Tuberous Sclerosis Complex (TSC) and Lymphangioleiomyomatosis (LAM):

Gender Differences

· Tuberous sclerosis complex is an autosomal dominant neurocutaneous disorder marked by hamartoma growth in multiple organ systems. We performed mutational analyses on 325 individuals with definite tuberous sclerosis complex diagnostic status. We identified mutations in 72% (199/257) of de novo and 77% (53/68) of familial cases, with 17% of mutations in the TSC1 gene and 50% in the TSC2 gene. There were 4% unclassified variants and 29% with no mutation identified. Genotype/phenotype analyses of all observed tuberous sclerosis complex findings in probands were performed, including several clinical features not analyzed in two previous large studies. We showed that patients with TSC2 mutations have significantly more hypomelanotic macules and learning disability in contrast to those with TSC1 mutations, findings not noted in previous studies. We also observed results consistent with two similar studies suggesting that individuals with mutations in TSC2 have more severe symptoms. On performing meta-analyses of our data and the other two largest studies in the literature, we found significant correlations for several features that individual studies did not have sufficient power to conclude. Male patients showed more frequent neurologic and eye symptoms, renal cysts, and ungual fibromas. Correlating genotypes with phenotypes should facilitate the disease management of tuberous sclerosis complex. [Au KS, Williams AT, Roach ES, Batchelor L, Sparagana SP, Delgado MR, Wheless JW, Baumgartner JE, Roa BB, Wilson CM, Smith-Knuppel TK, Cheung MY, Whittemore VH, King TM, Northrup H (2007) Genotype/phenotype correlation in 325 individuals referred for a diagnosis of tuberous sclerosis complex in the United States. Genet Med. 9(2):88-100]
· AML was significantly more common in female than in male patients, but cysts showed no correlation with gender. [Rakowski SK, Winterkorn EB, Paul E, Steele DJ, Halpern EF, Thiele EA (2006) Renal manifestations of tuberous sclerosis complex: Incidence, prognosis, and predictive factors. Kidney Int 70(10):1777-82]
· The striking similarity between benign metastasizing leiomyoma and lymphangioleiomyomatosis is that they both affect young women. This observation underscores the importance of gender-dependent variables in disease and our lack of understanding of gender differences. Many researchers are currently investigating the link between disease and hormone levels in the body. The beneficial role of estrogens remains in question in pulmonary medicine, and further ongoing research should help to define the role of hormones in the lung. [Pitts S, Oberstein EM, Glassberg MK (2004) Benign metastasizing leiomyoma and lymphangioleiomyomatosis: sex-specific diseases? Clin Chest Med 25(2):343-60]
· Of 78 women with definite TSC seen from 1977 to 1998, 20 (26%) had evidence of LAM. Surgical lung biopsy or autopsy in 7 patients confirmed the diagnosis of their lung disease. Characteristic CT findings of LAM were noted in 13 additional patients. Twelve of these 20 patients with TSC-associated LAM had respiratory symptoms, including exertional shortness of breath and spontaneous pneumothorax, that eventually led to their pulmonary diagnosis. CONCLUSIONS: The frequency of lung involvement (LAM) in women with TSC is substantially higher than previously suspected and may be even higher than reported in this retrospective study. These findings support the recommendation for a screening CT of the chest for all women with TSC. [Costello LC, Hartman TE, Ryu JH (2000) High frequency of pulmonary lymphangioleiomyomatosis in women with tuberous sclerosis complex. Mayo Clin Proc. 75(6):591-4]

