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Introduction 

The human being consists of a machinery of millions of cells, constantly 
working together in a complex system for maintaining life. The cells are 
programmed according to the genetic code, thus organizing and supervising 
molecular mechanisms and reactions throughout the body. The genetic code 
comprises millions of nucleotides, enfolded into a double helix spiral called 
deoxyribonucleic acid or most commonly known as DNA1. The DNA en-
codes for proteins, which in turn perform designated functions in the cells. 
Today, the human genome consists of 22,258 known protein-coding genes 
(Ensembl version 55.37)2. The first draft of the human genome sequence was 
reported in 2001 3,4 and three years later the human genome sequence was 
considered as completed 5. The effort of publishing the human genome se-
quence has made it possible for scientists all over the world to access ge-
nomic information through web-based databases such as, UniProt and En-
sembl 2,6. These databanks contain comprehensive information regarding 
genes and their protein products, and are highly valuable assets for the re-
search community. 

Revealing the human genome sequence has resulted in enhanced interest 
in the structure and function of proteins, and their potential role in cancer 
and other diseases. An attempt to generate a protein database containing 
binders for all human protein encoding genes started in 2003 with The Hu-
man Protein Atlas (HPA) project 7. So far the protein database has resulted in 
over 7,000,000 images of protein expression in normal and cancer tissues 
and cells. This large-scale effort is further described in the affinity reagent 
chapter (page 18).  

This thesis is based on the work of four research papers and the following 
chapters will give an introduction to the protein field and some of the most 
common techniques used for investigating our extraordinary proteins.  
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Proteins 

Proteins are present in all living cells, performing functions that are con-
trolled by advanced mechanisms. Far from everything is completely under-
stood and research is essential to fully comprehend the complexity of cellu-
lar mechanisms and protein interactions. The central dogma in molecular 
biology describes the flow of genetic information in a cell, involving replica-
tion of our genetic code, transcription of DNA into messenger RNA 
(mRNA) and translation into protein (Figure 1)8. In order to become func-
tional, most proteins undergo post-translational modifications (PTMs) that 
are performed by enzymes in different cellular compartments, such as the 
endoplasmic reticulum (ER) and Golgi apparatus. PTMs include for in-
stance, glycosylations, phosphorylations and proteolytic cleavage 9,10.  

DNA

Replication Transcription

mRNA

AAAAA

PROTEIN

Translation

 
Figure 1. The central dogma of molecular biology. The dogma involves replication 
of DNA, transcription into messenger RNA (mRNA) and translation into proteins. 

Proteins perform several functions in the living cell, e.g., catalyzing bio-
chemical reactions, transport nutrients or providing structure of cells by in-
volvement in the extracellular matrix. Proteins are also involved in blood 
clotting, muscle contractions and in the immune response system. 

Proteins are polymers consisting of a chain of amino acids (polypeptide). 
The amino acids represent building blocks that exist in twenty different vari-
ants. These variants can be assembled into various combinations, forming 
the primary structure of the protein. The linear structure of the chain folds 
into α-helical structures and β-sheets, characterizing the secondary structure. 
Finally, the protein folds into a three-dimensional shape, the tertiary struc-
ture, to become functionally active. Some proteins consist of multiple inter-
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acting polypeptide chains and can thereby form a quaternary structure. Fac-
tors such as amino acid composition and structure determine the physical 
and chemical properties of the protein, thus deciding its designated function 
and localization 9,11.  

The amount of a certain protein differs in various cell types or even in dif-
ferent cellular compartments within the cell. Some proteins are present in 
low levels while others are continuously highly expressed. Circumstances 
such as cell division, activation of the defense system or disease can also 
affect protein fluctuations. Variations in protein expression levels are there-
fore of interest in biomarker discovery, where proteins can be used as thera-
peutic tools for instance in cancer treatments 12-14. 

Proteomics 
To describe all proteins expressed by a genome, the term “proteome” is used 
15. As previously mentioned, the human proteome consists of genes coding 
for around 22,000 non-redundant proteins, given that every gene locus en-
codes for one single protein. Since proteins exist in different isoforms and 
variants due to events such as alternative splicing and PTMs, the total num-
ber of proteins within the human proteome differs. Alternative splicing is 
estimated to generate 50,000 to 100,000 protein variants, thus resulting in 
different quantities depending on protein classification 16. 

Within the proteomics field, platforms for protein characterization can be 
divided into two main technological strategies: separation-based and affin-
ity-based techniques. Separation-based techniques involve separation of 
proteins on a matrix, generally using sodium dodecyl sulfate polyacrylamide 
gels (SDS-PAGE) and two-dimensional electrophoresis (2DE). The gel is 
subjected to a field current, enabling separation based on protein mass and 
isoelectric point (Ip) 17. Visualization of proteins is accomplished by staining 
with Coomassie blue or the more sensitive silver staining 18. Inability to de-
tect proteins of low levels and lack of protein quantification in multiple sam-
ples simultaneously, has led to the development of the difference gel elec-
trophoresis (DIGE) technique 19. This approach enables protein detection in 
several samples on the same gel and visualization is performed using fluo-
rescent dyes 20.  

Protein identification, when using separation-based techniques, is fre-
quently performed in the combination with mass spectrometry (MS) and 
bioinformatic tools. MS measures mass-to-charge ratio (m/z) of charged ions 
by ionization of molecular samples. The two main techniques for ionization 
involve electrospray ionization (ESI) and matrix-assisted desorp-
tion/ionization (MALDI) 21,22. ESI provides direct ionization of proteins and 
peptides in solution and the particles are then selectively released to a detec-
tor for registration of the number of ions at each m/z value. In the MALDI 



 14 

technique, samples are mixed with an organic compound (matrix) prior to 
ionization and the technique is often used in combination with the time-of-
flight (TOF) mass analyzer, resulting in peptide mass mapping (fingerprint-
ing) 23,24.  

The technology can be used for different types of protein investigations, 
such as defining protein interactions, analysis of PTMs or studying the pro-
teome content in tissue samples 10,25. The affinity or probe-based detection is 
the other approach for characterization of proteins and will be described in 
the following chapters. 
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Affinity reagents for protein detection 

Protein detection using affinity reagents provide a large resource within clin-
ical pathology and life science. Affinity or probe-based protein detection 
techniques have in common that a probe or binder needs to be present. Af-
finity reagents can e.g. be antibodies, antibody fragments or oligonucleo-
tides. This chapter will describe different types of antigens and affinity re-
agents with special focus on antibodies. 

Antigens 
An antigen is defined as a foreign substance that induces an immune re-
sponse, i.e. generation of antibodies, when administered into host species. 
The small site on the antigen, where the antibody binds to its complementary 
position, is called the epitope. In order for the antibody to recognize its cor-
responding antigen, it is essential that the epitope is available for binding and 
not altered due to environmental changes, such as denaturation. Denaturation 
can occur through protein fixation methods, pH changes or heating, and can 
affect the ability of the antibody to bind to the protein 26.  

Antigens are often proteins or polysaccharides but can also include nu-
cleic acids or lipids. Smaller peptides or other substances (called haptens) 
can also function as antigens but often need to be coupled to a larger carrier 
protein to induce an immune response. 

