodies against malondialdehyde modified human serum albumin compared to 21 controls with male factor of infertility(41). A key study in this field was performed by Chapman et al., showing fundamental role of estrogen induced immune disruption of thymus in the development of PCOS in animal model. Naïve mice were injected with estrogen after removing thymus gland. Anovulation and follicular cysts formation occurred subsequently. In contrary, no cysts were observed in mice in which thymectomy at 3 days of age preceded estrogen injection. In fact, after restoring immune function by thymocyte replacement, the majority of thymectomized, estrogen-injected mice had ovaries with corpora lutea. In conclusion, when estrogen was not able to act on thymus, no cysts developed and mice had ovulation.Subsequent research showed that the disease is transferable by lymfocyte infusion fulfilling another condition of autoimmune diseases.  Absence of regulatory T cells seemed crucial for developing ovarian cysts(42). Gleicher et al. claims PCOS might be an opposite condition to premature ovarian failure (POF), which in contrast is a state characterized by the loss of ovarian functions before the age of 40; its prevalence is ~1% of women. They suppose that functional autoantibodies play an important role in pathogenesis of both diseases(43). Classically, POF has a genetic, enzymatic, infectious, or iatrogenic etiology(44,45). POF is considered as an immunological disease, and has been suggested for a long time to be associated with several factors, including autoimmune disease(46,47), ovarian lymphocytic infiltration(48), detection of anti-ovarian antibodies(49,50) and reversibility of ovarian function with high doses of glucocorticoids immunotherapy(51).

Conclusion
The polycystic ovary syndrome is one of the most common hormonal disorders affecting women. As a syndrome, it has multiple components — reproductive, metabolic, and cardiovascular — with health implications throughout life. In the field of obstetrics and gynecology several conditions such as preeclampsia(53), recurrent miscarriage(54,55), endometriosis(56), fibroids(57), several malignant tumors(58), and ovarian diseases such as POF, have been shown to be associated with autoimmunologic processes. The human ovary can be the target of an autoimmune attack in various circumstances, including several organ-specific or systemic autoimmune diseases. Clinically, the ensuing ovarian dysfunction often results in POF, but other pathologies involving the ovaries, such as unexplained infertility, PCOS and endometriosis have been associated with antiovarian autoimmunity(59). Regarding PCOS, studies on autoimmunity yielded conflicting results. Whether or not women with PCOS are at an increased risk for developing rheumatologic diseases is unknown and should be investigated in future trials. So far, it was proven that an AIT has higher incidence among women with PCOS. Thus, the prevalence of systemic and organ specific autoantibodies as well as their clinical significance in PCOS remains to be elucidated and it is important to continue to explore mechanisms by which autoimmune diseases can be related to PCOS.  
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