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SUMMARY 
Multiplex analysis enables a simultaneous determination of multiple targets in one sample. This approach has been largely 
adopted in genomics and progressively expands to various domains of bioanalytics. In protein analysis, immunoassays play 
a fundamental role and their multiplexing and miniaturization is of great applicability to both basic and applied research. 
Furthermore, these high-throughput methodologies have a considerable potential in the field of laboratory diagnostics. 
The following text describes planar and bead-based arrays, two main strategies of immunoassay multiplexing. Principles, 
detection methods and strengths of each are shortly discussed. Finally, we mention several challenges linked with the inte-
gration of these methods to diagnostics. 
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SOUHRN
Vostrý M.: Multiplexní imunoanalýza 
Multiplexní analýza umožňuje současné stanovení více analytů v tomtéž vzorku. Tyto postupy, původně rozšířené především 
v genomice, nyní významně pronikají i do dalších oblastí bioanalytiky. V analýze proteinů hrají zásadní roli imunochemické 
metody a jejich multiplexace a miniaturizace je široce využitelná jak v základním, tak v aplikovaném výzkumu. Také možnosti 
uplatnění těchto vysokokapacitních metod v laboratorní diagnostice jsou značné. Text popisuje dva hlavní přístupy k multi-
plexní imunoanalýze – provedení v planárním a suspenzním uspořádání. Krátce diskutuje principy, detekční metody a před-
nosti obou těchto strategií. V závěru jsou zmíněna některá úskalí spojená s integrací multiplexní analýzy do diagnostiky. 
Klíčová slova: imunoanalýza, multiplexní analýza. 

Introduction 

Immunoassays allow for sensitive and specific dete-
ction of various target structures in complex biological 
samples. Since their introduction in early 1960s (RIA) or 
1970s (ELISA) [1], immunochemical methods have be-
come an indispensable analytical tool in wide range of 
applications including clinical diagnostics. ELISA is in-
variably considered the gold standard for single protein 
measurement. Annual sales for immunoassay reagents 
and supplies are $7 billions worldwide [2]. Although the 
first steps towards immunoassay miniaturization were 
done already in the 1960s [3], it was only recently that 
technology (e.g. microfluidics) and informatics enabled 
a real high-throughput immunoanalysis. In 1989, Ekins 
described microarray technology principles in the am-
bient analyte theory and envisaged the immense poten-
tial for research and laboratory diagnostics [4]. Today, 
the increasing awareness of the multifactorial nature of 
various diseases and pathological states (e.g. cancer, 
sepsis) really calls for simultaneous, time-saving and 
cost-effective measurement of multiple analytes. This 
multi-marker strategy could be then translated into more 
robust diagnostic algorithms, better-fitting prognostic 
models and more effective population screening. Of 
note, multiplex immunoanalysis is perfectly suited for 
diagnostics of immune system disorders (autoimmune 
diseases, allergies). Widely used in basic research, the 
multiplex methodologies are slowly penetrating the in 
vitro diagnostics market and the time of their significant 
implementation is probably about to come. 

Currently, two main streams of multiplex immuno-
analysis exist – planar microarrays (protein chips) and 
bead-based microarrays (suspension arrays). These 
approaches vary greatly in many aspects, but primarily 
in the way of the individual analyte identification (posi-
tion vs. bead characteristics). 

Planar microarrays 

Microarrays are highly miniaturized and parallelized 
assay systems in which the capture molecules are im-
mobilized in microspots to a solid support. In a protein 
chip, in general, spots (< 300 µm) are arrayed with a 
density of < 2000/cm2. Current nanotechnology ena-
bles the fabrication of highly dense protein nanoarrays 
(< 106 spots/mm2) suitable for the whole proteome pro-
filing [5]. Arraying technology, widely established during 
the genomic era, has thus expanded far beyond DNA 
chips. 

Actually, proteins are the executive power of the 
cell. Their levels do not always correlate with appropri-
ate mRNA levels and they often exist in various func-
tional states. Thus, protein chips (analytical or functio-
nal) supplement the genomic data and provide further 
insight in the complex biological processes. However, 
several difficulties related to the nature of proteins had 
to be overcome before a successful construction of 
protein microarrays. In contrast to nucleic acids, no 
simple principle of capture agents design is available. 
The binding of proteins depends on complex tertiary 