Three types of antigens are used in the field of antibody-based pro-
teomics: small peptides, full-length proteins and recombinant proteins. A 
peptide comprises a small part of a protein, usually consisting of 15 amino 
acids, thus making the limited size small enough for linear conformation 
27,28. On the other hand, full-length proteins can adopt the conformation of 
the native protein, but to ensure proper folding they should be expressed in a 
system where correct folding is possible e.g. in mammalian cells 29. Anti-
body-based proteomics with full-length protein antigens may not be the op-
timal choice due to the slow production procedure and laborious handling of 
these antigens. The third antigen type, recombinant proteins, is generated by 
fusion of one part of the protein to a tag. The recombinant protein can after 
host cell immunization, be utilized for affinity-purification of the antibodies. 
The length of the recombinant protein is not restricted and can thus be longer 
than peptide antigens. Monoclonal and polyclonal antibodies have success-
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fully been generated using recombinant antigens 30,31. One example is Pro-
tein Epitope Signature Tags (PrESTs), which are designed using gene se-
quence information and bioinformatic software tools 2. Each PrEST consists 
of 50-150 amino acid residues and is selected avoiding homology regions, 
transmembrane regions and hair-pin loops. Antibody cross-reactivity is pre-
vented by carefully designing PrESTs with low sequence identity to other 
proteins. The recombinant PrEST protein consists of the PrEST sequence 
together with histidine and albumin binding protein (ABP) 32. The histidine 
tag is used for PrEST purification prior to immunization, to ensure correct 
antigen. Albumin binding protein is used for enhanced immune response and 
together with the histidine-tag later used for affinity-purification of the poly-
clonal antibodies.  

Antibodies 
For many decades, antibodies have played an essential role in the history of 
protein detection. Antibodies naturally exist as part of the specific immune 
system and their main function is to detect foreign substances and target 
them for elimination. Foreign substances can for instance be pathogens such 
as bacteria or viruses invading the human body. 

Antibodies are glycoproteins belonging to the immunoglobulin (Ig) fam-
ily and are produced by white blood cells, B-lymphocytes, either as mem-
brane bound or secreted. The secreted antibodies recognize antigens that 
trigger the immune response, while antibodies bound to the membrane of B-
lymphocytes have receptor functions for antigens 33,34. The Ig-family com-
prises five antibody classes (isotypes) but the most frequently used are IgG 
and IgM. The antibody molecule is composed of two identical light polypep-
tide chains (L) and two identical heavy polypeptide chains (H), linked to-
gether by disulphide bonds (Figure 2). The structure also contains a hinge 
region, providing flexibility to the antibody molecule. The polypeptide 
chains are further divided into variable (V) and constant (C) regions, where 
the variable regions of the heavy (VH) and light (VL) chains form the anti-
gen-binding site. The N-terminal part of the antigen-binding site consists of 
six hypervariable domains, providing wide molecular recognition. The range 
of recognition is determined by the diversity of antibody gene combinations 
35,36.  
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Figure 2. Schematic illustration of an antibody molecule (IgG) and scFv fragment. 
The IgG molecule consists of two heavy chains (dark grey) and two light chains 
(light grey), while the scFv only contains the variable regions of chains. 

Different types of antibodies are available, e.g. monoclonal (mAb), poly-
clonal (pAb) and monospecific (msAb), with various properties and produc-
tion strategies. Depending on target molecule for antibody binding and pro-
tein detection method used, different types of antibodies are applicable. 

Monoclonal antibodies 
Monoclonal antibodies (mAbs) are widely used in clinical diagnostics and 
research due to their ability of binding molecular targets with high specific-
ity 37. The antibodies are generated by immunization of antigen into host 
species, commonly mice. This was first described in 1975 by Köhler and 
Milstein, who successfully fused mouse B-lymphocytes with myeloma cells, 
in order to form immortal hybridoma cells 38. The advantage of using hybri-
domas is the rapid and continuous generation of identical antibodies. MAbs 
recognize only one single epitope on the antigen and are thus advantageous 
to use in e.g. therapeutic applications. However, mAbs can be vulnerable to 
chemical treatment on target cells, that can cause loss of epitopes 33. For 
large-scale efforts or multi-application strategies, mAbs may be less suitable 
39. 
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Polyclonal antibodies 
Polyclonal antisera are pools of antibodies recognizing multiple epitopes on 
the antigen 40. Polyclonal antibodies (pAb) can be raised in different host 
species, but rabbits are frequently used. Production of pAbs in rabbits is 
advantageous primarily due to their easy maintenance and high yield of se-
rum. The antigen is injected intradermally or subcutaneously and in order to 
maintain or increase antibody levels, booster injections are administered 
repeatedly. Polyclonal antiserum is collected and can be used in an unpuri-
fied or purified form. Blood, from which clotting proteins and red blood 
cells have been removed, is referred to as antiserum 34. Purification of antise-
rum can be performed using affinity chromatography. Because pAbs recog-
nize several epitopes on the antigens, they are more tolerant towards epitope 
modifications due to e.g. chemical treatment. This feature is advantageous 
for protein detection in multiple applications 39,41. However, lack of repro-
ducibility and the relatively low yield of affinity-purified pAbs from each 
immunization, make them less favorable in some settings. 

Monospecific antibodies 
Monospecific antibodies (msAbs) are multi-epitope binders of polyclonal 
origin that are generated using unique PrESTs as antigens (described in the 
Antigen section). The recombinantly generated PrEST protein is immunized 
into host species (preferably rabbits) and polyclonal antiserum is collected 
and affinity purified 42. The polyclonal antibodies are called “monospecific” 
because the collected serum is purified in two steps. Firstly, using a deple-
tion column where antibodies towards histidine and ABP are removed, and 
secondly, with affinity chromatography using the recombinant PrEST pro-
tein as ligand, thus generating specific msAbs recognizing various epitopes 
on the antigen with less unspecific binding 43. Due to the relatively conven-
ient generation, the msAbs are suitable for large-scale production and can 
successfully be used in several high-throughput applications 16,44. The major 
disadvantage with all antibodies of polyclonal origin is the lack of a renew-
able source. Previously designed antigens can be re-immunized into host 
species, but the polyclonal sera will not contain identical antibodies possess-
ing the same properties as previously generated antibody batch. 

Large-scale generation of monospecific antibodies 
The Swedish Human Atlas project is a large-scale effort aiming to map the 
human proteome using msAbs 7,45. The project has over the years produced 
over 8000 monospecific antibodies towards known and unknown proteins of 
the human proteome 46. Validation of the monospecific antibodies is impor-
tant and several techniques are utilized for quality assurance. The msAbs are 
used for screening proteins in normal and cancer tissues and images of pro-
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tein expression are displayed in a web-based atlas (www.proteinatlas.org), 
available for the scientific society to exploit 47,48.  

Other affinity binders 
Other affinity binders, with versatile molecular binding properties, are avail-
able. These binders are generated by in vitro methodologies with the advan-
tage of being reproducible, and thereby circumvent the need for immuniza-
tion in host species 49,50.  

