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                    Abstract
Background
Capsular contracture is one of the most common complications of expander–implant breast reconstruction. Recently, clinical reports have shown that use of an acellular dermal matrix (ADM) to cover breast implants decreases incidence of capsular contracture, but the underlying mechanism is unclear. Here, we examine how ADM reduces capsular formation in expander–implant breast reconstruction and identify cellular and molecular mechanisms of ADM-mediated reduction of capsular contracture in nonirradiated and irradiated patients.
Methods
Thirty patients who underwent immediate two-stage implant-based breast reconstruction were included; 15 received radiotherapy. While the tissue expander was changed to permanent silicone implant, biopsies of the subpectoral capsule and ADM capsule were performed. Capsule thickness, immunohistochemistry of α-smooth muscle actin (αSMA), vimentin, CD31, F4/80 expression, αSMA and CD31 coexpression, and relative gene expression levels of transforming growth factor (TGF)-β1 and platelet-derived growth factor (PDGF)-B were investigated.
Results
Irradiated submuscular capsules were thicker than nonirradiated submuscular capsules, but the thickness of ADM capsules did not significantly differ between nonirradiated and irradiated groups. Levels of myofibroblasts, fibroblasts, vascularity, EndoMT, and macrophages were significantly lower in ADM capsules than in submuscular capsules. With the exception of EndoMT, all others were increased in irradiated submuscular capsules compared with nonirradiated submuscular capsule, while none significantly differed between nonirradiated and irradiated ADM capsules.
Conclusions
Use of ADM reduced myofibroblasts, vascularity, fibroblasts, and EndoMT in capsule tissues. Moreover, ADM use decreased macrophages, a key regulator of tissue fibrosis, as well as TGF-β1 and PDGF-B expression. We hope that these results provide basic concepts important for prevention of capsular contracture.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Influence of Irradiation on Capsules of Silicone Implants Covered with Acellular Dermal Matrix in Mice
                                        
                                    

                                    
                                        Article
                                        
                                         10 November 2021
                                    

                                

                                Joon Seok Lee, Jung Ho Lee, … Jung Dug Yang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Efficacy of Acellular Dermal Matrix in Capsular Contracture of Implant-Based Breast Reconstruction: A Single-Arm Meta-analysis
                                        
                                    

                                    
                                        Article
                                        
                                         09 January 2020
                                    

                                

                                Jian Liu, Jinfei Hou, … Jiaming Sun

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The use of acellular dermal matrix in immediate two-stage prosthetic breast reconstruction provides protection from postmastectomy radiation therapy: a clinicopathologic perspective
                                        
                                    

                                    
                                        Article
                                        
                                         06 March 2018
                                    

                                

                                Tae Hwan Park, Soon Won Chung, … Dong Won Lee

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Cunningham B. The Mentor core study on silicone MemoryGel breast implants. Plast Reconstr Surg. 2007;120:19S–29S.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Salzberg CA, Ashikari AY, Berry C, Hunsicker LM. Acellular dermal matrix-assisted direct-to-implant breast reconstruction and capsular contracture: a 13-year experience. Plast Reconstr Surg. 2016;138:329–7.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Basu CB, Leong M, Hicks MJ. Acellular cadaveric dermis decreases the inflammatory response in capsule formation in reconstructive breast surgery. Plast Reconstr Surg. 2010;126:1842–47.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rosson GD, Magarakis M, Shridharani SM, et al. A review of the surgical management of breast cancer: plastic reconstructive techniques and timing implications. Ann Surg Oncol. 2010;17:1890–1900.
Article 
    PubMed 
    
