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ABSTRACT  

Amyloidosis is a group of diseases caused by proteins that have lost their correct 

three-dimensional conformation and instead assemble into insoluble fibrils in various 

tissues and organs. Today, more than 30 different proteins that can give rise to 

amyloid fibrils have been identified. Each protein that assembles into fibrils causes a 

specific disease. For clinical diagnosis of amyloid, antibodies are one of the most 

important tools.  

In this study, antibodies generated towards various amyloid-specific peptides were 

characterized and validated. This was assessed by immunohistochemistry, slot blot, 

and SDS-PAGE and western blot. Congo red, an amyloid specific dye, was used for 

detection of amyloid.  

Immunohistochemical staining and slot blot analysis indicated that each antiserum 

used in this study was amyloid-specific. Antigen retrieval can facilitate staining by 

the techniques ability to break cross-linkages caused by fixation in formaldehyde.  

The results from the characterization of antisera in this study should be a great help 

in clinical work on amyloid, and ensure correct diagnosis.   
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ABBREVATIONS  

TBS Tris-buffered Saline 

DAB 3.3’-Diaminobenzidine 

HRP Horseradish peroxidase 

IHC  Immunohistochemistry 

AR  Antigen retrieval 

SB Slot blot 

WB Western blot 

dH2O Distilled water 

SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis 

IAPP Islet amyloid polypeptide  

SAA Serum amyloid A 

TTR Transthyretin 

ATTR Amyloid protein of transthyretin 

CNS Central nervous system 

Ig Immunoglobulin 
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INTRODUCTION 

Proteins are biological molecules essential to life, involved in virtually all cell 

functions. Proteins are made up by amino acids linked together with peptide bonds. 

Each protein has a specific function whose implementation is fully dependent on 

folding into a predetermined three-dimensional conformation. 

   Proteins go through one or several intermediate states on the way to a proper fold 

[1]
. Primary structure describes the amino acids sequence relative order and the 

secondary structure describes the sub-structures α-helix and β-strands. The tertiary 

structure describes three dimensional structure of a single, double or triple bonded 

protein molecule and the quaternary structure describes the three dimensional 

structure of a multi-subunit protein and how the subunits fit together 
[2]

. 

Unfortunately, all proteins do not obtain correct conformation. An incorrect 

conformation results in a defect protein that should be sent for degradation. 

    At the surface, proteins have hydrophobic regions that can form unwanted 

interactions with other molecules. Chaperones are molecules that help peptides to 

avoid unwanted interactions by assisting their folding by changes in charge 
[3]

. If the 

chaperons fail to guide the proteins to fold correctly, the ubiquitin-proteasome 

system takes over 
[4]

. If this system is not working properly, the protein can start to 

self-associate and aggregate 
[5]

.  When this happens, proteins lose their function and 

can accumulate in one or more organs and lead protein misfolding diseases 
[6]

, where 

amyloidosis is the largest group among.  

The term amyloid was first used by Rudolf Virchow in 1854. Virchow was a 

pathologist and identified amorphous material that made visceral organs stiff. After 

staining with iodine solutions achieved staining characteristics suggested that the 

material was of polysaccharide nature and therefore he termed it amyloid 
[7]

. The 

name amyloid comes from the Greek word amylon (starch). Soon it was proven that 

the core constituent were not of polysaccharide nature, but of protein nature 
[8]

. The 

nomenclature committee of the international society of amyloidosis defines amyloid 

as “An insoluble protein fibril that is deposited, mainly in the extracellular spaces of 

organs and tissues as a result of a sequence of changes in protein folding that result 
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in a condition known as amyloidosis” 
[9]

.  

    Amyloid consists of insoluble fibrous protein aggregates (fibrils) that have cross-

β-sheet structures 
[10]

. All amyloid fibrils can be identified by a characterized “apple-

green” birefringence 
[11, 12]

 when stained with Congo red and seen under polarized 

microscope 
[9]

. It is known that products from more than 30 different proteins in the 

human body can give rise to amyloid fibrils 
[10]

. Each protein precursor defines a 

different type of amyloidosis, a disease dependent on and characterized by the 

deposition of amyloid fibrils in tissues 
[11]

.  

    Amyloidosis is not a single disease, but a group of diseases characterized by the 

abnormal extracellular deposition of insoluble fibrils, in one or many organs. Disease 

caused by amyloids can be local or systemic 
[13]

. In local amyloidosis aggregates can 

be found either intra- or extracellular deposits are limited to the organ where the 

protein is produced and therefore only one type of tissue or organ is affected. In 

systemic amyloidosis, aggregates are found extracellular and this can affect multiple 

peripheral organs 
[14]

.   