Antibody fragments can be utilized as affinity reagents for protein detec-
tion assays. The single chain variable fragment (scFv) is a well-known anti-
body fragment obtained by protease digestion. The variable regions of the 
heavy and light chains, VH and VL , are separated from the antibody mole-
cule and linked together artificially by a peptide linker, thus generating the 
scFv (Figure 2) 51. The small size of scFvs, with maintained antigenicity, can 
sometimes be an advantage compared to larger antibody molecules. Another 
advantage is the generation of fragments via recombinant selection and ex-
pression by e.g. phage display technology 52. 

Recombinant antibodies or peptide ligands that bind targets of interest, is 
another example of affinity binders that can be selected using the phage dis-
play technology. The technology is based on libraries of phages presenting 
different proteins, including antibodies or peptides, on their surface 53. The 
protein of interest is fused together with a coat protein of a bacteriophage, 
and the complex is later inserted into the phage genome, resulting in expres-
sion of the target protein on the surface of the phage. The phage library is 
incubated with the target (e.g. on a plate or bead) and phages that bind spe-
cifically are eluted and amplified. This process is repeated until a desired 
pool of phages is collected and characterized 54-56. Examples of affinity bind-
ers that can be selected by the phage display technology are Affibodies. 
They are small proteins of 58 amino acids, based on the IgG antibody do-
main of protein A (a surface protein of staphylococcus aureus). Affibody 
libraries consist of a multitude of ligand variants with identical backbone but 
variable surface-binding properties. Affibodies are mainly used in biotech-
nology research but also in biotherapeutics 57. 

Aptamers are affinity reagents that are composed of single stranded DNA 
or RNA molecules, selected from in vitro generated libraries. The aptamers 
form a complex three-dimensional shape with high affinity for the target 
molecule 58. SELEX (Systemic Evolution of Ligands by EXponential En-
richment) is an in vitro procedure for identifying aptamers and the process 
involves generation of large populations of nucleic acid molecules. The pop-
ulation is incubated with the target of interest (e.g. a peptide, protein, or 
small molecule) and molecules with highest affinity for the target are se-
lected. These target bound molecules are separated, purified and thereafter 
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amplified using polymerase chain reaction (PCR) 59. The molecules are used 
for generating a new population library for further selection cycles. This 
procedure is repeated several times until individual molecules, i.e. aptamers, 
with high affinity for the target are selected 60,61.  

Affinity-based detection 
Among the affinity-based detection techniques, various protein array formats 
are included. The techniques are based platforms for the affinity reagent to 
bind the protein of interest and include enzyme-linked immunosorbent assay 
(ELISA), Western blotting, immunohistochemistry (IHC) and immunofluo-
rescence.  

The ELISA assay is based on measuring the amount of single proteins in 
solutions and has extensively been used for many years 41. However, in the 
past few years, the interest of measuring various proteins simultaneously in a 
solution has increased. This has lead to the development of antibody or pro-
tein arrays in three different formats: direct antibody arrays, sandwich arrays 
and reverse phase protein arrays 62-64. In the direct antibody array, antibodies 
are coated to the platform and already labeled proteins are allowed to bind. 
In the sandwich array, a dual-antibody format is used. This begins with one 
antibody already fixed onto the platform when proteins are added. The de-
tection is completed when a second antibody, tagged with an enzyme for 
visualization, is added and binds to the antibody-protein complex. In the 
reverse phase protein array, the proteins are coated onto the platform and 
detection is visualized by the binding of labeled antibodies 65. 

Western blot is a frequently used antibody-based detection technique, in 
which proteins are separated according to their weight, using gel electropho-
resis (Figure 3)66. The methodology can be used for identifying target mole-
cules in complex protein mixtures. SDS-PAGE gels are often employed for 
protein separation and transfer of proteins onto membranes, usually polyvi-
nylidene difluoride (PVDF) or nitrocellulose, enabling recognition by anti-
bodies towards the protein target of interest. The antibody-antigen complex 
can be visualized using e.g. enzyme-based detection. During preparation of 
the samples used in Western blot, the proteins are denatured and epitopes are 
linearized, thereby limiting the types of antibodies suitable for this applica-
tion 67. 

IHC is widely used as protein detection method and is considered golden 
standard in clinical pathology. Tissues and cell samples are frequently used 
and evaluation is performed using light microscopy. This method will be 
further presented in the next chapter. Immunofluorescence is also commonly 
used, generally for cells or cell lines. In this protein detection method anti-
bodies towards the target proteins are coupled to fluorophores and together 
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with organelle-specific markers visualization is established (Figure 3). Con-
focal microscopy is used for evaluation of protein detection. 

 
 
 
 
 
 
 
 

 

 

 

 

Figure 3. Examples of affinity-based protein detection techniques. In this figure the 
same antibody has been used for IHC staining in pancreas tissue (brown color repre-
sents protein detection), immunofluorescence in cell lines (green color = protein 
detection, blue color = cell nucleus, red color = cytoskeleton) and Western blot. 

A rather recent technology based on affinity reagents containing oligonu-
cleotide extensions, is proximity ligation 68. Two or more reagents (or 
probes) need to bind the target protein, and upon binding, the DNA strands 
can be ligated together in a reaction dependent on the proximity of the bind-
ers 69. In order to get an enhanced signal for protein detection, the strands are 
amplified using PCR. The PCR products, i.e., ligation products, reflect the 
amount of target molecules (proteins) detected in the sample. For visualiza-
tion, fluorescence is used. In order to estimate the protein amount, the fluo-
rescent light is compared to standard protein dilution series. This technique 
enables detection of very low amounts of proteins and the sensitivity of the 
detection is generally dependent on the affinity of the binders. The probes 
used in proximity ligation are preferably of high affinity, e.g., aptamers. One 
drawback is the limited availability of different aptamers and therefore 
mAbs or pAbs are often modified into suitable probes by addition of oli-
gonucleotide sequences 70.  

Immunohistochemistry Immunofluorescence Western blot 
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Immunohistochemistry 

Immunohistochemistry (IHC) is a powerful technique widely used in clinical 
histopathological diagnosis and research for detection of proteins in tissues 
and cells. The technology has developed during the recent years, improving 
specificity and sensitivity. Today, the IHC application can be used in a high-
throughput fashion for studying proteins in various settings 71. Standardized 
procedures for the IHC process would be desirable but is unfortunately an 
issue today 72. Inter- and intra laboratory differences are major concerns and 
standardized procedures are ongoing to strengthen reliability of IHC out-
comes 73. The reliability of the technique is not only dependent on antibody 
quality, but also other important factors such as, tissue fixation and process-
ing, antigen retrieval and sensitivity of the protein detection system. This 
chapter will give insight into the IHC process and also discuss validation of 
the immunostaining results. 

Tissue fixation and processing 
In order to avoid enzymatic degradation of proteins and preserve cellular 
components, tissues used in IHC require fixation. Fixatives stabilize cells 
and tissues, and also prevent autolysis by inactivating lysosomal enzymes 
and inhibiting growth of bacteria and molds. A commonly used fixative is 
neutral-buffered formalin (10%), containing 4% formaldehyde, owing to its 
low cost, simple preparation and good preservation of morphology 74-76. The 
fixation process should start immediately after surgical removal of tissue 
(maximum 30 min delay) and requires 24 to 48 hours 73. The fixation process 
is followed by dehydration (in graded alcohols and xylene) and embedding 
71,77. Paraffin is frequently used for embedding and denatures proteins to 
some extent, thus requiring deparaffinization and most often antigen re-
trieval prior to IHC stainings 73.  