· The true prevalence of pulmonary lymphangioleiomyomatosis (LAM) in patients with tuberous sclerosis complex (TSC) is unknown. The prevalence of LAM, radiological features, and lung function in patients with TSC was measured. The presence of LAM, as defined by the presence of cysts by high-resolution chest computed tomography (HRCT) scan, was determined in patients with TSC without prior pulmonary disease (Group 1). To determine the significance of early detection, severity of disease in screened patients (Group 1) was compared with that in patients with TSC with a prior diagnosis of LAM (Group 2). Forty-eight patients with TSC and no prior history of LAM were screened. Of the 38 females, 13 (34%) had LAM; LAM was absent in males. Lung function was preserved in patients with TSC who were found to have LAM by screening. In patients previously known to have LAM, FEV(1) and DL(CO) correlated inversely with severity of disease as assessed by CT scan. The prevalence of LAM in women with TSC was 34%, approximately 10-fold that previously reported, consistent with a large hitherto unrecognized subclinical population of patients at risk for pulmonary complications. [Moss J, Avila NA, Barnes PM, Litzenberger RA, Bechtle J, Brooks PG, Hedin CJ, Hunsberger S, Kristof AS. Prevalence and clinical characteristics of lymphangioleiomyomatosis (LAM) in patients with tuberous sclerosis complex. Am J Respir Crit Care Med. 2001 Aug 15;164(4):669-71]
· Lymphangioleiomyomatosis (LAM) and multifocal micronodular pneumocyte hyperplasia (MMPH) produce cystic and nodular disease, respectively, in the lungs of patients with tuberous sclerosis. The objective of this study was to prospectively characterize the prevalence, clinical presentation, and genetic basis of lung disease in TSC. We performed genotyping and computerized tomographic (CT) scanning of the chest on 23 asymptomatic women with tuberous sclerosis complex (TSC). Cystic pulmonary parenchymal changes consistent with LAM were found in nine patients (39%). These patients tended to be older than cyst-negative patients (31.9 +/- 7.6 yr versus 24.8 +/- 11.6 yr, p = 0.09). There was no correlation between presence of cysts and tobacco use, age at menarche, history of pregnancy, or estrogen-containing medications. Three of the cyst-positive patients had a prior history of pneumothorax. Pulmonary function studies revealed evidence of gas trapping but normal spirometric indices in the cyst-positive group. All nine cyst-positive patients had angiomyolipomas (AML), which were larger (p < 0.05) and more frequently required intervention (p = 0.08) than cyst-negative patients (8 of 14 with AMLs, p < 0.05). Ten patients (43%) had pulmonary parenchymal nodules. Pulmonary nodules were more common in women with cysts (78% versus 21%, p < 0.05), and 52% of all patients had either cystic or nodular changes. TSC2 mutations were identified in all cyst-positive patients who were tested (n = 8), whereas both TSC1 and TSC2 mutations were found in patients with nodular disease. Correlation of the mutational and radiographic data revealed one pair of sisters who were discordant for cystic disease, two mother- daughter pairs who were discordant for nodular disease, and no clear association between cyst development and a specific mutational type. This prospective analysis demonstrates that cystic and nodular pulmonary changes consistent with LAM and MMPH are common in women with TSC. [Franz DN, Brody A, Meyer C, Leonard J, Chuck G, Dabora S, Sethuraman G, Colby TV, Kwiatkowski DJ, McCormack FX (2001) Mutational and radiographic analysis of pulmonary disease consistent with lymphangioleiomyomatosis and micronodular pneumocyte hyperplasia in women with tuberous sclerosis. Am J Respir Crit Care Med. 164(4):661-8]

· PURPOSE: To retrospectively compare the frequencies of computed tomographic (CT) findings in patients with lymphangioleiomyomatosis (LAM) and patients with tuberous sclerosis complex (TSC) and LAM. MATERIALS AND METHODS: Institutional review board approval and informed consent were obtained for the HIPAA-compliant study. In 256 patients with LAM (mean age, 44 years) and 67 patients with TSC/LAM (mean age, 40 years), CT scans of the chest, abdomen, and pelvis were reviewed by a single radiologist. The fraction of lung involvement with cysts was estimated from high-spatial-resolution CT scans. Other findings assessed included noncalcified pulmonary nodules, pleural effusion, thoracic duct dilatation, hepatic and renal angiomyolipomas (AMLs), lymphangioleiomyoma (LALM), ascites, nephrectomy, and renal embolization. Confidence intervals and hypothesis tests of differences in frequencies, comparison of age quartiles, RIDIT analysis, analysis of variance, and correlation coefficients were used in the statistical analysis. RESULTS: Patients with LAM had more extensive lung involvement (RIDIT score, 0.36) and higher frequency of