                    Google Scholar 
                

	Overgaard M, Hansen PS, Overgaard J, et al. Postoperative radiotherapy in high-risk premenopausal women with breast cancer who receive adjuvant chemotherapy. N Engl J Med. 1997;337:949–5.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Overgaard M, Jensen M-B, Overgaard J, et al. Postoperative radiotherapy in high-risk postmenopausal breast-cancer patients given adjuvant tamoxifen: Danish Breast Cancer Cooperative Group DBCG 82c randomised trial. Lancet. 1999;353:1641–48.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ragaz J, Jackson SM, Le N, et al. Adjuvant radiotherapy and chemotherapy in node-positive premenopausal women with breast cancer. N Engl J Med. 1997;337:956–2.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Berry T, Brooks S, Sydow N, et al. Complication rates of radiation on tissue expander and autologous tissue breast reconstruction. Ann Surg Oncol. 2010;17:202–210.
Article 
    PubMed 
    
                    Google Scholar 
                

	Ascherman JA, Hanasono MM, Newman MI, Hughes DB. Implant reconstruction in breast cancer patients treated with radiation therapy. Plast Reconstr Surg. 2006;117:359–5.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Basu CB, Jeffers L. The role of acellular dermal matrices in capsular contracture: a review of the evidence. Plast Reconstr Surg. 2012;130:118S–124S.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hester Jr TR, Ghazi BH, Moyer HR, Nahai FR, Wilton M, Stokes L. Use of dermal matrix to prevent capsular contracture in aesthetic breast surgery. Plast Reconstr Surg. 2012;130:126S–136S.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Moyer HR, Pinell-White X, Losken A. The effect of radiation on acellular dermal matrix and capsule formation in breast reconstruction: clinical outcomes and histologic analysis. Plast Reconstr Surg. 2014;133:214–221.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kim I-K, Kim K, Lee E, et al. Sox7 promotes high-grade glioma by increasing VEGFR2-mediated vascular abnormality. J Exp Med. 2018;215:963–83.
Article 
    PubMed 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Wynn TA, Ramalingam TR. Mechanisms of fibrosis: therapeutic translation for fibrotic disease. Nat Med. 2012;18:1028–40.
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Wynn TA. Integrating mechanisms of pulmonary fibrosis. J Exp Med. 2011;208:1339–50.
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Namnoum JD. Expander/implant reconstruction with AlloDerm: recent experience. Plast Reconstr Surg. 2009;124:387–4.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Becker S, Saint-Cyr M, Wong C, et al. AlloDerm versus DermaMatrix in immediate expander-based breast reconstruction: a preliminary comparison of complication profiles and material compliance. Plast Reconstr Surg. 2009;123:1–6.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rawlani V, Buck DW, Johnson SA, Heyer KS, Kim JY. Tissue expander breast reconstruction using prehydrated human acellular dermis. Ann Plast Surg. 2011;66:593–7.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Losken A. Early results using sterilized acellular human dermis (NeoForm) in postmastectomy tissue expander breast reconstruction. Plast Reconstr Surg. 2009;123:1654–58.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Breuing KH, Colwell AS. Immediate breast tissue expander–implant reconstruction with inferolateral AlloDerm hammock and postoperative radiation: a preliminary report. Eplasty. 2009;9:e16.
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Vardanian AJ, Clayton JL, Roostaeian J, et al. Comparison of implant-based immediate breast reconstruction with and without acellular dermal matrix. Plast Reconstr Surg. 2011;128:403e–410e.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tseng YD, Uno H, Hughes ME, et al. Biological subtype predicts risk of locoregional recurrence after mastectomy and impact of postmastectomy radiation in a large national database. Int J Radiat Oncol Biol Phys. 2015;93:622–630.
Article 
    PubMed 
    
                    Google Scholar 
                

	Frasier LL, Holden S, Holden T, et al. Temporal trends in postmastectomy radiation therapy and breast reconstruction associated with changes in National Comprehensive Cancer Network guidelines. JAMA Oncol. 2016;2:95–101.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Baschnagel AM, Shah C, Wilkinson JB, Dekhne N, Arthur DW, Vicini FA. Failure rate and cosmesis of immediate tissue expander/implant breast reconstruction after postmastectomy irradiation. Clin Breast Cancer. 2012;12:428–2.
Article 
    PubMed 
    
