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        Abstract: Background: Endometriosis is a female physical disorder
        that happens when cells from the lining of the womb (uterus) grow in other areas
        of the body i.e., outside of uterine cavity and leads to infertility. It represents
        a major personal and public health concern. The aim of the study was to investigate
        the prevalence and interferon-gamma gene CA-repeats polymorphism in patients with
        different stages of endometriosis.Methodology/Principal Findings: It is a case control
        prevalence study carried out in gynecology research centre. The mutational analysis
        of Interferon-γ gene CA repeats were tested for association in 356 affected women
        with different stages of disease and 372 women with no evidence of disease. The
        prevalence of endometriosis was accounted in 44.95% of infertile women. All the
        women were of South Indian origin and ascertained from the same infertility clinic.
        The broad IFN-gamma genotype and allele frequencies in all patients with different
        stages of endometriosis varied significantly from that in the control women (χ2
        = 8.2690, 4 df, P =0.0822). The disparity in distribution was due to an increase
        in the a13 (114 bp) allele in the patients with endometriosis (χ2 =13.2394, p= 0.00027,
        OR=1.6656, 95.0% CI=1.263-2.1953). Conclusions/Significance: Significant difference
        was experiential in universal allele frequencies between the control women and specifically,
        women with endometriosis staging were tilted in the direction of minimal (39.04%)
        and mild disease (33.98%). Therefore, we conclude that interferon-gamma CA-repeat
        polymorphism may influence the likelihood of a woman developing different stages
        of endometriosis irrespective of its incidence.
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        1. Introduction

    
        Endometriosis is defined as the presence and growth of endometrial tissues outside
        the uterus, which impair fertility, [1,2] and the disease
        has a strong genetic component [3,4]. It affects 10–32%
        of women of fertile age, causing pelvic pain and infertility [5,6].
        It is a benign disease but it can behave like a malignancy in terms of growing,
        infiltrating, adhering to the surrounding tissues [7]
        and leads to disability among reproductive age women. Moreover, it represents a
        major personal and public health concern [8]. In humans,
        IFN-γ or type II interferon (cytokine) is produced predominantly by natural killer
        (NK) and natural killer T (NKT) cells as part of the innate immune response, and
        by CD4 and CD8 cytotoxic T lymphocyte () effector T cells once antigen-specific
        immunity develops [9, 10]. The IFN-γ protein is encoded
        by the IFNG gene. IFN-gamma is encoded by a single gene mapped in humans to chromosome
        12q24.1 [11]. Consequently, cytokines play a major role
        in the initiation, propagation and regulation of immune and inflammatory responses
        [12]. This immune response has been shown to play a significant
        role in the pathogenesis of endometriosis [13]. A recent
        study reported that women with endometriosis have higher levels of IL-10, IFN-gamma,
        and IL-4, showing a shift toward increased inflammatory cytokines 
            [14]. However, some studies have shown the concentration of IFN-gamma is
        decreased in peritoneal fluid in patients with endometriosis 
            [15], although some groups have found no difference [16].
        Enhanced levels of IFN gamma may be partly responsible for the impaired immunologic
        defense in endometriosis [17]. In spite of fluctuation
        in the levels of IFN gamma, associations have been suggested between the IFN-gamma
        CA-repeats polymorphism and multiple immunological disorders 
            [18, 19]. In support of polymorphism studies in Japanese patients with endometriosis
        [20], Kim et al suggested the (CA)n repeat polymorphism
        in the IFN-γ gene may be associated with a risk of endometriosis in the South Korean
        population. They have reported the most common allele composed of 13 repeats, followed
        by an allele of 15 repeats, and then by an allele of 12 repeats 
            [21]. In contrast to these studies, our group previously demonstrated the
        increase in the “a12 (112bp) allele” in south Indian patients along with the significant
        association of IFNG gene CA-repeat polymorphism with endometriosis 
            [22]. In view of the controversies and misgivings, we have revised the study
        with larger pollution size to explore the association between the IFN-gamma gene
        (CA)-repeat polymorphisms and their possible impact on prevalence and pathophysiology
        of endometriosis with different stages in Indian population.

