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      Antibody-Based Proteomics                     

     Christer     Wingren    

    Abstract  

  Antibody-based proteomic approaches play an important role in high- 
throughput, multiplexed protein expression profi ling in health and disease. 
These antibody-based technologies will provide (miniaturized) set-ups 
capable of the simultaneously profi ling of numerous proteins in a specifi c, 
sensitive, and rapid manner, targeting high- as well as low-abundant pro-
teins, even in crude proteomes such as serum. The generated protein 
expression patterns, or proteomic snapshots, can then be transformed into 
proteomic maps, or detailed molecular fi ngerprints, revealing the compo-
sition of the target (sample) proteome at a molecular level. By using bio-
informatics, candidate biomarker signatures can be deciphered and 
evaluated for clinical applicability. The approaches will provide unique 
opportunities for e.g. disease diagnostics, biomarker discovery, patient 
stratifi cation, predicting disease recurrence, and evidence-based therapy 
selection. In this review, we describe the current status of the antibody- 
based proteomic approaches, focusing on antibody arrays. Furthermore, 
the current benefi ts and limitations of the approaches, as well as a set of 
selected key applications outlining the applicative potential will be 
discussed.  
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11.1       Introduction 

 Mass  spectrometry   (MS       )             based approaches have 
so far constituted the main workhorse for  protein 
expression profi ling   efforts (Ebhardt et al.  2015 ; 
Parker and Borchers  2014 ; Solier and Langen 

        C.   Wingren      (*) 
  Department of Immunotechnology ,  Lund University, 
Medicon Village ,   SE-223 81   Lund ,  Sweden   
 e-mail: christer.wingren@immun.lth.se  

  11

mailto:christer.wingren@immun.lth.se


164

 2014 ). MS displays many advantages for this 
purpose, such as direct (absolute) identifi cation, 
quantitative read-out possibilities, and suitability 
for hypothesis-free  biomarker   discovery. 
However, MS-based approaches are also associ-
ated with signifi cant technical limitations, includ-
ing sensitivity, resolution, accuracy, and 
reproducibility, especially when targeting com-
plex samples, such as serum, where protein 
expression covers a huge dynamic range. The 
need for new proteomic technologies has been 
one of the main driving forces in the development 
of  affi nity proteomics  , mainly represented by 
antibody-based approaches (Saerens et al.  2008 ; 
Uhlen and Ponten  2005 ; Voshol et al.  2009 ; 
Solier and Langen  2014 ; Borrebaeck and 
Wingren  2009a ,  2014 ). Antibody-based pro-
teomic approaches, such as antibody microar-
rays, have rapidly evolved from early 
proof-of-concept stages to high-performing pro-
teome profi ling assays, and today constitutes key 
established approaches within high-throughput 
(disease) proteomics (Borrebaeck and Wingren 
 2009a ,  2014 ). 

 Antibody-based proteomics can thus be 
defi ned as the systematic generation and use of 
protein-specifi c antibodies to explore the pro-
teome or parts thereof. The antibodies can be 
used for analysis of the specifi c protein targets in 

a wide range of assay platforms, as outlined in 
Table  11.1 . Aiming for tissue protein profi ling, 
candidate platforms could include immunohisto-
chemistry (IHC), antibody-enriched selected 
reaction monitoring (SRM), global proteome sur-
vey (GPS), Triple-X, and reversed antibody 
microarrays, or reverse-phase protein microar-
rays (RPPA). When considering for biofl uid  pro-
tein expression profi ling  , candidate platforms 
could include ELISA, antibody-enriched-SRM, 
GPS, Triple-X, reverse antibody microarrays or 
RPPA, and antibody nano- and microarrays. The 
choice of platform will depend on the research 
question at hand (e.g. discovery study vs. valida-
tion study) and technical requirements ( e.g. , sen-
sitivity, throughput, and degree of multiplexity).

11.2        Choice of Antibody 

 So far, antibodies are by far the most well- 
characterized and commonly used probe format 
within  affi nity proteomics  , i.e. antibody-based 
proteomic approaches (Borrebaeck and Wingren 
 2011 ; Saerens et al.  2008 ; Solier and Langen 
 2014 ; Uhlen and Ponten  2005 ; Voshol et al. 
 2009 ). The antibodies will play a central role, 
acting as specifi c capture probes and the antibody 
format used will be essential, setting the stage for 
the technology (assay) platform. In more detail, 
the antibody format will directly or indirectly 
infl uence the:

    (i)    Performance of the probes in the selected 
technology platform   

   (ii)    Range of specifi cities that can be generated 
and included   

   (iii)    Supply/renewability of probes.    