LALM (29% vs 9%, P<.001), thoracic duct dilatation (4% vs 0, P=.3), pleural effusion (12% vs 6%, P=.2), or ascites (10% vs 6%, P=.3). Patients with TSC/LAM had higher frequency of noncalcified pulmonary nodules (12% vs 1%, P<.01), hepatic (33% vs 2%, P<.001) and renal (93% vs 32%, P<.001) AMLs, nephrectomy (25% vs 7%, P<.001), or renal artery embolization (9% vs 2%, P<.05). CONCLUSION: The extent of lung disease is greater in LAM than TSC/LAM. Hepatic and renal AMLs and noncalcified lung nodules are more common in TSC/LAM, while lymphatic involvement-thoracic duct dilatation, chylous pleural effusion, ascites, and LALM-is more common in LAM. [Avila NA, Dwyer AJ, Rabel A, Moss J (2007) Sporadic lymphangioleiomyomatosis and tuberous sclerosis complex with lymphangioleiomyomatosis: comparison of CT features. Radiology. 242(1):277-85]
· Our data provide the first evidence that estradiol stimulates the growth of angiomyolipoma cells, that tamoxifen has agonist effects in angiomyolipoma cells, and that estradiol and tamoxifen impact both genomic and nongenomic signaling pathways in angiomyolipoma cells. The responsiveness of angiomyolipoma cells to estradiol may be related to the underlying reasons that LAM affects primarily women. [Yu J, Astrinidis A, Howard S, Henske EP (2004) Estradiol and tamoxifen stimulate LAM-associated angiomyolipoma cell growth and activate both genomic and nongenomic signaling pathways. Am J Physiol Lung Cell Mol Physiol. 286(4):L694-700]
· Tsc1 null embryos die at mid-gestation from a failure of liver development. Tsc1 heterozygotes develop kidney cystadenomas and liver hemangiomas at high frequency, but the incidence of kidney tumors is somewhat lower than in Tsc2 heterozygote mice. Liver hemangiomas were more common, more severe and caused higher mortality in female than in male Tsc1 heterozygotes. Tsc1 null embryo fibroblast lines have persistent phosphorylation of the p70S6K (S6K) and its substrate S6, that is sensitive to treatment with rapamycin, indicating constitutive activation of the mTOR-S6K pathway due to loss of the Tsc1 protein, hamartin. Hyperphosphorylation of S6 is also seen in kidney tumors in the heterozygote mice, suggesting that inhibition of this pathway may have benefit in control of TSC hamartomas. [Kwiatkowski DJ, Zhang H, Bandura JL, Heiberger KM, Glogauer M, el-Hashemite N, Onda H (2002) A mouse model of TSC1 reveals sex-dependent lethality from liver hemangiomas, and up-regulation of p70S6 kinase activity in Tsc1 null cells. Hum Mol Genet. 11(5):525-34]
· Tuberous sclerosis is a hamartoma syndrome due to mutations in TSC1 or TSC2 in which cardiac rhabdomyomas are seen in approximately 60% of patients. These lesions have an unusual natural history as they are usually most prominent immediately after birth and spontaneously resolve in most cases. To develop a mouse model of this lesion, we used a conditional, floxed allele of Tsc1 and a modified myosin light chain 2v allele in which cre recombinase expression occurs in ventricular myocytes. Mice with ventricular loss of Tsc1 had a median survival of 6 months and developed a dilated cardiomyopathy with the occurrence of scattered foci of enlarged ventricular myocytes. The enlarged cells were periodic acid-Schiff positive indicating the presence of excess glycogen and expressed elevated levels of phospho-S6, similar to findings in patient rhabdomyoma cells. The observations confirm that rhabdomyomas occur through a two hit mechanism of pathogenesis. However, the mice showed no evidence of fetal/neonatal demise, and there was no evidence of proliferation in the lesions. We propose that these differences are due to the timing of loss of Tsc1 in the ventricular myocytes and/or the truncated gestational period in the mouse compared with humans, during which progestational hormones may accentuate the growth of patient rhabdomyomas. [Meikle L, McMullen JR, Sherwood MC, Lader AS, Walker V, Chan JA, Kwiatkowski DJ (2005) A mouse model of cardiac rhabdomyoma generated by loss of Tsc1 in ventricular myocytes. Hum Mol Genet. 14(3):429-35]