    
        

    
        2. Materials and Methods

    
        This is a prospective case–control study, which recruited women visiting the gynecology
        clinics at two collaborating centers, which register cases from all over the region
        of Andhra Pradesh, India complaining for infertility and suspected of having endometriosis
        on clinical grounds. During the period of our study (2006 - 2012), the samples from
        the consecutive women in these two centres were analyzed. Throughout the course
        of this study, we have recruited 792 patients coming for the diagnosis of infertility
        and other gynecological problems including endometriosis. Control group was excluded
        from these patients. The ethical committee of Hospital and Research Centre approved
        the research protocol. Informed written consent was obtained from all the participants.
        Proforma to obtain information on the general, obstetric and gynaecological details
        including family history, marital status, age at menarche, length of menstrual cycle,
        associated symptoms, duration and amount of blood loss, duration of infertility,
        and socio demographic details like social status, occupation, lifestyle, age, body
        mass index (), limited information on diet was used and a thorough clinical examination
        done. General characteristics for all patients were recorded in detail in the medical
        chart. Apart from routine hematological investigations, hormone profiles, immunological
        assays, specialized investigations consisting of Pelvic ultrasound scan was done
        prior to surgery to know the uterine and ovarian status. Laparoscopy was performed
        as and when needed to confirm the diagnosis. All patients met the inclusion criteria:
        18-39 years of age, having regular periods, residents of urban area since the last
        20 years, absence of immunologic, hormonal disorders, or chronic diseases, experiencing
        chronic pelvic pain, dysmenorrhea & dyspareunia and presence of chocolate cyst
        on ultrasound scan or presence of endometriosis diagnosed by laparoscopy. Exclusion
        criteria were as follows: Women more than 39 years of age, proven female genital
        tuberculosis, pelvic inflammatory disease (PID), leiomyoma, adenomyosis, invasive
        carcinoma of the uterine cervix or ovarian cancer, diabetes, malnutrition and medical
        disorders like hypertension were excluded. The study population is from the state
        of Andhra Pradesh, which is known for ethnic variations.

    
        

    
        2. 1. Study Group
    

    
        The study group consisted of 356 unrelated women of Indian origin, who were diagnosed
        to have endometriosis by laparoscopy. All these women are convene as per the standards
        of revised American Society for Reproductive Medicine scoring system, 1997 (rASRM,
        1997) criteria [23]. All these women were infertile:
        primary infertility in 273 (76.7 %) women and secondary infertility in 83 (23.3%)
        women with mean age of 29.78 ± 6.11 (age ranges: 18-39) years, mean age at menarche
        of 12.90 ± 1.17 years, mean duration of infertility of 5.4 ± 3.6 years. The severity
        of endometriosis was assigned according to the rASRM scoring system. It incorporates
        number, size, location of endometrial implants, endometriomas, and/or adhesions
        as well as their morphology (red, white, and black) yielding a classification of
        four stages. 139 (39.04%) women were clustered into minimal endometriosis (rASRM
        stage I), 121 (33.98%) women into mild endometriosis (rASRM stage II), 58 (16.3%)
        women in to moderate endometriosis (rASRM stage ), 38 (10.67%) women in to severe
        endometriosis (rASRM stage IV), dyspareunia have been seen in 123 (34.6%) women,
        dysmenorrhoea have in 145 (40.7%) [i.e., mild in 110 (31 %), moderate in 18 (5%)
        and severe in 17 (4.8%)] women. The remaining 88 (24.72%) women were found asymptomatic.
    

    
        

    
        2.1.1. Control Group

    
        Three hundred and seventy two women were recruited from the same hospital for other
        gynaecological pathology (e.g., fibroids, tubal defects, polycystic ovaries, idiopathic
        infertility and pelvic inflammatory disease), tubal sterilization, and laparoscopically
        confirmed to be without endometriosis were included in the control group. Among
        these 249 (66.94%) women were infertile: primary infertility in 215 (57.8%) women,
        secondary infertility in 34 (9.14 %) women and 123 (33.1%) women were proven fertile,
        with mean age of 29.2 ± 3.4 years, mean age at menarche of 12.7 ± 1.0 years and
        mean duration of infertility of 5.2 ± 3.5 years. We assume that substantial infertile
        control group may not prove any affect on the results. The following symptoms were
        also present in the control group: pelvic pain was observed in 149 (40.1%) women,
        dyspareunia in 60 (16.13%) women and dysmenorrhoea in 116 (31.18%) women [i.e.,
        mild 97 (26.07%), moderate 19 (5.11%) and there were no severe dysmenorrhoea cases].
        The remaining 196 (52.69%) women were symptom free. The Socio-demographic and clinical
        details of the endometriosis patients (Case group) versus control groups were given
        in the Table 1.