                    Google Scholar 
                

	Spear SL, Onyewu C. Staged breast reconstruction with saline-filled implants in the irradiated breast: recent trends and therapeutic implications. Plast Reconstr Surg. 2000;105:930–2.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rosato RM, Dowden RV. Radiation therapy as a cause of capsular contracture. Ann Plast Surg. 1994;32:342–5.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yarnold J, Brotons M-CV. Pathogenetic mechanisms in radiation fibrosis. Radiother Oncol. 2010;97:149–1.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Katzel EB, Koltz PF, Tierney R, et al. The impact of Smad3 loss of function on TGF-β signaling and radiation-induced capsular contracture. Plast Reconstr Surg. 2011;127:2263–69.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Eisenberg LM, Markwald RR. Molecular regulation of atrioventricular valvuloseptal morphogenesis. Circ Res. 1995;77:1–6.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Arciniegas E, Sutton AB, Allen TD, Schor AM. Transforming growth factor beta 1 promotes the differentiation of endothelial cells into smooth muscle-like cells in vitro. J Cell Sci. 1992;103:521–9.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Leask A. Getting to the heart of the matter. Circ Res. 2015;116:1269–76.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Duffield JS. Cellular and molecular mechanisms in kidney fibrosis. J Clin Invest. 2014;124:2299.
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Potenta S, Zeisberg E, Kalluri R. The role of endothelial-to-mesenchymal transition in cancer progression. Br J Cancer. 2008;99:1375–79.
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Mintet E, Rannou E, Buard V, et al. Identification of endothelial-to-mesenchymal transition as a potential participant in radiation proctitis. Am J Pathol. 2015;185:2550–62.
Article 
    PubMed 
    
                    Google Scholar 
                

	Mintet E, Lavigne J, Paget V, et al. Endothelial Hey2 deletion reduces endothelial-to-mesenchymal transition and mitigates radiation proctitis in mice. Sci Rep. 2017;7:4933.
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Choi S-H, Hong Z-Y, Nam J-K, et al. A hypoxia-induced vascular endothelial-to-mesenchymal transition in development of radiation-induced pulmonary fibrosis. Clin Cancer Res. 2015;21:3716–26.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgement
The authors thank H.J. Kim and R.S. Lee for technical assistance. This work was supported by the National Research Foundation of Korea (NRF-2018R1C1B6004618, IKK).

                Disclosure

                The authors have no financial or institutional interest in any of the drugs, materials, or devices described in this article.

              

Author information
Authors and Affiliations
	Department of Plastic and Reconstructive Surgery, Seoul National University College of Medicine, Seoul, Korea
Il-Kug Kim MD, PhD, Hak Chang MD, PhD & Ung Sik Jin MD, PhD

	Department of Plastic and Reconstructive Surgery, Hanyang University Medical Center, Hanyang University College of Medicine, Seoul, Korea
Seong Oh Park MD


Authors	Il-Kug Kim MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Seong Oh Park MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hak Chang MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ung Sik Jin MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Ung Sik Jin MD, PhD.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Kim, IK., Park, S.O., Chang, H. et al. Inhibition Mechanism of Acellular Dermal Matrix on Capsule Formation in Expander–Implant Breast Reconstruction After Postmastectomy Radiotherapy.
                    Ann Surg Oncol 25, 2279–2287 (2018). https://doi.org/10.1245/s10434-018-6549-8
Download citation
	Received: 18 January 2018

	Published: 31 May 2018

	Issue Date: August 2018

	DOI: https://doi.org/10.1245/s10434-018-6549-8


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
	Acellular Dermal Matrix (ADM)
	Breast Reconstruction
	Postmastectomy Radiotherapy (PMRT)
	Capsule Formation
	EndoMT








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.92.194.96
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    