Hence, these three central aspects must be con-
sidered when selecting the antibody format/
design. Here, we will briefl y discuss the use of 
different antibody formats, including polyclonal 
antibodies (pAbs) vs. monoclonal antibodies 
(mAbs) vs. recombinant antibodies (recAbs). 
The use of antibodies vs. affi nity reagents based 
on other scaffolds, such as affi bodies (Renberg 
et al.  2005 ,  2007 ) and aptamers (Lao et al.  2009 ; 

   Table 11.1    Antibody-based proteomic approaches   

 Protein targets  Antibody-based proteomic approaches 

 Tissue protein 
profi ling (e.g., 
tumor extracts) 

 Immunohistochemistry (IHC) 

 Antibody-enriched selected reaction 
monitoring (SRM) 

 Global proteome survey (GPS) 

 Triple-X 

 Reverse antibody microarrays, or 
reverse-phase protein microarrays 
(RPPA) 

 Biofl uid 
protein 
profi ling (e.g., 
serum) 

 ELISA 

 Antibody-enriched selected reaction 
monitoring (SRM) 

 Global proteome survey (GPS) 

 Triple-X 

 Reversed antibody microarrays, or 
RPPA 

 Antibody nano- and microarray 
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Walter et al.  2008 ; Cho et al.  2006 ; Collett et al. 
 2005 ), is outside the scope of this article, and has 
been reviewed elsewhere (Borrebaeck and 
Wingren  2007 ,  2009a ; Wingren and Borrebaeck 
 2006 ; Wingren and Borrebaeck  2004 ). 

 pAbs display the advantage of multiple- 
epitope binding for the target protein, which 
makes them more suitable for cross-platform 
assays, potentially binding to both native and 
denatured forms of the antigen. However, the 
production of pAbs relies on immunization, and 
this probe format often shows a distinct lack of 
reproducibility upon re-immobilization with the 
same antigen, which makes this reagent less 
attractive as a renewable probe resource. While 
large-scale productions of pAbs have been suc-
cessfully managed (Berglund et al.  2008 ; Uhlen 
and Hober  2009 ), this still poses a major logisti-
cal bottleneck. The pAB format has been suc-
cessfully used in various antibody-based 
proteomic approaches, such as ELISA, IHC, 
Triple-X, and RPPA. 

 mAb preparations display a single-epitope 
specifi city, making them highly attractive for 
specifi c applications. In fact, mAbs are currently 
the most commonly used immunoreagent in 
diagnostic applications (Borrebaeck  2000 ). 
However, the single-epitope specifi city makes 
this reagent less useful across platforms, where 
the protein antigen might be partly denatured in 
different ways. The reagent is fully renewable, 
making it an attractive reagent, but the initial pro-
duction of mAbs represents a key logistical bot-
tleneck for large-scale efforts. mAbs have been 
successfully applied in,  e.g. , IHC, antibody- 
enriched SRM, RPPA, and ELISA. 

 recAbs are often handled and selected using 
phage display technologies (Borrebaeck and 
Wingren  2011 ; Soderlind et al.  2000 ). Due to 
technical (size) limitations, the most commonly 
used antibody format is single-chain fragment 
variable (scFv) antibody,  i.e. , the smallest frag-
ment of an antibody still retaining its unique 
epitope- binding properties. These mono-specifi c 
reagents display many benefi cial features, such 
as representing a renewable antibody source, the 
antibody library can be designed (engineered) on 
a molecular level to display desired features, such 

as on-chip stability in array-based applications 
(Borrebaeck and Wingren  2009a ,  2011 ), they are 
produced without the use of animals, and they 
represents an attractive source towards generat-
ing antibodies against the entire proteome. 
Access to high-performing libraries and having 
the phage display technology established in the 
laboratory represents practical limitations. 
recAbs have been successfully used for,  e.g. , 
antibody-enriched SRM, GPS, RPPA, ELISA, 
and in particular antibody nano- and microarrays 
(Borrebaeck and Wingren  2009a ,  2011 ).  

11.3     Antibody-Based 
Proteomics – Basic 
Technological Concepts 
and Considerations 

 Here, we describe the various antibody-based 
proteomic approaches used in brief, general 
terms, and we highlight their advantages and lim-
itations (Table  11.2 ).

