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            Abstract
Objective:
Increased thyroid-stimulating hormone (TSH) and FT3 levels are often found in clinically euthyroid obese individuals. Information on thyroid gene expression in human adipose tissue is scarce. The objective of this study was to measure the expression of the TSH receptor (TSHR) and the thyroid hormone receptor (TRÎ±1) genes in subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) in obese individuals and to test the effect of weight loss on these genes.
Study Design and Participants:
This study is a prospective study involving 107 obese (body mass index (BMI)=46Â±8â€‰kgâ€‰mâˆ’2, 52 with type 2 diabetes or impaired glucose tolerance) and 12 lean nondiabetic participants. A total of 27 obese patients were restudied 1 year after gastric bypass surgery. Total RNA was extracted from SAT and VAT obtained at baseline from all participants, and from SAT in obese patients post surgery.
Results:
Circulating TSH and FT3 levels were 170 and 36%, respectively, higher in obese patients than in controls. In SAT, TSHR and TRÎ±1 were reduced in the obese by 67 and 33%, respectively, regardless of glucose tolerance. A similar trend was found in VAT. Post surgery, a BMI decrease of 33% was associated with a decrease in TSH and FT3 levels and with a 150 and 70% increase in SAT of TSHR and TRÎ±1, respectively.
Conclusion:
In both subcutaneous and visceral fat, the thyroid gene expression (especially TSHR) is reduced in obesity. The reversal of these changes with major weight loss and the reciprocal changes in plasma TSH and FT3 levels suggest a role for adipocytes in the regulation of TSH and thyroid hormones.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Testosterone is sequestered in dysfunctional adipose tissue, modifying androgen-responsive genes
                                        
                                    

                                    
                                        Article
                                        
                                         17 March 2020
                                    

                                

                                Andrea Di Nisio, Iva Sabovic, â€¦ Carlo Foresta

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The endocrine function of adipose tissues in health and cardiometabolic disease
                                        
                                    

                                    
                                        Article
                                        
                                         11 July 2019
                                    

                                

                                Ludger Scheja & Joerg Heeren

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effects of growth hormone on adipose tissue: old observations, new mechanisms
                                        
                                    

                                    
                                        Article
                                        
                                         28 November 2019
                                    

                                