    The classification of amyloidosis is based upon tissue distribution of amyloid 

deposits, and the absence or presence of preexisting disease. Beyond that, the 

classification of amyloidosis is also based on the chemical type of amyloid protein 

fibril 
[15, 16]

. One example of amyloidosis is Alzheimer’s disease, which is the most 

common progressive neurodegenerative disorder in elderly 
[11]

. This disease is an 

example of a localized form of amyloidosis that is characterized by cerebral cortical 

amyloid plaques. Amyloid-β-peptide (Aβ), which is a cleavage product from the 

larger amyloid-β-precursor protein (AβPP), is the amyloid precursor protein (APP) 

that causes Alzheimer’s disease 
[17, 18]

. The AβPP gene is expressed in all major 

tissues but dominates in the brain. Another disease with a component of local 

amyloidosis is type 2 diabetes and in this type of amyloidosis the amyloid precursor 

protein is islet amyloid polypeptide (IAPP) 
[19]

. An example of systemic amyloidosis 

is transthyretin (ATTR), where the amyloid precursor protein where the amyloid 

precursor protein TTR is a sporadic form of amyloidosis associated with aging 
[13]

.  
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In 1990, the project” human genome organization” (HUGO), was started with the 

aims to investigate the nature, structure, function and interaction of human genes. 

When the project was completed in 2003, it was revealed that the human genome 

consists of about 21000 genes that encodes for more than 100000 proteins 
[20]

.  

    Human Protein Atlas (HPA), is a project where the human protein-coding genome 

has been analyzed 
[21]

. This project is based on the results from HUGO, and by 

analyzing the protein-coding genome in human, antibodies can be produced and 

validated. 

Mammals are exposed to diverse threats, and as a mean of defense the immune 

system has evolved a remarkable set of mechanisms. The first line of defense is the 

innate branch of the immune system, and this defense comprising many different 

components, such as the skin and antimicrobial substances. The more specific 

defense is the adaptive part of the immune system. This system can be divided into 

cell-mediated and humoral immunity. The cell-mediated defense consists of effector 

T-cells, with the purpose to kill altered self-cells and activate phagocytic cells. 

Humoral response, rely on B-cells and differentiation into antibodies. Antibodies 

exist both as membrane-bound molecules and secreted molecules that circulates in 

the blood steam to detect, neutralize and mark foreign antigens for elimination from 

the body 
[22]

. 

    An antibody, also known as an immunoglobulin (Ig), is a large Y-shaped protein. 

This protein consists of two identical light chains and two identical heavy chains, 

held together by disulfide bonds. Antibodies are produced by lymphocytes in the 

immune system and can identify and neutralize foreign objects in our bodies, e.g. 

proteins, carbohydrate, bacteria and viruses. In mammals there are five different 

types of immunoglobulins, IgA, IgG, IgD, IgE and IgM. The different types of 

immunoglobulins are defined by their heavy chain, α, γ, δ, ε or μ. These chains are 

found in IgA, IgG, IgD, IgE and IgM antibodies, respectively. When 

immunohistochemistry is used, the most preferable antibody is IgG. This 

immunoglobulin consists of two identical heavy chains (55.000 Da) and two 

identical light chains (22.000 Da).  

http://en.wikipedia.org/wiki/%CE%93
http://en.wikipedia.org/wiki/%CE%94
http://en.wikipedia.org/wiki/%CE%95
http://en.wikipedia.org/wiki/%CE%9C


7 
 

    Immunogen is a molecule that is capable to stimulate an immune response. When 

the immune system has been activated, it stimulates lymphocytes to differentiate into 

plasma cells and manufacturing antibodies. These antibodies react with the 

immunogen that activated them. The specific region at antigens that an antibody 

recognizes and binds to is called epitope. An epitope consists of four to eight amino 

acids or one to two units of saccharides. The sequence of amino acids can be 

continually or consist of primary structure or secondary structure sequences of amino 

acids that have come near each other during the protein folding.  

Production of antisera is done by injecting an immunogen into an animal (e.g. 

mouse, rabbit or goat). The injected antigen is mixed with Freunds adjuvants, in 

order to enhance the immune response (prolong the survival of the immunogen). 