   Immunohistochemistry (IHC) is a classical 
method to discover tissue  biomarkers   and trans-
late them into routine clinical practice. This 
approach relies on antibodies to measure levels 
of the target proteins from formalin-fi xed, paraf-
fi n embedded (FFPE) tissue slices. To increase 
the throughput, the set-up has been expanded 
from one tissue slice per slide to several tissue 
slices per slide, thus representing tissue microar-
rays (TMAs) (Table  11.2 ). For example, the 
TMA technology enabled up to 1000 FFPE tissue 
samples to be assembled in an array format 
(Braunschweig et al.  2004 ; Hewitt  2004 ). Hence, 
TMAs enables researchers to use a single slide to 
perform studies on large cohorts of tissues using 
only small amounts of reagents. IHC commonly 
relies on labelled antibodies for detection, often 
demanding visual inspection of each slice. Hence, 
standardization and automation have been central 
points for further technical developments in 
recent years. Key advantages are assay sensitivity 
and the fact that spatial resolution at cellular level 
can be accomplished, i.e. providing information 
about where the target protein is located. The lat-
ter can provide a deeper insight into normal 
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 cellular functions and pathogenic mechanisms. 
The semi-denatured state of the sample proteins 
will place high demands on the antibody reagent 
in terms of specifi city, to minimize both false- 
positive and false-negative results. 

 Combining the specifi c capture of the target 
by the antibody with the power of  MS  ,  i.e. , 
antibody- enriched SRM, paves the way for spe-
cifi c and sensitive detection and absolute quanti-
fi cation of proteins (Whiteaker et al.  2007 ,  2010 ) 
(Table  11.2 ). The antibodies are fi rst used to cap-
ture and enrich the target proteins. The captured 
proteins are then eluted, digested and analyzed 
on tandem- MS  . The  MS   set-up is pre-set to only 
look for selected target peptides. The sample 
could also be digested prior to the specifi c cap-
ture. Polyclonal as well as monoclonal antibodies 
have been used for capture. The set-up is limited 
by the fact that the targets are pre-defi ned and 
that one antibody per target is required. Hence, 
the platform is not designed for large-scale dis-
covery efforts. But on the other hand, the set-up 
displays high specifi city, adequate sensitivity, 
and can be multiplexed. The cost for the  MS   
instrumentation is high. The set-up works for 
both tissue and biofl uid  protein expression 
profi ling  . 

 Recently, two similar novel concepts were 
presented, demonstrating one solution to how the 
combination of antibody capture and  MS   detec-
tion can be converted into a discovery set-up. The 
two concepts, were called Triple-X Proteomics 
(Poetz et al.  2009 ; Volk et al.  2012 ; Hoeppe et al. 
 2011 ) (TXP) and the Global Proteome Survey 
(Olsson et al.  2011 ,  2012a ,  b ; Wingren et al. 
 2009 ) (GPS) and they are based on the same fun-
damental principle, and will provide unique 
opportunities to perform global proteomics in a 
species independent manner, using a very limited 
set of antibodies. Briefl y, antibodies are gener-
ated against short peptide motifs, only four to six 
amino acid residues long, each motif being 
shared by 2–100 different proteins. These context 
independent motif specifi c antibodies could then 
be used to target motif containing peptides in a 
species independent manner. From a practical 
point of view, the proteome is digested, e.g. tryp-

     Table 11.2    Advantages and challenges of antibody- 
based technologies for tissue and/or biofl uid  protein 
expression profi ling     

 Technology  Advantages  Challenges 

 IHC  Sensitivity  Specifi city 

 Spatial resolution 
at cellular level 

 Absolute 
quantifi cation 

 Works with 
FFPE tissue 

 Automated 
systems 

 Multiplexing 

 Antibody- 
enriched 
SRM 

 Multiplexing  One antibody per 
target required 

 Sensitivity  High instrument 
costs 

 Specifi city  Pre-defi ned 
targets (not 
designed for 
discovery) 

 Quantitative  Complex sample 
preparation 

 Throughput 

 GPS and 
Triple-X 

 Multiplexing  High instrument 
costs 

 Sensitivity  Complex sample 
preparation 

 Specifi city  Throughput 

 Quantitative 

 Discovery mode 

 One antibody per 
many targets 

 ELISA  Sensitivity  Multiplexing 

 Well-established 
in clinical 
laboratories 

 High sample 
consumption 

 Specifi city 
(sandwich 
approach) 

 Reverse 
 antibody 
arrays   or 
RPPA 

 Multiplexing  Sensitivity 

 Low reagent 
consumption 

 Specifi city 

 Broad sample 
compatibility 

 Semi-quantitative 

 Low 
consumption of 
reagents 

 Few high- 
performing 
platforms at hand 

 Sensitivity 

 Multiplexing 

 High throughput 
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sinated, and the peptide-specifi c antibodies are 
then used to specifi cally capture and enrich 
motif-containing peptides. Next, the motif- 
containing peptides are detected and identifi ed 
(sequenced) using tandem mass  spectrometry  , 
thereby enabling us to back-track the original 
proteins in a quantitative manner. By using only 
200 motif-specifi c antibodies, each targeting a 
motif shared among 50 unique proteins, this 
would enable us to potentially target about half 
the non-redundant proteome. The GPS set-up is 
based on recAbs, while the Triple-X set-up relies 
on pAbs and/or Mabs. The platforms can be 
designed to provide absolute quantifi cation, and 
are compatible with both tissue and biofl uid  pro-
tein expression profi ling  . The throughput, set by 
the  MS   step, represents a key limitation. 