    
        Table 1: Socio-Demographic and Clinical Details
        of Endometriosis (Case group) and Control groups
        

        

        

    
        

    
        2.1.2. Genotype of IFN-gamma Gene

    
        DNA extraction: Genomic was extracted from 6-8ml of EDTA anti-coagulated whole blood
        by using proteinase K digestion followed by a salting out method 
            [24]. The genotype of the IFN-gamma CA-repeat gene deletion status of individuals
        were amplified by using the primers described by Miyake et al. (2002) 
            [18] with some modifications: forward (5’-TGA TTT TAT ACA-3’) and reverse
        (5’- CCT TAT TAT TAT-3’). The 5’ end of the forward primer was labeled with a fluorescent
        dye (6-Fam). An aliquot containing 25ng of genomic was mixed with 0.4 mM each primer,
        0.2 mM dNTPs, 1.5 mM MgCl2, 1X reaction buffer (1.5 mM) and 1.25 IU of
        Taq polymerase (GENEI, Bangalore, India) in a total volume of 50μl of buffer. The
        procedure was as follows: an initial denaturation step at 95oC for 5min,
        and then 30 cycles of amplification at 94oC for 45s, 48oC
        for 1min and 72oC for 1min, followed by a final extension step at 72oC
        for 5min. The products were denatured for 5min at 94oC, mixed with formamide-containing
        stop buffer, electrophoresed on a 6% polyacrylamide gel with an internal lane standard
        labeled with Genescan-500 Rox dye, and analyzed on an Prism 3130 XL 16 capillary
        sequencing system using Genescan analysis software (Applera International Inc.,
        USA).

    
        

    
        3. Statistical Analysis

    
        Statistical analysis was performed using pantaray software systems 
            [25]. Comparison of age, menarche age, body mass index, duration of infertility
        in the study groups and control group was performed using the independent two-sample
        Student’s t test and data are presented as mean ± SD. The sample size required to
        detect a difference between two proportions for the IFNG CA-repeat polymorphisms
        was calculated using a computer program. The odds ratio (OR) and P-values were used
        to measure the strength of the association between allele frequencies and endometriosis.
        The disparity in the delivery of genotypes and allele frequencies of the IFN-gamma
        CA-repeat polymorphism between the controls and the patients with different stages
        of endometriosis were analyzed using the χ2 test as appropriate. All odds ratios
        (OR) were calculated as estimates of the confidence intervals (CI) were calculated
        at the 95% level (95% CI).

    
        

    
        4. Results

    
        A total of 728 women were enrolled in the study, 356 cases and 372 controls. Among
        cases, there were 139 (39.04%) women with stage I endometriosis, 121 (33.98%) with
        stage II, 58 (16.3%) with stage , and 38 (10.67%) with stage IV. Deep endometriotic
        nodules, dyspareunia were experimental in 123 (34.6%) women, dysmenorrhoea in 145
        (40.7%) were observed, no significant difference in age, age at menarche and duration
        of infertility was seen in between the two groups. Detailed socio-demographic characteristics
        and clinical details of endometriosis (Case group) and Control groups are described
        in Table 1. The prevalence of endometriosis was accounted
        in 48.9% (356) out of 728 total patients. Among infertile cases, 44.95% of women
        with endometriosis were specifically observed. There is no laparoscopic evidence
        of endometriosis seen in the control group and in the patients other gynecological
        problems. Seven diverse IFN-gamma alleles contained a sequence ranging from 10 (108
        bp) size to 16 CA repeats (120 bp) and were selected a10–a16 according to the number
        of CA repeats. The genotype and allele frequencies for the IFN-gamma gene are summarized
        in Figure 1 and Table 2.
    

    
        Table 2. Genotypes and allele frequencies of the
        a13 of IFNG CA-repeat polymorphism in control women and Indian patients with different
        stages of endometriosis
        

        

        

    
        The comprehensive allele frequencies of the IFN-gamma CA-repeat polymorphism in
        the healthy control women, patients with different stages of endometriosis and other
        clinical subgroups are demonstrated in Table 2. The global
        IFN-gamma allele frequencies in all patients with different stages of endometriosis
        was significantly dissimilar from that in the control women (χ2 = 8.2690, 4 df,
        P =0.0822). The difference was due to an increase in the a13 (114 bp) allele in
        the patients with endometriosis (χ2 =13.23, p= 0.00027, OR=1.6656, 95.0% CI=1.26-2.195).
        The slight increase of a13 allele over a12 allele is clearly shown in 
            Figure 1 and Table 2.