When foreign antigens are injected into the animal, the immune system of the animal 

begins to produce antibodies against them. These antigen-specific circulating 

antibodies can be retrieved from the animal through a blood sample. An immune-

stimulation result in formation of a variety of antibodies with different affinity and 

this is referred to polyclonal antibodies or antiserum. An antiserum recovered from 

an animal will also contain antibodies directed against all other foreign substances 

the animal has been exposed to. Monoclonal antibodies are produced by fusing 

antibody-secreting plasma cells from immunized animal, with a myeloma cell (tumor 

cell). This results in formation of cells that produces one type of immunoglobulin 

determined by the plasma cell and eternal life from the myeloma cell.  

When an organ is removed from the living organism it will start to decompose. This 

can be prevented by fixation and formalin, which is a 4 % formaldehyde solution, is 

an example of a commonly used fixative. A disadvantage with formalin is that 

fixation of tissue occurs through the formation of cross-linking and this process can 

mask epitopes.  

    To solve this problem, a technique called antigen retrieval has been developed. 

Antigen retrieval is a technique used to unmask epitopes by loosening or breaking 

the cross-linkages caused by formalin fixation. A common antigen retrieval method 

is called heat induced epitope retrieval 
[23]

. In this study, a citrate based solution 
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(10mM Na-Citrate pH 6) was used and this solution in combination with heat breaks 

cross-links and unmasks epitopes.  

Immunohistochemistry is a technology used for detection of proteins and 

carbohydrates in tissue using specific antibodies 
[24]

. In this study, 

immunohistochemistry was used to characterize the reactivity of different antibodies 

used for diagnosis and subclassification of amyloid proteins. Antibodies were used to 

detect specific antigens in tissue sections, and the antigen-antibody interaction was 

visualized by a marker such as fluorescent dye or enzyme. 

Commercially antibodies are often used in immunohistochemistry, but unfortunately 

some of these antibodies do not work properly with protein in amyloid form. This is 

caused by the fact that commercially antibodies do not recognize the truncated 

proteins or misfolded version of the protein. To solve this problem the laboratory has 

produced own antibodies through immunization of isolated amyloid proteins or 

peptides corresponding to a region of the amyloid proteins. These antibodies are 

directed to epitopes that is present in fibrils with an amyloid fold.  

        Other antibody-based techniques that are used for the determination of amyloid 

include slot blot, SDS-PAGE and western blot.  

Amyloidosis are often lethal, but the development of new drugs that target various 

processes involved in the pathogenesis of different amyloid disease raises new hope 

for treatment the disease. Therefore, it is important to determine what type of 

amyloid disease the patient has. New antibodies with a high specificity facilitated 

diagnosis of the disease. In this study, antibodies against different types of 

amyloidosis were characterized with immunohistochemistry, antigen retrieval, slot 

blot, SDS-PAGE and western blot.  

The aim with this study was to characterize the specificity of different antibodies 

raised against amyloid proteins. Amyloid disease is lethal if left untreated. Today, 

treatment can be offered to some patients. Therefore, it is important to use well 

characterized antibodies for clinical diagnosis of amyloidosis.  
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MATERIALS AND METHODS 

Tissue preparation/Amyloid extraction 

All tissues used for characterization in this study were human tissue samples, 

recovered from the amyloid tissue bank at Uppsala University, Sweden. Tissues were 

fixed in formalin for at least 24 hours and embedded in paraffin. Type of amyloid 

protein has been determined by amino acid sequencing. Antisera produced against 

synthetic peptides corresponding to human IAPP 1-37, proIAPP 20-29, proIAPP 46-

57 (Table 1), SAA 24-34, SAA 91-104 (Table 2) and TTR (Table 3) were used. The 

antibody production was approved by the animal ethics committees at Linköping and 

Uppsala. The use of human tissue material was approved by the human ethic 

committee in Linköping. 

Table 1. One letter code of amino acid sequences of human pro-islet amyloid polypeptide (hproIAPP) 1 

to 67 and the one letter amino acid sequences for A109, A110, A133, A142, A164 and A165 used for 

production of antisera in rabbits. 
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Table 2. One letter code of amino acid sequences of human serum amyloid A (hSAA) and the one 

letter amino acid sequences for A125, A126 and A144 used for production of antisera. 

 

 

 

Table 3. One letter code of amino acid sequences of human transtyrethin (TTR) and the one letter 

amino acid sequences used for production of antisera 1898. 