 ELISA is currently the gold standards in clini-
cal settings for measurements of proteins. The 
set-up is based on immobilizing the capture anti-
body, which specifi cally binds the target protein. 
A secondary antibody (sandwich set-up) is often 
used for detection of bound proteins. The set-up 
can deliver relative as well as absolute levels of 
the profi led proteins. pAbs and mAbs are the 
main antibody formats used. Highly specifi c and 
sensitive assays can be designed, and any sample 
format can be targeted as long as the protein (epi-
tope) is accessible. The approach is limited by 
multiplexing and relatively high sample 
consumption. 

 The reverse antibody array, or RPPA, is a 
novel, miniaturized set-up providing several ben-
efi ts (Nishizuka and Mills  2016 ; Voshol et al. 
 2009 ). In these set-ups, the sample is arrayed and 
the antibodies are added one by one to detect the 
target protein in each individual spot. Key advan-
tages are multiplexing and low sample consump-
tion. The platform enables large-scale screening 
of virtually any biological fl uid, such as serum, 
urine, and saliva. In addition, tissue samples can 
also be profi led, provided that the proteins can be 
solubilized and arrayed. Dispensing low (pL 
range) volumes of complex samples will, how-
ever, limit the sensitivity of the assay. In more 
detail, the number of molecules of each individ-
ual protein adsorbed per spot will be a limiting 

factor in particular for low-abundant proteins. 
Hence, this assay set-up is more suitable for pro-
fi ling medium- to high-abundant proteins. 

 The concept of  antibody arrays   is based on 
printing small volumes (pL scale) of numerous (a 
few to several hundreds) antibodies with the 
desired specifi cities on-by-one in an ordered pat-
tern, an array (<1 cm 2 ), onto a solid support 
(Borrebaeck and Wingren  2009a ,  2014 ). The 
arrayed antibodies will act as specifi c catcher 
molecules for the target proteins. These miniatur-
ized arrays are incubated with μL-scale of crude, 
non-fractionated sample. Next, specifi cally 
bound analytes are detected and semi-quantifi ed, 
mainly using fl uorescence as a mode of detection 
(Wingren and Borrebaeck  2008 ). The complete 
assay is run within less than 4 h, where after the 
microarray images are transformed into protein 
expression  profi les  , or protein maps, revealing 
the detailed composition of the sample. 
Depending on the application at hand, different 
 bioinformatic   strategies can be applied 
(Borrebaeck and Wingren  2007 ,  2009b ) to fur-
ther explore the wealth of data generated,  e.g. , 
pin-pointing differentially expressed protein ana-
lytes between,  e.g. , disease patients and healthy 
controls (Bauer et al.  2006 ; Carlsson et al.  2011 ). 
The advantages of the technology are low con-
sumption of reagents, multiplexing, sensitivity, 
and high throughput. The number of high- 
performing antibody  array   platforms is still low, 
most likely refl ecting the complexity of develop-
ing such set-ups, which requires a truly multidis-
ciplinary approach. 

 The antibody  array   is a relatively new pro-
teomic technology that has been subject to 
intense development in recent years, going from 
proof-of-concept to established proteomic assays. 
The technology has been found to display a great 
potential for multiplexed  protein expression pro-
fi ling   and  biomarker   discovery. The antibody 
 array   platforms are compatible with both tissue 
and biofl uid  protein expression profi ling  . Based 
on this,  antibody arrays   were selected as a show-
case technology for antibody-based proteomic 
approaches and will be described in more detail 
below.  
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11.4     Antibody 
Nano- and Microarrays 

 The basic approach of generating miniaturized 
 antibody arrays  , ranging in size from mm 2  (nano-
arrays, nm sized spot features) to cm 2  (microar-
rays, μm sized spot features) (Wingren and 
Borrebaeck  2007 ) is based on direct printing 
(Borrebaeck and Wingren  2007 ; Wingren and 
Borrebaeck  2007 ), self-addressing (Svedhem 
et al.  2003 ; Wacker and Niemeyer  2004 ; Wacker 
et al.  2004 ), or self-assembly (He et al.  2008a , 
 2008b ; He and Taussig  2001 ; Ramachandran 
et al.  2004 ,  2006 ,  2008 ) of small amounts (femto-
mole range) of individual antibodies onto a solid 
support (Fig.  11.1 ). While planar arrays on solid 
microscope slides, such as plastic, glass, and sili-
con chips, constitute the dominating format, pro-
viding up to 16 sub-arrays per slide, multiplexed 
arrays have also been produced on the bottom of 
fl at ELISA plate wells as well as on beads in 
solution, so called bead-arrays (Borrebaeck and 
Wingren  2009a ; Schwenk et al.  2008 ; Wingren 
and Borrebaeck  2009 ; Wong et al.  2009 ). The 
array assay is run like a traditional ELISA, but 
consuming only μL scale volumes of the reagents 
and samples. It is noteworthy that complex, 
unfractionated proteomes, such as serum, plasma, 

