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                                 Abstract
Complement regulators and receptors can be identified individually in tissues by probing thin (5 μm) tissue sections fixed on a solid glass support with appropriate antibodies. The bound antibodies are visualized with a proper label that has been attached to the primary antibody itself or to a secondary antibody against the primary immunoglobulin (see
              Note 1). Despite the label the antibody retains its reactivity with its antigen. In immunofluorescence microscopy the label is a fluorochrome that emits visible light under exposure to exciting radiation like ultraviolet (UV) light. Washing out the extra stain reveals the sites where antibody has contacted the antigen. These sites appear as brightly illuminated areas in contrast to the dark background (see
              Notes 2 and 3). The color of the light or fluorescence depends on the chromogen used: Fluorescein iso-thiocyanate (FITC) excites at 495 nm and emits green light (peak at 525 nm) whereas tetra-methyl rhodamine-iso-thiocyanate (TRITC) absorbs maximally at 552 nm and gives red fluorescence (peak at 570 nm). To detect fluorochrome labels special microscopes equipped with an UV-light source and appropriate filters are required. In immunoenzymatic stainings enzymes conjugated to antibodies react with appropriate substrates and generate color deposits on the samples. Distribution of the target antigens can thus be examined with a light microscope (see
              Note 4).
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                                        1 Introduction
Complement regulators and receptors can be identified individually in tissues by probing thin (5 μm) tissue sections fixed on a solid glass support with appropriate antibodies. The bound antibodies are visualized with a proper label that has been attached to the primary antibody itself or to a secondary antibody against the primary immunoglobulin (see
              
                Note 1
              ). Despite the label the antibody retains its reactivity with its antigen. In immunofluorescence microscopy the label is a fluorochrome that emits visible light under exposure to exciting radiation like ultraviolet (UV) light. Washing out the extra stain reveals the sites where antibody has contacted the antigen. These sites appear as brightly illuminated areas in contrast to the dark background (see
              
                Notes 2
               and 
                3
              ). The color of the light or fluorescence depends on the chromogen used: Fluorescein iso-thiocyanate (FITC) excites at 495 nm and emits green light (peak at 525 nm) whereas tetra-methyl rhodamine-iso-thiocyanate (TRITC) absorbs maximally at 552 nm and gives red fluorescence (peak at 570 nm). To detect fluorochrome labels special microscopes equipped with an UV-light source and appropriate filters are required. In immunoenzymatic stainings enzymes conjugated to antibodies react with appropriate substrates and generate color deposits on the samples. Distribution of the target antigens can thus be examined with a light microscope (see
              
                Note 4
              ).
Several complement inhibitor molecules have been described in human cells and tissues. It seems that every normal cell in the body expresses at least one of the complement regulators on their surface. These regulators include complement receptor type 1 (CR1; CD35), membrane cofactor protein (MCP; CD46), decay accelerating factor (DAF; CD55) and protectin (CD59) (1–3). CR1, MCP and DAF inhibit complement at the level of C3. CD59 is an 18–24 kDa glycoprotein that can directly inhibit the formation of MAC (see
              
                Note 5
              ). Both DAF and CD59 are anchored to cell membranes via a glycophosphoinositol (GPI) moiety. Soluble plasma proteins vitronectin (S-protein) and clusterin (apo J, sp40,40) bind to terminal complement complexes (TCC) inhibiting their binding to plasma membranes. However, at least vitronectin can often be found sometimes on cell surfaces bound to TCC complexes (4) (see
              
                Note 6
              ). Complement receptors CR1 (CD35), CR2 (CD21), CR3 (CD1 1b/CD18), and CR4 (CD11c/CD18) bind to activation fragments of complement and have responsibilities, e.g., in the processing and clearance of complexes containing C3 and C4 (5–8).


2 Materials

              	
                  1.
                  
                    Liquid nitrogen.

                  
                
	
                  2.
                  
                    Tissue-Tek O.C.T (Miles Inc., Elkhart, IN).

                  
                
	
                  3.
                  
                    2-methylbutane (isopentane).

                  
                
	
                  4.
                  
                    Paraformaldehyde (Sigma; St. Louis, MO). Prepare 8% stock solution in deionized water. Adjusting the pH with 1 M NaOH to 7 and heating of the solution to +60°C helps dissolving of the paraformaldehyde. Caution: paraformaldehyde is toxic by inhalation and by skin contact. It is carcinogenic and may cause DNA damage.

                  
                
	
                  5.
                  
                    Cold (−20°C) acetone for fixation.