 

 

 

Congo red staining 

Amyloid was identified with alkaline Congo red staining and analysis was performed 

in a polarization microscope. Sections (7 µm), were placed on plus slides (Thermo 

Scientific, Waltham, USA) and dried at 60°C for at least 1 hour. Sections were 

deparaffinized in two baths of xylene for 30 and 5 minutes, respectively. Thereafter, 

slides were rehydrated with increasing concentrations of ethanol: absolute ethanol, 2 

x 5 minutes, 95 % ethanol 2 x 5 minutes and 70 % ethanol 2 x 5 minutes, and rinsed 

in water. Cell nuclei were stained with Mayer’s Hematoxylin for 1 minute and rinsed 

in tap water for 10 minutes. After rinsing, sections were incubated in Congo red 

solution A (80 % ethanol saturated with NaCl) and 1 ml 1 % NaOH for 20 minutes 

and directly transferred to Congo red solution B (80 % ethanol saturated with NaCl 

and Congo red (Sigma Aldrich, St. Louis, USA)) and 1 ml 1 % NaOH for 20 
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minutes. Thereafter, slides were subjected to rapid rinses in absolute ethanol and 

xylene. A coverslip were applied with pertex mounting medium (Histolab AB, 

Spånga, Sweden).  

Immunohistochemistry 

Immunohistochemical staining was performed after deparaffinization and 

rehydration followed by a five minutes rinse with 0.05 M Tris with 0.15 M sodium 

chloride, pH 7.2-7.6 (TBS). Endogenous peroxidase was blocked through incubation 

in 0.3 % H2O2 for 30 minutes. After rinsing in TBS, the primary antiserum was 

applied to the section and this was humidity at room temperature (RT) over night. 

For information about antiserum and dilution, see Table 4.   

    On day 2; sections were rinsed x 3 in TBS and HRP-conjugated secondary 

antibodies (Dako, Stockholm, Sweden) diluted in TBS were applied and incubated in 

a humidity chamber for 60 minutes at RT. The reaction was visualized by incubation 

in a DAB-solution (50 ml TBS, 10 µl 30 % H2O2, 25 mg 3.3’-diaminocenzidine) for 

10 minutes. The reaction was stopped by rinsing the slides in tap water. Cell nuclei 

were stained with Mayer’s Hematoxylin for 1 minute and rinsed in tap water for 10 

minutes. Sections were dehydrated (70 % ethanol 2 x 5 minutes, 95 % ethanol 2 x 5 

minutes, absolute ethanol 2 x 5 minutes, xylene 2 x 5 minutes) and a coverslip was 

applied with pertex mounting medium. 
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Table 4. Description of antibodies used for immunohistochemistry, antigen retrieval, slot blot and 

western blot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Antigen retrieval  

Immunohistochemical staining after antigen retrieval was performed as described 

above. Antigen retrieval was performed by placing the sections in boiling 10mM Na-

Citrate pH 6, and incubation for 20 minutes while the solution was allowed to cool.   

Antisera Antigen Species Dilution 

A109 IAPP 1-37 Rabbit 

 

1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

A110 IAPP 1-37 Rabbit 1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

A125 hSAA 24-34 Rabbit 1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

1:1000 (SB) 

1:1000 (WB) 

A126 hSAA 24-34 Rabbit 1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

1:1000 (SB) 

1:1000 (WB) 

A133 hIAPP 20-29 Rabbit 1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

A142 hproIAPP 52-67 Rabbit 1:200, 1:400 (AR) 

A144 hSAA 91-104 Rabbit 1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

A164 hproIAPP 6-15 Rabbit 1:200, 1:400 (AR) 

A165 hproIAPP 46-55 Rabbit 1:200, 1:400 (AR) 

1898 TTR 50-127 Rabbit 1:200, 1:600 (IHC) 

1:800, 1:2000 (AR) 

A146 B-J, kappa III VAG, 5-14 Rabbit 1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

A147 B-J, kappa III VAG, 191-202 Rabbit 1:200, 1:400 (IHC) 

1:200, 1:400 (AR) 

     IHC, immunohistochemistry; AR, antigen retrieval; SB, slot blot; WB, Western blot 



13 
 

Slot blot 

Slot blot apparatus (GE Healthcare Life Sciences, Uppsala, Sweden) was assembled 

according to manufacturer’s instruction. A nitrocellulose membrane (118 x 40 mm) 

was soaked in dH2O for 5 minutes to wet it thoroughly, and placed on the support 

block and thereafter the top block was placed on top of the membrane. Screws were 

tightened and slot blot apparatus was connected to a vacuum pump.  