    
        This observation appears to be in contrast with the previous results published [22] may be due to the large sample size. Significant
        differences in overall allele frequencies were found between the control women and
        different stages of endometriosis are in the same line with Kim et al., 2011. The
        distribution of the IFN-gamma a13 genotypes was significantly diverse between patients
        with different stages of endometriosis and the control women (χ2=6.2596, 2 df, p=
        0.0437). The disparity was due to over-representation of the IFN-gamma a13 homozygote
        among the patients with different stages of endometriosis. An increased incidence
        of the IFN-gamma a13 allele was observed in different stages of endometriosis, these
        values were statistically significant with several assessments excluding the moderate
        to severe endometriosis stages. Differences are evident in the IFN-gamma a13 genotype
        and the allele frequencies between the groups with rASRM I, II, and rASRM stage
        IV of endometriosis are statistically validated (Figure 1
        and Table 2).
    

    
        Figure 1. Logarithmic plot of IFNG
        allele frequency distribution in control women and patients with different stages
        of endometriosis

    
        

    
        5. Discussion

    
        At the present, the cause of endometriosis and its natural history are still unknown,
        treatment options are limited, and there is no cure for this debilitating disease.
        It is estimated that endometriosis (at all stages) affects 10–15% of women in their
        reproductive age [26], 20-50% of women with infertility
        [27], up to 45% in patients with chronic pelvic pain,
        35–50% in women with pain, infertility, or both [28].
        The estimated prevalence of moderate to severe endometriosis is up to 2% 
            [29] and 30 to 50% women with endometriosis are infertile 
                [30]. It is reported that rectovaginal endometriotic nodules are strongly
        associated with pelvic pain and dysmenorrhea in 95% of cases, rectal dyschezia in
        25% of cases and infertility [31]. The spontaneous progressive
        nature of this disease has been demonstrated in 30-60% of patients 
            [32]. Cumulative recurrence rates after conservative surgery can be as high
        as 50–70% [33]. It is widely accepted that the endometriosis
        is an inflammatory process, associated with altered immune cell function, immune
        cell numbers, and elevated levels of inflammatory cytokines [34]
        including interferon-gamma, although in some studies the concentration of interferon-gamma
        is decreased in these patients. Nevertheless associations have been suggested to
        occur between interferon-gamma repeats polymorphism and multiple immunological disorders.
        However, the results remain controversial. In view of the inflammatory nature of
        the disease and role of IFN-γ in the pathogenesis of disease 
            [35], we sought to investigate the interferon-γ gene (IFNG) CA-repeat polymorphisms
        in patients with different stages of endometriosis. This finding would confirm the
        role of polymorphisms in the immunological alterations and potential susceptibility
        of disease and encourage further research leading to the development of new counteractive
        modalities for the treatment of endometriosis. The results suggest that the frequency
        of the a13 polymorphism in the first intron of interferon-gamma is increased in
        large number of patients with different stages of endometriosis. In these endometriosis
        groups, the IFN-gamma a13 genotype and allele frequencies were found almost with
        substantial difference, regardless of whether or not the patients experienced complications
        of different clinical sub stages of the disease. The significant increase in the
        production of IFN-γ by peripheral blood mononuclear cells (PBMCs) is due to lack
        of the IFN-γ a13 allele [18]. The reduced IFN-γ secretion
        by peripheral blood T lymphocytes stimulated with phytohaemagglutinin (), which
        may account for ectopic proliferation of endometrial cells [36].
        Deficient local natural immunity against retrograde endometrium inoculation, an
        imbalance in cytokine production, defective T-cell IFN-γ production, and a diminished
        number of NK cells may be the reasons for local proliferation of ectopic endometrial
        tissue [37]. It was claimed that the low level of IFN-γ
        is accountable for tumor cell implantation, natural surveillance against cancer
        [38], cell maturation and intensification by the IFN-gamma
        CA-repeat polymorphism and prepares the patients toward susceptibility to different
        stages of endometriosis. Recent information demonstrating an autoimmune basis for
        endometriosis in a large percentage of sufferers may lead to new therapies aimed
        at modulating the immune response [39]. Further, the
        discovery of genes that influence treatment response may enable individualized treatment
        to be tailored on the basis of genotype [22]. The positive
        findings of this study are in support to the role of IFNG gene CA-repeats polymorphism
        in different stages. It is because of an increase in a13 repeats in minimal to mild
        endometriosis stage. Ethnicity, genetic constituents and climatic conditions might
        have limited the findings of this study.
    

    
        

    
        6. Conclusions

    
        In conclusion, the study therefore suggests that the polymorphism in interferon-gamma
        gene (IFNG) CA-repeats are strongly associated with different stages of endometriosis
        in Indian patients. It is also suggested that the findings of this study can be
        one of the factors involved in the pathophysiology of endometriosis or rather a
        secondary event that occurs in a variety of inflammatory diseases. Additionally,
        it needs further investigation to see the reason behind the prevalence of interferon-gamma
        gene CA repeats polymorphism necessarily leading to the development of endometriosis.
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