                  
                
	
                  6.
                  
                    Phosphate-buffered saline (PBS). Prepare a stock solution (10×). Dissolve 80 g NaCl, 2 g KCl, 2 g KH2PO4, and 14.6 g Na2HPO4 × 2H2O in 1000 mL of deionized water. Do not adjust the pH, the final (1×) solution will be pH 7.4.

                  
                
	
                  7.
                  
                    Bovine serum albumin (BSA) Fraction V (Sigma).

                  
                
	
                  8.
                  
                    Mounting medium: Mix 2.4 g Mowiol 4–88 (Calbiochem; La Jolla, CA) or Gelvatol 20–30 (Gelvatol 20–30 or an equivalent product Airvol 205 can be obtained from Air Products Nederland B.V. Utrecht) with 6 g of glycerol. Add 6 mL of dH2O and 12 mL of 0.2 M Tris, pH 8.5, stir overnight to mix (see
                      
                        Note 7
                      ). Heat to 50°C for 10 min. Because Mowiol will not dissolve completely remove the undissolved particles by centrifugation at 5000g for 15 min. Finally, add 1,4-diazabicyclo-[2.2.2]-octane (Dabco; Aldrich, Milwaukee, WI) to 2.5% to prevent fading of fluorescence in the samples. Store appropriate aliquots at −20°C. The mounting medium will last for 2 wk at room temperature. Caution: There is limited evidence that Mowiol is tumorigenic in laboratory animals so wear protective gloves.

                  
                
	
                  9.
                  
                    Film: Black and white film or film for color slides, ASA 400.

                  
                


            

3 Methods
3.1 Preparing Frozen Tissue Sections
There are several methods for preparing tissue samples for cell staining. Most commonly the specimens are fixed in formalin and embedded in paraffin. However, preparation of the tissue for sectioning by freezing the specimen with the help of liquid nitrogen is perhaps the gentlest method that preserves the epitopes for complement regulators in the sample.

	
                    1.
                    
                      Preparing small pieces (<1 mm) for sectioning: Place the pieces in physiological buffer and allow to sediment into the tip of an Eppendorf tube. Remove the buffer as completely as possible. Ice crystals will make the sectioning difficult.

                    
                  
	
                    2.
                    
                      Add a drop (ca 200 μL) of the mounting medium Tissue Tek O.C.T or equivalent on the sample and dip the tube into liquid nitrogen until the Tissue Tek solidifies. Turn the tube upside down and snap it firmly against a lab bench to remove the frozen cone. The specimens must not melt after freezing and must be immediately placed in an appropriate container on dry ice or in liquid nitrogen (see
                        
                          Note 8
                        ). The samples can be stored at −70°C or immediately sectioned in a refrigerated microtome (cryostat). Freezing of larger specimens directly in liquid nitrogen may destroy some of the tissue architecture. Therefore, larger specimens are preferably frozen by soaking them in isopentane cooled with liquid nitrogen (see
                        
                          Note 9
                        ). Immerse the sample in isopentane until it stops bubbling.

                    
                  
	
                    3.
                    
                      The sectioning requires a microtome that can be cooled to −20°C. In general, thinner sections are better for staining, mostly sections from 5 to 10 μm are used for immunofluorescence staining. Some tissues are especially difficult to fix on a glass slide. Usually, frozen cryostat sections stick to a glass plate if only very lightly touched with the slide. However, depending on the tissue sample some sections have a tendency to come off the glass support during the staining. In these cases the slides can be specifically treated to make the glass surface more adherent.

                    
                  


              3.2 Treatment of the Slides
3.2.1 Cleaning of Slides
It is essential that the slides are clean to improve the binding of sections. The glasses can be washed in acid alcohol solution.

	
                      1.
                      
                        Soak the slides in 10% HCl ethanol (v/v) for 10 min.

                      
                    
	
                      2.
                      
                        Transfer the slides to ethanol for another 10 min.

                      
                    
	
                      3.
                      
                        Keep the slides in H2O 2×10 min.

                      
                    
	
                      4.
                      
                        Finally, immerse the slides in ethanol for 10 min and let them air-dry.

                      
                    


                3.2.2 Poly-lysine Coating
Another method to make the glass surface more adherent is to coat it with poly-L-lysine. Lysine is an amino acid with a positively charged side chain. Poly-L-lysine will bind to most surfaces and cells that have an overall negative charge.

	
                      1.
                      
                        Prepare a solution of poly-L-lysine, to 1 mg/mL, in distilled H2O.