    Human protein AA (ID 2711 fr 48-51) was dissolved in acetic acid and dH2O and 

100 µl were loaded into each well. The membrane was blocked in 5 % milk for 1 

hour at RT. The primary antibodies (antibodies and dilutions used in the present 

study are listed in Table 4) were loaded to the membrane.  The membrane was 

incubated with primary antibodies at RT overnight. 

    When the membrane had been incubated it was washed in x1 TBS-buffer x 3 for 

20 minutes. HRP-conjugated secondary antibodies were diluted (1:1000) in TBS and 

2 ml antibodies were applied to each membrane, then the membrane incubated at 

room temperature for 2 hours. Thereafter, membranes were washed in x1 TBS-buffer 

x 3 for 20 minutes and then the reactivity were visualized with Chemiluminescence 

detection (Immobilon; Merck Millipore, Stockholm, Sweden). To keep the 

membranes in place they were placed on new saran wrap. For visualizing the 

reactivity, membranes were scanned on IMAGE LAB at Chemiluminescence high 

resolution mode. 

SDS-PAGE AND WESTERN BLOT 

Proteins were separated according to size by using standard gel electrophoresis 

(SDS-PAGE). Human protein AA (ID 2177 fr 48-51) were subjected to 

electrophoresis using a 15 % acrylamide/bis-acrylamide separation gel at 70 V, 110 

mA at RT. 

A sandwich composed of sponge, 3 filter paper, gel, membrane, filter paper, sponge 

was placed in a cassette and subjected to transfer at 40V 400mA for 3 hours. After 

transfer, membrane was washed in x1 TBS and boiled in x1 TBS for 5 minutes to 

expose epitopes. Free protein binding sites on membrane were blocked by incubation 

the membrane in 5 % milk in TBS for 1 hour at room temperature. The membrane 
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was incubated with primary antibodies diluted in 0.05 mM with 0.150 mM sodium 

chloride TBS with 0.1% Tween overnight.  Antibodies and dilutions used for the 

present study are listed in Table 4. 

    On the second day, membrane was washed in buffer (2 x 5 minutes, 1 x 10 

minutes) and incubated with HRP-conjugated detections antibodies for 2 hours at 

room temperature. After the incubation, membrane was washed (2 x 5 minutes, 1 x 

10 minutes) in TBS and reactivity was visualized with Chemiluminescence detection 

(Immobilon; Merck Millipore, Stockholm, Sweden). To keep the membranes in place 

they were placed on new saran wrap. For visualizing the reactivity, membranes were 

scanned as describe in slot blot. 

Data analysis 

Results for the intensity after slot blot analysis were performed with Image Lab 

software version 5.2.1 (Bio-rad, California, USA) and Excel 2010 (Microsoft, 

Redmond, USA). 
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RESULTS 

Assuring amyloid presence in tissues with Congo red staining 

Type of amyloid protein in tissues used in this study was already determined and 

therefore, Congo red staining was performed on each tissue section to provide 

information about amyloid distribution and to assure the presence of amyloid. 

Sections from heart with ATTR (A) and protein AA (B) and ALκ (C) (figure 1) and 

sections from pancreas (results not shown) exhibited green birefringence when 

viewed in a polarization microscope. When this was confirmed, consecutive tissue 

sections from each sample were used for immunohistochemical staining. 

 

Figure 1. Sections from heart with TTR amyloid  (A), amyloid protein AA (B) and ALκ  (C) exhibited 

green birefringence, characteristic for amyloid, when viewed in a polarization microscope.  
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Antigen retrieval used as pretreatment can improve the intensity of antibodies 

used in immunohistochemical staining 

Immunohistochemistry (IHC) is a method commonly used for clinical diagnostics, 

and this method requires antiserum with high specificity. In this study, IHC was used 

to characterize and validate the specificity for antiserums produced against different 

regions of human proIAPP, SAA, TTR and kappa III to improve the clinical 

diagnostics on amyloid. IHC was performed without pretreatment and when there 

was a need for improvement, antigen retrieval was used to break potential cross-

linkages and thereby unmask epitopes. 

Characterization of antisera with IHC was performed on sections with amyloid 

proteins and with different antisera produced against different regions of human 

proIAPP. IHC with IAPP-specific antisera A109, A110 and A133 was subjected. The 

synthetic peptides used for production of antisera A133, A142, A164 and A165 are 

too short to act as an immunogen by themselves, instead these peptides were linked 

to KLH, keyhole limpet hemocyanin, to create an immunogen.  