An alternative to paraffin embedded formalin fixed (FFPE) tissues is the 
use of frozen tissues. The tissues are snap frozen and do not require fixation, 
although fixation is sometimes used for improving morphology 76,78.  
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Fixation mechanisms 
Pathology archives consist of extensive amounts of formalin-fixed paraffin 
embedded (FFPE) tissue samples from patients. Formalin provides fixation 
of proteins by a cross-linking mechanism. The cross-linking involves the 
formation of hydroxymethylene bridges between proteins or between pro-
teins and nucleic acids 79,80. Several attempts have been made to elucidate the 
mechanism for formalin fixation and it is thought to affect the side-chain 
groups on proteins by breaking hydrogen bonds and influence electrostatic 
interactions, thus altering the three-dimensional structure of the protein. The 
conformational changes induced by formalin affect antigen-binding sites, 
thus generally requiring antigen retrieval (unmasking of epitopes) (AR) for 
successful antibody binding 80,81. Morgan et al also proposed that calcium 
ions play a role in the fixing mechanism 82. Formalin is an aldehyde-based 
fixative and due to its drawbacks, such as modification of epitopes and the 
toxicity of formaldehyde, other fixatives have over the years been presented. 
Glyo-fixx is a dialdehyde-based fixative that induces only partial cross-
linking based on its chemical composition, including alcohol and glyoxal. 
The dialdehyde resembles the formaldehyde molecule but owns other prop-
erties 83. The active chemical agent, glyoxal, has in several studies provided 
well-preserved morphology and high-quality IHC staining results 84,85. Ad-
vantages with glyo-fixx are that AR is not always required and that it is less 
toxic. Another aldehyde-based fixative presenting high-quality immunostain-
ing results is Zink formalin 86-88. The use of zinc ions in the fixative solution 
is supposed to stabilize macromolecules towards changes caused by formal-
dehyde, preserving the three-dimensional structure of proteins. It has been 
suggested that one zinc ion forms a complex with four ligands e.g., amino 
acids such as cysteine and histidine, which in turn creates a stabilizing effect 
89. 

Non-aldehyde based fixatives also exist and include e.g., alcohol, acetone 
or salt-based solutions. Acetone and alcohol-based solutions fix tissues and 
cells by coagulation and is often used for cytological preparations. This 
process is irreversible and thus does not necessitate AR 90. Alcohol-based 
fixatives are usually combined with heavy metals and/or different buffers, 
and are known for preserving RNA and DNA in tissue and cell samples 91-94. 
On the other hand, tissues fixed with these fixatives often lack the well-
preserved morphology, otherwise provided by aldehyde-based fixatives. An 
example of a non-aldehyde based fixative that has been investigated is the 
zinc-based fixative (ZBF) introduced by Beckstead in 1994. The fixative 
consists of zinc salts in a Tris-Ca acetate buffer and the gentle fixation me-
chanism of ZBF has shown to be suitable for certain proteins 95,96-98. 
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Antigen retrieval 
In 1947-1948 Fraenkel-Conrat et al originally observed that the cross-linking 
mechanism of formalin could be reversed by high temperature or strong 
alkaline hydrolysis 99-101. The earliest methods were based on proteolytic 
digestion by enzymes such as trypsin, pepsin or proteinase K 102. The diges-
tion was thought to break methylene bridges caused by formalin fixation. In 
1991 Shi et al further presented the concept of performing microwave heat-
ing as antigen retrieval prior to IHC 103. The mechanism for heating, in order 
to break methylene bridges and display the antigen for antibody recognition, 
is not fully known. Several studies have proposed models for the AR mecha-
nism, concluding that heat appears to be an important factor 104 81,105,106. De-
spite the unclear mechanism of AR, the method is widely used in pathology 
laboratories as standard procedure for FFPE tissues 73,107,108. The technique is 
termed Heat Induced Antigen Retrieval (HIAR) and can be implemented 
using e.g., a decloaking chamber, microwave or autoclave 109-111.  

Other factors that appear to play a role in the efficacy of AR prior to IHC 
are the chemical composition and the pH of the retrieval solution 112,113. Dis-
tilled water can be used as AR solution, but antigens in general require buff-
ers with certain pH and ionic strength to achieve strong and specific stain-
ings in IHC 114. Frequently used AR solutions are e.g., citrate, Tris-EDTA or 
urea 82,115. Studies have also shown that the use of metal ions in the AR solu-
tion can improve IHC outcome 116,117. 

The concern with HIAR is that only some cross-links, in the form of 
Schiff bases, are reversible. Multi-epitope binding pAbs can therefore be 
advantageous to use, rather than mAbs, only recognizing single epitopes 
118,119. However, mAbs are widely used in clinical diagnostics on FFPE tis-
sues, indicating applicability in this setting. Sompuram et al investigated the 
effect of HIAR on binding of mAbs to protein epitopes 120. The study sug-
gested that well validated mAbs selected for clinical diagnostics recognize 
linear epitopes, thus making denaturation of epitopes due to heat irrelevant. 
The authors suggest that heat does not provide enough energy to break pep-
tide bonds of the linear determinants and would therefore explain the fact 
that clinically relevant mAbs recognize target proteins in FFPE tissues 121.  

Protein detection systems 
Detection systems have become more sensitive over recent years and auto-
mation has improved reproducibility 71. Different detection systems can be 
utilized in the IHC procedure to provide strong and specific stainings 122. The 
protein detection generally starts with binding of a primary antibody towards 
the molecular target of interest. An enzyme-labeled secondary reagent di-
rected against the primary antibody is then added (Figure 4). Examples of 



 25

secondary reagents, which in previous studies have shown strong signal in 
FPPE tissues, are enzyme-linked dextran polymers (illustrated to the right in 
Figure 4). They contain labeled secondary antibodies that can recognize 
primary antibodies raised in several species 123. This is advantageous for 
high-throughput IHC when using e.g. both mAbs and pAbs originated from 
mice and rabbits, respectively. 

 
 

tissue antigen

primary antibody

secondary antibody

DAB+H2O2 brown color

HRP

 
 

Figure 4. Schematic figure of the immunohistochemical staining reaction using two 
different secondary reagents. The figure to the left represents the IHC staining pro-
cedure with a primary antibody together with an enzyme-labeled secondary anti-
body. The figure to the right is a simplified illustration of the IHC reaction when an 
enzyme-linked dextran polymer is used as secondary reagent. 