urine, and tissue extracts, can, in contrast to many 
competing proteomic technologies, be directly 
used, meaning that the key issue of pre- 
fractionation of the sample is bypassed (Wingren 
and Borrebaeck  2009 ). Any sample format can 
be targeted, as long as the proteins are exposed/
available (e.g. cell surface membrane proteins) 
and/or can be solubilized, including serum, 
plasma, urine, cerebrospinal fl uid, intact cells, 
cell lysates, cell supernatants, and tissue extracts, 
etc. (Belov et al.  2001 ,  2003 ; Campbell et al. 
 2006 ; Dexlin et al.  2008 ; Dexlin-Mellby et al. 
 2010 ; Ingvarsson et al.  2007 ; Kristensson et al. 
 2012 ; Wingren et al.  2007 ; Alhamdani et al. 
 2010 ; Hoheisel et al.  2013 ). The samples are in 
most cases labeled with a fl uorescent dye, either 
directly or indirectly, and interfaced with a 
fl uorescent- based sensing (Kusnezow et al.  2007 ; 
Wingren and Borrebaeck  2008 ; Wingren et al. 
 2007 ). Label-free detection technologies have 
also been investigated, but additional technologi-
cal developments will be required before they 
can be established and adapted, for review see 
(Borrebaeck and Wingren  2007 ,  2009a ; Wingren 
and Borrebaeck  2006 ). These multiplexed assays 
display a dynamic four orders of magnitude or 
more, and assay sensitivities in the pM to fM 
range. This enables low-abundant (pg/ml) 

  Fig. 11.1    Schematic illustration of the  antibody   microarray set-up       
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 analytes to be directly profi led in crude pro-
teomes. The assay time is similar to that of a con-
ventional ELISA (about 4 h). By detecting and 
quantifying the signal intensity in each spot, the 
array images are transformed into protein expres-
sion  profi les  , deciphering the detailed composi-
tion of the sample. Finally,  bioinformatics   is 
applied to identify differences and similarities in 
protein expression  profi les   between the sample 
cohorts at hand,  e.g. , cancer versus healthy con-
trols, potentially generating candidate  biomarker   
signatures. Typical applications of antibody-
based microarrays include, but are not limited to, 
glycan profi ling, delineation of signaling path-
ways, identifi cation and detection of bacterial 
disease (proteins), cell surface membrane protein 
profi ling of intact cells, as well as detection of 
disease associated  biomarkers   for diagnosis, 
prognosis, classifi cation, evidence-based therapy 
selection, and predicting the risk for relapse 
(Alhamdani et al.  2010 ; Carlsson et al.  2010 , 
 2011 ; Haab  2005 ; Sanchez-Carbayo et al.  2006 ; 
Wingren et al.  2012 ; Gao et al.  2005 ; Belov et al. 
 2001 ,  2003 ).

   The process of designing, developing and 
applying antibody microarrays requires a cross- 
disciplinary approach to be adopted (Borrebaeck 
and Wingren  2009a ). Consequently, fi ve key 
basic principle areas needs to be addressed in a 
parallel manner, including:

    (i)    Antibody design   
   (ii)    Array design   
   (iii)    Sample handling   
   (iv)    Assay design   
   (v)    Data handling ( bioinformatics  )    

Once these principles have been addressed and 
optimized, the technology is ready to be applied 
for the research problem at hand.  

11.5     How   Antibody Arrays   Are 
Used Today in Research 

 Antibody microarrays are used to perform rela-
tive (or absolute)  protein expression profi ling   of 
almost any kind of sample format, such as serum, 

often with the aim to decipher differentially 
expressed protein analytes and/or to delineate 
protein signatures for classifi cation, for review 
see (Borrebaeck and Wingren  2007 ,  2009a ,  b ; 
Haab  2005 ,  2006 ; Hartmann et al.  2009 ; 
Kingsmore  2006 ; Schwenk et al.  2008 ; Wingren 
and Borrebaeck  2009 ). The throughput per work-
station per day varies, but can be in the range of 
hundred samples, each individual array assay in 
turn targeting anything from a few to several hun-
dred protein analytes. However, the availability 
of high-performing antibody arrays, displaying 
the desired range of specifi cities, is in general a 
limiting factor. While a few groups have devel-
oped their own in-house antibody array set-ups 
(Haab and Zhou  2004 ; Hoheisel et al.  2013 ; 
Sanchez-Carbayo et al.  2006 ; Schroder et al. 
 2011 ; Schwenk et al.  2008 ; Wingren et al.  2007 ), 
other rely on commercially available alternatives, 
for review see (Borrebaeck and Wingren  2007 , 
 2009a ; Wingren and Borrebaeck  2009 ). 