· We found that the Tsc mouse liver hemangioma are composed predominantly of endothelial cells but with a smooth muscle component, and express HMB45 antigen, estrogen receptor, and progesterone receptor, similar to lymphangioleiomyomatosis and angiomyolipoma. Estrogen treatment significantly accelerated the development of liver hemangioma in Tsc1+/- female mice, with 91% having liver hemangioma and 55% having severe lesions by 7 months of age. Similarly, an increased frequency and severity of liver hemangiomas was seen in Tsc1+/- males treated with estrogen. In contrast, tamoxifen treatment for 9 months significantly reduced the frequency and severity of hemangiomas in Tsc1+/- female mice. In addition, estrogen treatment significantly increased serum vascular endothelial growth factor levels in Tsc1+/- mice, whereas tamoxifen reduced vascular endothelial growth factor levels. These mouse model observations indicate the importance of estrogen signaling in vivo for the growth of tuberous sclerosis lesions, suggesting the possible benefits of tamoxifen therapy for the treatment of angiomyolipoma and lymphangioleiomyomatosis. [El-Hashemite N, Walker V, Kwiatkowski DJ (2005) Estrogen enhances whereas tamoxifen retards development of Tsc mouse liver hemangioma: a tumor related to renal angiomyolipoma and pulmonary lymphangioleiomyomatosis. Cancer Res.65(6):2474-81]
· The aim is to perform a literature search on the role of pregnancy in the rupture of renal angiomyolipoma. Articles published from 1952 to 2004 in the Medline database were searched using the keywords renal angiomylipoma and pregnancy. Pathologies associated with angiomyolipoma (lymphangioleiomyomatosis and Bourneville tuberous sclerosis) were taken into account. Seventy-two cases of association of renal angiomyolipoma and pregnancy were found, out of which 58 presented a haemorrhage. In only 26% of the cases, renal angiomyolipoma had been documented prior to pregnancy. Clinical presentation was similar to cases occurring among non pregnant women: abdominal pains (88%), hypotension or shock (33%) and hematuria (24%). Average size of the rupture was 11,7 cm. Rupture does not occur solely with the first pregnancy but occurred equally during the first, second and third pregnancy. Average gestation age upon occurrence of haemorrhage was 27 weeks with a minimum at ten weeks. Therapeutic strategies at the time of shock or hypotension were total nephrectomy in 79% of the cases, 7% polar nephrectomy, 7% embolisation followed by nephrectomy and 7% abstention. A causal role of pregnancy in the atraumatic rupture of angiomyolipoma is not clearly defined. Nevertheless, many arguments (whether it be abdominal mechanical pressure, hormonal or histological ones) suggest that a pregnancy could increase the risk of renal angiomyolipoma rupture. These patients should have a medical follow-up period at closer intervals during their pregnancy and the postpartum phase. [Raft J, Lalot JM, Meistelman C, Longrois D (2005) [Influence of pregnancy on renal angiomyolipoma.] Gynecol Obstet Fertil. 33(11):898-906; Article published in French]
· The proliferation and differentiation of trophoblast cells is under the control of a variety of hormones and growth factors and is influenced by nutrient availability. The intracellular signaling pathways acting downstream of these mitogenic factors and nutrients to regulate trophoblast proliferation and placental development are poorly understood. Immortalized human trophoblast cells were used (HTR-8/SVneo) to investigate trophoblast proliferation in response to angiopoietin-2 (Ang-2), a major angiogenic factor and glucose (a major nutrient). Trophoblast cell proliferation was induced through activation of the phosphatidylinositol-3 (PI-3) kinase and the mammalian target of rapamycin (mTOR) signaling pathways, following Tie-2 receptor activation. Glucose also stimulated trophoblast cell proliferation through mTOR signaling. Ang-2 activated mTOR via PI-3 kinase-dependent signaling; whereas glucose-mediated mTOR activation was PI-3 kinase-independent and involved a novel nutrient sensor, glutamine fructose-6-phosphate amidotransferase (GFAT). Metabolites of the GFAT reaction acted upstream of mTOR and functioned as a nutrient sensor to regulate trophoblast cell proliferation in response to glucose. Overall, the results show that growth factor and nutrient signaling converge at tuberin, an upstream regulator of mTOR and that mTOR functions as an important placental growth signaling sensor. These results are the first to link mTOR with GFAT metabolites as nutrient sensors for trophoblast cell proliferation. Wen HY, Abbasi S, Kellems RE, Xia Y (2005) mTOR: a placental growth signaling sensor. Placenta. 26 Suppl A:S63-9