The IHC technique utilizes enzyme-substrate reactions generating color vi-
sualization of the antigen-antibody complex. The secondary reagents are 
usually labeled with enzymes such as horseradish peroxidase (HRP) or alka-
line phosphatase (AP) 34. The HRP enzyme forms a complex with a sub-
strate, e.g. hydrogen peroxide (H2O2), in the presence of an electron donor. 
The electron donor “drives” the reaction and thus terminates it when absent. 
The donors become colored upon oxidation and are therefore called chro-
mogens. There are several chromogens available, for instance 
3,3´diaminobenzidine (DAB) that generates a brown color reaction product 
insoluble in organic solvents, and aminoethylcarbazole (AEC), resulting in a 
red color reaction product that is soluble in alcohol 37. The color reaction 
provides the final outcome of IHC to be evaluated using light microscopy. 
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Amplification of protein detection 
Proteins present in low levels in tissue and cells can benefit from enhance-
ment of the detection signal by e.g. tyramide amplification 124. The technique 
can provide an increase of the detection signal up to a thousand fold, when 
deposition of highly reactive biotinylated tyramide signals bind protein mo-
lecules where peroxidase is present 125,126. Another approach for signal en-
hancement is the rolling circle amplification (RCA). The technique was ini-
tially intended for detection of nucleic acids, but can be applied to IHC 127. 
In RCA, the enhancement of signal is achieved by DNA replication. Nucleic 
acid targets are recognized by an immuno-conjugate, and hybridization of a 
circular nucleotide acid probe to a RCA primer enables DNA replication. An 
enzyme labeled complex visualizes the signal enhancement and the tech-
nique has been reported to generate a 105 increase in signal 128. 

IHC validation 
A complex issue regarding immunohistochemical techniques is standardiza-
tion 129,130. As previously mentioned, variations in tissue sample preparation 
and fixation times lead to discrepancies in protein detection results 72,131,132. 
In order to use IHC as validation tool, it is critical that the outcome is repro-
ducible and reliable. A factor that should be taken into consideration when 
evaluating antibodies towards known proteins using IHC, is literature re-
search. Information about splice variants of genes, protein functions and 
expression in tissues are valuable when analyzing IHC results 6.  

The use of automated instruments performing IHC is an approach that in-
creases reproducibility and provides a high-throughput system 71. The auto-
mated instruments provide hundreds of tissue sections to be immunostained 
simultaneously under equal conditions. To further improve quality assur-
ance, the use of tissue microarrays (TMAs) is an efficient method for includ-
ing control samples into the same block later used in IHC 133,134. TMAs con-
tain a multitude of tissues in the same block and can be treated equally as a 
single FFPE tissue block. The TMAs can be used for optimizing antibody 
titrations or effectively screen several tissues simultaneously with antibodies. 
The concept of using TMAs in an automated IHC setting can therefore be a 
valuable tool for investigating antibodies in a large-scale setting. The TMA 
technology will be further discussed in the next chapter. 

Interpretation of IHC outcome is also a crucial factor affecting reliability. 
Manual interpretation using light microscopy is highly subjective and stan-
dardization is therefore desirable. Although efforts have been made to de-
velop scoring guidelines or systems for determination of protein expression, 
subjectivity is still an issue 135-137. Today, digital image analysis can be util-
ized and thus provides an interesting and important approach for analyzing 
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immunohistochemical stainings 138-140. Automated systems for evaluation of 
staining patterns are available and used for protein detection in tissues and 
cells 141,142. In a high-throughput IHC setting, automated image analysis of 
TMAs is a useful strategy for analyzing large amounts of samples. For tis-
sues, however, there are issues that limit this application. Due to the hetero-
geneous composition of tissues, i.e. containing cell types and structures of 
various sizes, the definition of immunoreactivity is challenging. For cells, 
high-throughput image analysis is available, for instance through the TMAx 
software tool. The software is part of an automated image analysis system 
that identifies fraction of positive cells and also determines staining intensity 
levels (weak, moderate or strong staining)143.  
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Tissue microarray technology 

Traditional methods of molecular pathology are often time consuming and 
large tissue resources are needed. The tissue microarray technology provides 
a high-throughput method that is time efficient and where the use of tissue 
resources are reduced 144. The tissue microarray (TMA) technology devel-
oped by Kononen et al, originated from the “sausage block” where a multi-
tude of different tissues were be embedded into a single paraffin block 134,145. 
The further developed TMA technology provided structure by placing tissue 
cores into a paraffin block in an organized grid-like fashion, thus effectively 
utilizing the space on one block (Figure 5) 146,147. The TMA is constructed 
using donor blocks, usually containing FFPE tissues, although frozen tissues, 
in vitro cultured cell lines and proteins have previously also been introduced 
148-151. Cylindrical cores, from 0.6-2 mm in diameter, are punched out from a 
donor block and transferred into a recipient paraffin block 152. This proce-
dure is performed for every tissue core and is today also available in an au-
tomated setting.  
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. IHC stained tissue microarray section with a magnified image of immuno-
reactivity (brown color) in tonsil tissue.  

The core depth is important for the amount of sections that can be obtained 
from an array. Usually a depth of 3 mm is used thus resulting in over 200 
TMA sections (4 μm thick) available for IHC 153,154. Tissue heterogeneity has 
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been a common concern when using small cores (0.6 mm). This problem can 
however be reduced by selection of the area of interest by experienced pa-
thologists and representation of tissue cores in at least duplicates 155-157. His-
tological and molecular detection techniques that can be used with regular 
sections, can also be used with TMAs. Immunohistochemical detection of 
protein expression in tissue specimens is a common application 144,158,159.  

TMAs are utilized for different purposes and can be designed and con-
structed according to study interest. An efficient approach for screening of 
potential diagnostic biomarkers is a TMA block composed of biopsies from 
multiple tumor types 160. TMAs can also be designed for studying variations 
in tumor progression or prognostic features from patients with clinical fol-
low-up data 161,162,163.  
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Present investigation 

Aims of the present investigation: 
 

• Evaluate affinity-purified monospecific antibodies for pro-
tein profiling in normal tissues 

 
• Investigate the impact of different fixation mechanisms on 

protein detection in tissue and cells 
 

• Evaluate the strategy of using paired antibodies towards the 
same protein, as a tool for antibody validation of unknown 
proteins  

 
 



 31

Results and discussion 

This thesis is based on validation and application of monospecific antibodies 
in a high-throughput setting. This chapter presents results and discussion of 
each paper and in the end, conclusions and future perspectives. 

Paper I 
Towards a human proteome atlas: High-throughput generation of mono-
specific antibodies for tissue profiling. 

The generation of specific binders for proteome profiling is crucial and in 
paper I, a strategy for producing antibodies using stringent purifications me-
thods in a high-throughput setting is presented. Protein-specific antibodies of 
polyclonal origin, called monospecific antibodies (msAbs), were generated 
and investigated regarding specificity in a novel reverse phase protein assay. 
Antibodies were generated by immunization of host species (rabbits) with a 
recombinant PrEST antigen, consisting of a dual tag (histidine and albumin-
binding protein). Polyclonal sera were collected and purified in two steps, 
firstly by depletion of tag-specific binders and secondly, affinity purified 
using the recombinant PrEST protein as ligand, thus generating msAbs. To 
evaluate antibody specificity towards the target protein, protein microarray 
analysis was performed. 464 msAbs were analyzed on arrays containing 72 
different recombinant PrEST proteins in duplicates. Results indicated that 
96% (446 out of 464) of the msAbs were specific for their target antigen.  