Antiserum A109 and A110 are produced against human IAPP residues 1-37, A133 

against residues 20-29 of human IAPP. Antiserum A142 are produced against 

residues 52-67 of human proIAPP, A164 produced against residues 6-15 of human 

proIAPP and A165 produced against residues 46-55 of human proIAPP.  

Antiserum A133, against residues 20-29 of human proIAPP, was produced by 

immunize one rabbit and thereafter blood was drawn at different time points. Blood 

recovered at time points 18/8-93, 9/11-93, 28/9-93, 21/4-93 and 3/2-94 was analyzed 

with IHC, both with and without antigen retrieval as pretreatments (figure 2).  

 



17 
 

 

Figure 2. Immunohistochemical labelling with antiserum A133, recovered at five different time points. 

Red box represents strong staining with weak background staining, yellow box represents strong 

staining with background staining and green box represent weak to moderate staining. IHC with and 

without AR was performed with two different dilutions of antiserum (1:200 and 1:400). White box 

represents that tissue samples were lost during rehydrating, and was not analyzed. Representative 

pictures from the analysis are shown in A-C. 

 

Two rabbits were immunized for production of antiserum A110 and A109. Blood 

was drawn for analysis of reactivity, at several occasions. Blood recovered at five 

and three time points for A110 and A109, respectively, were analyzed with IHC and 

AR (figure 3). 
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Figure 3. Immunohistochemical labelling with A110, recovered at five different time point and 

antiserum A109, recovered from three different time points. The red box represent strong staining with 

weak background staining, yellow box represent strong staining with background staining and green 

box represent weak to moderate staining. IHC with and without AR was performed with two different 

dilutions (1:200 and 1:400). Representative pictures from the analysis are viewed, A-C shows A110 

and D-F shows A109.  

 

ProIAPP is cleaved by prohormone convertase to generate IAPP. The cleavage 

occurs at dibasic residues. Antiserum A164 and A165 are generated against short 

peptides that cover the N-terminal and the C-terminal processing site, respectively. 

Reactivity with these antisera is indicative for presence of proIAPP. IHC with AR 

was performed with A164 (figure 4) and A165 (figure 5) to confirm presence of 

proIAPP.  
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Figure 4. Immunohistochemical labelling with antiserum A164, recovered at three different time points. 

Yellow box represent weak to moderate staining, green box represent weak to moderate staining with 

background staining. IHC with A164 was performed with two different dilutions (1:200 and 1:400) and 

pretreatment with antigen retrieval (AR). Representative pictures from the analysis are viewed, A and 

B shows staining of A164 that was recovered 2/6-97.   

 

 

Figure 5. Immunohistochemical labelling with antiserum A165 are shown. The yellow box represent 

weak to moderate staining, the green box represent weak to moderate staining with background 

staining. IHC with A165 was performed with two different dilutions (1:200 and 1:400) and pretreatment 

with antigen retrieval (AR). Representative pictures from the analysis are viewed, results from IHC with 

AR and dilution1:200 are shown in A and results from AR and dilution 1:400 are shown in B. 
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IHC with AR was performed with A142 (figure 6) to analyze the specificity against 

amyloid. A142 was recovered at two different time point and each sample was 

analyzed. 

 

Figure 6. Immunohistochemical labelling with antiserum A142 recovered at two different time points. 

The yellow box represent weak to moderate staining, green box represent weak to moderate staining 

with background staining. IHC with A142 was performed with two different dilutions (1:200 and 1:400) 

and pretreatment with antigen retrieval (AR). Representative pictures from the analysis are viewed, 

results from IHC of A142 that was recovered 9/5-94 performed with AR and dilution 1:200 are shown in 

A and staining results of dilution 1:400 are shown in B. 

 

Protein AA is N-terminal fragments of the acute phase protein serum amyloid A. 

Protein AA deposits is indicative for systemic amyloids in patients with tuberculosis 

and rheumatoid arthritis. Antiserum against protein AA was produced by 

immunizing rabbits, and blood was drawn for analysis at several occasions. 

Antiserum A125 and A126, both produced against residues 24-34 of human SAA, 

were analyzed with IHC in combination with AR (figure 7).  
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Figure 7. Immunohistochemical labelling with A125, recovered at three different time point and 

antiserum A126, recovered at four different time points. Red box represent strong staining with weak 

background staining and yellow box represent weak to moderate staining. IHC with A125 and A126 

was performed with two different dilutions (1:200 and 1:400) and pretreatment with antigen retrieval 

(AR). Representative pictures from the analysis are viewed, A and B shows staining of A125 and C 

and D shows A126.  