 To date, a large number of antibody array- 
based applications have been presented, ranging 
from small proof-of-concept studies to large 
semi-global  protein expression profi ling   studies 
(Table  11.3 ). As reviewing all antibody-array 
based applications to date is beyond the scope of 
this chapter, we have compiled a selected set of 
both early and more recent applications, giving a 
broad and representative view of what the tech-
nology can be used for. The compilation shows 
that the antibody array technology has been used 
in the following areas (Table  11.3 )

    1.    Autoimmunity (Bauer et al.  2006 ,  2009 ; 
Carlsson et al.  2011 ; Szodoray et al.  2004 ; 
Lin et al.  2013 ; Kristensson et al.  2012 )   

   2.    Allergy (Lundberg et al.  2008 )   
   3.    Bladder proteomics (Fujita et al.  2006 )   
   4.    Cell proteomics (Campbell et al.  2006 ; De 

Ceuninck et al.  2004 ; Dexlin et al.  2008 ; Ko 
et al.  2005 ; Kopf et al.  2005 ; Tuomisto et al. 
 2005 ; Turtinen et al.  2004 )   

   5.    Drug abuse (Buechler et al.  1992 )   
   6.    Glycomics (Chen and Haab  2009 ; Chen 

et al.  2007 ; Yue et al.  2011 )   
   7.    Heart proteomics (Bereczki et al.  2007 ; 

Mitchell et al.  2005 ; Wu et al.  2004 )   
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   8.    Hereditary disease (Srivastava et al.  2006 ; 
Jozwik et al.  2012 )   

   9.    Infl ammatory conditions/infections (Madan 
et al.  2007 ; Kader et al.  2005 ; Cai et al.  2006 ; 
Sharma et al.  2006 ; Ingvarsson et al.  2007 ; 
Sandstrom et al.  2012 )   

   10.    Liver proteomics (Yee et al.  2007 )   
   11.    Lung proteomics (Izzotti et al.  2004 )   
   12.    Medical microbiology (Cai et al.  2005 ; Zhou 

et al.  2005 ,  2012 ; Gehring et al.  2008 ; 
Delehanty and Ligler  2002 ; Grow et al. 
 2003 ; Huang et al.  2003 ; Ligler et al.  2003 ; 
Rowe et al.  1999 ; Rowe-Taitt et al.  2000 ; 
Rubina et al.  2005 ; Taitt et al.  2002 ; Ellmark 
et al.  2006b ; Anjum et al.  2006 ; Rucker et al. 
 2005 )   

   13.    Neurology/psychiatry (Kaukola et al.  2004 ; 
Sokolov and Cadet  2006 ; Krishnan et al. 
 2005 )   

   14.    Obstretics/gynaecology (Dexlin-Mellby 
et al.  2010 ; Wang et al.  2007 ; Centlow et al. 
 2011 )   

   15.    Oncoproteomics (Liu et al.  2011 ; Ahn et al. 
 2006 ; Sanchez-Carbayo et al.  2006 ; Carlsson 
et al.  2008 ,  2010 ,  2011 ; Celis et al.  2005 ; 
Hudelist et al.  2005 ; Lin et al.  2004 ; 
Orchekowski et al.  2005 ; Smith et al.  2006 ; 
Vazquez- Martin et al.  2007 ; Sreekumar et al. 
 2001 ; Ellmark et al.  2006a ,  b ; Huang et al. 
 2001 ; Tannapfel et al.  2003 ; Belov et al. 
 2005 ,  2006 ; Zhou et al.  2004 ; Gao et al. 
 2005 ; Bartling et al.  2005 ; Ghobrial et al. 
 2005 ; Duffy et al.  2007 ; Mor et al.  2005 ; 
Ingvarsson et al.  2008 ; Schroder et al.  2010 ; 
Wingren et al.  2012 ; Miller et al.  2003 ; 
Shafer et al.  2007 ; Knezevic et al.  2001 ; Box 
et al.  2013 ; Sukhdeo et al.  2013 ; Yue et al. 
 2011 ; Patel et al.  2011 ; Sun et al.  2008 ; 
Hodgkinson et al.  2012 ; Shi et al.  2011 ; 
Ramirez and Lampe  2010 ; Yue et al.  2009 )   