190 msAbs were further evaluated regarding protein target specificity in 
human tissues using immunohistochemistry (IHC). IHC was performed on 
tissue microarrays (TMAs) containing 48 normal tissues in triplicates, and 
evaluation of IHC stainings was performed by judging intensity and fraction 
of positive cells in each tissue type. Results demonstrated that 81% (154 out 
of 190 msAbs) recognized corresponding target antigens by presenting spe-
cific staining patterns in normal tissues. To further confirm true antibody-
binding in tissues, adsorption assays were performed for 25 msAbs. The 
msAbs were incubated with corresponding PrEST protein ligand prior to 
immunohistochemical staining and results revealed that all msAbs presented 
a negative staining pattern, i.e. disappearance of positive cells in the tissues. 
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Finally, four msAbs, designed towards well-characterized proteins, were 
compared with monoclonal commercial analogs regarding protein expression 
patterns in tissues. The proteins were selected to represent different sub-
cellular compartments such as, cytoplasmic (leukocyte common antigen), 
nuclear (estrogen receptor and proliferation related protein Ki-67) and mem-
branous (HER-2 receptor) localization. MsAbs and corresponding commer-
cial analogs presented similar immunohistochemical staining results, indicat-
ing reliable protein recognition with msAbs in this setting. Minor discrepan-
cies were however noted, for example, the msAb towards leukocyte common 
antigen (LCA) showed stronger staining intensity than the monoclonal 
commercial analog. This staining intensity differences could perhaps be ex-
plained by tissue variations (due to different patient biopsies), and/or loss of 
epitopes due to denaturating procedures during tissue processing prior to 
IHC. It could be further speculated that msAbs, due to their polyclonal prop-
erties, recognize several epitopes compared to monoclonal antibodies 
(mAbs), thereby perhaps explaining some differences in expression patterns. 

Paper II 
Evaluation of monospecific antibodies: A comparison study with commercial 
analogs using immunohistochemistry on tissue microarrays. 

In paper II, the strategy of using msAbs for profiling the human proteome 
was further investigated by comparing expression patterns with a larger set 
of well-established commercial analogs, widely used in pathology depart-
ments for histopathological diagnosis and for research. Paper II is therefore 
based on a more substantial comparison of msAbs and commercial antibod-
ies (cAbs), including both monoclonal and polyclonal analogs, using IHC 
and Western blot. 

In total, 48 msAbs and cAbs were selected and compared regarding pro-
tein distribution in tissue microarrays containing 40 normal tissues from 144 
individuals, using IHC. The antibodies were also compared regarding protein 
detection in cell lines (RT-4, U251 and A431) and tissue lysates (from liver 
and tonsil), using Western blot. For the cAbs, both monoclonal and poly-
clonal analogs were selected in order to elucidate speculations made in Paper 
I, regarding that staining differences could be explained by single or multi-
epitope recognition. 

Results from the antibody comparison demonstrated that 92% (44 out of 
48) of the msAbs and cAbs presented similar protein expression patterns in 
IHC stainings of normal tissues. A general interpretation was that msAbs 
presented a more extensive protein distribution in immunohistochemical 
stainings than monoclonal antibodies (mAbs), but with less background 
staining when compared to polyclonal analogs. The IHC stainings on 40 



 33

tissue types were judged and scored according to staining intensity and frac-
tion of positive cells, following certain criteria (see material and methods 
section in the article). 34 out of 48 (71%) antibody pairs presented similar 
staining patterns in ≥ 30 normal tissue types, whereas 44 out of 48 (92%) 
antibodies showed similar pattern in ≥ 20 tissue types. Four antibody pairs 
presented inconsistent staining patterns and were considered as dissimilar. 
The use of TMAs containing same tissue type but from different patients 
could perhaps affect the staining results.  

In the Western blot application, 21 of the msAbs and 22 of the cAbs de-
tected exclusively proteins of expected size. 7 of the msAbs and 15 of the 
cAbs did not detect proteins and were considered as negative, whereas 14 
msAbs and 7 cAbs detected proteins of incorrect size. Antibodies not be-
longing to these categories were regarded as uncertain. The relatively high 
number of negative results for the cAbs may be justified by the fact that not 
all cAbs were recommended for this application by the distributor. Other 
negative Western blot results could be due to the protein not being present in 
the samples. For antibodies regarded as uncertain, i.e. by detecting proteins 
of incorrect size, different post-translational modifications (PTMs) could be 
one explanation for the results. PTMs can alter protein structure and thereby 
possibly result in bands of other sizes. 

Generally, different factors such as PTMs or tissue fixation can influence 
comparison results but also the epitope-binding properties of the different 
antibody types. The advantage of using polyclonal antibodies (pAbs) is the 
multi-epitope binding of antigens, making them less vulnerable to epitope 
loss as compared to mAbs. In this study, we found that msAbs and pAbs 
presented more similar staining outcome than monoclonal cAbs. MsAb are 
of polyclonal origin but further purified than polyclonal cAbs, and could 
thus be an alternative for exploring known and unknown proteins of the hu-
man proteome. Contradictive results in Western blot and IHC (similar in one 
application but dissimilar in the other) may be explained by alternative pro-
tein denaturation procedures in the two applications.  

Paper III 
The impact of tissue fixatives on morphology and antibody-based protein 
profiling in tissues and cells. 

The involvement of tissue fixatives in protein detection is an important fac-
tor for understanding antibody-binding properties. Today, 10% neutral buff-
ered formalin (NBF), consisting of 4% formaldehyde, is commonly used for 
preservation of tissues in pathology departments and research facilities. Al-
though NBF is widely used, its cross-linking mechanism for fixation may 
not always be suitable. NBF fixed samples most often require antigen re-
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trieval, e.g., through heat (HIAR), for antibody-based protein detection and 
one concern is that all epitopes may not be retrieved by HIAR and thereby 
perhaps not available for antibodies to bind. Formaldehyde is also consid-
ered as carcinogenic and therefore an alternative fixative would be desirable. 

In Paper III, the impact of seven fixatives on protein recognition in tissues 
and cells was evaluated using IHC, protein extraction analysis and Western 
blot. The fixatives were chosen to represent different fixation mechanisms, 
divided into aldehyde-based (NBF, Glyo-fixx and Zn-formalin) and non-
aldehyde based fixatives (FineFIX, HOPE, NEO-FIX and ZBF). Eight nor-
mal tissue types and three cancer cell lines were fixed with each fixative, and 
the samples were assembled into a fixative TMA. The TMA was utilized in 
IHC with 72 antibodies and protein expression was manually determined 
according to intensity and fraction and compared to corresponding NBF 
fixed tissue (considered as baseline).  

 Results indicated that tissues fixed with aldehyde-based fixatives showed 
superior morphology and also presented most similar staining intensity, 
compared to NBF fixed tissues. For tissues fixed with non-aldehyde based 
fixatives, the results were generally weaker IHC stainings, and poorer but 
acceptable morphological appearance. For cultured cells, NEO-FIX was 
considered as the superior fixative, providing cells with excellent morphol-
ogy. In the immunohistochemical stainings, antibody dilutions were previ-
ously adapted for FFPE tissues and could therefore also partly explain 
weaker stainings for non-aldehyde fixed tissues. Approximately 15% of the 
antibodies presented discrepancies in staining patterns between NBF and 
alternative fixatives. Some alternatively fixed tissues displayed protein ex-
pression in concordance with literature findings, indicating that NBF not 
always is preferable. This could however not be related to certain types of 
proteins or particular sub-cellular compartments. 