 

Antiserum A144 was produced against residues 91-104 of human SAA and blood 

was recovered at two different time points. Both IHC and AR were performed on 

these antisera (figure 8) to analyze the reactivity. 



22 
 

 

Figure 8. Immunohistochemical labelling with antiserum A144, recovered at two different time points. 

The red box represent strong staining, yellow box represent weak to moderate staining and the green 

box represent weak to moderate staining with background staining. IHC with A144 was performed with 

two different dilutions (1:200 and 1:400) and pretreatment with antigen retrieval (AR). 

 

Transthyretin is linked to aging and this type of amyloid can be detected in 40-50 % 

of individuals above 85 years of age. Antisera 1898 was produced against resides 20-

127 of TTR, blood was drawn for analysis of reactivity at several occasions. Antisera 

1898 was analyzed with IHC and AR (figure 9). Various dilutions of antisera were 

analyzed and the results showed that dilution 1:600 had the strongest staining 

reactivity when IHC was performed with AR as pretreatment.  

 

Figure 9. Immunohistochemical labelling in combination with antigen retrieval (AR) was performed with 

antiserum 1898, where numbers 4-6 represent the time point when each antiserum was recovered. 

Intensity of staining was strongest in dilution 1:600, for each antibody. Red box represent strong 

staining, yellow box represent a strong staining but with background staining and green box represent 

weak to moderate staining. Representative pictures from the analysis are viewed in A and B. 
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ALκ is a multisystem disorder characterized by diffuse extracellular infiltration of a 

fibrillar protein of monoclonal light chain origin (AL) and patients with disease can 

be cured, if the disorder is found in an early stage. Well-characterized antibodies are 

important tools in the clinical work, so therefore antisera A146 and A147, produced 

against residues 5-14 of kappa III and 191-202 of kappa III, respectively, were 

subjected with IHC (figure 10) in this study. To get improved results, antigen 

retrieval was used. 

 

Figure 10. Immunohistochemical labelling with antiserum A146, recovered at four different time points 

generated towards kappa III 5-14 and antiserum A147, recovered at three different time points that are 

generated towards kappa III 191-202. Red box represent strong staining with weak background 

staining, yellow box represent strong staining but with background staining and green box represent 

weak to moderate staining. IHC with A46 and A147 was performed with two different dilutions (1:200 

and 1:400) and pretreatment with antigen retrieval (AR). Representative pictures from the analysis are 

viewed, A represent A147 recovered 29/3-95 in dilution 1:200 and B represent the same antibody 

when AR was used as pretreatment. 

 

Immunoreactivity in human serum amyloid A  

Different methodology is used to ensure the specificity of antibodies, and in this 

study, antiserums A125 and A126, produced against hSAA 24-34 were evaluated 

with slot blot analysis. Reactivity patterns for these antiserums were scrutinized and 
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the intensity is showed in table 5. A color scale of the intensity that were determined 

with Image Lab Software, are shown in figure 11. The results from slot blot analysis, 

show that A125 (recovered 2/3) had improved intensity after antigen retrieval and 

rinsing with TBS. The other antiserums, A125 (recovered 21/4), A126 (recovered 

4/2) and A125 (recovered 4/11) had improved intensity after antigen retrieval (AR) 

and rinsing with TBS Tween. All antiserums had the weakest intensity when rinsing 

with TBS Tween and without AR.  

Table 5. Slot blot analysis was performed to confirm presence of amyloid, by antibody-detection. 

Antibodies specific for human AA was applied to the membrane, and reactivity pattern was scanned in 

Image lab software. By quantify tools, intensity values could be calculated. Reactivity intensity of A125 

that was recovered at 21/1, A125 2/3, A126 4/2 and A125 4/11 are shown in the columns and below, 

the slots are viewed for each sample.  
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Figure 11. Results of slot blot analysis are shown in a color scale. Each antisera was analyzed in 

duplicate with two different concentrations of peptide (human AA separation 27-11, fractions 48-51). 

The first column for each antiserum contains of 100 µg peptide and the second column consists of 200 

µg peptide. 