                      
                    
	
                      2.
                      
                        Immerse clean glass slides in poly-L-lysine for 15 min.

                      
                    
	
                      3.
                      
                        Wash the coated slides with dH2O.

                      
                    
	
                      4.
                      
                        After drying the poly-¢L-lysine coated slides will be ready for use to mount the cryostat sections. Store the slides at room temperature.

                      
                    


                3.3 Fixation of Cryostat Sections
Fixation of the tissue samples should preserve the tissue architecture and antigen distribution as native as possible.
3.3.1 Paraformaldehyde Fixation
Paraformaldehyde will crosslink the proteins in the sample preserving the cell membrane integrity.

	
                      1.
                      
                        Prepare 4% paraformaldehyde solution in PBS by mixing five parts paraformaldehyde (8%), 1 part PBS (10×) and four parts dH2O (v/v).

                      
                    
	
                      2.
                      
                        Immerse the cryostat sections in the fixative for 10 min.

                      
                    
	
                      3.
                      
                        Rinse the sections with PBS.

                      
                    


                3.3.2 Acetone Fixation
Acetone is an organic solvent that will remove lipids and precipitate the proteins exposing also the intracellular antigens.

	
                      1.
                      
                        Incubate the cryostat sections in neat acetone at −20°C for 1–10 min depending on the nature of the antigen (see
                          
                            Note 10
                          ).

                      
                    
	
                      2.
                      
                        Rinse the sections with PBS.

                      
                    


                3.4 Staining for Immunofluorescence Microscopy

                	
                    1.
                    
                      Ensure that there are enough sections for the assay planned, including all the controls. All samples within an assay should be processed equally (see
                        
                          Note 13
                        ).

                    
                  
	
                    2.
                    
                      Fix the tissue sections with paraformaldehyde or acetone as described above (see
                        
                          Note 14
                        ).

                    
                  
	
                    3.
                    
                      Rinse the fixed sections with PBS three times.

                    
                  
	
                    4.
                    
                      Block the nonspecific binding of antibodies in the paraformaldehyde or acetone fixed sections with an irrelevant protein by incubating the sections in 3–5% BSA in PBS for 5 min.

                    
                  
	
                    5.
                    
                      Prepare an appropriate dilution of the primary antibody in the BSA/PBS (see
                        
                          Note 15
                        ).

                    
                  
	
                    6.
                    
                      Wipe the additional blocking buffer around the sections with a tissue paper. Add the primary antibody on the section and incubate at RT for 30 min in a humidified chamber (see
                        
                          Note 16
                        ). The sections should not be let to dry out.

                    
                  
	
                    7.
                    
                      Wash the samples three times for 5 min in PBS.

                    
                  
	
                    8.
                    
                      Prepare a dilution (1/50–1/200) of the FITC-labeled antibody in BSA/PBS. Add 50 μL on the sections and incubate for another 30 min at RT.

                    
                  
	
                    9.
                    
                      Repeat the washing.

                    
                  
	
                    10.
                    
                      Finally, drain the extra buffer off and mount the sections by dropping 10−20 μL of mounting medium (Mowiol/DABCO) on the section and placing the cover slip on the sample (see
                        
                          Note 17
                        ).

                    
                  


              

4 Notes

              	
                  1.
                  
                    Indirect immunofluorescence has advantages over direct IF. Usually, the fluorescence is brighter because several fluorochrome-containing secondary antibodies are bound to a single primary antibody. Also, it is possible to detect with one labeled antiimmunoglobulin conjugate several different antigens. In general, the antibodies or sera are diluted into a physiological phosphate-, TRIS-, or veronal-buffer. The dilution of the antiserum or concentration of the antibody depends, e.g., on the affinity of the reagent. High-affinity antibodies can be diluted more than low-affinity antibodies. For monoclonal antibodies the concentration usually ranges from 0.2 to 20 μg/mL.

                  
                
	
                  2.
                  
                    GPI-anchored complement inhibitors (CD59 and CD55) have a tendency to become clustered on cell membranes instead of being smoothly and evenly distributed. Thus, they usually appear as small dots on cell membranes and on cell extensions.

                  
                
	
                  3.
                  
                    CD59 and CD55 staining may decrease in areas of tissue necrosis and on apoptotic cells.

                  
                
	
                  4.
                  