· To determine whether pregnancy increases the risk of renal or pulmonary complications in women with tuberous sclerosis complex (TSC). METHODS: We surveyed female members of the Tuberous Sclerosis Alliance and reviewed the files of adult women seen in our genetics clinics for complications of TSC. RESULTS: Among 145 individuals, there was no significant difference in incidence of renal and pulmonary involvement between the pregnant and never-pregnant groups, although there were differences in age at diagnosis (25 vs. 16) and current age (41 vs. 35). There was no significant difference in the rate of renal complications (57% vs. 67%, P = 0.62) or pneumothorax (40% vs. 38%, P = 1.00) for the pregnant and never-pregnant groups, respectively. Pregnancy loss in women with TSC did not differ from population risks. CONCLUSIONS: Pregnancy does not increase the risk of developing renal or pulmonary complications in women with TSC. [Mitchell AL, Parisi MA, Sybert VP (2003) Effects of pregnancy on the renal and pulmonary manifestations in women with tuberous sclerosis complex. Genet Med. 5(3):154-60]
· Many factors that can modulate the risk of developing uterine leiomyoma have been identified, including parity. Epidemiological data on decreased risk of developing this disease has been subject to different interpretations regarding whether pregnancy per se is protective or, as leiomyomas are a major cause of infertility, women that develop these tumors are less fertile and thus have lower pregnancy rates. We have utilized an animal model genetically predisposed to uterine leiomyoma to investigate the potential protective effect of pregnancy on the risk of developing this disease. Female Eker rats that carry a mutation in the tuberous sclerosis 2 (Tsc-2) tumor suppressor gene develop uterine leiomyoma with a frequency of 65% when nulliparous. These animals were bred with intact or vasectomized males and tumor incidence determined after a single pregnancy (to confirm fertility) or multiple pregnancies over the lifetime of the animals. Females with multiple litters displayed a dramatic shift in tumor incidence and presentation. Tumor incidence decreased from 71% in single litter females to 10% in females that had multiple litters (average: five litters/animal). Interestingly, females bred with vasectomized males also exhibited a reduced tumor incidence of 41%, suggesting that the hormonal changes associated with early stages of pregnancy that occur in pseudopregnant females may have contributed to the protective effect of pregnancy. [Walker CL, Cesen-Cummings K, Houle C, Baird D, Barrett JC, Davis B. Protective effect of pregnancy for development of uterine leiomyoma. Carcinogenesis. 2001 Dec;22(12):2049-52
· Uterine fibroids are benign tumors, the etiology of which is not understood. Symptoms can be debilitating, and the primary treatment is surgery, usually hysterectomy. Epidemiologic data show that pregnancy is associated with reduced risk of fibroids. We hypothesize that this association is attributable to a protective effect of postpartum involution of the uterus. After each pregnancy the uterus rapidly returns to prepregnancy size by dramatic remodeling of the tissue. We hypothesize that small fibroids are eliminated during this process. We present preliminary epidemiologic evidence that is consistent with this hypothesis. If the hypothesis is supported by more direct evidence, it may have broader implications, supporting the idea that tissue remodeling may be a general mechanism for limiting tumor development. [Baird DD, Dunson DB (2003) Why is parity protective for uterine fibroids? Epidemiology. 14(2):247-50]
· In this postal survey, UK families reported the frequency and range of physical and behavioural abnormalities in 265 children and adolescents with TSC. Analysis revealed no gender or familial-sporadic differences. [de Vries PJ, Hunt A, Bolton PF (2007) The psychopathologies of children and adolescents with tuberous sclerosis complex (TSC): a postal survey of UK families. Eur Child Adolesc Psychiatry. 16(1):16-24]
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