   16.    Periodontology (Bodet et al.  2007 )   
   17.    Phosphoproteomics (Gembitsky et al.  2004 ; 

Flores-Delgado et al.  2007 )   
   18.    Protein expression (Han et al.  2006 ; Ivanov 

et al.  2004 )   
   19.    Protein signaling (Gaudet et al.  2005 )    

A majority of the applications have been per-
formed within  disease proteomics  , and in partic-
ular oncoproteomics, but this does not refl ect any 
limitation per se. In fact, as long as the target pro-
teins can be addressed and the range of specifi ci-
ties of the arrayed antibodies is adequate for the 
application at hand, antibody arrays could be 
used for more or less any  protein expression pro-
fi ling   application.

   Using  disease proteomics   as a representative 
example, the project teams are frequently orga-
nized in a translational manner, involving scien-
tists and clinicians with orthogonal competences, 
such as array technology, nanotechnology, pro-
tein engineering, immunochemistry, surface 
chemistry, sensing technology,  bioinformatics  , as 
well as disease biology, pathogenesis, and ther-
apy (Borrebaeck and Wingren  2009a ,  b ; Wingren 
and Borrebaeck  2009 ). The work is organized 
around a well-defi ned clinical problem, or set of 
problems, representing an unmet clinical need, 
and the project is frequently planned in a cross- 
disciplinary manner, going from bed-to-bench 
and back again. As for any proteomic study, it is 
essential that sequential studies are planned, 
going from discovery, pre-validation to valida-
tion studies, each step involving a new, indepen-
dent patient data set to be targeted. In addition, 
the fi ndings reported in each step of the project 
should also, if possible, be cross-validated using 
orthogonal methods ( e.g. , ELISA and mass 
 spectrometry  ).  

11.6     Antibody Arrays – Selected 
Applications 

 As discussed above, we have compiled a selected 
set of both early and more recent antibody-array 
based applications, giving a representative view 
of what the technology can be used for 
(Table  11.3 ). The applications range from deci-
phering  biomarker   signatures for improved (and 
early) disease diagnosis, prognosis, predicting 
the risk for relapse, and evidence-based therapy 
selection, to detection and serotyping of bacteria. 
As a review of all of antibody array applications 
in detail is beyond the scope of this chapter, we 
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have chosen to focus on selected applications 
within  disease proteomics  , more specifi cally 
within the fi eld of autoimmunity and cancer. To 
this end, we will display a few examples only as 
show cases to highlight the workfl ow and poten-
tial of the array methodology. 

 In the case of systemic lupus erythematosus 
(SLE), a chronic autoimmune connective tissue 
disease (Rovin and Zhang  2009 ; D’Cruz et al. 
 2007 ; Rahman and Isenberg  2008 ), the clinical 
need for serological/urinary  biomarker   signa-
tures for improved diagnosis, prognosis, and 
classifi cation is signifi cant. In a discovery study 
by  Carlsson   et al . , the authors showed that the 
fi rst candidate serum  biomarker   signatures for 
diagnosis, prognosis, as well as sub-group phe-
notyping were successfully deciphered using 

     Table 11.3    Overview of selected antibody array-based 
applications   

 Area of application 
 Disease or biological 
process 

 Autoimmunity  Primary Sjögren´s 
syndrome 

 Systemic lupus 
erythematosus 

 Systemic sclerosis 

 Allergy  Cytokine profi ling 

 Bladder proteomics  Smooth muscle 
hypertrophy 

 Cell proteomics  Amphotericin B 
exposure 

 Blood phenotyping 

 Cell differentiation 

 Chondrocytes 

 Model systems 

 Drug abuse  Screening 

 Glycomics  Pancreatic cancer 

 Heart proteomics  Myocardial 
infarction 

 Hereditary disease  Cystic fi brosis 

 Infl ammation/infection  Artherosclerosis 

 Infl ammatory bowel 
disease 

 Obesity 

 Rhinovirus infection 

 Complement 
defi ciency 

 Pancreatitis 

 Liver proteomics  APAP-induced liver 
disease 

 Lung proteomics  Chromium(VI)-
treatment 

 Medical microbiology  Bacterial infection 

 Detection of bacteria 
and/or toxins 

 Helicobacter pylori 
infection 

 Serotyping of 
bacteria 

 Neurology/psychiatry  Cerebral palsy 

 Drug abuse 

 Transverse myelitis 

 Obstetrics/gynaecology  Pre-eclampsia 

 Oncoproteomics  Angiogenesis 

 Bladder cancer 

 Breast cancer 

 Colon cancer 

Table 11.3 (continued)