 

Determination of fibril composition  

SDS-PAGE was performed to separate proteins by molecular size on a 15% 

separation gel, using electrophoresis. After separation, proteins were transferred to a 

nitrocellulose paper and subjected to western blot, the presence of hSAA was 

analyzed with A125 and A126 (results not shown). Fibril composition type was 

determined for samples by western blot, with antiserum A125 and A126. The results 

showed weak bands with the size about 10 kDa (results not shown). 

DISCUSSION 

The aim of the described work was to determine specificity for antisera produced 

against various amyloid proteins. Staining with Congo red 
[24]

 was performed to 

ensure the distribution of amyloid, and each tissue samples exhibited green 

birefringence, characteristic for amyloid 
[25]

, when viewed in polarization 

microscope.   All antisera used in the present study, had a stronger staining in 

immunohistochemistry when heat treatments was used as antigenic retrieval. This 
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supports that 10 mM Na-Citrate pH 6 in combination with heat should be used as 

pretreatment to facilitate staining. In some analysis, the background staining was 

lowered giving a higher contrast and the original reaction appeared stronger. In 

further studies, other antigen retrieval techniques can be performed to investigate if 

staining can be improved even more. Due antigen retrieval had an positive effect in 

this study, antigen retrieval must be performed with prudence because some antigen 

and tissues are sensitive to heat, and therefore the morphology or the epitopes can be 

destroyed.  

Techniques such as immunohistochemistry have drawbacks in terms of 

standardization and reproducibility, especially when used on tissues not undergone a 

standardized fixation procedure, therefore, validation of the affinity between antigen 

and antibodies is an important but difficult task 
[26]

. False negative results can be 

caused by epitopes becoming inaccessible due to cross-linking or denaturation, and 

this is a more common problem when monoclonal antibodies are used rather than 

polyclonal antibodies. This is by the fact that monoclonal antibodies have single 

epitope recognition site 
[27]

. In immunohistochemistry, the ratio between the 

concentrations of antibodies and antigen are important. In order to improve antibody 

detection, the ratio between bound and free antigen should be increased as much as 

possible 
[28]

. Therefore, it is important to compare the results between various 

dilutions, for being able to have the strongest binding between antigen and antibody, 

and by that, have the best results.  

Former studies in our research group have shown that A126, produced against 

residues 24-34 of human SAA, functions well for immunohistochemistry and also, 

gives a good result in western blot analysis of protein AA amyloid. Antisera A125, 

produced against the same immunogen exhibits a weak reaction. However, in this 

study, analysis performed with A125 showed good results for IHC and the intensity 

were improved after antigen retrieval and rinse with TBS. Taken together our results 

from IHC and slot blot suggests that A125 can replace A126 under certain 

conditions. As already described, A126 have shown better results than A125, but in 

this study both antisera showed great results, due A126 gave stronger intensity even 
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in this study. By the findings in this study, both A125 and A126 against hSAA 24-34 

can be used to detect amyloid. 

Because of the variability and specificity of antibodies, for target proteins, they are 

invaluable in amyloidosis research. To get an increased understanding of protein 

expression, localization and function, it is important to find specific and well-

validated antibodies. Even the use of SDS-PAGE has limitations, and therefore it can 

be a difficult technique to use for antibody validation and protein research, since 

SDS-PAGE run under denaturing conditions 
[29]

. 

As described by Oskarsson ME., et al in “In vivo seeding and cross-seeding of 

localized amyloidosis: a molecular link between type 2 diabetes and Alzheimers 

disease” 
[30]

, there is a wealth of knowledge concerning formation of amyloid fibrils 

in vitro, but very little is known as to how different forms of amyloid proteins 

interact and how amyloid is initiated in vivo. To be able to come up with strategies 

preventing fibril conformation, it is crucial to understand the protein folding. Many 

treatments strategies are based on antibodies specific for one amyloid type or 

antibodies that are specific to amyloid fibril structure. If such monoclonal antibody 

could be identified, it could be used instead of Congo red. Further studies are needed 

on this issue, and on the nature of enzymes involved in the conformation of amyloid 

fibrils.   

In the present study, antibodies against amyloid proteins have been studied and 

validated. In diagnosis and research of amyloid proteins, well-validated antibodies 

are of great importance. If the work is done with unspecific antibodies, this can lead 

to a positive staining even when there is no target protein present, or give a 

misleading subcellular localization of proteins 
[26]

. A work with unspecific antibodies 

can also give false negative results, so work with specific antibodies are of enormous 

importance 
[31]

. And in conclusion, the results from the characterization of antisera in 

this study should be a great help in clinical work on amyloid and to ensure correct 

diagnosis.  
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