                                John J. Kopchick, Darlene E. Berryman, â€¦ Jens O. L. Jorgensen

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Davies TF, Andi T, Lin RY, Tomer Y, Latif R . Thyrotropin receptor-associated diseases: from adenoma to Graves disease. J Clin Invest 2005; 115: 1972â€“1983.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Davies TF, Marians R, Latif R . The TSH receptor reveals itself. J Clin Invest 2002; 110: 161â€“164.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Knudsen N, Laurberg P, Rasmussen LB, BÃ¼low I, Perrild H, Ovesen L et al. Small differences in thyroid function may be important for body mass index and the occurrence of obesity in the population. J Clin Endocrinol Metab 2005; 90: 4019â€“4024.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nyrnes A, Jorde R, Sundsfjord J . Serum TSH is positively associated with BMI. Int J Obes 2006; 30: 100â€“105.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Michalaki MA, Vagenakis AG, Leonardou AS, Argentou MN, Habeos IG, Makri MG et al. Thyroid function in humans with morbid obesity. Thyroid 2006; 16: 73â€“78.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	De Pergola D, Ciampolillo A, Paolotti S, Trerotoli P, Giorgino R . Free triiodothyronine and thyroid stimulating hormone are directly associated with waist circumference, independently of insulin resistance, metabolic parameters and blood pressure in overweight and obese women. Clin Endocrinol 2007; 67: 265â€“269.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Manji N, Boelaert K, Sheppard MC, Holder RL, Gough SC, Franklyn JA . Lack of association between serum TSH or free T4 and body mass index in euthyroid subjects. Clin Endocrinol 2006; 64: 125â€“128.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kok P, Roelfsema F, Langendonk JG, FrÃ¶lich M, Burggraaf J, Meinders AE et al. High circulating thyrotropin levels in obese women are reduced after body weight loss induced by caloric restriction. J Clin Endocrinol Metab 2005; 90: 4659â€“4663.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Chikunguwo S, Brethauer S, Nirujogi V, Pitt T, Udomsawaengsup S, Chand B et al. Influence of obesity and surgical weight loss on thyroid hormone levels. Surg Obes Relat Dis 2007; 3: 631â€“635.
ArticleÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Camastra S, Manco M, Frascerra S, Iaconelli A, Mingrone G, Ferrannini E . Daylong pituitary hormones in morbid obesity: effects of bariatric surgery. Int J Obes 2009; 33: 166â€“172.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sorisky A, Bell A, Gagnon A . TSH receptor in adipose cells. Horm Metab Res 2000; 32: 468â€“474.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bell A, Gagnon A, Grunder L, Parikh SJ, Smith TJ, Sorisky A . Functional TSH receptor in human abdominal preadipocytes and orbital fibroblasts. Am J Physiol Cell Physiol 2000; 279: C335â€“C340.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schaffler A, Binart N, SchÃ¶lmerich J, BÃ¼chler C . Hypothesis paper brain talks with fatâ€“evidence for a hypothalamic-pituitary-adipose axis? Neuropeptides 2005; 39: 363â€“367.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Valyasevi RW, Harteneck DA, Dutton CM, Bahn RS . Stimulation of adipogenesis, peroxisome proliferator-activated receptor-gamma (PPARgamma), and thyrotropin receptor by PPARgamma agonist in human orbital preadipocyte fibroblasts. J Clin Endocrinol Metab 2002; 87: 2352â€“2358.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Janson A, Karlsson FA, Micha-Johansson G, Bolme P, BrÃ¶nnegÃ¥rd M, Marcus C . Effects of stimulatory and inhibitory thyrotropin receptor antibodies on lipolysis in infant adipocytes. J Clin Endocrinol Metab 1995; 80: 1712â€“1716.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report of the expert committee on the diagnosis and classification of diabetes mellitus. Diabetes Care 2002; 25: S5â€“S20.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Nannipieri M, Manganiello M, Pezzatini A, De Bellis A, Seghieri G, Ferrannini E . Polymorphisms in the hANP (human atrial natriuretic peptide) gene, albuminuria, and hypertension. Hypertension 2001; 37: 1416â€“1422.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Grohmann M, Sabin M, Holly J, Shield J, Crowne E, Stewart C . Characterization of differentiated subcutaneous and visceral adipose tissue from children: the influences of TNF-alpha and IGF-1. J Lipid Res 2005; 46: 93â€“103.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Krotkiewski M . Thyroid hormones in pathogenesis and treatment of obesity. Eur J Pharmacol 2002; 440: 85â€“98.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Reinehr T, Andler W . Thyroid hormones before and after weight loss in obesity. Arch Dis Child 2002; 87: 320â€“323.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Shimura H, Miyazaki A, Haraguchi K, Endo T, Onaya T . Analysis of differentiation-induced expression mechanisms of thyrotropin receptor gene in adipocytes. Mol Endocrinol 1998; 12: 1473â€“1486.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Endo T, Ohno M, Kotani S, Gunji K, Onaya T . Thyrotropin receptor in non-thyroid tissues. Biochem Biophys Res Commun 1993; 190: 774â€“779.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Antunes TT, Gagnon A, Chen B, Pacini F, Smith TJ, Sorisky A . Interleukin-6 release from human abdominal adipose cells is regulated by thyroid-stimulating hormone: effect of adipocyte differentiation and anatomic depot. Am J Physiol Endocrinol Metab 2006; 209: E1140â€“E1144.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Mendez C, Baldelli R, Camina JP, Escudero B, Peino R, Dieguez C et al. TSH stimulates leptin secretion by a direct effect on adipocytes. J Endocrinol 2003; 176: 7â€“12.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Marcus C, Ehren H, Bolme P, Arner P . Regulation of lipolysis during neonatal period. Importance of thyrotropin. J Clin Invest 1988; 82: 1793â€“1797.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Haraguchi K, Shimura H, Kawaguchi A, Ikeda M, Endo T, Onaya T . Effects of thyrotropin on the proliferation and differentiation of cultured rat preadipocytes. Thyroid 1999; 9: 613â€“619.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nannipieri M, Bonotti A, Anselmino M, Cecchetti F, Mancini E, Baldi S et al. Pattern of expression of adiponectin receptors in human adipose tissue depots and its relation to the metabolic state. Int J Obes 2007; 31: 1843â€“1848.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Foley JE, Laursen AL, Sonne O, Gliemann J . Insulin binding and hexose transport in rat adipocytes. Relation to cell size. Diabetologia 1980; 19: 234â€“241.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mouradian M, Abourizk N . Diabetes mellitus and thyroid disease. Diabetes Care 1983; 6: 512â€“520.
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
This work was aided in part by a grant (PRIN prot. 2005067481) from the Italian Ministry of Research and Education.