                    The advantage of fluorescent stains is their high resolution. It is also possible to stain two different antigens in the same sample by using double labeling with reagents that emit different colors of light (FITC and TRITC, for example). Fading is a serious disadvantage of immunofluorescence. However, this can be adequately controlled with antifading agents. Some think P-phenylenediamine (PPD; Sigma) is the best antifading agent available at a concentration of 0.1%. However, PPD is considered carcinogenic and should be handled with care. Diazabicyclo-octane (DABCO) has lower toxicity but is somewhat less effective that PPD. Vectashield is an antifade commercially available from Vector Co. (Burlingame, CA). Enzyme labels are more sensitive and can be examined with a light microscope. Also, the staining is permanent. Some cells may demonstrate endogenous enzyme activity.

                  
                
	
                  5.
                  
                    In areas of C activation in tissues the epitopes of C regulators for the MAb used may become obscured. Thus, binding of CD59 to membrane attack complex (MAC) complexes may cover CD59 epitopes for some antibodies.

                  
                
	
                  6.
                  
                    Soluble regulators of C (C4bp, clusterin, and vitronectin) can be visualized in tissues if they have become strongly bound. On the other hand, e.g., factor H and C1INH seldomly remain firmly bound in tissues.

                  
                
	
                  7.
                  
                    The fluorescent emission is greater at alkaline than acid pH. Occasionally, the molecules in the sample will also be excited to some extent by UV-radiation and emit visible light. This so-called autofluorescence should not be confused with true fluorescence.

                  
                
	
                  8.
                  
                    For small blocks of samples 2 mL vials are adequate. The vials can be cooled by simply dipping them into liquid nitrogen. Remember to mark the vials properly describing the contents as thoroughly as possible.

                  
                
	
                  9.
                  
                    To cool the isopentane in liquid nitrogen two containers are needed, a larger insulated vessel for liquid nitrogen and a smaller one for isopentane. Put the smaller container into the larger one and pour some liquid nitrogen into the outer vessel. Pour some isopentane into the smaller container. It is wise to keep some isopentane precooled in a freezer. Isopentane will solidify eventually, however, it can be easily melted by inserting a metallic bolt or a bar into it.

                  
                
	
                  10.
                  
                    Staining for GPI-anchored complement inhibitors (CD55 and CD59) has special features that need to be recognized. Organic solvents, like acetone, may remove a proportion of these relatively loosely membrane associated phospholipid-tailed proteins. For best performance, use short incubation times (1–3 min) in acetone, paraformaldehyde or stain the sections unfixed. Formalin-fixation and embedding in paraffin will destroy epitopes for many C regulator antibodies.

                  
                
	
                  11.
                  
                    Sometimes CD55 and CD59 staining appears to occur on certain connective tissue or intracellular filaments. These observations should be interpreted with caution because they can be due to crossreactivities of the antibodies. For example, the YTH53.1 rat MAb against human CD59 binds to intermediate filaments on certain types on epithelial cells.

                  
                
	
                  12.
                  
                    White blood cells and placental cells contain receptors (Fc-gamma-RI, -RII, and -RIII) that bind immunoglobulin Fc-part specifically. The receptors can be blocked by adding 1 % heat inactivated normal serum (35 min at 56°C) to the blocking and diluting buffers.

                  
                
	
                  13.
                  
                    A convenient way is to draw a circle around the sections before the staining assay with a greasy marking pen (PAP-PEN or equivalent) to minimize the amount of precious antibody required. PAP-PEN (Daido Sangyo Co. Ltd, Japan, or Sigma, St. Louis, MO) makes a water-repellant circle keeping liquid pooled in a droplet. It also makes wiping around the sections unnecessary.

                  
                
	
                  14.
                  
                    The choice of a fixative and the time of fixation as well as the temperature are usually determined empirically. Some agents may destroy the reactive epitope. If paraformaldehyde is used, permeabilization of the cells is required if the antigen is intracellular. For the immunofluorescence staining of DAF, CD59 and MCP the samples can be used native or fixed either with 4% paraformaldehyde or acetone at −20°C.

                  
                
	
                  15.
                  
                    The dilution of the antiserum or the concentration of a monoclonal primary antibody depends on factors like antibody affinity and should be tested individually. In general, the concentrations for monoclonal antibodies range from 0.2 to 20 μg/mL. The amount of the antibody dilution required depends on the area of the specimen, normally 50 μL is sufficient.

                  
                
	
                  16.
                  
                    Sometimes prolonging the incubation time overnight at +4°C may increase the sensitivity.

                  
                
	
                  17.
                  