Protein extraction analysis was also performed in order to investigate pro-
tein yield from differently fixed tissues. Liver and tonsil lysates fixed in 
NBF, Glyo-fixx, FineFIX, NEO-FIX and HOPE, were investigated. The 
results displayed that HOPE fixed tissues presented the overall highest pro-
tein yield of 203-243 ng/mm3, when including both tissue types. NBF fixed 
tonsil presented different protein yields in the two tissue samples, with the 
highest yield in tonsil tissue, 283 ng/mm3, but among the lowest yield  (84 
ng/mm3) of proteins from liver tissue. The lysates were further used in West-
ern blot with 13 antibodies in order to investigate quality of the extracted 
proteins and also to study protein detection in differently fixed tissues with 
another antibody-based application. The results from the Western blot analy-
sis indicated that tissues fixed in non-aldehyde based fixatives (HOPE, ZBF 
and NEO-FIX) detected most proteins and with highest quality. Only two 
proteins, keratin 17 and keratin 1, were detected in all fixed tissue lysates. It 
can be speculated that a fixative with a more gentle fixation mechanism, 
easier and independent of tissue type, can allow high amounts of proteins to 
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be extracted with good quality for Western blot analysis. In summary, the 
aldehyde-based fixatives were superior in morphology and IHC analysis but 
non-aldehyde based fixatives were preferable when performing protein ex-
traction and Western blot analysis. 

Paper IV 
Paired antibodies for multi-application validation of antibody specificity.  

The strategy of using msAbs for protein profiling has been investigated in 
previous papers. One challenge in the profiling of the human proteome is the 
investigation of unknown proteins, where no literature or information re-
garding protein expression is available. Paper IV presents an approach for 
generating two msAbs (called paired antibodies) towards non-overlapping 
epitopes on the same protein. These antibodies can thereby validate each 
other and thus be advantageous when studying e.g. unknown proteins.  

2280 msAbs towards 1140 proteins were studied by antibody-based tech-
niques in order to evaluate similarity in protein detection among the paired 
antibodies. The antibody pairs were divided into three cohorts based on pre-
vious validation data retrieved from the Human Protein Atlas project. 2280 
antibodies belonged to cohort 1 and were selected based on supportive speci-
ficity results in protein arrays. In cohort 2, 702 antibodies were selected 
based on more extensive validation results, and these antibodies were also 
published in the Human Protein Atlas database (www.proteinatlas.org). Fi-
nally, cohort 3 consisted of 486 antibodies (from cohort 2) that were ana-
lyzed with three different protein detection methods (IHC, Western blot and 
immunofluorescence), while the previous cohorts only were analyzed with 
two methods (IHC and Western blot). 

Antibody pairs were validated in several applications, IHC on tissues and 
cells, Western blot and immunofluorescence (IF) on three cancer cell lines. 
The results suggested that 28% of the antibody pairs in cohort 1 presented 
similar or partly similar results in IHC and Western blot applications. 8% 
antibody pairs were similar in both applications. For the further validated 
antibodies in cohort 2, 50% of the antibody pairs presented similar or partly 
similar results in the two applications, whereas 24% and 21% of the pairs 
were similar in IHC or Western blot respectively. In cohort 3, 42% of the 
paired antibodies were similar or partly similar in three applications, includ-
ing IF, whereas 17% of the pairs were judged as similar. In total 55% of the 
antibody pairs presented similar results in at least two out of three applica-
tions.  

The paired antibodies were also compared regarding other factors that 
might explain the similarity results, such as antibody concentration differ-
ences, number of splice variants etc. A statistically significant difference was 
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noted between antibody pairs presenting similar results in both IHC and 
Western blot. 53% of the antibodies in this category had a concentration 
above 0.17 mg/ml.  

Correlation analysis was also performed to compare similarity results in 
tissues and cell lines. Correlation data was obtained for 331 of the antibody 
pairs belonging to cohort 2 (where this data was available) and the similarity 
results with IHC and Western blot were compared to automated image anal-
ysis data (TMAx) on cell lines. The correlation analysis verified the similar-
ity results by presenting higher correlation among the antibody pairs consid-
ered as similar in both IHC and Western blot, and lower correlation for pairs 
demonstrating differences in one or both applications.  

In summary, this study presented an extensive antibody pair strategy for 
validating protein detection in several applications. The approach of using 
two antibodies towards the same protein can be a useful tool for investigat-
ing known and unknown proteins of the human proteome. 

Conclusions and future perspectives 
This thesis is based on the use of monospecific antibodies for proteome wide 
profiling. The papers give insight into the performance of msAbs in different 
applications, comparisons and validation strategies. Paper I discusses the 
high-throughput setting of antibody production and confirms the strategy of 
generating specific polyclonal protein binders in this fashion. Paper II pre-
sents an extension of the previous paper, and focuses on a comparison of 
monospecific antibodies with well-established commercial analogs. The 
study brings additional understanding to the expression patterns of msAbs 
compared to polyclonal and monoclonal cAbs. Paper IV presents an attempt 
to approach the issue of characterizing unknown proteins by using paired 
antibodies. The paired antibodies are evaluated with different antibody-based 
techniques, generating similar results in several applications. Paper III, fo-
cuses on fixation mechanisms and their impact on protein detection when 
using antibody-based methods.  

Altogether paper I, II and IV concludes that msAbs, from polyclonal ori-
gin, are beneficial in multiple application efforts and that these antibodies 
successfully can be used for protein profiling in human tissues and cells. 
Paper III indicates that fixation mechanisms can affect protein recognition, 
thus suggesting that various fixatives are applicable for different protein 
detection applications. The study concludes that aldehyde-based fixatives are 
preferred in applications involving morphology and immunohistochemical 
stainings and that non-aldehyde based fixatives may be suitable for protein 
extraction and western blot. A universal fixative still remains to be found, 
but this study gives some perspectives into fixation mechanisms and applica-
tions using a large set of antibodies. 
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For future studies, the first draft of the human proteome is estimated to be 
achieved in 2015 within the HPA project. The future for msAbs lies not only 
in the completion of the Human Protein Atlas, but they will hopefully be 
further utilized by researchers for investigation of protein functions, interac-
tions and molecular biomarkers for disease. Already, potential biomarkers 
for various cancers have been identified 164,165. MsAbs can further be used on 
differently designed TMAs, representing other diseases than cancer and per-
haps also include larger quantities of other tissues and cell types. The use of 
TMAs with clinical follow-up data of patients with the same disease can 
give more insight into protein expression and future treatment strategies. 
Protein profiling in tissues and cells together with additional proteomics-
based applications will perhaps enable personalized patient therapies in the 
future. 

Since the proteome can be differently defined, containing millions of pro-
tein variants due to PTMs and alternative splicing, the designing of specific 
and reliable affinity binders will become more challenging. Validation of 
antibodies is crucial and requires further efforts to enable profiling of protein 
variants that might have large sequence similarities with each other. Anti-
bodies will have an important role in future studies and perhaps the attempt 
of generating several antibodies towards non-overlapping epitopes on the 
same protein will become an implemented strategy for antibody validation. 