Author information
Authors and Affiliations
	Department of Internal Medicine, University of Pisa, Pisa, Italy
M Nannipieri,Â F Cecchetti,Â S CamastraÂ &Â E Ferrannini

	C.N.R Institute of Clinical Physiology of Pisa, Pisa, Italy
M Nannipieri,Â P Niccolini,Â G IervasiÂ &Â E Ferrannini

	IV Unit of Surgery, S Chiara Hospital of Pisa, Pisa, Italy
M Anselmino,Â M LamacchiaÂ &Â M Rossi


Authors	M NannipieriView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	F CecchettiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M AnselminoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	S CamastraView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	P NiccoliniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M LamacchiaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M RossiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	G IervasiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	E FerranniniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                M Nannipieri.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Nannipieri, M., Cecchetti, F., Anselmino, M. et al. Expression of thyrotropin and thyroid hormone receptors in adipose tissue of patients with morbid obesity and/or type 2 diabetes: effects of weight loss.
                    Int J Obes 33, 1001â€“1006 (2009). https://doi.org/10.1038/ijo.2009.140
Download citation
	Received: 06 April 2009

	Revised: 07 May 2009

	Accepted: 02 June 2009

	Published: 28 July 2009

	Issue Date: September 2009

	DOI: https://doi.org/10.1038/ijo.2009.140


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	TSH receptor
	thyroid hormone receptor
	body weight







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Free T4 is associated with exenatide-related weight loss in patients with type 2 diabetes mellitus and obesity
                                    
                                

                            
                                
                                    	Ã–mercan TopaloÄŸlu
	Didem YÄ±ldÄ±z ToksÃ¶z


                                
                                International Journal of Diabetes in Developing Countries (2024)

                            
	
                            
                                
                                    
                                        Association between thyroid function and obesity phenotypes in healthy euthyroid individuals: an investigation based on Tehran Thyroid Study
                                    
                                

                            
                                
                                    	Behnaz Abiri
	Amirhossein Ramezani Ahmadi
	Majid Valizadeh


                                
                                European Journal of Medical Research (2023)

                            
	
                            
                                
                                    
                                        The Impact of Laparoscopic Sleeve Gastrectomy on Thyroid Functions in Egyptian Patients with Obesity
                                    
                                

                            
                                
                                    	Mohamed Esam El-Din Mostafa Kamal
	Hesham Ahmed Abou Aisha
	Amir K. Abosayed


                                
                                Journal of Gastrointestinal Surgery (2023)

                            
	
                            
                                
                                    
                                        Serum zinc-Î±2-glycoprotein levels are elevated and correlated with thyroid hormone in newly diagnosed hyperthyroidism
                                    
                                

                            
                                
                                    	Xin-Hua Xiao
	Xiao-Yan Qi
	Jiang-Hua Liu


                                
                                BMC Endocrine Disorders (2019)

                            
	
                            
                                
                                    
                                        Adipose tissue TSH as a new modulator of human adipocyte mitochondrial function
                                    
                                

                            
                                
                                    	Ferran Comas
	Aina Lluch
	JosÃ© MarÃa Moreno-Navarrete


                                
                                International Journal of Obesity (2019)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Supplements
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    International Journal of Obesity (Int J Obes)
                
                
    
    
        ISSN 1476-5497 (online)
    
    


                
    
    
        ISSN 0307-0565 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