                    When thawing let the Mowiol/DABCO solution reach room temperature before mounting to prevent the formation of air bubbles under the coverslip. Sometimes the salts in the buffer may precipitate forming crystals in the sample this can be prevented by simply dipping the samples briefly in distilled water just before use.

                  
                
	
                  18.
                  
                    To rule out nonspecific binding of antibodies the reactivity of all components in the assay should be tested individually with the specimen. The binding of the primary antibody should always be compared to another antibody of same subclass that has no antigenic reactivity with the specimen. If antiserum is used a preimmunization serum from the same animal or at least from the same species should be tested. A positive control that is known to react with the primary antibody should also be included. Usually, in antiserum the concentration of nonspecific antibodies is low and crossreactivity can be diluted out. Monoclonal crossreactive antibodies are trickier because the crossreactive paratope cannot be usually diluted out (see
                      
                        Note 11
                      ). Nonspecific binding can be reduced by letting the sample to react with an irrelevant protein like bovine serum albumin in the buffer. Albumin will reduce binding to the nonspecific binding sites. Furthermore, some cells and tissues may contain receptors for immunoglobulins that may bind the antibodies specifically through interactions that do not involve the antigen binding site but the Fc-part of the antibody (see
                      
                        Note 12
                      ).

                  
                
	
                  19.
                  
                    Immunohistochemistry is a useful and cost-effective way of obtaining informative results. However, be aware of the sometimes very high publication charges of color prints.

                  
                


            


                                    

                                
                            

                             References
	Seya T., Turner J. R., and Atkinson J. P. (1986) Purification and characterization of a membrane protein (gp45–70) that is a cofactor for cleavage of C3b and C4b. J. Exp. Med.
                163, 837–855.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Nicholson-Weller A., Burge J., Fearon D. T., Weller P. F., and Austen K. F. (1982) Isolation of a human erythrocyte membrane glycoprotein with decay-accelerating activity for C3 convertases of the complement system. J. Immunol.
                129, 184–189.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Sugita Y., Nakano Y., and Tomita M. (1988) Isolation from human erythrocytes of a new membrane protein which inhibits the formation of complement trans-membrane channels. J. Biochem. (Tokyo) 104, 633–637.
CAS 
    
                    Google Scholar 
                

	HφgÅsen K., Mollnes T. E., and Harboe M. (1992) Heparin-binding properties of vitronectin are linked to complex formation as illustrated by in vitro polymerization and binding to the terminal complement complex. J. Biol. Chem.
                267, 23,076–23,082.

                    Google Scholar 
                

	Lowell C. A., Klickstein L. B., Carter R. H., Mitchell J. A., Fearon D. T., and Ahearn J. M. (1989) Mapping of the Epstein-Barr virus and C3dg binding sites to a common domain on complement receptor type 2. J. Exp. Med.
                170, 1931–1946.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Morgan B. P. (1995) Complement regulatory molecules: application to therapy and transplantation. Immunol. Today
                16, 257–259.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Krych M., Atkinson J. P., and Holers V. M. (1992) Complement receptors. Curr. Opin. Immunol.
                4, 8–13.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Meri S. and Jarva H. (1998) Complement regulation. Vox. Sang.
                74, 291–302.
PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




 Author information
Authors and Affiliations
	Department of Bacteriology and Immunology,,Haartman Institute, University of Helsinki, Helsinki, Finland
Juha Hakulinen & Seppo Meri


Authors	Juha HakulinenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Seppo MeriView author publications
You can also search for this author in
                        PubMed Google Scholar







 Editor information
Editors and Affiliations
	Department of Medical Biochemistry, University of Wales College of Medicine, Cardiff, UK
B. Paul Morgan 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2000 Humana Press Inc., Totowa, NJ


 About this protocol
Cite this protocol
Hakulinen, J., Meri, S. (2000).  Complement Regulators and Receptors in Tissues.

                     In: Morgan, B.P. (eds) Complement Methods and Protocols. Methods in Molecular Biology, vol 150. Humana Press. https://doi.org/10.1385/1-59259-056-X:123
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1385/1-59259-056-X:123

	
                            Publisher Name: Humana Press

	
                                Print ISBN: 978-0-89603-654-3

	
                                Online ISBN: 978-1-59259-056-8

	eBook Packages: Springer Protocols







 Publish with us
Policies and ethics



                            
                            
    

                        

                    
                
                
                    
                        
                        
                            
                        


                        
                            
                        


                        
                            

                                

                                

                                

                                

                            

                        

                    
                

            
    

        
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					44.199.198.16
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    
    