 Colorectal cancer 

 Gastric adenoma 
carcinoma 

 Glioblastoma 

 Hepatocellular 
carcinoma 

 Leukemia 

 Liver cancer 

 Lung cancer 

 Mantle-cell 
lymphoma 

 Model system 

 Ovarian cancer 

 Pancreatic cancer 

 Prostate cancer 

 Squamous cell 
carcinoma 

 Periodontology  Model system 

 Phosphoproteomics  Model system 

 Lung cancer 

 Protein expression  Post-translational 
modifi cations 

 Biosynthetic 
pathways 

 Protein signaling  Proapoptotic/-
survival stimuli 
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recombinant antibody microarrays (Carlsson 
et al.  2011 ). Major efforts are currently under 
way to pre-validate and validate these promising 
fi ndings, both enhancing our fundamental under-
standing of SLE and potentially paving the way 
for novel and improved clinical management of 
SLE patients (Wingren et al, unpublished 
observations). 

 In order to delineate a  biomarker   signature for 
bladder cancer, Sanchez- Carbayo   et al .  adopted a 
dual approach, combining the extraordinary 
power of both DNA microarrays and antibody 
microarrays (Sanchez-Carbayo et al.  2006 ). A set 
of candidate markers were fi rst identifi ed by gene 
profi ling, after which an antibody microarray tar-
geting a selected set of the candidate proteins was 
designed and applied. The data showed that the 
candidate  biomarker   signature discriminated 
between bladder cancer patients and healthy con-
trols with a 94 % correct classifi cation rate. The 
data also indicated a potential of stratifying the 
tumors (patients) into low versus high risk based 
on the overall survival of the bladder cancer 
patients. 

 Several array efforts have been devoted 
towards defi ning  biomarkers   for pancreatic can-
cer (Ingvarsson et al.  2008 ; Orchekowski et al. 
 2005 ; Schroder et al.  2010 ; Shi et al.  2011 ; 
Wingren et al.  2012 ; Yue et al.  2009 ,  2011 ; 
Gerdtsson et al.  2015 ). With an overall 5-year 
survival rate of less than 2–3 % pancreatic cancer 
is one of the most lethal types of malignancies 
(Chu et al.  2010 ; Jemal et al.  2009 ), which is why 
 biomarkers   for improved and early diagnosis 
would have a signifi cant impact. Early work by 
 Orchekowski   et al .  revealed a set of candidate 
serum  biomarkers  , but they proved to indicate on 
a general disease state rather than specifi cally 
pin-pointing pancreatic cancer. Interestingly, Yue 
and co-workers investigated the prevalence and 
nature of glycan alterations on specifi c proteins 
in pancreatic cancer patients using antibody- 
lectin sandwich arrays (Yue et al.  2009 ). Their 
work indicated a small set of signifi cantly altered 
proteins that provided valuable insight into the 
prevalence and protein carriers of glycan altera-

tions in pancreatic cancer. This outlines the 
potential of using glycan measurements on spe-
cifi c proteins for highly effective  biomarkers  . In 
three other studies, using recombinant antibody 
microarrays, candidate biomarkers for (early) 
diagnosis of pancreatic cancer have been deci-
phered (Ingvarsson et al.  2008 ; Wingren et al. 
 2012 ; Gerdtsson et al.  2015 ). Once validated, 
such biomarker signatures could pave the way for 
early and improved diagnosis based on a mini-
mally invasive blood sample, which could result 
in a signifi cantly improved outcome for pancre-
atic cancer patients.  Shi   and co-workers explored 
the possibility of defi ning potential markers for 
metastatic progression in pancreatic cancer using 
antibody microarrays, by comparing a metastatic 
pancreatic cancer line with its parental line (Shi 
et al.  2011 ). Interestingly, four dysregulated pro-
teins were identifi ed and validated, which might 
prove valuable for understanding pancreatic can-
cer metastasis and aid in the search for potential 
markers of metastatic progression .  

11.7     Future Perspective 

 Antibody-based proteomic approaches will play 
a key role for high-throughput, multiplexed  pro-
tein expression profi ling   in health and disease for 
years to come. This will enable simultaneous 
profi ling of numerous high- and low-abundant 
proteins in crude sample formats in a highly 
selective, specifi c and sensitive manner, while 
consuming minimal amounts of reagents and 
sample. Generating high-resolution protein maps 
will be essential in the quest for deciphering  bio-
markers  . In the end, this will pave the way for the 
next generation of disease diagnostics, patient 
stratifi cation ( e.g. , phenotyping, disease status, 
and sub-grouping), and predicting disease recur-
rence, as well as evidence-based therapy 
selectio    n.     
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