MsAbs can also be utilized for protein profiling in different species. Al-
though msAbs are raised towards human proteins, studies have shown suc-
cessful protein detection in for instance rodent tissue 166. This effort has re-
sulted in a rodent protein atlas, using msAbs for protein profiling in brain 
tissue from rat 167. Another ongoing study aiming at protein profiling using 
msAbs, is the comparison of protein expression in human and primate tis-
sues. The study has so far presented promising results (unpublished) and will 
hopefully give insight into protein expression evolution. 

The future for IHC will hopefully allow automated imaging of IHC stain-
ings in tissues for high-throughput analysis of the immense amounts of data 
that constantly are generated in large-scale efforts. Also collaborations 
across fields are beneficial, such as proteomics using MS based technologies 
with histopathological research. Lately, strategies of using MS for revealing 
all proteins within one tissue section have been investigated, but the tech-
niques still need further development in order to be utilized on the extensive 
pathology archival material consisting of FFPE tissues 168-170. By aiming at 
studying proteins and proteomes from different perspectives, I believe the 
future will bring very interesting advancements to look forward to. 
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Populärvetenskaplig sammanfattning 

Människan består av ungefär 22 000 gener som utgör vår genetiska kod, 
även kallad DNA. Den genetiska koden upptäcktes av forskare i HUGO 
projektet under 2003. I och med att den genetiska koden väl var tillgänglig 
så har arbetet kring vad dessa gener gör fortsatt. Generna fungerar som en 
programmeringskod för proteiner, som alla har viktiga funktioner i vår 
kropp. Ett forskningsprojekt med målet att karaktärisera alla människans 
proteiner är ”The Human Protein Atlas project” (HPA). Genom att till en 
början lokalisera i vilka vävnader proteinerna finns, kan man vidare studera 
deras funktion och struktur. I projektet studeras proteiner i normal- och can-
cervävnad, i hopp om att hitta olikheter i exempelvis proteiners lokalisering, 
vilket i sin tur kan leda till en diagnostisk markör för en viss cancerform. 
HPA-projektet har som mål att i ett första steg identifiera var i våra organ 
proteinerna finns och sedan publicera bilder av lokaliseringen i en web-
baserad proteinatlas (www.proteinatlas.org). 

Syftet med denna avhandling är att lokalisera människans proteiner i olika 
vävnader och celler med hjälp av målsökande molekyler som kallas för an-
tikroppar. Dessa antikroppar är tillverkade i HPA-projektet och känner igen 
specifika proteiner och kan binda till dessa. Genom att använda metoder som 
exempelvis immunhistokemi, kan proteinerna upptäckas i vävnad med hjälp 
av en brun färgmarkör. Det första delarbetet i denna avhandling beskriver en 
strategi för att tillverka och utvärdera antikroppar med hjälp av en protein-
plattform (protein array) och immunhistokemi. Plattformen innehåller hund-
ratals proteiner och på denna kan en antikropp tillsättas som då binder in till 
proteinet som den känner igen. På detta sätt kan man säkerställa att antikrop-
pen verkligen binder till ämnat protein och att den inte korsreagerar med 
andra proteiner. När man arbetar med proteiner så är det mycket viktigt att 
antikropparna som används är specifika, att de endast binder till avsett prote-
in för att få ett tillförlitligt resultat. När denna specificitet har säkerställts 
utvärderas antikroppen på vävnader från patologiska arkiv innehållande bi-
opsier från patienter. För att underlätta hanteringen av många vävnader och 
även reducera användandet av värdefullt patientmaterial, kan man tillverka 
”vävnadsarrayer” (TMA). Detta innebär att istället för att testa en antikropp 
på en vävnad (från en klots), kan man montera ihop hundratals små delar av 
olika vävnader i en och samma klots. I dag finns det automatiserade instru-
ment som tar små cylinderformade stansar (1 mm i diameter) från varje väv-
nadsklots och monterar dem samman i en enda TMA-klots. Klotsarna skivas 



 39

sedan i tunna skivor (4 μm) som kan läggas på glas som kan användas i mik-
roskop. Genom exempelvis immunhistokemi kan sedan antikroppen utvärde-
ras. I mikroskop är det möjligt att genom den bruna färgmarkören lokalisera 
proteiner i olika vävnader. I det första delarbetet utvärderades antikropparnas 
specificitet d.v.s. hur väl de kände igen och band till respektive protein. Ar-
betet visade att de effektiva sätt (proteinplattform och immunhistokemi på 
TMA), som beskrivs ovan, att tillverka och utvärdera antikroppar fungerar 
för att generera pålitliga målsökande molekyler mot människans proteiner. 

Det andra delarbetet består av en jämförelsestudie mellan de egentillver-
kade antikropparna (kallade monospecifika) och väletablerade kommersiella 
antikroppar som bl.a. används inom den patologiska diagnostiken. Totalt 
jämfördes 48 monospecifika antikroppar med kommersiella antikroppar 
(som kände igen 48 olika proteiner) genom två olika metoder för proteinde-
tektion i normal vävnad. Studien visade att 92% av de egentillverkade mo-
nospecifika antikropparna hade liknande proteinlokalisering som de väleta-
blerade kommersiella antikropparna. Studien visade att monospecifika an-
tikroppar kan användas för vidare forskning av proteiner i vävnad. 

Det tredje delarbetet fokuserar på hur man kan använda monospecifika 
antikroppar för att studera skillnader i proteinlokalisering i vävnader som 
behandlats på olika sätt. När vävnadsprover tas, exempelvis biopsier från 
patienter eller från operation, skickas de till patologilaboratoriet för diagnos-
tisering. Det är mycket viktigt att vävnadsprovet snarast fixeras, t.ex. genom 
att lägga biten i en speciell fixeringslösning i 24 timmar. Fixeringen är nöd-
vändig för att proteiner och celler ska bibehålla sin struktur och inte brytas 
ner av enzymer. I denna studie ville vi undersöka hur olika fixeringslösning-
ar påverkar proteiners lokalisering i vävnad. I dag används generellt formalin 
som fixeringslösning inom patologisk diagnostik, men en universell fixe-
ringslösning som passar för alla proteiner, vävnader och metoder finns ännu 
inte. I denna studie utvärderades sju olika fixeringslösningar baserade på 
olika mekanismer för att fixera proteiner och celler. Resultatet av undersök-
ningen visade att fixeringslösningarna påverkade proteiners lokalisering till 
en viss del. Olika fixeringslösningar är lämpliga beroende på vilken metod 
man använder för att upptäcka proteiner. 

I det fjärde delarbetet presenterades en strategi för att tillverka två mono-
specifika antikroppar (kallade par-antikroppar) som känner igen olika delar 
av samma protein. I denna studie undersöktes hur väl 1140 par-antikroppar 
detekterade proteiner med tre olika metoder. Studien visade att par-
antikropparna till största del uppvisade likadan proteindetektion i en eller 
flera av metoderna. Förhoppningsvis kan strategin att tillverka par-
antikroppar kunna öka tillförlitligheten av okända proteiners lokalisering i 
vävnader.  

Alla delarbeten som ingår i denna avhandling pekar på att monospecifika 
antikroppar kan användas för att upptäcka proteiner i vävnader och celler. 
Vidare kan dessa antikroppar bidra till en tillförlitlig kartläggning av alla 
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människans proteiner, som i sin tur kan leda till framtida proteinmarkörer för 
olika sjukdomar. 
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